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An internet-delivered handwashing intervention to modify 
infl uenza-like illness and respiratory infection transmission 
(PRIMIT): a primary care randomised trial
Paul Little, Beth Stuart, F D R Hobbs, Mike Moore, Jane Barnett, Deborah Popoola, Karen Middleton, Joanne Kelly, Mark Mullee, James Raftery, 
Guiqing Yao, William Carman, Douglas Fleming, Helen Stokes-Lampard, Ian Williamson, Judith Joseph, Sascha Miller, Lucy Yardley

Summary
Background Handwashing to prevent transmission of respiratory tract infections (RTIs) has been widely advocated, 
especially during the H1N1 pandemic. However, the role of handwashing is debated, and no good randomised 
evidence exists among adults in non-deprived settings. We aimed to assess whether an internet-delivered intervention 
to modify handwashing would reduce the number of RTIs among adults and their household members.

Methods We recruited individuals sharing a household by mailed invitation through general practices in England. 
After consent, participants were randomised online by an automated computer-generated random number 
programme to receive either no access or access to a bespoke automated web-based intervention that maximised 
handwashing intention, monitored handwashing behaviour, provided tailored feedback, reinforced helpful attitudes 
and norms, and addressed negative beliefs. We enrolled participants into an additional cohort (randomised to receive 
intervention or no intervention) to assess whether the baseline questionnaire on handwashing would aff ect 
handwashing behaviour. Participants were not masked to intervention allocation, but statistical analysis commands 
were constructed masked to group. The primary outcome was number of episodes of RTIs in index participants in a 
modifi ed intention-to-treat population of randomly assigned participants who completed follow-up at 16 weeks. This 
trial is registered with the ISRCTN registry, number ISRCTN75058295.

Findings Across three winters between Jan 17, 2011, and March 31, 2013, we enrolled 20 066 participants and randomly 
assigned them to receive intervention (n=10 040) or no intervention (n=10 026). 16 908 (84%) participants were 
followed up with the 16 week questionnaire (8241 index participants in intervention group and 8667 in control group). 
After 16 weeks, 4242 individuals (51%) in the intervention group reported one or more episodes of RTI compared 
with 5135 (59%) in the control group (multivariate risk ratio 0·86, 95% CI 0·83–0·89; p<0·0001). The intervention 
reduced transmission of RTIs (reported within 1 week of another household member) both to and from the index 
person. We noted a slight increase in minor self-reported skin irritation (231 [4%] of 5429 in intervention group vs 
79 [1%] of 6087 in control group) and no reported serious adverse events.

Interpretation In non-pandemic years, an eff ective internet intervention designed to increase handwashing could 
have an important eff ect in reduction of infection transmission. In view of the heightened concern during a pandemic 
and the likely role of the internet in access to advice, the intervention also has potential for eff ective implementation 
during a pandemic.

Funding Medical Research Council.

Introduction
Patient presentations with respiratory tract infections 
(RTIs) result in overstretched primary care services and 
hospital bed shortages as a result of complications,1–7 
particularly during an infl uenza pandemic.

The routes through which infl uenza and other RTIs 
spread are debated, but probably involve close contact 
(via droplets) and hand-to-face contact.8 Handwashing 
was recommended by WHO during the H1N1 pandemic, 
but a systematic review identifi ed only two high-quality 
trials9 that were face-to-face training programmes in 
handwashing among children (daycare centres in 
Australia10 and highly deprived areas of a low-income 
country11). There is no good randomised evidence in 
broader settings, or among adults, and most previous 

interventions have involved substantial input from 
experienced trainers, which restricts implementation.

Rapidly available, low-cost interventions are needed 
because most of the population contract RTIs and because 
of the increased risk in a pandemic.12 The internet is an 
ideal format; it is widely accessed (according to the UK 
Offi  ce for National Statistics, 22 million UK households 
[84% of the total] had internet access in 2014), and the 
internet has been shown to be the fi rst source of 
information accessed by members of the public in a 
pandemic.13 Findings from study of a small web-based 
intervention to reduce transmission of infl uenza14 showed 
trends in behaviour change, but no eff ect on hand hygiene.

Previously, we developed and piloted an internet-
based intervention to modify handwashing requiring no 
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face-to-face training,15–17 which was shown to increase 
handwashing.16 Here, we report the full trial to assess 
the eff ect of the intervention on infections in 
households.

