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Long- term care facility environments and the vulnerability of their residents provide a 
setting conducive to the rapid spread of influenza virus and other respiratory patho-
gens. Infections may be introduced by staff, visitors or new or transferred residents, 
and outbreaks of influenza in such settings can have devastating consequences for 
individuals, as well as placing extra strain on health services. As the population ages 
over the coming decades, increased provision of such facilities seems likely. The need 
for robust infection prevention and control practices will therefore remain of para-
mount importance if the impact of outbreaks is to be minimised. In this review, we 
discuss the nature of the problem of influenza in long- term care facilities, and ap-
proaches to preventive and control measures, including vaccination of residents and 
staff, and the use of antiviral drugs for treatment and prophylaxis, based on currently 
available evidence.
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1  | INTRODUCTION

The term “long- term care facility” (LTCF) encompasses a diverse range 
of healthcare settings including nursing homes, rehabilitation centres, 
long- term care hospitals, psychiatric care facilities and facilities for 
people with intellectual disabilities.1 Although people of all ages may 
reside in these facilities, the majority of residents are elderly. With the 
population in Europe aged 85 years and above projected to rise from 
14 million currently to 19 million by 2020 and to 40 million by 2050, 
and the expectation that more than 30% of European citizens will be 
aged over 60 years by 2050, the proportion of the population in coun-
tries at all levels of development which requires long- term care is only 
set to increase dramatically over the coming decades.2

Outbreaks of seasonal influenza in LTCFs are well recognised, as 
are the challenges of preventing and controlling influenza outbreaks 
in these settings. The development of universally applicable guid-
ance on the prevention and control of influenza and other respira-
tory viruses in LTCFs is difficult due to the huge variation in the size 
of facilities, patient characteristics, the intensity of care provided 
and resources available. Although some countries have produced 

guidance on IPC for use specifically in LTCFs,3-11 most have not. 
To help fill this gap, the WHO has recently published a best prac-
tice guidance document to support managers of LTCFs in the 53 
WHO European Region Member States and which can be tailored 
according to national and local circumstances12 (http://www.euro.
who.int/__data/assets/pdf_file/0015/330225/LTCF-best-practice-
guidance.pdf?ua=1).

In this review, we examine the impact of seasonal influenza in 
LTCFs, and approaches to the prevention and control of outbreaks, 
as outlined by the advice and evidence we provided in the WHO best 
practice document.

2  | THE IMPACT OF INFLUENZA

Persons residing in LTCFs present a population very susceptible to 
the acquisition and spread of infectious diseases and for whom the 
consequences of infection may be serious. Nursing home residents 
are at greatest risk due to their overall frailty, close quarter living ar-
rangements, shared caregivers, and opportunities for introduction of 
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healthcare- associated infections and the spread of pathogens to other 
facilities through resident transfers and the movement of staff and 
visitors in and out of the home.13,14

Outbreaks of influenza caused by both influenza A and B viruses are 
well documented in LTCFs, and may be explosive,15 with high mortality, 
highlighting the need for early recognition and prompt initiation of con-
trol measures. Accurate measurement of the burden of influenza is heav-
ily influenced by circulating types and subtypes of virus and may vary 
between communities and between institutions so studies that attempt 
to estimate this burden require temporal, geographical and institutional 
breadth.16 Older studies, relying on culture- based detection techniques, 
may have underestimated total burden. A review of 206 published in-
fectious outbreaks in elderly care facilities across 19 countries over 
40 years identified 37 different pathogens, but influenza viruses caused 
the largest number of outbreaks (23%).17 In the 49 outbreaks caused by 
influenza, the median attack rate in residents was 33% (range 4- 94%), 
and 23% (range 3- 58%) among staff, with a median case- fatality rate for 
residents of 6.5% (range 0- 55%). Over three consecutive 9- year time 
periods between 1980 and 2008, there was no observed decrease in 
attack rates or case- fatality rates; nevertheless, these data should be in-
terpreted cautiously as antiviral use and the stringency of application of 
infection prevention and control (IPC) practices has changed over time.

