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Preparing health professionals and the public for a flu 
pandemic has been the subject of much research world-
wide, and governments and public health departments 
have published various recommendations over the past 
five years.1-4 One aspect of the clinical management of 
respiratory viruses—namely barrier methods to reduce 
transmission—is assessed in the accompanying system-
atic review by Jefferson and colleagues.5 This review 
found that handwashing and wearing masks, gloves, 
and gowns were effective individually in preventing 
the spread of severe acute respiratory syndrome, andsevere acute respiratory syndrome, and, and 
even more effective when combined (odds ratio 0.09, 
95% confidence interval 0.02 to 0.35, number needed 
to treat (NNT)=3, 2.66 to 4.97). The incremental effect 
of adding virucidals or antiseptics to normal handwash-
ing to reduce respiratory disease was uncertain.

Because pandemic flu is such a potentially cata-
strophic event, governments worldwide should have 
commissioned such a review many years ago and not 
have left it to the academic community to take the 
lead. The academic community needs to educate gov-
ernments that expert advice is not necessarily the best 

advice. Guidelines should be based on rigorous system-
atic reviews and need to be continuously updated.

Government and international websites such as the 
World Health Organization website on the status of 
pandemic flu (www.who.int/csr/disease/avian_influ-
enza/phase/en/index.html) are of some help in keep-
ing health professionals up to date with the latest 
information. However, regularly updated evidence 
based guidelines containing levels of recommendation 
and, where possible, measures of effectiveness such as 
NNT would be very much more helpful to front line 
clinicians. Guidelines also highlight where the strength 
of the evidence is weak and more research is needed. 
We have an annually updated guideline on the man-
agement of hypertension,6 and it reflects badly on the 
consistency of knowledge translation that one is not 
available for influenza.

The messages distributed by governments about 
how to reduce the spread of respiratory viruses have 
not been shown to be wrong, although some are not 
supported by evidence. Jefferson and colleagues’ 
review will allow the effectiveness of the interventions 

however, is the business of the Home Office and the 
Treasury, and the Treasury is presumably happy to use 
an oversupply of applicants to keep down the pressure 
for salary increases. When the Department of Health 
tried unilaterally to impose additional conditions to the 
scheme, it was swatted down by the appeal court for 
its pains.8 The best that the report can do is to call for 
“a coherent model of medical workforce supply within 
which apparently conflicting policies on self-sufficiency 
and open-borders/overproduction should be publicly 
disclosed and reconciled.”

What are the chances that all 47 of the final report’s 
recommendations will be implemented? The execu-
tive summary concludes that strong agreement with 
the interim report provided “a compelling mandate 
for the implementation of the proposals.” But will the 
government agree? Governments have long found the 
best way to defuse a row is to appoint a suitably quali-
fied member of the great and the good to conduct an 
inquiry. Nothing need actually change once the hoohah 
has blown over.

At the same time as Sir John was putting the fin-
ishing touches to his report, the House of Commons 
select committee on health was taking evidence on 
MMC—from many of the same people Sir John had 
interviewed. Worryingly, it heard that the secretary of 
state for health and chief medical officer had recently 
defended the concept of run through training and were 

going to retain it.9 It seems unlikely that the select com-
mittee’s final recommendations will be identical to Sir 
John’s. And Lord Darzi’s broader review of the National 
Health Service may also consider medical careers. 

Before any other body’s recommendations about 
postgraduate medical education and training are imple-
mented, they must be shown to be superior to those 
that have emerged from Sir John’s meticulous review 
of the topic, conducted with an urgency that befits its 
importance to doctors and patients alike.
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uc2502.htm.
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ABSTRACT

Objective To systematically review evidence for the

effectiveness of physical interventions to interrupt or

reduce the spread of respiratory viruses.

Data extraction Search strategy of the Cochrane Library,

Medline, OldMedline, Embase, and CINAHL, without

language restriction, for any intervention to prevent

transmission of respiratory viruses (isolation, quarantine,

social distancing, barriers, personal protection, and

hygiene). Study designs were randomised trials, cohort

studies, case-control studies, and controlled before and

after studies.