Methods
Study design and participants
In an open-label, primary care, randomised trial, we 
enrolled adult patients (aged 18 years or older) identifi ed 
from computerised lists in general practitioner (GP) 
practices in England, for whom there was at least one 
other individual living in the household who was willing 
to report illness to the index person. Exclusion criteria 
were patients with severe mental problems (eg, major 
uncontrolled depression or schizophrenia, dementia, or 
severe mental impairment) or who were terminally ill, 
and those reporting a skin complaint that would restrict 
handwashing. Any GP practice was eligible, and 
widespread practice recruitment continued until 
recruitment targets were reached. We only sent only one 
questionnaire per household and excluded new 
participants from households that had already joined the 
study. 

Postal invitations were sent to people aged over 18 
randomly sampled from the lists of GP physicians’ 
offi  ces in England to take part in a study of methods of 
reducing the spread of infection from colds and seasonal 
and pandemic fl u. During the fi rst two winters, all those 
who declined were invited to return a feedback form 
giving brief reasons; to limit the number in winter 3, 
only one in ten randomly chosen practices sent out 
forms.

Because the aim of the study was to capture the infective 
period for respiratory infections in autumn, winter, and 
spring, we limited follow-up to 4 months, and stopped 
recruiting participants after the March of each winter.

Patients agreeing to take part were provided with a link 
to the website. They could log in directly to the website 
where they were asked to provide online consent before 
being randomised and assigned to a group. The study was 
approved by a multicentre research ethics committee 
(number 08/H0502/14).

Randomisation and masking
Participants were automatically randomly assigned by the 
intervention software when they registered for the trial 
online. The unit of randomisation was the index person 
within each household. Participants were randomly 
assigned at the point of consent in a 1:1 ratio to receive 
access to the web-based intervention (with a baseline 
questionnaire about handwashing practices), or no access 
to the web-based intervention (with no baseline 
questionnaire about handwashing practices).

Additionally, we enrolled a cohort of patients who were 
randomly assigned in a 1:1 ratio to receive control (no 
web-based intervention) with the baseline questionnaire 
about handwashing practices, or intervention (access to 

web-based intervention) without the baseline 
questionnaire. This modifi cation was made after fi ndings 
from the pilot study16 were reported and the independent 
trial steering committee agreed that the baseline 
measures (ie, administration of the baseline 
questionnaire about handwashing) might modify 
handwashing behaviours by providing a prompt to 
change behavoiur. The modifi cation was made after the 
trial started enrolment. 

The original intention was to stratify randomisation (by 
age >65 years; infl uenza vaccination status; size of family, 
children younger than 16 years living at home; 
willingness of other members of the family to use the 
website; and attendance in the previous year with 
respiratory infections). However, we decided to use 
simple randomisation, both because the size of the trial 
rendered stratifi cation unnecessary and to minimise the 
logistic diffi  culty of randomisation.

Blinding of participants to treatment allocation was not 
possible in an open trial. The statistical analysis 
commands were done masked to treatment allocation, 
but the statistician was unmasked at the stage of 
combining groups from the additional enrolled cohort 
(ie, those assigned to control with the baseline 
questionnaire, or intervention without the baseline 
questionnaire). 

Procedures
There were four weekly web-based sessions, each with 
new content to encourage participant interest and to 
maximise retention. The intervention provided 
information about the importance of infl uenza and the 
role of handwashing, developed a plan to maximise 
intention formation for handwashing, reinforced helpful 
attitudes and norms, and addressed negative beliefs and 
used tailored feedback. Automated emails were used to 
prompt participants (to use sessions, to complete the 
monthly questionnaires, and in the intervention group 
questions on a monthly basis to maintain handwashing) 
and so were an integral part of the intervention 
(appendix). A demonstration version of the web-based 
intervention is available online.

The control group did not have access to the intervention 
webpages. Similar to the intervention group, the control 
group had access to the GP practice in the normal way for 
respiratory illnesses. We sent feedback forms to non-
participants requesting information about why they did 
not enrol in the study.

Outcomes
The primary outcome was the number of index 
individuals that reported one or more RTIs at 16 weeks. 
We postulated that the intervention would reduce the 
number of episodes (by reducing transmission) and 
hence the number of days with symptoms, and also the 
severity of symptoms by reducing the viral load. 
Prespecifi ed secondary outcomes were duration of 

See Online for appendix

For the web-based intervention 
see https://www.lifeguideonline.

org/player/play/primitdemo
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symptoms, transmission of respiratory infections, 
gastrointestinal infections, attendance at the practice, 
and use of health service resources.

The original study protocol left some ambiguity about 
whether the fi nal follow-up or the monthly 
questionnaires would provide the primary outcome. The 
logistic diffi  culty of obtaining high follow-up rates for 
each of the monthly questionnaires led the study team 
(with the agreement of the trial steering committee) to 
specify the primary outcome as respiratory infections 
reported at fi nal follow-up (ie, infections since study 
commencement reported at 16 weeks). Maximum 
follow-up for the primary outcome was achieved by an 
additional brief questionnaire and then telephone calls 
for non-responders.