Exposure to influenza in residents of LTCFs for the elderly in-
creases their risk of respiratory- origin hospitalisation (relative risk [RR] 
1.43 [95% CI 0.99- 2.08]), and particularly increases the risk of death 
due to a respiratory cause (RR 2.77 [95% CI 1.55 to 4.91]) compared 
to unexposed residents, despite high levels of vaccination among the 
residents (93%).18

Bronchitis and pneumonia, either primary influenza pneumonia 
or secondary bacterial pneumonia, are the most common respiratory 
complications of influenza infection, but infection may also cause 
extrapulmonary cardiovascular, neurological and musculoskeletal 
manifestations. In a retrospective cohort study of nursing home res-
idents in 381 nursing homes across three seasons, estimated for the 
63% of residents with comorbid conditions, influenza contributed 
to approximately 28 hospitalisations, 147 courses of antibiotics and 
15 deaths per 1000 person- years annually; a higher burden than 
residents without comorbid conditions but in whom there were 
still seven hospitalisations, 99 excess antibiotic prescriptions and 
six deaths per 1000 residents annually.16 Increased age itself is a 
recognised risk factor for serious influenza infection. A systematic 
review evaluating populations at risk of severe influenza- related 
illness found that for seasonal influenza (H3N2 or type B), there 
was raised risk of hospitalisation (odds ratio [OR] 4.65, 95% confi-
dence interval [CI] 1.74 to 12.41) and risk of death (OR 2.95, 95% CI 
1.53 to 5.70) among elderly people (>65 years) compared with non- 
elderly people.19 Modelling studies suggest that the burden on the 
health services is particularly onerous for those aged 75 and above, 
with an estimated 36% of all influenza- attributable respiratory hos-
pitalisations and 74% of all influenza- associated deaths occurring in 
this age group in the UK over 13 seasons,20 and accounting for 52% 
of total hospital bed occupancy and 69% of excess bed days occu-
pancy in England over a similar number of seasons.21

3  | EPIDEMIOLOGY

Outbreaks of influenza (and other respiratory virus pathogens) in 
LTCFs in the Northern Hemisphere occur most commonly during the 
winter but may occur at any time of year, particularly in the autumn 
months, usually due to circulation of influenza A(H3N2) and before 
seasonal vaccination campaigns have been fully implemented or when 
matching is poor; also in the spring when influenza B often peaks22 
and when antibody titres may have declined in the vaccinated.23,24

Influenza virus replicates in the epithelium of the upper and lower 
respiratory tract, with infected hosts releasing virus into the envi-
ronment during breathing, talking, coughing and sneezing, produc-
ing a spray of virus- containing particles ranging in size from 0.01 to 
500 μm.25 Transmission of influenza may occur by three routes: droplet 
(larger- sized particles too large to be inhaled into the lungs and which 
settle quickly to the ground or other surface within 2 m of the source); 
aerosol or droplet nuclei (small particles <5 μm which can remain sus-
pended in the air much longer and are potentially inhalable into the 
lower respiratory tract); and contact (transfer of infectious particles to 
the mucous membranes directly or indirectly through contaminated 
objects). The relative importance of each of these routes in influenza 
transmission is unclear, and the contribution of aerosolised infectious 
droplet nuclei has been particularly contentious.26-31 However, most 
influenza transmission is short- range, and when it has occurred over 
longer distances, contact transmission has generally not been ruled 
out.32 Transmission studies often do not control for confounders such 
as vaccination status, handwashing practice, supershedders, amount 
of coughing, ward layout, surface contamination and ventilation,33 and 
further studies which control for these are required in this area.

The incubation period of influenza is typically short, usually re-
ported as ranging from 1 to 4 days,34 with a serial interval (time 

Key Points 1
• LTCFs are susceptible to seasonal influenza outbreaks, 

which may be explosive and with high attack rates in 
residents.

• Written IPC policies, vaccination policies for residents 
and staff, provision of ongoing staff IPC training and the 
facilities required to promote compliance with IPC prac-
tices should be in place throughout the year.

• Although influenza vaccine efficacy is lower in the elderly 
and in the presence of comorbidities compared to healthy 
younger adults, vaccination of LTCF residents remains a 
major public health tool and is recommended.

• Vaccination of LTCF staff is recommended and should be 
encouraged. Although evidence for a protective effect of 
HCW vaccination to protect the frail and elderly is weak, 
HCW vaccination can help to protect themselves, main-
tain the workforce during an outbreak and act as a barrier 
to transmission of infection to the vulnerable.
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between symptom onset in a secondary case and that of its primary 
case) of 2.2 to 3.5 days for influenza A and 3.4 to 4.9 days for influenza 
B.35 The relatively short incubation period and serial interval enables 
the virus to spread rapidly through communities, so mitigation mea-
sures such as isolation and transmission- based precautions should be 
instigated as soon as a case of suspected influenza is identified to mi-
nimise the risk of transmission to contacts.