Data synthesis Of 2300 titles scanned 138 full papers

were retrieved, including 49 papers of 51 studies. Study

qualitywas poor for the three randomised controlled trials

and most of the cluster randomised controlled trials; the

observational studies were of mixed quality.

Heterogeneity precluded meta-analysis of most data

except that from six case-control studies. The highest

quality cluster randomised trials suggest that the spread

of respiratory viruses into the community can be

prevented by intervening with hygienic measures aimed

at younger children. Meta-analysis of six case-control

studies suggests that physical measures are highly

effective in preventing the spread of SARS: handwashing

more than 10 times daily (odds ratio 0.45, 95%

confidence interval 0.36 to 0.57; number needed to

treat=4, 95% confidence interval 3.65 to 5.52); wearing

masks (0.32, 0.25 to 0.40; NNT=6, 4.54 to 8.03); wearing

N95 masks (0.09, 0.03 to 0.30; NNT=3, 2.37 to 4.06);

wearing gloves (0.43, 0.29 to 0.65; NNT=5, 4.15 to

15.41); wearing gowns (0.23, 0.14 to 0.37; NNT=5, 3.37

to 7.12); and handwashing, masks, gloves, and gowns

combined (0.09, 0.02 to 0.35; NNT=3, 2.66 to 4.97). The

incremental effect of adding virucidals or antiseptics to

normal handwashing to decrease the spread of

respiratory disease remains uncertain. The lack of proper

evaluation of global measures such as screening at entry

ports and social distancing prevent firm conclusions

being drawn.

Conclusion Routine long term implementation of some

physical measures to interrupt or reduce the spread of

respiratory virusesmight be difficult but many simple and

low cost interventions could be useful in reducing the

spread.

INTRODUCTION

Although respiratory viruses usually cause minor dis-
ease, epidemics can occur. Mathematical models esti-
mate that about 36 000 deaths and 226 000 admissions
to hospital in the United States annually are attributa-
ble to influenza,1 and with incidence rates as high as
50% during major epidemics worldwide, respiratory
viruses strain health services,2 are responsible for
excess deaths,2 3 and result in massive indirect costs
owing to absenteeism fromwork and school.4Concern
is now increasing about serious pandemic viral infec-
tions. In 2003 an epidemic of the previously unknown
severe acute respiratory syndrome (SARS) caused by a
coronavirus affected about 8000 people worldwide,
with 780 deaths (disproportionately high numbers
were in healthcare workers), and causing a social and
economic crisis, especially in Asia.5 A new avian influ-
enza pandemic caused by the H5N1 virus strain threa-
tens greater catastrophe.6

High viral load and high viral infectiousness prob-
ably drive virus pandemics,7 hence the need for inter-
ventions to reduce viral load. Mounting evidence
suggests, however, that single measures, particularly
the use of vaccines or antivirals, will be insufficient to
interrupt the spread of influenza. Agent specific drugs
are also not available for other viruses.7-10

A recent trial found handwashing to be effective in
lowering the incidence of pneumonia in the develop-
ing world.w1 Clear evidence has also shown a link
between personal (and environmental) hygiene and
infection.11 We systematically reviewed the evidence
for the effectiveness of combined public health mea-
sures such as personal hygiene, distancing, andbarriers
to interrupt or reduce the spread of respiratory
viruses.12 13 We did not include vaccines and antivirals
because these have been reviewed.4 10 14-18

METHODS

We considered trials (individual level, cluster rando-
mised, or quasirandomised), observational studies
(cohort and case-control), and any other comparative
design in people of all ages provided some attempt had
been made to control for confounding.
We included any intervention to prevent the trans-

mission of respiratory viruses from animals to humans

1Cochrane Vaccines Field,
Alessandria, Italy
2Cochrane Wounds Group,
Department of Health Sciences,
University of York
3Faculty of Health Sciences and
Medicine, Bond University,
Gold Coast, 4229, Qld, Australia
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Sciences and Medicine,
Bond University
5Public Health Agency of Lazio
Region, Rome
6Department of Statistics, Manipal
Academy of Higher Education,
Manipal, India
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Hong Kong NPI RCT – Inclusion criteria

Case-ascertainment design – index cases with influenza-like illness

recruited from outpatient clinics

• Any 2+ ILI symptoms or signs (broad definition).