We documented episodes of infection and their 
duration by self-report, because these outcomes can be 
remembered reasonably reliably over several weeks.18,19 
All participants were sent invitations to complete the 
online outcome assessment measures monthly (at 4, 8, 
12, and 16 weeks after initial login) irrespective of 
progress through the sessions. Participants received two 
follow-up emails for each assessment, then a mailed 
questionnaire and structured phone follow-up for 
non-responders at 16 weeks.

For each monthly questionnaire and the fi nal 
questionnaire, the index person documented the nature 
and duration of the infection. We classifi ed illnesses as 
RTIs on the basis of consensus defi nitions developed in 
previous studies,20,21 defi ned as two symptoms of an RTI 
for at least 1 day or one symptom for two consecutive 
days. For reported infl uenza-like illness, we did not use 
defi nitions from WHO or the Centers for Disease 
Control and Prevention because these defi nitions 
require measured temperature, and thus were not 
appropriate (participants were not included after a 
clinical examination) and we did not use the European 
Centre for Disease Prevention and Control defi nition 
(one systemic and one respiratory symptom) because, 
according to the international Infl uenzanet 
collaboration, this defi nition does not necessarily 
diff erentiate infl uenza-like illness from a common 
cold. Infl uenzanet suggests making high temperature a 
separate element. Our pragmatic defi nition of 
infl uenza-like illness therefore required a high 
temperature (feeling very hot or very cold; or measured 
temperature >37·5°C), a respiratory symptom (sore 
throat, cough, or runny nose), and a systemic symptom 
(headache, severe fatigue, severe muscle aches, or 
severe malaise).

For the Infl uenzanet 
collaboration see https://www.
infl uenzanet.eu

Figure: Study profi le

804 897 individuals mailed 
 invitation letters

20 066 consented online and 
 randomly assigned

18 622 enrolled in main cohort 1444 enrolled in additional cohort

784 831 did not respond or declined invitation

8241 completed follow-up 
 questionnaire at 16 weeks 
 and included in modified 
 intention-to-treat analysis

1799 lost to follow-up
 100 did not want to continue
 33 had problems logging in
 34 not able to continue
 1632 no reason given

8667 completed follow-up 
 questionnaire at 16 weeks 
 and included in modified 
 intention-to-treat analysis

1359 lost to follow-up
 84 did not want to continue
 31 had problems logging in
 30 not able to continue
 1214 no reason given

10 040 assigned to intervention 10 026 assigned to control

9350 to intervention with 
 baseline questionnaire on 
 handwashing

9272 to control with no baseline 
 questionnaire on 
 handwashing

690 to intervention with no 
 baseline questionnaire on 
 handwashing 

754 to control with baseline 
 questionnaire on handwashing



Articles

1634 www.thelancet.com   Vol 386   October 24, 2015

In the monthly and fi nal questionnaires participants 
documented the duration of symptoms rated moderately 
bad (which are the most likely to be sensitive to change19 
and can be remembered reliably over a period of a few 
weeks18,19); and the number of days where work or 
normal activities were impaired.19 For the monthly 
questionnaire the index person was asked to document 
whether household members had had a similar 
infection within a week before the index person (ie, 
probable transmission from a family member) or after 
the index person (ie, probable transmission from the 
index person). Both the monthly questionnaire and the 
fi nal questionnaire asked participants to document 

episodes of “watery, loose bowel movements or vomiting 
lasting at least 24 h”.

We postulated that the intervention would reduce the 
number of health service contacts by reducing the 
number of episodes of acute respiratory infection. At 
12 months after randomisation all patients’ notes were 
reviewed to document resource use, admission to 
hospital for respiratory or cardiovascular complications, 
whether patients attended the physician for their 
infl uenza-like illness or other respiratory tract 
infections.22 Assessment of the notes was made blind to  
the group, and has been shown to be reliable and 
unbiased.23

Statistical analysis
We estimated that a minimum of 15 908 participants 
would be needed to detect a 10% relative reduction in 
respiratory infections (18% vs 20%, odds ratio [OR] 
0·88) for 80% power, an α of 0·05, and 20% loss to 
follow-up. A very small diff erence for a low-cost 
intervention could be highly cost eff ective, but we 
judged that individual participants would be unlikely to 
be motivated to change behaviour unless there was 
reduction of roughly 10% or greater. In the additional 
cohort, to detect the eff ect of administration of the 
baseline questionnaire, we used the estimated diff erence 
in the mean number of handwashes between the control 
group and the control group with baseline questions in 
the pilot study (mean diff erence 0·22; SD 1·15). To 
detect a similar diff erence in the main study, and 
allowing for 20% loss to follow-up, 80% power, and α of 
0·05, we estimated we would need 540 people per 
subgroup.