Viral shedding has generally been considered to be a proxy for 
influenza infectiousness,36-38 peaking 1 to 3 days after symptom 
onset with most healthy volunteers clearing virus by day 6 to day 7.34 
However, a recent study of household influenza transmission found 
at most only a weak association between viral load in nose and throat 
swabs and infectivity, possibly due to the weak correlation between 
virus concentration in exhaled breath and nose and throat samples, 
or due to the intensity of household transmission so that even those 
with low viral loads are still capable of infecting those around them.39 
Pre- symptomatic shedding may occur in up to one- third of cases,40-43 
and prolonged viral shedding has been reported in children,42,44,45 in 
patients hospitalised with severe influenza46 and in immunocompro-
mised patients,47 in whom prolonged shedding may last weeks or even 
months.48,49 The transmission dynamics of influenza infections in resi-
dents of LTCFs have not been studied; age >65 years and the presence 
of major comorbidities were associated with prolonged shedding of 
virus and higher viral load in a prospective observational study of hos-
pitalised influenza patients46; these findings may raise the possibility 
of prolonged shedding in LTCF residents.

Transmission of influenza from healthcare workers (HCWs) to 
hospital patients, including those in geriatric facilities, has been well 
documented using epidemiological linkage, nucleotide sequence anal-
ysis and contact tracking data50-53 and case reports of outbreaks of 
influenza- like illness in care facilities indicate that staff can transmit 
the virus to residents.54,55 A systematic review comparing the in-
cidence of influenza in HCWs with other workers not working in a 
healthcare setting and taking vaccination status into account, found 
estimated incidence rates (IRs) for all influenza infections (defined as a 
≥4- fold increase in antibody titre over the influenza season and includ-
ing asymptomatic infections) of 18.7/100 population/season (95% CI 
15.8 to 22.1) for unvaccinated HCWs and 6.5/100 population/season 
(95% CI 4.6 to 9.0) for vaccinated HCWs, both higher than the IRs 
in unvaccinated and vaccinated other workers (5.4/100 population/
season [95% CI 3.0 to 9.8] and 1.2 [95% CI 0.9 to 1.7] respectively).56 
However, no difference was observed between IRs for symptomatic 
infection confirmed serologically in HCWs compared to other workers; 
this overall lack of consistency in findings between overall and symp-
tomatic infections indicates the need for cautious interpretation. The 
observed variability might be explained by HCWs being at higher risk 
of asymptomatic or subclinical infection, indicating that HCWs may 
act as an infective pool to transmit influenza to frail elderly people. 
Furthermore, a study of HCWs in an acute hospital during a mild ep-
idemic season, found that 23% had serological evidence of new in-
fluenza infection during the season, implying a potential transmission 
risk to patients as between 28% and 59% of infected workers had 
subclinical infections and continued to work.57 Although the role of 

asymptomatic people and those with only mild symptoms in spreading 
influenza is uncertain, HCWs often continue to work despite having 
symptoms and may act as a source of infection to those in their care.58-

60 Nursing home aides in particular have been shown in one Swedish 
study to be the occupational group at significantly greatest risk of con-
tinuing to work despite the feeling that, in the light of their perceived 
state of health, they should have taken sick leave.61 However, in reality 
the employment status of many LTCF staff is often precarious and tak-
ing unpaid sick leave may result in adverse economic consequences.

4  | ROUTINE AND PRE- OUTBREAK 
PREVENTION MEASURES

4.1 | Planning, training and education

LTCFs have a broad staff base and may include people with little 
or no formal healthcare training. Depending upon the type of facil-
ity and the nursing needs of the residents, services are provided by 
a range of staff including care assistants with few formal healthcare 
qualifications, registered nurses, domestic staff, catering and admin-
istrative staff, with additional ambulatory health services usually pro-
vided by external contractors such as general practitioners (GPs) and 
other healthcare professionals not directly affiliated to the facility. 
Managers of LTCFs have an important role in ensuring that all staff 
have ongoing training on the importance and practice of IPC, and 
that the facilities are available for IPC measures to be implemented 
to a satisfactory level and with standard precautions being used at all 
times, regardless of the detection of a suspected outbreak. Written 
policies should be in place in every LTCF outlining: resident and staff 
influenza immunisation policy; a written outbreak management plan 
which includes outbreak recognition (definitions, thresholds for suspi-
cion of an outbreak), identification of communication channels, opera-
tional measures including active surveillance, staff contingency plans, 
visitor restriction policies, and consideration of antiviral treatment and 
prophylaxis strategy; a policy for ill staff to remain off work; a policy 
for dealing with visitors with symptoms of an acute respiratory tract 
infection.