• Onset of symptoms within the last 48 hours.

• Live with at least 2 other people.

• No other household members have had ILIs within the past 2

weeks.
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NPI RCT – Study design

Index

subject
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306 households successfully followed up with lab-confirmed index case; in

compliance with the protocol 47 households with RT-PCR-confirmed co-index

cases at the time of the intervention were excluded from subsequent analyses.
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Data collection

• Initial rapid diagnostic test (and additional nose/throat swab

for validation by RT-PCR).

• Nose/throat swabs collected from index cases and household

contacts in home visits at baseline, and after 3 and 6 days.

• Detailed baseline questionnaire.

• Daily self-reported symptom diaries during follow-up period.

• Final visit review adherence to interventions.
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Interventions

• Control arm. Index case and all household contacts receive

education on self care for ILI, and the benefits of a healthy

lifestyle and diet.

• Control plus hand-hygiene arm. Index case and all household

contacts are provided with soap dispensers and alcohol

hand rub and educated on their use.

• Control plus hand-hygiene plus face mask arm. Index case

and all household contacts are provided with surgical masks

and educated on their proper use and hygienic disposal.
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Recruitment vs flu activity
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Main results (I.T.T.) – secondary attack ratios

Table: Secondary attack ratios in the contacts of 259 analyzed

households.

Secondary attack ratio (95% CI)∗ p-value†

Control (n=279) Hand hygiene (n=257) Mask+HH (n=258)

Lab-confirmed influenza 0.10 (0.06, 0.14) 0.05 (0.03, 0.09) 0.07 (0.04, 0.11) 0.22

Clinical influenza(1) 0.19 (0.14, 0.24) 0.16 (0.12, 0.21) 0.21 (0.16, 0.27) 0.40

Clinical influenza(2) 0.05 (0.02, 0.08) 0.04 (0.02, 0.06) 0.07 (0.04, 0.11) 0.28

∗ By a cluster bootstrap method.

† By Pearson chi-square test adjusted for within-household correlation.

(1) is at least 2 of fever≥37.8◦C, cough, headache, sore throat, aches or pains in muscles or joints.

(2) is fever≥37.8◦C plus cough or sore throat.
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RT-PCR confirmed secondary cases (I.T.T.)

Characteristic n Adjusted OR∗ 95% CI for OR
Control arm 279 1.00
Hand hygiene arm 257 0.57 (0.26, 1.22)
Mask+HH arm 258 0.77 (0.38, 1.55)

Adult (aged 16+) 662 1.00
Child (aged 6-15) 88 2.87 (1.42, 5.78)
Child (aged ≤5) 44 1.91 (0.69, 5.30)

Not vaccinated 688 1.00
Vaccinated in past 1 year 106 0.33 (0.12, 0.91)

Adult (aged 16+) index 71 1.00
Child (aged 6-15) index 144 2.74 (0.95, 7.90)
Child (aged ≤5) index 44 2.82 (0.87, 9.14)

Index not prescribed antiviral 191 1.00
Index prescribed antiviral 68 0.70 (0.33, 1.45)

∗ Adjusted odds ratios of infection of household contacts estimated under a multivariable logistic regression
model also adjusting for sex of household contact, sex of corresponding index case, and allowing for
within-household clustering.
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Delays between index onset and intervention

Delay from symptom onset

to recruitment

Delay from recruitment to

intervention

Delay from symptom onset

to intervention

Delay

(days)

Number of subjects
0 30 60 90 120 150

4
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0
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SARs for timely intervention

Table: Secondary attack ratios in the contacts of 154 analyzed

households where the intervention was applied within 36 hours of

symptom onset in the index case.