We did no interim analyses. The primary analysis was 
a modifi ed intention-to-treat analysis of all participants 
randomly assigned to receive intervention or control 
who completed follow-up surveys at 16 weeks with no 
imputation of missing data. We report multivariate risk 
ratios; multivariate analysis was specifi ed for the 
primary endpoint, but controlling factors were specifi ed 
based on the analysis rather than being prespecifi ed. We 
did a secondary analysis using multiple imputations 
(50 imputations) by chained equations, imputing all 
variables simultaneously. We analysed the binary 
outcome data after 16 weeks using a logistic model, and 
count outcomes using a negative binomial model. We 
converted ORs to risk ratios using the formula of Zhang 
and Yu.24 For the monthly data (serial panel data), we 
based the analysis on repeated measures logistic 
regression. We report 95% CIs. We explored possible 
eff ects in prespecifi ed subgroups (estimating the 
interaction term for the intervention): age older than 
65 years; infl uenza vaccination status; family size; 
children younger than 16 years; previous attendance 
with respiratory infections; and skin complaints. The 
full economic analysis will be reported elsewhere. We 
calculated the intracluster coeffi  cients (ICC) for practice 

Control Intervention

Gender

Men 4397/9981 (44%) 4383/9967 (44%)

Women 5584/9981 (56%) 5584/9967 (56%)

Age 56·5 (13·6) 56·7 (13·6)

Years in education 8·68 (3·2) 8·7 (3·2)

Number of individuals in household 2·6 (1·0) 2·6 (0·9)

Children younger than 16 years in household 1725/9802 (18%) 1696/9798 (17%)

No ongoing health problems 6760/9578 (71%) 6648/9539 (70%)

Skin condition that could aff ect handwashing 1012/7325 (14%) 814/6490 (13%)

Had an infl uenza vaccination in the current season 2979/8224 (36%) 2610/8035 (32%)

Number of times hands washed per day*

0–2 22/653 (3%) 340/9039 (4%)

3–4 67/653 (10%) 898/9039 (10%)

5–6 150/653 (23%) 2013/9039 (22%)

7–9 155/653 (24%) 2321/9039 (26%)

≥10 259/653 (40%) 3467/9039 (38%)

Any respiratory infections in the past year 7615/9728 (78%) 7827/9634 (81%)

Number of respiratory infections in the past year

None 1974/9728 (20%) 1672/9635 (17%)

1–2 5351/9728 (55%) 5216/9635 (54%)

3–5 2108/9728 (22%) 2373/9635 (25%)

≥6 295/9728 (3%) 374/9635 (4%)

Number of days with moderate or bad symptoms of 
respiratory tract infections in past year

4·9 (5·6) 4·9 (5·8)

Visits to the doctor for respiratory infections in the 
past year

0·6 (1·2) 0·6 (1·2)

Number of respiratory infections in household 
members in the past year

None 2694/9722 (28%) 2286/9631 (24%)

1–2 4107/9722 (42%) 4077/9631 (42%)

3–5 2138/9722 (22%) 2346/9631 (24%)

≥6 783/9722 (8%) 922/9631 (10%)

Number of gastrointestinal infections in the past year

None 5282/9574 (55%) 5014/9511 (53%)

1–2 3046/9574 (32%) 3164/9511 (33%)

3–5 951/9574 (10%) 991/9511 (10%)

≥6 295/9574 (3%) 342/9511 (4%)

Data are n/N (%) or mean (SD). Denominators vary due to missing values. *Only a subset of individuals in the control 
group asked the question. 

Table 1: Baseline characteristics
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in Stata by assuming that practice is a random eff ect in 
a mixed model and then used post-estimation 
commands to give the ICC and its confi dence interval. 
We used StataSE version 13 for all statistical analyses.

This trial is registered with the ISRCTN registry, 
number ISRCTN75058295.

