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a b s t r a c t 

Background: Influenza pandemic plans often recommend non-pharmaceutical interventions (NPIs) in 

household settings, including hand hygiene and face masks. We reviewed evidence supporting the rec- 

ommendations of these measures to prevent the spread of influenza in households. 

Methods: We performed systematic reviews between 26 May and 30 August 2022 in Medline, PubMed, 

EMBASE, and CENTRAL to identify evidence for the effectiveness of selected measures recommended by 

representative national influenza pandemic plans. We prioritized evidence from randomized controlled 

trials conducted during influenza pandemics and seasonal influenza epidemics. Fixed-effects models were 

used to estimate the overall effects. Systematic reviews were registered in the OSF registry ( https://osf. 

io/8kyth ). 

Results: We selected 9 NPIs for evidence review. We identified 9 randomized controlled trials related 

to hand hygiene and face masks in household settings. 2 studies reported that measures could delay 

the introduction of influenza virus infections into households. However, we did not identify evidence 

from randomized controlled trials that indicated a substantial effect of hand hygiene and face masks in 

preventing the spread of influenza within households. 

Conclusion: Limited evidence indicated that within-household measures may likely be effective only 

when implemented before or as soon as possible after symptom onset in an infected case. Improving 

the evidence base for NPIs in households and elsewhere is a continuing priority. 

Funding: World Health Organization and the Strategic Topic Grants Scheme. 
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The threat posed by the next influenza A pandemic has not di- 

inished in the wake of the COVID-19 pandemic. It is important 

o adapt influenza pandemic plans in light of experiences from 

he COVID-19 pandemic. Given the delays in the production of 

pecific vaccines and limited stockpiles of influenza antivirals in 

any locations, non-pharmaceutical interventions (NPIs)—also re- 

erred to as public health and social measures—may continue to 

rovide the first line of defense in the next influenza pandemic, 

ust as they did at the start of the COVID-19 pandemic [ 1 ]. Simi-

arly, NPIs have played an important role throughout the COVID-19 
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andemic in suppressing the transmission of respiratory pathogens 

ncluding influenza [ 2 ]. When the pandemic ended, the relaxation 

f NPIs led to discussions about the potential rebound in influenza 

ctivity among a population that may be increasingly susceptible 

o influenza infections due to a lack of exposure to respiratory 

athogens throughout the pandemic. Given the difficulty in pre- 

icting and selecting appropriate influenza strains for vaccine pro- 

uction during subsequent epidemics in the postpandemic period, 

PIs may complement seasonal influenza vaccination schemes as 

art of the public health response to protect the population from 

he considerable disease burden associated with seasonal influenza 

very year. 

Influenza virus infections spread mainly through inhalation of 

nfectious respiratory particles that can occur during close contact 

etween individuals, and one of the settings responsible for a con- 

iderable fraction of all influenza transmission is households. In 
ty for Infectious Diseases. This is an open access article under the CC BY license 
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he 2009 influenza A(H1N1)pdm09 pandemic, one study estimated 

hat around one-third of all transmission events occurred in house- 

olds [ 3 ]. NPIs in households could, therefore, make a major con- 

ribution to disrupting circulation [ 4 ]. We reviewed the scientific 

vidence supporting NPIs that might be recommended to reduce 

nfluenza transmission in households. 

ethods 

election of NPIs 

We reviewed the websites of national public health organiza- 

ions from around the world to determine which NPIs might be 

ecommended in households during influenza epidemics or pan- 

emics (Table S1). Two to three countries were selected as a sam- 

le from each continent to capture snapshots of country-specific 

ecommendations for NPIs to mitigate the spread of influenza 

n households. Also, from the WHO guidance document on non- 

harmaceutical measures for influenza that was published in 2019 

 5 ], we identified a list of NPIs that could be assessed in evidence

eviews. Among the 15 measures included in the guidance docu- 

ent, we only considered measures that were feasible to imple- 

ent within household settings and excluded measures specific to 

on-household settings in our review. Face shields was also in- 

luded from the currently updated version of the same guidance 

ocument. 