Secondary attack ratio (95% CI)∗ p-value†

Control (n=183) Hand hygiene (n=130) Mask+HH (n=149)

RT-PCR-confirmed influenza 0.12 (0.07, 0.18) 0.05 (0.01, 0.11) 0.04 (0.01, 0.07) 0.04

Clinical influenza(1) 0.23 (0.16, 0.30) 0.11 (0.05, 0.17) 0.18 (0.12, 0.24) 0.03

Clinical influenza(2) 0.07 (0.03, 0.11) 0.04 (0.01, 0.07) 0.07 (0.03, 0.12) 0.52

∗ By a cluster bootstrap method.

† By Pearson chi-square test adjusted for within-household correlation.

(1) is at least 2 of fever≥37.8◦C, cough, headache, sore throat, aches or pains in muscles or joints.

(2) is fever≥37.8◦C plus cough or sore throat.
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RT-PCR-confirmed 2nd cases for timely intervention

Characteristic n Adjusted OR∗ 95% CI for OR
Control arm 183 1.00
Hand hygiene arm 130 0.46 (0.15, 1.43)
Mask+HH arm 149 0.33 (0.13, 0.87)

Adult (aged 16+) 386 1.00
Child (aged 6-15) 51 3.02 (1.16, 7.85)
Child (aged ≤5) 25 2.45 (0.75, 8.01)

Not vaccinated 401 1.00
Vaccinated in past 1 year 61 0.40 (0.12, 1.33)

Adult (aged 16+) index 39 1.00
Child (aged 6-15) index 85 1.17 (0.33, 4.23)
Child (aged ≤5) index 30 1.55 (0.37, 6.45)

Index not prescribed antiviral 109 1.00
Index prescribed antiviral 45 0.81 (0.32, 2.04)

∗ Adjusted odds ratios of infection of household contacts estimated under a multivariable logistic regression
model also adjusting for sex of household contact, sex of corresponding index case, and allowing for
within-household clustering.

BJ Cowling Hong Kong NPI study Slide 13



Introduction Study design Results Discussion

Adherence to interventions
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(a) Reported frequency of hand washing with liquid hand soap/alcohol hand rub in the

hand hygiene arm;

(b) Reported frequency of hand washing with liquid hand soap/alcohol hand rub in the

mask+HH arm;

(c) Reported frequency of face mask use in the mask+HH arm.
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Discussion

• Substantial and significant benefits of face masks and hand

hygiene if implemented within 36 hours of index case

symptom onset.

• Cannot distinguish relative contributions of each intervention

and both may be important.

• Moderate adherence to the interventions, especially the

reported use of the surgical mask in household contacts.
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Limitations

• Potential bias due to recruiting symptomatic index cases.

– Preferentially recruit index cases with higher viral shedding.

– Delay between symptom onset and intervention may lead us to

underestimate the true effectiveness of the interventions.

– Bias towards including household contacts with pre-existing

immunity.

• Primary outcome is RT-PCR-confirmed influenza virus

infections.

– Some infections may be missed if peak viral shedding occurred

between home visits

– or if specimens were poor quality or degenerated during

transport or freezing.
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Table 1 Time to influenza Implications Clinical SARs

Characteristics of index cases
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Control Hand hygiene Mask+HH

Randomized Analyzed∗ Randomized Analyzed∗ Randomized Analyzed∗

(n = 134) (n = 91) (n = 136) (n = 85) (n = 137) (n = 83)

Age group (%)

0− 5 yrs 26 (19%) 20 (22%) 19 (14%) 10 (12%) 25 (18%) 14 (17%)

6− 15 yrs 70 (52%) 54 (59%) 66 (49%) 46 (54%) 67 (49%) 45 (54%)

16− 30 yrs 17 (13%) 5 (5%) 24 (18%) 12 (14%) 22 (16%) 11 (13%)

31− 50 yrs 15 (11%) 11 (12%) 23 (17%) 15 (18%) 18 (13%) 9 (11%)

50+ yrs 6 (4%) 1 (1%) 4 (3%) 2 (2%) 5 (4%) 4 (5%)

Male sex (%) 63 (47%) 44 (48%) 76 (56%) 41 (48%) 62 (45%) 33 (40%)

∗Excluding 85 households who dropped out, 16 households where the index did not have RT-PCR-confirmed

infection at the first home visit, and 47 households with 1+ household contacts with

RT-PCR-confirmed influenza (co-index cases).