During the Severe Acute Respiratory Syndrome outbreak, com-
pliance with IPC measures was found to be associated with HCWs’ 
perception that the facilities in which they worked had clear IPC pol-
icies and protocols, and that the management had a positive attitude 
towards occupational health and safety and provided training in IPC 
practices.62 Managers in LTCFs therefore have a pivotal role in creating 
a strong institutional climate in which staff feel valued, with continu-
ous accessibility to the training resources, clear IPC policies and sup-
plies and facilities required to promote compliance with IPC practices.

4.2 | Vaccination of LTCF residents

A WHO strategy and action plan for healthy ageing in Europe 2012- 
2020 recognised the benefit of proper vaccination strategies against 
infectious diseases, including influenza, both in older people and for 
health and social care workers in contact with them, and proposed 
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priority interventions including national immunisation schedules and 
the implementation of infectious disease control programmes in in-
stitutions.63 Furthermore, a WHO position paper published in 2012 
recommended that elderly persons ≥65 years and people with specific 
chronic diseases should be considered for influenza vaccination.64 
Vaccination coverage of the elderly varies considerably between 
European countries with recent uptake rates reported between 1% 
and 77.4% and with only two countries (the Netherlands and the UK) 
achieving, or almost achieving, the WHO target of 75% coverage in 
the elderly.65 For residents of LTCFs, recent data available from only 
three countries indicated vaccination coverage rates of 71% to 89%.65

Vaccination of residents remains an important public health tool 
to protect the elderly and those with underlying conditions, but there 
is uncertainty about how effective immunisation is at an individual 
level in LTCF residents. A systematic review assessing the effective-
ness of influenza vaccine in people 65 years or over, with separate 
analyses for those living in nursing homes and community dwelling 
older people,66 concluded that for elderly people living in closed 
communities vaccination may be slightly to moderately more effec-
tive than no vaccination at preventing influenza- like illness (ILI) (24% 
[95% CI 12- 34%]), pneumonia (47% [95% CI 34- 57%]), hospitalisa-
tion (49% [19- 68%]), overall mortality (60% [95% CI 23- 79%]) and 
mortality from influenza or pneumonia (54% [95% CI 37- 67%]), al-
though no significant protective effect against proven influenza was 
found. A later systematic review67 also found that vaccination may 
have a small significant protective effect against pneumonia (37% 
[95% CI 18- 53%]) and mortality from influenza and pneumonia (34% 
[95% CI 10- 53%]), in institutionalised older adults ≥60 years; also a 
trend towards protection against ILI (21% [95% CI −3 to 39%]). The 
authors did not address the effectiveness of vaccination against all- 
cause mortality and, due to an insufficient number of studies, were 
unable to perform meta- analyses for laboratory- confirmed influenza 
or hospitalisation. The quality of the evidence is very weak in both 
reviews and does not definitively answer the uncertainty regard-
ing the effectiveness of influenza vaccination in older people living 
in LTCFs. In particular, selection bias may occur by targeting the 
frail for immunisation; conversely people who are particularly frail 
or close to death may not receive vaccine resulting in overestima-
tion of the effectiveness of vaccine on mortality (healthy recipient 
effect).68,69 Although there is some indirect evidence of influenza 
vaccine effectiveness (IVE) against hospitalisation, pneumonia and 
death from studies which have controlled for multiple confounders 
and compared summer and winter mortality in vaccinated and unvac-
cinated elderly people,70,71 accurate proof of IVE requires adequately 
powered studies using laboratory- confirmed outcomes, in which 
confounders are controlled for and which comprehensively monitor 
morbidity and mortality.72

4.3 | Vaccination of LTCF staff

Infection in HCWs affects not only themselves and their immediate 
family but may further inhibit efforts to control an outbreak if staff 
shortages result in remaining staff having to care for both affected 

and unaffected residents.73 On this basis HCWs are recognised as a 
priority group for vaccination and are generally recommended to re-
ceive it.64,74