Role of the funding source
The study was funded by the Medical Research Council 
(study number 09/800/22). Neither the funder nor the 
sponsor (the University of Southampton) had any part in 
the study design, the collection, analysis, or interpretation 
of the data, or in the writing of the report. BS, JJ, MMu, 

Control Intervention Univariate risk 
ratio

Multivariate risk 
ratio*

Univariate 
incident rate ratio

Multivariate 
incident rate ratio*

Any respiratory infections in 
past 4 months

5135/8667 (59%) 4242/8241 (51%) 0·87 (0·84–0·89;
p<0·0001)

0·86 (0·83–0·89;
p<0·0001)

·· ··

Any respiratory infections in 
a household member in past 
4 months

4193/8551 (49%) 3545/8075 (44%) 0·90 (0·86–0·93;
p<0·0001)

0·88 (0·85–0·92;
p<0·0001)

·· ··

Any gastrointestinal 
infection in past 4 months

1821/7229 (25%) 1376/6410 (21%) 0·85 (0·80–0·91;
p<0·0001)

0·82 (0·76–0·88;
p<0·0001)

·· ··

Any infl uenza-like illness in 
the past 4 months

613/8244 (7%) 449/8047 (6%) 0·75 (0·67–0·84;
p<0·0001)

0·80 (0·72–0·92;
p=0·001)

·· ··

Number of respiratory 
infections in past 4 months

·· ·· ·· ·· 0·77 (0·74–0·80;
p<0·0001)

0·75 (0·72–0·79;
p<0·0001)

Mean (SD) 1·09 (1·36) 0·84 (1·13) ·· ·· ·· ··

Median (IQR) 1 (0–2) 1 (0–1) ·· ·· ·· ··

Number of respiratory 
infections in household 
member in past 4 months

·· ·· ·· ·· 0·80 (0·76–0·84;
p<0·0001)

0·79 (0·74–0·83;
p<0·0001)

Mean (SD) 1·17 (2·07) 0·93 (1·48) ·· ·· ·· ··

Median (IQR) 1 (0–2) 0 (0–1) ·· ·· ·· ··

Number of days moderate or 
bad symptoms in all study 
participants (no infection is 
0 days)

·· ·· ·· ·· 0·95 (0·90–1·00;
p=0·043)

0·92 (0·87–0·98;
p=0·009)

Mean (SD) 2·60 (4·44) 2·08 (4·00) ·· ·· ·· ··

Median (IQR) 1 (0–3) 0 (0–3) ·· ·· ·· ··

Number of days of moderate 
or bad symptoms in those 
who had an infection

·· ·· ·· ·· 0·94 (0·88–1·00;
p=0·035)

0·92 (0·86–0·98;
p=0·007)

Mean (SD) 4·25 (5·29) 3·92 (4·78) ·· ·· ·· ··

Median (IQR) 3 (1–5) 2 (1–5) ·· ·· ·· ··

Data are n/N (%) or eff ect size between control and intervention (95% CI; p value) unless otherwise stated. Table shows data for participants in the modifi ed intention-to-
treat population (ie, those who were randomly assigned, who completed the questionnaire at 16 weeks). *Controlling for sex, age older than 65 years, ongoing health 
problem, skin condition before or during study that might aff ect frequency of handwashing, children younger than 16 years in household, respiratory illness in the past year, 
number of household members, and whether participant had received an infl uenza vaccine.

 Table 2: Results based on questionnaire at 16 weeks

Control Intervention Univariate risk ratio Multivariate risk ratio

Any respiratory infection in the past month 9091/30 865 (29·5%) 7287/27 868 (26·1%) 0·88 (0·85–0·91; p<0·0001) 0·85 (0·83–0·88; p<0·0001)

Infl uenza-like illness in the past month 692/32 060 (2·2%) 521/31 992 (1·6%) 0·79 (0·71–0·86; p<0·0001) 0·85 (0·77–0·94; p=0·001)

Household member with a respiratory 
infection in the past month

9714/30 710 (31·6%) 7640/27 668 (27·6%) 0·87 (0·84–0·89; p<0·0001) 0·83 (0·80–0·86; p<0·0001)

Illness occurring in index individual within one 
week of a household member having a similar 
illness

2757/30 803 (9·0%) 2157/27 800 (7·8%) 0·86 (0·81–0·91; p<0·0001) 0·86 (0·81–0·91; p<0·0001)

Another household member gets a similar 
infection within a week of index individual 
having it?

2274/25 780 (8·8%) 1606/23 670 (6·8%) 0·76 (0·71–0·81; p<0·0001) 0·74 (0·69–0·79; p<0·0001)

Data are n/N (%) or risk ratio (95% CI; p value). Table shows sum of responses from all monthly questionnaires.

 Table 3: Results based on monthly questionnaires
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GY, and LY had access to the raw data; PL had full access 
to all of the data and the fi nal responsibility for the 
decision to submit for publication.

Results
344 physician offi  ces were recruited over a wide area of 
England, and 20 066 participants were enrolled and 
randomly assigned between Jan 17, 2011, and March 31, 
2013 (winter 1 [Jan 17, 2011, to March 23, 2011], n=427; 
winter 2 [Nov 10, 2011, to April 30, 2012], n=3553, with 
only 25 participants recruited in April and March; and 
winter 3 [Oct 19, 2012, to March 31, 2013], n=16 086). 
10 040 index participants were assigned to intervention 
and 10 026 were assigned to control (fi gure).