earch strategy 

We then conducted systematic reviews between 26 May and 30 

ugust 2022 to evaluate the effectiveness of these selected mea- 

ures (i.e., hand hygiene, respiratory etiquette, face masks, face 

hields, surface and object cleaning, ventilation, humidification, 

solation of sick individuals, and physical distancing) on influenza 

irus transmission in the household setting. These systematic re- 

iews followed the Preferred Reporting Items for Systematic Re- 

iews and Meta-Analyses (PRISMA) guidelines. The protocol was 

egistered in the Open Science Framework (OSF) registry under the 

egistration number https://osf.io/8kyth . Four databases (Medline, 

ubMed, EMBASE, and CENTRAL) were searched for literature in 

ll languages with specific search terms (Table S2). 

tudy selection 

For each review, two authors screened titles of all papers iden- 

ified by the search strategy independently. Abstracts for poten- 

ially relevant papers and the full texts of manuscripts were as- 

essed for eligibility. We aimed to identify studies of the efficacy 

f each measure against laboratory-confirmed influenza outcomes 

n “private” household settings, and defined a private household 

denoted as “household” hereafter) as two or more individuals liv- 

ng, not necessarily related, under the same unit with common 

ousekeeping (i.e., providing food for themselves). We prioritized 

vidence from randomized controlled trials (RCTs) as they provide 

he highest quality of evidence. We only considered RCTs for mea- 

ures that have at least one trial identified. For measures with 

 lack of RCTs with laboratory-confirmed influenza outcomes, we 

lso searched for observational studies on laboratory-confirmed in- 

uenza, influenza-like illness (ILI), and respiratory illness outcomes 

such as acute respiratory illness or ARI). The high internal valid- 

ty and prospective collection of data in RCTs often contribute to 

he high quality of the collected data. On the contrary, quality of 

ata from observational studies may vary by cohort and causal in- 

erence in these studies are often affected by confounding and se- 

ection biases [ 6 ]. If a published systematic review was identified 

hrough our search, we updated the review using search terms 
2

sed by the review and evaluated literature published after the 

earch date of the previous review. Because the relative impor- 

ance of modes of influenza transmission might vary in different 

ousehold settings, studies that were conducted in “institutional”

ouseholds (such as dormitories for students and homes for the 

lderly) whose need for shelter and subsistence is being provided 

y a common authority were excluded. 

eview of country-specific NPI recommendations 

We reviewed the websites of national public health organiza- 

ions from around the world to determine which NPIs might be 

ecommended in households during influenza epidemics or pan- 

emics (Table S1). We compiled a list of countries from those that 

ere included in two different com parative analysis studies [ 7 , 8 ].

wo to three countries were then selected as a sample from each 

ontinent based on the accessibility to relevant policy documents 

hrough internet sources to capture snapshots of country-specific 

ecommendations for NPIs to mitigate the spread of influenza in 

ouseholds. 

tatistical analysis 

Meta-analyses were performed for interventions with a suffi- 

ient number of studies (i.e., interventions where at least one RCT 

tudy was identified). The efficacy or effectiveness of measures in 

reventing laboratory-confirmed influenza was measured by risk 

atios (RRs). Overall effects were estimated in pooled analyses with 

xed-effects models. No overall effect was generated if there was 

onsiderable heterogeneity based on an estimated I2 statistic ≥
5%. The Appendix includes additional details of the search strate- 

ies (Tables S1 and S2), selection of articles (Figures S1-S9), and 

ummaries of the selected articles (Tables S3 and S4). 

esults 

ystematic review of intervention studies 

From the previous and currently updated versions of the WHO 

uidance document on the recommended non-pharmaceutical 

easures for influenza [ 5 ], we constructed a list of 9 NPIs and

onducted systematic reviews to search for evidence that support 

he effectiveness of these measures in preventing influenza within 

ousehold settings among current literature ( Table 2 ). We identi- 

ed a total of 23,001 articles for title and abstract screening across 

he 9 NPIs and 800 full-text articles were retrieved and reviewed 

Figures S1-S9). For hand hygiene, 576 articles were reviewed, 62 

ull-text articles were screened, and 7 intervention studies were 

dentified for meta-analysis. For face masks, 1,890 articles were 

eviewed, 151 full-text articles were screened, and 7 intervention 

tudies were identified for the meta-analysis. No intervention stud- 

es were identified for the other 7 NPIs. After removing duplicates 

or studies based on hand hygiene and face masks, 9 unique inter- 

ention studies were included in the review ( Tables 2 , S3-S4). 