High rates of staff vaccination in LTCFs have been demonstrated in 
several studies to decrease the risk of all- cause mortality and ILI in frail 
elderly residents, with lowest rates when both HCWs and patients had 
high vaccine coverage rates.75-79 This has been somewhat refuted by 
a systematic review of four cluster- randomised controlled trials (RCTs) 
and one cohort study which suggested that offering vaccination to 
HCW caring for people aged over 60 in LTCFs may have little or no 
effect on laboratory- confirmed influenza (LCI) (Risk difference (RD) 0 
(95% CI −0.03 to 0.03) and respiratory- related hospitalisation in resi-
dents (RD 0 (95% CI −0.02 to 0.02), although there may be a small de-
crease in lower respiratory infections from 6% to 4% in homes where 
HCW vaccination is offered (RD −0.02 [95% CI −0.04 to 0.01]).80 The 
effects on deaths due to LRTI and all- cause mortality were not eval-
uated by meta- analysis, but reductions in all- cause mortality were 
noted in the individual studies (ORs ranging from 0.56 [95% CI 0.4- 
0.8] to 0.80 [95% CI 0.67 to 0.97]).75-77,79 The authors called for high 
quality RCTs to address methodological flaws they identified in the 
included studies, and to test the effectiveness of co- interventions 
such as handwashing and face- mask use in combination with HCW 
vaccination. Another systematic review81 found a significant reduction 
in ILI and all- cause mortality in residents associated with vaccination 
of HCWs (42% and 29% reductions respectively), but no significant 
reductions for laboratory- confirmed influenza or all- cause hospitalisa-
tions. Overall the authors rated the quality of evidence as very low to 
moderate for the different outcomes, and concluded that HCW in-
fluenza vaccination can enhance patient safety. Protective effects of 
HCW vaccination against non- specific outcomes may be an indication 
of unaccounted cluster biases, such as differences in handwashing or 
other IPC precautions and warrants further investigation.82 Evidence 
from observational and modelling studies suggests a likely propor-
tionate effect of HCW vaccination coverage on patient protection, 
although no clear threshold for HCW vaccine uptake above which 
the protective effect on residents increases substantially has been 
established.83-87

Inactivated trivalent vaccines have been found to have a protec-
tive effect against proven influenza in healthy adults (overall pro-
tective effect in vaccine- matched and poorly matched seasons 62% 
[95% CI 56- 67%]).88 A systematic review specifically addressing the 
effectiveness of seasonal influenza vaccination in HCWs found just 
one study reporting laboratory- confirmed influenza in this group with 
a reported IVE of 88% (95% CI 59% to 96%, P=.0005).89

Although the currently available evidence may be weak for HCW 
vaccination to protect the frail and elderly, there is also generally 
no evidence against it. Therefore, it remains a biologically plausi-
ble intervention to provide individual protection to the HCW, act 
as a barrier against spread of infection and to help reduce the risk 
associated with influenza infection and prevent staff absentee-
ism. However, poor vaccine uptake by HCWs has been well docu-
mented. In Europe, coverage of HCWs (including those working in 
LTCFs) varies between countries and is generally much lower than 
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for other vaccination targeted groups, ranging from 9.5% to 75% 
with a median vaccination coverage rate of 28.6%.65 In the United 
States, vaccination rates of 50- 70% have been reported for LTCF 
workers,78,90,91 with coverage consistently lower than among staff 
working in hospital settings.91 Reasons given for declining vaccina-
tion include fear of side effects, lack of concern or perception of 
risk, doubts about vaccine efficacy, lack of availability or inconve-
nient delivery of vaccine, avoidance of medications and dislike of 
injections.92 Although mandatory vaccination is effective if it can 
be implemented,93 it is not legally enforceable in all countries and 
settings, and infection rates after the implementation of mandatory 
vaccination have not been studied. The United States Department 
of Health and Human Services advocates a 90% HCW vaccination 
rate by 2020 but as yet there have been no RCTs of transmission 
with very high HCW vaccination rates.33 Data suggest that other 
interventions such as easier access to vaccine, educational activi-
ties, reminders and organisational changes can increase uptake in 
proportion to the number of interventional components, although 
most studies have only evaluated their effect on a short- term basis 
whereas long- term intervention programmes will be necessary to 
demonstrate a sustainable effect on uptake.94 To address low up-
take of seasonal influenza vaccination in priority target groups, a 
project called TIP FLU was initiated in 2013 by the WHO Influenza 
and other Respiratory Pathogens programme. Adapted from the 
Tailoring Immunization Programmes (TIP) approach, it is based on 
social and behavioural change models and provides tools to identify 
priority populations, determine barriers and enablers to vaccination, 
and to implement evidence- based interventions. A guide and case 
study of the application of TIP FLU in Montenegro have been pub-
lished to assist policymakers and programme managers to increase 
vaccine uptake among HCWs.95,96