Medical notes reviews were completed among 
19 117 (95%) participants. Table 1 shows the baseline 
characteristics of participants in the intervention and 
control groups. Most participants in the intervention 
group completed at least part of all four of the sessions 
(median 4 [IQR 1–4] sessions; mean 2·9 [SD 1·3]). We 

noted no evidence of any practice-level eff ects and the 
ICC values were very small (ICC for the primary outcome 
measure 0·009, 95% CI 0·005–0.016), so estimates were 
generated without taking into account clustering by 
practice.

16 908 (84%) participants completed the questionnaire 
at 16 weeks (8241 in intervention group and 
8667 in control group) and were included in our 
modifi ed intention-to-treat analysis. After 16 weeks, 
4242 individuals (51%) in the intervention group 
reported one or more episodes of RTI compared with 
5135 (59%) in the control group (multivariate risk ratio 
0·86; 95% CI 0·83–0·89; p<0·0001; table 2). There were 
also fewer episodes of infl uenza-like illness in the 
intervention group than in the control group. We noted 
similar reductions for household members. We noted 
slightly less severe infections among individuals who 
reported infections; because individuals in the 
intervention group had fewer infections, they had half a 
day less of moderately bad symptoms overall (mean 
2·1 days [SD 4·0] vs 2·6 days [4·4]). There were fewer 
total number of days of infections (5·2 days [SD 8·4] vs 
6·5 days [9·0]; multivariate incident rate ratio 0·91, 
95% CI 0·87 to 0·95, p<0·0001) and, among those who 
reported infections, shorter duration of illness (9·8 days 
vs 10·6 days; 0·91, 0·87–0·95; p<0·0001). Participants 
in the intervention group also reported fewer 
gastrointestinal infections. We noted no diff erential 
eff ects of the intervention for the main outcome in for 
any of the subgroups identifi ed in advance (data not 
shown).

Data from the monthly questionnaires suggested that 
transmission of infection was reduced both to the index 
person and from the index person (table 3). The estimate 
for month 1 for the index person (risk ratio 0·84, 95% CI 
0·81–0·88) was similar to the overall eff ect, as were the 
household data (0·84, 0·80–0·88), which suggests 
consistent reliable recall over the 16 week period (data 
not shown). Review of medical notes suggested fewer 
consultations over the 16 week period and 1 year 
(table 4). Similarly, we noted fewer antibiotic 
prescriptions over 16 weeks and 1 year. Although 
estimates are imprecise because of small numbers, 
analysis of participants in the additional cohort 
suggested a trend towards fewer infections in the 

Control Intervention Univariate risk ratio Multivariate risk ratio

Antibiotic use in primary case within 4 months 617/9579 (6%) 535/9540 (6%) 0·87 (0·78–0·97; p=0·016) 0·83(0·74–0·94;p=0·002)

Antibiotic use in primary care within 12 months 1008/9579 (11%) 891/9540 (9%) 0·89 (0·81–0·96; p=0·006) 0·85 (0·77–0·93; p<0·0001)

Consultation in primary care or hospitalisation with 
respiratory infection within 4 months

1021/9579 (11%) 951/9540 (10%) 0·93 (0·86–1·02; p=0·117) 0·90 (0·82–0·98; p=0·014)

Consultation in primary care or hospitalisation with 
respiratory infection within 12 months

1653/9579 (17%) 1527/9540 (16%) 0·93 (0·87–0·99; p=0·020) 0·90 (0·84–0·96; p=0·001)

Data are n/N (%) or risk ratio (95% CI; p value).

 Table 4: Results based on notes review

Control Control with baseline 
handwashing 
questions 

Intervention without 
baseline 
handwashing 
questions

Intervention with 
baseline 
handwashing 
questions 

Any respiratory infections in past 4 months

n 8015 652 7640 601

Univariate risk ratio 1·00 0·93 (0·87–1·00;
p=0·053)

0·94 (0·87–1·01;
p=0·077)

0·86 (0·83–0·88;
p<0·0001)

Multivariate risk ratio 1·00 0·94 (0·89–1·01;
p-0·109)

0·93 (0·87–1·01;
p=0·060)

0·87(0·84–0·89;
p<0·0001)

Any respiratory infections in a household member in past 4 months

n 7918 647 7489 593

Univariate risk ratio 1·00 0·95 (0·87–1·04;
p=0·242)

0·87 (0·79–0·96;
p=0·004)

0·89 (0·86–0·92;
p<0·0001)

Multivariate risk ratio 1·00 0·95 (0·87–1·03;
p=0·208)

0·89 (0·82–0·98;
p=0·020)

0·90 (0·87–0·93;
p<0·0001)

Any gastrointestinal infection in past 4 months

n 486 6750 5915 499

Univariate risk ratio 1·00 0·88 (0·74–1·05;
p=0·162)

0·76 (0·63–0·91;
p=0·002)

0·85 (0·80–0·91;
p<0·0001)

Multivariate risk ratio 1·00 0·91 (0·78–1·09;
p=0·320)

0·79 (0·65–0·95;
p=0·013)

0·84 (0·79–0·90;
p<0·0001)

Data are risk ratio (95% CI; p value).