ersonal protective measures: hand hygiene, respiratory etiquette, 

ace masks, and face shields 

We identified seven RCTs, six of which were included in the 

eta-analysis, to assess the efficacy of hand hygiene against trans- 

ission of laboratory-confirmed influenza in household settings 

ith at least one case, with 5,118 participants ( Figure 1 ; Table 

3) [ 9 ]. The study by Levy et al. [ 10 ] was excluded in the meta-

nalysis because the number of secondary influenza virus infec- 

ions were reported in terms of number of households instead of 

umber of individuals. An overall pooled effect of hand hygiene 

https://osf.io/8kyth
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Figure 1. Meta-analysis of risk ratios for the effect of hand hygiene with or without face mask use on laboratory-confirmed influenza from 6 randomized controlled trials 

with 5,118 participants. (a) Hand hygiene alone; (b) hand hygiene and face mask; and (c) hand hygiene with or without face mask. Pooled estimates were not generated if 

there was high heterogeneity ( I2 ≥ 75%). Squares indicate risk ratio for each of the included studies, horizontal line indicates 95% CIs, dashed vertical line indicates pooled 

estimation of risk ratio, and diamond indicates pooled estimation of risk ratio. Diamond width corresponds to the 95% CI. The study by Levy et al. was excluded in the 

meta-analysis but included in the review as its number of secondary infections are measured in households instead of participants [ 10 ]. 
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nly, hand hygiene combined with face masks, and hand hygiene 

ith or without face masks was estimated. Results from our meta- 

nalysis on RCTs did not provide evidence to support a protec- 

ive effect of hand hygiene only against transmission of laboratory- 

onfirmed influenza (RR: 1.07; 95% CI: 0.85-1.35; p-value: 0.58; 
2 = 48%). Although the pooled analysis did not identify a sig- 

ificant effect of hand hygiene on laboratory-confirmed influenza 

verall, some household transmission studies reported that initiat- 

ng hand hygiene intervention earlier after symptom onset in the 

ndex case might be more effective in preventing secondary cases 

n the household settings [ 9 ]. 

In our systematic review, we identified seven RCTs that re- 

orted estimates of the effectiveness of face masks in reducing 

aboratory-confirmed influenza virus infections in household set- 

ings (Table S4) [ 9 ]. Five of these trials investigated the masking of

ll household members, regardless of symptom presentation, and 

e were therefore unable to distinguish the potential effects of 

ace masks worn by infected vs uninfected individuals [ 9 ]. Despite 

esults not being statistically significant, a trial on face masks re- 

orted a lower risk of ILI and laboratory-confirmed influenza infec- 

ion among those with medical mask use, and similar results were 

eported in an earlier study. In the pooled analysis, there was no 

tatistically significant reduction in influenza transmission with the 

se of face masks only (RR: 0.59; 95% CI: 0.32-1.10; p-value: 0.10; 
2 = 16%) ( Figure 2 ). Study designs in the seven household studies 

ere slightly different: one trial provided face masks and P2 respi- 

ators for household members only, another trial evaluated the use 

f face masks as source control for infected individuals only, and 

he remaining five trials provided face masks for the infected in- 

ividuals as well as their household members (Table S4) [ 9 ]. Only 

wo household studies reported a statistically significant reduction 

n secondary laboratory-confirmed influenza virus infections, when 

ace masks were worn within 36 hours of symptom onset [ 9 ]. Most

ousehold studies were underpowered due to small sample sizes, 

nd some studies reported suboptimal adherence in the face mask 

roup. 