5  | EARLY RECOGNITION OF INFLUENZA 
IN LTCFS

5.1 | Diagnosis in residents

Early recognition of influenza in residents of LTCFs may be prob-
lematic due to non- specific symptoms and the possibility of atypi-
cal presentation and lack of fever in the elderly with influenza.97,98 
Influenza may present as sudden, unexplained deterioration in physi-
cal or mental ability or exacerbation of an underlying condition with 
no other known cause.15 The use of surveillance case definitions for 
ILI in these populations may therefore miss cases, especially if they 
present without fever. Furthermore, other underlying conditions may 
impair residents’ abilities to verbalise their symptoms. This may im-
pede the early implementation of control and treatment strategies.99 
The precise definition of ILI may vary from country to country; the 
WHO global surveillance case definition of ILI is an acute respiratory 
infection with measured fever ≥38°C and cough and onset within 
the last 10 days,100 whereas that of the Centers for Disease Control 
and Prevention (CDC) and European Centre for Disease Prevention 
and Control (ECDC) definition is sudden onset of symptoms and at 

least one of four systematic symptoms (fever or feverishness, malaise, 
headache, myalgia) and at least one of three respiratory symptoms 
(cough, sore throat, shortness of breath).3,101

To confirm an outbreak, reverse transcriptase polymerase chain 
reaction or viral culture are the preferred methods of laboratory test-
ing. Rapid point- of- care diagnostic tests can produce a result within 
30 minutes but have lower sensitivity (median 70- 75%)102 and there 
may be variability between different age groups and influenza sub-
types,103 although they may still be useful in outbreak situations, for 
example for rapid identification of influenza infection where timely 
access to more sensitive laboratory testing is unavailable or delayed. 
However, clinical judgement is required to interpret negative rapid test 
results for individual patients during an outbreak and negative rapid 
test results may not justify delaying the instigation of outbreak control 
measures if there is clinical and epidemiological suspicion.

6  | OUTBREAK CONTROL MEASURES

Outbreak definitions vary between countries and are frequently 
based on the number of cases in a unit during a specified period of 
time. Although influenza may cause sporadic infection in LTCFs, given 
the vulnerability of the population and the propensity to spread rap-
idly, it is wise to have a low threshold for declaring an outbreak and 
commencing control measures, ideally before virological confirmation. 
One case may be indicative of incubating infection in exposed per-
sons, so these should be actively sought through daily surveillance of 
temperature and symptoms in all residents and staff.

Infection prevention and control strategies in healthcare facilities 
are commonly based on early recognition and controlling the source 
of the pathogen, administrative controls, environmental hygiene and 
engineering controls, and the use of personal protective equipment 
(PPE). In addition to standard IPC precautions, which are routine 
measures that should be practised at all times by all staff and with 
all residents,104 contact and droplet transmission- based precautions 
should be implemented as required when residents are suspected to 
be infected.

The use of hygiene measures, such as hand hygiene, respiratory 
etiquette and appropriate use of PPE may reduce the transmission 
of respiratory viruses105-107 and are central to IPC programmes in 
LTCFs. Compliance with these measures may be an issue and there is 
currently a paucity of directly observed studies of handwashing and 
mask- wearing.33 There is some evidence that the wearing of a surgical 
face mask by an infected person decreases their infectiousness to oth-
ers108,109 and may be considered for infected LTCF residents, particu-
larly if they have to be moved outside their own room or cohort area; 
although in reality this measure may not be tolerated by some individ-
uals. Residents sharing a room with an influenza- infected roommate 
have three times the risk of acquiring infection than those in single 
rooms.110 Although there is little convincing evidence that social dis-
tancing and isolation are effective in reducing transmission,105,107 iso-
lation of infected residents in single- occupancy rooms and limitation 
of social activities minimises transmission opportunities, although 
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this may not be practical in many LTCFs with limited accommodation 
types, in which case cohorting infected residents together (with sep-
arate cohorts of confirmed cases and those with the same suspected 
diagnosis on the basis of epidemiological and clinical information if 
possible) is an alternative to isolation. A balance may need striking 
between the strict enforcement of social isolation and visitor restric-
tions and psychological welfare in vulnerable populations. Other 
measures to control transmission will include closure of the facility 
to new admissions based on risk assessment, limitation of visitors, 
cohorting staff to avoid crossover of care for infected and asymptom-
atic residents, excluding staff with ILI symptoms, rostering vaccinated 
staff to care for infected residents, and preventing unvaccinated staff 
from working in other healthcare facilities during the outbreak. As 
influenza virus has been shown to survive on hands and inanimate 
surfaces from a few hours for up to several days,111 regular and thor-
ough hand hygiene and enhanced environmental cleaning may reduce 
contact transmission, and there is evidence that even simple, readily 
available, easy to handle products such as 1% bleach and detergents 
like 0.01% washing- up liquid are effective in killing influenza virus 
depending upon the material and situation and can be used even in 
low- resource settings.112