Table 5: Results based on questionnaire at 16 weeks, by baseline questionnaire on handwashing
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control group when they were asked baseline questions 
about handwashing (table 5).

As expected, most variables at baseline or from the 
chart review had few items missing (mostly less than 
5%; appendix), which was similar between the 
randomisation groups; multiple imputation provided 
very similar results to the complete case analysis for the 
primary outcome (appendix). Questions about 
performance of work or daily tasks were poorly answered 
(n=9350); for those answering we noted no diff erence 
between groups (risk ratio 1·01, 95% CI 0·91–1·12, 
p=0·824).

Compared with individuals who were invited but did 
not participate in the study, participants were slightly 
more likely to be women, older (non-participants mean 
age 47·0 years [SD 17·9], participants mean age 
56·6 years [13.6]), and less deprived (appendix). We 
noted no evidence of interaction or eff ect modifi cation 
with intervention group for these variables, and their 
inclusion in the analysis did not modify the estimates. 
235 810 feedback forms were sent out to non-
participants, of which 18 266 (8%) were returned citing 
reasons for non-participation (appendix). Of these 
individuals returning these forms, 4943 (25%) reported 
not participating because they lived alone and 7910 (43%) 
because they did not have easy access to the internet.

Four infection-related hospital admissions occurred 
during the study (two in the control group and two in the 
intervention group). Minor self-reported skin irritation 
increased among those who responded to the question 
(231 [4%] of 5429 vs 79 [1%] of 6087, p<0·0001) for those 
who did not report problems at baseline, but no eff ect on 
consultations for skin complaints. Among individuals 
who had a skin complaint at baseline, reported skin 
complaints did not increase (423 [53%] of 803 in 
intervention group compared with 539 [55%] of 986 in 
control group; p=0·402).

Discussion
Findings from this large, primary care, open-label 
randomised study suggest that a self-accessed internet 
intervention to increase handwashing reduces the 
number and severity of infections among both index 
patients and their households (panel).

There are some potential limitations to the study, in 
particular, a free-standing website would be expected to 
attract individuals more interested in preventing 
infections; however, this population was the intended 
sample for our study. Having demonstrated eff ectiveness, 
the intervention would be expected to attract a wider 
sample. Although the intervention content was complex, 
implementation required few resources because all the 
content, tailoring, and email reminders were automated. 
Participants were less deprived, older, and more likely to 
be women compared with non-participants, but 
controlling for these features made little diff erence to the 
estimates. The very large sample made self-report the only 

feasible method to determine whether infections occurred. 
Monthly reporting would not have captured detailed data 
for each illness, but daily diaries over months are also 
aff ected by reporting bias, and infections are well 
remembered over weeks.18 Both groups were asked 
questions about infections, and any non-diff erential 
measurement error would have under estimated 
eff ectiveness. The monthly questionnaires, including 
from the fi rst month, provided similar results to the 
fourth month. Additionally, the intervention aff ected 
gastrointestinal infections, consultations, and antibiotic 
prescribing (measured independently of self-report), so 
reporting bias is unlikely to account for the results. Self-
reported gastrointestinal infections were not defi ned very 
precisely, being a secondary outcome, and so measurement 
error might have reduced the precision of the estimates. 