Table 1 Time to influenza Implications Clinical SARs

Characteristics of household contacts

Control Hand hygiene Mask+HH

(n = 279) (n = 257) (n = 258)

Age group (%)

≤ 5 yrs 20 (7%) 9 (4%) 15 (6%)

6− 15 yrs 29 (10%) 32 (12%) 25 (10%)

16− 30 yrs 37 (13%) 27 (11%) 36 (14%)

31− 50 yrs 157 (56%) 125 (49%) 131 (51%)

50+ yrs 34 (12%) 53 (21%) 50 (19%)

Unknown age 2 (1%) 11 (4%) 1 (0%)

Male sex (%) 105 (38%) 103 (40%) 98 (38%)

Vaccinated
30 (11%) 32 (12%) 44 (17%)

in past year
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Time to RT-PCR-confirmed influenza
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Table 1 Time to influenza Implications Clinical SARs

Implications for future studies

• Case-ascertained recruitment versus a cohort design

– Case ascertainment driven by influenza seasonality and may be

particularly challenging in temperate locations.

– Much larger cohort study would be needed given low annual

influenza attack rate.

• Challenging to obtain longitudinal laboratory specimens.

– But reliance on clinical symptoms may not allow results

specific to influenza virus.

– Paired serology could be compared to determine influenza

infections.
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Table 1 Time to influenza Implications Clinical SARs

Clinical (1) secondary cases for timely intervention

Characteristic n Adjusted OR∗ 95% CI for OR
Control arm 183 1.00
Hand hygiene arm 130 0.46 (0.22, 0.96)
Mask+HH arm 149 0.86 (0.48, 1.53)

Adult (aged 16+) 386 1.00
Child (aged 6-15) 51 2.09 (1.01, 4.32)
Child (aged ≤5) 25 2.16 (0.87, 5.34)

Not vaccinated 401 1.00
Vaccinated in past 1 year 61 1.33 (0.71, 2.49)

Adult (aged 16+) index 39 1.00
Child (aged 6-15) index 85 1.57 (0.66, 3.74)
Child (aged ≤5) index 30 2.26 (0.86, 5.95)

Index not prescribed antiviral 109 1.00
Index prescribed antiviral 45 0.76 (0.42, 1.38)

(1) is at least 2 of fever≥37.8◦C, cough, headache, sore throat, aches or pains in muscles or joints.

∗ Adjusted odds ratios of infection of household contacts estimated under a multivariable logistic regression
model also adjusting for sex of household contact, sex of corresponding index case, and allowing for
within-household clustering.
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Clinical (2) secondary cases for timely intervention

Characteristic n Adjusted OR∗ 95% CI for OR
Control arm 183 1.00
Hand hygiene arm 130 0.64 (0.20, 2.02)
Mask+HH arm 149 1.45 (0.49, 4.24)

Adult (aged 16+) 386 1.00
Child (aged 6-15) 51 7.57 (2.79, 20.6)
Child (aged ≤5) 25 7.20 (1.92, 27.0)

Not vaccinated 401 1.00
Vaccinated in past 1 year 61 1.10 (0.31, 3.91)

Adult (aged 16+) index 39 1.00
Child (aged 6-15) index 85 0.79 (0.20, 3.19)
Child (aged ≤5) index 30 2.36 (0.46, 12.3)

Index not prescribed antiviral 109 1.00
Index prescribed antiviral 45 0.66 (0.21, 2.06)

(2) is the standard CDC classification of fever≥37.8◦C plus cough or sore throat.

∗ Adjusted odds ratios of infection of household contacts estimated under a multivariable logistic regression
model also adjusting for sex of household contact, sex of corresponding index case, and allowing for
within-household clustering.

BJ Cowling Hong Kong NPI study Slide 23


	Main results
	Introduction
	Background

	Study design
	Hong Kong NPI study design

	Results
	Recruitment and main results
	Further results

	Discussion
	Discussion


	Appendix
	Table 1
	Subject characteristics

	Time to influenza
	Time to RT-PCR-confirmed influenza

	Implications
	Implications for future studies

	Clinical SARs
	Clinical secondary attack ratios