We did not identify any published intervention studies on the 

ffectiveness of respiratory etiquette and face shields in reducing 

he risk of laboratory-confirmed influenza in household settings. 

nvironmental measures: surface and object cleaning, ventilation, and 

umidification 

We did not identify any published intervention studies that 

uantified the effectiveness of modifying humidity, surface and ob- 

ect cleaning, or ventilation in reducing influenza transmission in 

ousehold settings. 

solation of sick individuals and physical distancing 

We did not identify any published intervention studies on the 

ffectiveness of isolation policies for sick individuals and physical 

istancing measures in reducing the risk of laboratory-confirmed 

nfluenza in household settings. 

ational public health guidance on NPIs in households 

We reviewed the websites of national public health organi- 

ations from 15 countries, specifically: Ghana, Nigeria and South 

frica in Africa; China, Singapore, and South Korea in Asia; Ger- 

any, Italy, and United Kingdom in Europe; Canada and United 

tates in North America; Australia and New Zealand in Oceania; 

nd Peru and Brazil in South America ( Table 1 ). NPIs that were

mplemented could be broadly categorized as personal protective 

easures, environmental measures or other measures which in- 

luded measures such as hand hygiene, surface disinfection or 
4

hysical distancing respectively. For personal protective measures, 

ll selected countries except Germany recommended hand hygiene 

nd respiratory etiquette in household settings, while around half 

f the countries (e.g., China, South Korea, and Italy) recommended 

he use of face masks. None of the sampled countries recom- 

ended face shields. Similarly, around half of the countries (e.g., 

outh Africa, China, and Germany) recommended surface and ob- 

ect cleaning or ventilation or both as environmental measures 

n household settings, and none recommended humidification. Fi- 

ally, all countries recommended the isolation of sick individu- 

ls and physical distancing in household settings during influenza 

pidemics or pandemics. Comparing country-specific recommen- 

ations and the reviewed evidence in our current literature high- 

ighted that recommendations for some measures such as surface 

nd object cleaning were not backed up by evidence, or that the 

urrent evidence for measures such as hand hygiene were insuffi- 

ient to justify the strength of recommendations in the current set 

f guidelines. 

Country-specific recommendations on NPIs during influenza 

pidemics or pandemics were generally disseminated through na- 

ional health agency websites in the form of general health in- 

ormation or formal guidelines for influenza (Table S1) [ 11 , 12 ]. 

ecommendations in four countries were updated after the 

(H1N1)pdm09 pandemic [ 12–14 ], while recommendations for the 

ther 11 countries were updated during the COVID-19 pandemic 

Table S1) [ 15 , 16 ]. 

iscussion 

In this review, we did not find evidence to support a substan- 

ial protective effect of personal protective measures, environmen- 

al measures, isolation of sick individuals, or physical distancing 

easures in reducing influenza transmission in household settings. 

lthough these measures have mechanistic plausibility of reducing 

nfluenza transmission based on our knowledge of how influenza 

s transmitted between individuals [ 17 ], randomized trials of hand 

ygiene and face marks in household settings have not demon- 

trated protection against laboratory-confirmed influenza. There 

ere no RCTs on respiratory etiquette, face shields, modifying hu- 

idity, ventilation, isolation policies for sick individuals and phys- 

cal distancing in household settings. 

Prevention and control of respiratory virus infections in house- 

olds is an important yet relatively underexplored area of research. 

mong the reviewed measures, we found out that the identified 

CTs did not provide sufficient evidence to support the current 

ecommendations for hand hygiene and face masks, and likewise 

he recommendations for the remaining measures were unjustified 

iven a lack of evidence from the current literature. RCTs for mea- 

ures where there is no evidence of effectiveness would be valu- 

ble in supporting the formulation of recommendations for these 

nterventions. On the other hand, additional RCTs with improved 

tudy designs and potentially larger sample sizes would also be 

aluable in increasing the strength and confidence of the study 

ndings and overcoming some of the limitations in earlier tri- 

ls such as low adherence to interventions. Guidelines for infec- 

ion prevention and control of seasonal and pandemic influenza 

n healthcare settings are well established. During the COVID-19 

andemic, several guidelines on infection control and prevention 

n households using NPIs were issued by health authorities along- 

ide guidance for self-care and family care. For example, the World 

ealth Organization Q&A webpage on “Home care for families and 

aregivers” recommends donning medical masks while sharing a 

pace with someone with COVID-19, staying at least 1 meter away 

rom the sick person, and opening windows to bring fresh air into 

he sick person’s room where possible [ 4 ]. Although the feasibility 

f these measures may depend on living conditions, forward plan- 
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Figure 2. Meta-analysis of risk ratios for the effect of face mask use with or without hand hygiene on laboratory-confirmed influenza from 7 randomized controlled trials 