6.1 | Antiviral treatment

Early recognition of an influenza outbreak in a LTCF can facilitate 
timely antiviral treatment and prophylaxis to end the outbreak and 
thus avoid influenza- related complications in exposed residents. The 
neuraminidase inhibitors (NAIs) oseltamivir and zanamivir are cur-
rently authorised for the treatment and prophylaxis of influenza in 
Europe and the United States. However, their effectiveness has been 
subject to much debate113 and many clinicians have felt confused 
about when to use them appropriately.

A modest but significant reduction in time to first alleviation of 
symptoms has been consistently shown in meta- analyses of RCTs 
of previously healthy people, representing a 10 to 15% reduction in 
overall duration of symptoms in those treated with an NAI compared 
with those receiving placebo,114-116 with similar reductions noted from 
analysis of observational studies.117 This effect appears to be some-
what attenuated in the elderly.115,118 In general there is a lack of cred-
ible evidence from RCTs that NAIs reduce the risk of hospitalisation 
and pneumonia,114,115,118 although a significant reduction was seen in 
hospitalisation in the influenza- confirmed intention- to- treat popula-
tion in one analysis (RR 0.37 [95% CI 0.17 to 0.81]),115 and reduced 
rates of lower respiratory tract complications were seen in two meta- 
analyses (RR 0.56 [95% CI 0.42 to 0.75]115 and 0.55 [95% CI 0.33 to 
0.90]).114 However, RCTs are generally underpowered to evaluate the 
effects of treatment on complications due to the rarity of such events, 
and lack of precise outcome definition in many trials makes compar-
ison of findings difficult. Meta- analysis of observational studies indi-
cated a potential effect of oseltamivir in reducing hospitalisation in 
the general population (all ages) compared with no antiviral (OR 0.75 
[95% CI 0.66 to 0.89]), but no significant effect was found for inhaled 
zanamivir (OR 0.66 [95% CI 0.37 to 1.18]).117 Individual patient data 

meta- analysis from 29 234 people of all ages hospitalised with 2009 
H1N1 pandemic influenza showed that deaths were reduced when 
treated with NAIs within 48 hours of onset (OR 0.81 [95% CI 0.70 to 
0.93]), supporting the use of early NAI treatment in those who require 
hospitalisation.119 A reduction in mortality risk for patients receiving 
oseltamivir compared to those not given antivirals was also noted 
in a meta- analysis of three observational studies (OR 0.23 [95% CI 
0.13 to 0.43]) but the quality of evidence was low, and related only to 
oseltamivir.117

Uncertainties remain about the effectiveness of treatment in high- 
risk populations such as LTCF residents as much of the available ev-
idence relates to previously healthy younger adults. However, given 
the high risk of severe complications and deaths among the elderly 
from influenza virus infection, where influenza antivirals are available, 
treatment of symptomatic LTCF residents is generally recommended 
to be started immediately.3,120

6.2 | Antiviral prophylaxis

Prophylaxis with antivirals is intended to prevent transmission of in-
fluenza virus to people who are not exhibiting ILI but who have or may 
have been exposed. There is a paucity of evidence from recent stud-
ies to inform a single approach for antiviral prophylaxis use in LTCFs, 
so decisions should be based on clinical judgement and outbreak se-
verity.121 Prophylaxis with oseltamivir or zanamivir was shown to be 
more effective than placebo at preventing symptomatic influenza in 
individuals in the community (oseltamivir RR 0.45 [95% CI 0.30 to 
0.67]; zanamivir RR 0.39 [95% CI 0.22 to 0.70]) and in household con-
tacts (oseltamivir RR 0.20 [95% CI 0.09 to 0.44]; zanamivir RR 0.33 
[95% CI 0.18 to 0.58]) in a recent meta- analysis of RCTs.114 A reduced 
risk of LCI with oseltamivir and zanamivir prophylaxis was found in 
a further systematic review which also included data from observa-
tional studies, for both individuals (oseltamivir OR 0.11 [95% CI 0.06 
to 0.20]; zanamivir OR 0.23 [95% CI 0.16 to 0.35]) and households 
(oseltamivir OR 0.23 [95% CI 0.09 to 0.59]; zanamivir OR 0.18 [95% 
CI 0.10 to 0.31]).122 However, direct evidence of effectiveness in re-
ducing symptomatic influenza in the frail elderly living in institutions is 
sparse; a non- significant protective trend with post- exposure zanami-
vir prophylaxis has been shown in one study (RR 0.08 [95% CI 0.01 to 
0.63])123 but data for the effectiveness of post- exposure oseltamivir 
in this setting are lacking.124 Other studies have seen a non- significant 
effect of post- exposure prophylaxis and seasonal prophylaxis with 
zanamivir.124,125