Panel: Research in context

Systematic review
The routes whereby infl uenza and other respiratory infections spread are still debated. 
Simple preventive measures, particularly handwashing, were recommended by the WHO 
and in national campaigns during the H1N1 pandemic, but there is a paucity of good 
randomised evidence. A Cochrane review9 of handwashing identifi ed eight 
cluster-randomised studies testing the eff ect of educational programmes to promote 
handwashing on the incidence of respiratory infections. The search included the Acute 
Respiratory Infections Group’s specialised register, Medline (1966 to October, 2010), 
OLDMEDLINE (1950 to 1965), Embase (1990 to October, 2010), CINAHL (1982 to 
October, 2010), LILACS (2008 to October, 2010), Indian MEDLARS (2008 to October, 
2010), and IMSEAR (2008 to October, 2010). Because of diff erent defi nitions, 
comparisons, lack of reporting of cluster coeffi  cients, and (in two cases) missing 
participant data, the investigators judged it improper to meta-analyse the data. Findings 
from two trials showed a lack of eff ect with risk ratios for the prevention of acute 
respiratory illness of 0·94 and 0·97, but fi ndings from two high-quality trials showed a 
signifi cant decrease in respiratory illness in children aged up to 24 months (risk ratio 
0·90,10 although not signifi cant in older children [risk ratio 0·95]), and a 50% decreased 
incidence of pneumonia in children younger than 5 years.11 These trials were of 
face-to-face training programmes in handwashing in very particular settings (day care 
centres in Australia10 and highly deprived areas of a low-income country11), and only 
among young children. There is no good randomised evidence that handwashing 
prevents respiratory infection transmission in broader settings, nor among adults, and 
most previous interventions involve signifi cant input from experienced trainers.

Interpretation
Our randomised trial, by estimating the eff ect of a handwashing intervention, helps 
clarify that hand-to-mouth transmission is likely to be important, both for respiratory 
infections overall and for infl uenza-like illness. Among more than 20 000 adults, the 
study fi ndings demonstrate that a simple free-standing internet-based behavioural 
intervention to increase handwashing behaviour among adults eff ectively reduces acute 
respiratory infections (risk ratio 0·86, 95% CI 0·83–0·89; p<0·0001), equivalent to a 14% 
reduction and slightly more eff ective than the more intensive face-to-face behavioural 
intervention among children in daycentres in Australia (10% reduction). The study 
fi ndings also showed reduced transmission of acute respiratory infections to other family 
members, reduced gastrointestinal infections, reduced consultations, and reduced 
antibiotic prescription. In view of the heightened concern during a pandemic and the 
likelihood of accessing the internet for advice, the intervention also has potential for 
eff ective implementation during a pandemic.
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Self-report for mild skin irritation was low (less than two-
thirds of participants answered this question), so we 
might have overestimated the incidence or harm of this 
eff ect. Groups were well balanced and controlling for 
potential confounders did not materially alter the 
estimates, suggesting that confounding is unlikely to 
explain our results; the number of highly signifi cant 
results suggest that type I error is unlikely, and multiple 
imputation lent support to the notion that missing data 
probably had little eff ect on our overall results. We showed 
a fairly short-term eff ect over months, so whether there is 
a longer-term eff ect on behaviour is unclear.

Our study fi ndings inform the debate about the 
relevance of hand-to-face contact in infection 
transmission,8,16 suggesting that both transmission to 
and from household members is prevented. A 15–25% 
relative reduction in infections (10% for household 
members) and a 10% reduction in consultations and 
antibiotic prescriptions are important in view of the 
population burden of RTI and the dangers of antibiotic 
resistance. We did not measure the eff ect of our 
intervention on individuals outside the home, so the 
overall eff ect is probably larger than reported here, and 
its potential reach will probably increase in view of the 
ongoing growth in internet access. In the context of 
seriously heightened risk of infection or its consequences, 
motivation to undertake preventive behaviour increases 
but might not be translated into protective behaviour 
without specifi c advice and support; a substantially 
increased eff ect of the intervention on handwashing and 
hence infection transmission might therefore be 
expected in a serious pandemic.25,26 Even if the motivation 
in a pandemic were suffi  cient by itself, the results still 
provide convincing evidence that handwashing reduces 
viral transmission, and the internet is likely to be a key 
source of advice in a pandemic.13

A previous systematic review concluded that 
handwashing interventions are eff ective in children, 
particularly younger children in low-income settings, but 
questioned the evidence for older children and adults.9 
Our study fi ndings clarify that both adults and the 
members of their household are likely to benefi t from 
handwashing in high-income countries, but the eff ect is 
smaller than in resource-poor settings, probably due to 
several factors (eg, affl  uence, public health infrastructure, 
baseline handwashing frequency, and infection rates).

Roughly one in every 33 individuals who received the 
intervention in our study had minor skin irritation, 
probably due to drying of the skin; we suggested advice to 
use emollients in week 3, but could do so earlier for 
individuals reporting irritation. Notably, we did not note 
increased problems in individuals who already had skin 
problems. The intervention was designed for adults in a 
household setting, but the applications could be developed 
for schools and nurseries where transmission is common.

In conclusion, our intervention to increase 
handwashing reduced respiratory and gastrointestinal 

infections among index patients and household 
members. In view of heightened concern in a pandemic 
and widespread availability of internet access, the 
intervention also has potential for eff ective 
implementation during a pandemic.
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