with 4,247 participants. (a) Face mask use alone; (b) face mask and hygiene; and (c) face mask with or without hand hygiene. Pooled estimates were not generated if 

there was high heterogeneity ( I2 ≥ 75%). Squares indicate risk ratio for each of the included studies, horizontal line indicates 95% CIs, dashed vertical line indicates pooled 

estimation of risk ratio, and diamond indicates pooled estimation of risk ratio. Diamond width corresponds to the 95% CI. 
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Table 1 

Recommendations of household-related non-pharmaceutical interventions in different countries. 

Continent Country Personal protective measures Environmental measures Other measures 

Hand 

hygiene 

Respiratory 

etiquette 

Face 

masks 

Face 

shields 

Surface and 

object 

cleaning 

Ventilation Humidification Isolation of 

sick 

individuals 

Physical 

distancing 

Africa Ghana [ 14 ] 
√ √ √ √ 

Nigeria [ 12 ] 
√ √ √ √ 

South Africa [ 22 ] 
√ √ √ √ √ √ 

Asia China [ 23 ] 
√ √ √ √ √ √ √ 

Singapore [ 11 ] 
√ √ √ √ 

South Korea [ 24 ] 
√ √ √ √ √ 

Europe Germany [ 25 ] 
√ √ √ √ 

Italy [ 26 ] 
√ √ √ √ √ 

United Kingdom [ 27 ] 
√ √ √ √ 

North 

America 

Canada [ 15 ] 
√ √ √ √ √ 

United States [ 16 ] 
√ √ √ √ √ √ √ 

Oceania Australia [ 13 ] 
√ √ √ √ √ 

New Zealand [ 28 ] 
√ √ √ √ √ 

South 

America 

Brazil [ 29 ] 
√ √ √ √ √ 

Peru [ 30 ] 
√ √ √ √ √ √ 

Table 2 

Summary of literature searches for systematic review on non-pharmaceutical interventions in household settings for influenza. 

Type of measures No. of studies 

identified 

Main findings 

Hand hygiene 7 The evidence from the RCTs suggested that hand hygiene intervention only did not exert substantial effects 

on influenza household transmission. However, implementing hand hygiene and face mask at early 

symptom onset of index patients is effective in reducing secondary transmission of viruses. 

Respiratory etiquette 0 No study examining the effectiveness of respiratory etiquette on influenza transmission in household 

settings was found. 

Face masks 7 The evidence from the RCTs suggested that wearing face masks had an effect on reducing influenza 

household transmission when it was implemented before or at early symptom onset of index patients. 

Face shields 0 No study examining the effectiveness of face shields on influenza transmission in household settings was 

found. 

Surface and object cleaning 0 No study examining the effectiveness of surface and object cleaning on influenza transmission in household 

settings was found. 

Ventilation 0 No study examining the effectiveness of ventilation on influenza transmission in household settings was 

found. 

Humidification 0 No study examining the effectiveness of humidification on influenza household transmission was found. 

Isolation of sick individuals 0 No study examining the effectiveness of isolation of sick individuals on influenza household transmission 

was found. 

Physical distancing 0 No study examining the effectiveness of physical distancing on influenza household transmission was found. 

RCT: randomized controlled trial. 
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ing for the possibility of having a household member who is sick 

ith an infectious disease is prudent even in interpandemic peri- 

ds. 

Among household settings, hand hygiene, face masks, respira- 

ory etiquette, surface and object cleaning and ventilation are fea- 

ible and effective NPIs to implement during an influenza epidemic 

r pandemic. With hand hygiene and face masks as recommended 

ygiene practices to limit the spread of respiratory virus infections 

ithin the household, the effectiveness of such measures could be 

nhanced through public health campaigns that boost compliance. 

imilarly, respiratory etiquette should be highly feasible in house- 

old settings, and an improvement in compliance has been demon- 

trated among school children after piloting an educational inter- 

ention in one study in elementary schools [ 18 ]. It should also be

easible to implement surface and object cleaning in the house- 

old due to the low cost of implementation and accessibility of 

ommon household cleaning agents. Given the potential for aerosol 

ransmission of respiratory viruses including influenza, improving 

entilation should be considered except perhaps for households in 

reas with poor outdoor air quality or when this would substan- 

ially increase heating costs. When household members are sick, 

t should often be feasible to isolate those sick individuals and in- 

rease physical distancing, for example by avoiding spending time 

n the same rooms or eating separately with them [ 19 ], although it
6

ay be more challenging in households with crowded living con- 

itions. 

Despite a lack of intervention studies on measures other than 

ace masks and hand hygiene, we identified an observational study 

n the association between indoor humidity and influenza trans- 

ission, suggesting a potential role of humidification in control- 

ing transmission of influenza [ 20 ] although there are also poten- 

ial harms of humidification which would need to be considered, 

uch as increasing mold. Other studies suggested that surface and 

bject cleaning using common household agents, indoor ventila- 

ion and voluntary self-isolation were effective measures in reduc- 

ng influenza transmission by inactivating influenza viruses in the 

nvironment or decreasing the transmission risk. Similar results 

ere also identified in an observational study by Greatorex et al. 

hich supports the effectiveness of common household cleaning 

gents in inactivating the influenza A(H1N1) virus. The potential 

ole of ventilation in reducing the occurrence of respiratory out- 

omes was highlighted by Admasie et al. when they observed that 

oorly ventilated households were associated with a 4.32 times 

igher risk of acute respiratory infection (ARI). Another retrospec- 

ive cohort study found that daily use of chlorine or ethanol-based 

isinfectant was effective (OR: 0.23; 95% CI: 0.07-0.84) in reduc- 

ng COVID-19 household transmission, and similarly for face mask 

se (OR: 0.21; 95% CI: 0.06-0.79) and surface disinfection when the 
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easures were implemented before symptom onset of the primary 

ase [ 19 ]. The disinfection of surfaces also has an established im- 

act on prevention of other infectious diseases such as gastroin- 

estinal diseases. Other than surface and object cleaning, ventila- 

ion and indoor humidification, results from mathematical mod- 

lling studies conducted by Zhang et al. and Kucharski et al. high- 

ighted the potential role of self-isolation in reducing influenza and 

OVID-19 transmission respectively within households. 

When devising strategies to reduce influenza transmission in 

ouseholds, it is important to understand the basic transmission 

ynamics of influenza virus infections. In the next pandemic, im- 

ortant information on transmission dynamics of the novel strain 

ould be provided by timely First Few Hundred studies [ 21 ] and 

ousehold transmission studies. If the transmission dynamics of 

he new pandemic strain are similar to that of H1N1pdm09 and 

urrent interpandemic strains, we can note the following four 

roperties. First, infectiousness is thought to peak at around the 

ame time as when symptoms appear. Second, infectiousness likely 

eclines rapidly within a few days after peak based on viral cul- 

ure data despite viral RNA continuing to be detectable by PCR 

ypically for more than a week. Third, only a fraction of influenza 

irus infections result in fever, and while fever and cough may be 

 relatively more specific syndrome for influenza, it is not par- 

icularly sensitive in the general community as contrasted with 

ts higher sensitivity in individuals who seek medical attention 

ith respiratory symptoms. Fourth, the role of asymptomatic and 

resymptomatic transmission has been controversial but recent re- 

orts from South Africa and Hong Kong indicate that these may 

omprise a substantial fraction of all influenza transmission, with 

symptomatic and presymptomatic transmission also playing an 

mportant role in COVID-19 transmission. This fundamental knowl- 

dge of infectiousness profiles would imply that early intervention 

s essential to reduce transmission, and early intervention should 

ot be limited to individuals with a fever and cough but could be 

riggered by other less specific symptoms. Rapid antigen tests done 

n the household could help to distinguish influenza from other 

iral infections and might even be considered for use in exposed 

ndividuals to identify influenza virus infection before any symp- 

oms appear. With respect to evidence gaps, other than limited ev- 

dence from the current literature to support the existing recom- 

endations in national guidelines, another key evidence gap that 

e identified was the timeliness of intervention implementation, 

.e., how early within the disease progression timeline should the 

ntervention be implemented to maximize its effectiveness. In our 

eview, we observed that this deciding factor has only been ex- 

lored in a few of the reviewed studies. Despite acknowledging 

he benefit of early intervention in reducing influenza transmis- 

ion, this limits our understanding on timeliness of intervention 

mplementation. To address this evidence gap, future RCTs should 

lso investigate the effect of timeliness of implementation of inter- 

entions on influenza associated outcomes, preferably laboratory- 

onfirmed influenza. 

There are a number of limitations to our review. First, in our 

nalysis of the effectiveness of face masks and hand hygiene we 

id not review observational data as a higher level of evidence 

rom randomized controlled trials were available. Other studies 

ave reviewed observational data and concluded that these two 

easures likely have small to moderate effects on transmission. 

econd, we focused on measures to prevent the spread of influenza 

ithin the household in this review. There is limited evidence on 

he degree of reductions in transmission in households when per- 

onal protective measures (e.g., wearing face masks plus frequent 

and hygiene) are used in combination with other measures like 

solation of sick household members. The effectiveness of differ- 

nt cleaning products at different concentrations in deactivating 

r eliminating influenza virus in household environments remains 
7

nclear. Third, increased influenza activity is associated with cold 

emperatures, low indoor humidity and rainy seasons. Further in- 

estigation could clarify the effectiveness of NPIs by different sea- 

onal patterns (such as indoor crowding during colder months). Fi- 

ally, we observed low to moderate levels of heterogeneity in our 

eta-analyses of hand hygiene and face masks ( Figures 1 and 2 ). 

e could determine whether these differences were artefactual or 

eal, perhaps related to differences in the adherence of measures 

n various populations or the time delay between symptom onset 

f an infected case and the implementation of a measure. Further 

ork could attempt to identify additional factors that explain this 

eterogeneity, for example, by exploring very different estimates 

f effectiveness of measures based on the same population during 

imilar time periods or conducting subgroup analyses by the time 

elay between symptom onset and measure implementation. 

Improved evidence is needed on all of the measures included 

n our review. Given the effect sizes in our meta-analysis of hand 

ygiene and face masks ( Figures 1 and 2 ), any future RCTs of these

nterventions in households would likely need to be very large to 

e adequately powered to detect a relative reduction in the risk 

f infection of approximately 10%. To avoid contamination of in- 

erventions, cluster randomized trials, in which each household is 

andomized to receive either the intervention or control, could be 

sed to assess the effect of the intervention in reducing the trans- 

ission of influenza in households [ 9 ]. A promising area for ran- 

omized trials or cluster-randomized trials in the household set- 

ing is the effect of physical distancing on influenza transmission, 

ither by alternating within-home isolation strategies or compar- 

ng the feasibility and effectiveness of physical distancing in hous- 

ng areas with different population densities. Surveys about the 

easibility of each measure in local contexts are also important to 

nform national-level recommendations on home care and/or vol- 

ntary self-isolation or quarantine. 

In conclusion, although our study found limited evidence to 

upport a substantial protective effect of personal protective mea- 

ures, environmental measures, isolation of sick persons or phys- 

cal distancing measures in controlling influenza transmission in 

he household setting, these measures have mechanistic plausibil- 

ty based on our knowledge of person-to-person transmission of 

nfluenza [ 17 ]. Future investigations on transmission dynamics of 

nfluenza would be helpful in preparing guidelines and evidence- 

ased recommendations for household transmission in the next 

andemic. It would also be beneficial to include non-RCT studies in 

uture reviews to allow for a more comprehensive evidence base of 

he non-pharmaceutical interventions for influenza. Although our 

eview focused on NPIs to be used during influenza pandemics, 

hese results could also be applicable to intense seasonal influenza 

pidemics. 
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