Prophylaxis for all residents in LTCFs experiencing an outbreak, 
regardless of vaccination status is recommended by the US Centers 
for Disease Control and Prevention (CDC)3; the European Centre 
for Disease Prevention and Control (ECDC) expert opinion on the 
use of antivirals for prophylaxis recommends consideration of an-
tiviral prophylaxis for residents of LTCFs, especially for those who 
are unvaccinated or immunocompromised who do not respond 
to vaccination.126 This may be particularly important during years 
when IVE is expected to be low due to vaccine strain mismatch. But 
the relatively low effectiveness of influenza vaccine in the elderly 
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population even in well- matched years should also be taken into 
consideration.

There is a lack of studies evaluating the effectiveness of giving 
prophylaxis to HCWs in LTCFs. The CDC recommends consideration 
of prophylaxis for unvaccinated HCWs caring for people at high risk 
of complications, and for all employees regardless of vaccination 
status if an outbreak is due to a strain which is poorly matched to 
the current vaccine strains.3 To protect vulnerable people, ECDC 
also recommends consideration of prophylaxis for HCWs, particu-
larly when low IVE is expected due to strain mismatch.120 As IVE 
is lower in those who are elderly and frail than in younger healthy 
people, it would seem prudent to have a low threshold for offering 
prophylaxis to those caring for them, and particularly so if chains of 
transmission from a resident to staff are described; or from a resi-
dent to staff to resident.

7  | CONCLUSION

Seasonal influenza infection outbreaks are a significant problem in 
LTCFs both in terms of morbidity and mortality for individuals as 
well as putting additional strain on already overburdened health 
services. With an increasingly elderly population, the demand for 
LTCFs is likely increase over the coming years. Many basic and clini-
cal questions remain unanswered about the transmission, preven-
tion and treatment of influenza in these institutions and further 
evidence is needed to determine which interventions, or combina-
tion of interventions and hygiene practices are most efficacious in 
these settings. Although vaccination for residents and staff forms 
the cornerstone of preventive influenza policy in LTCFs, and vac-
cine coverage is high among residents in some countries, currently 
available vaccines are less effective in older people and those with 
comorbidities. Vaccination coverage among HCWs caring for resi-
dents of LTCFs is generally much lower than for those in other pri-
ority groups and efforts are required to improve this to protect the 
vulnerable, the individual HCW and the workforce. Although fur-
ther studies of the efficacy of antiviral treatment and prophylaxis 
in LTCF setting are required, available data suggest that antivirals 
should be used early during the course of infection for treatment of 
residents and considered for prophylaxis during suspected or con-
firmed influenza outbreaks to reduce secondary transmission. The 
prevention and control of influenza in LTCFs requires a multifac-
eted approach; vaccination and antiviral policies form an important 
part of this, but strong managerial leadership, outbreak planning, 
and a well- trained, educated and engaged workforce are pivotal to 
the successful implementation of IPC policies.

CONFLICT OF INTERESTS

J.S.N- V- T. reports grants from World Health Organization, dur-
ing the conduct of the study; and grants from F. Hoffman- La Roche 
and non- financial support from European Scientific Working Group 
on Influenza (ESWI), outside the submitted work. J.S.N-V-T and 

L.L declare financial support outside the submitted work from 
GlaxoSmithKline Biologicals SA for a systematic review of pandemic 
influenza vaccines which ended in 2016. J.S.N- V- T. is also Editor in 
Chief of Influenza and Other Respiratory Viruses but has played no 
role in the handling, peer- review process or decision- making regard-
ing this manuscript. All of these functions were undertaken or or-
ganised independently by Dr. J. Wood, Senior Editor (Reviews). CSB 
declares no conflict of interests.

REFERENCES

 1. Organisation for Economic Co-operation and Development. OECD 
Health Statistics 2016. Definitions, sources and methods. June 
2016.

 2. World Health Organization. World Report on Ageing and Health. 
Geneva: World Health Organization; 2015.

 3. Centers for Disease Control and Prevention. Interim Guidance for 
Influenza Outbreak Management in Long-Term Care Facilities. 
Available from: http://www.cdc.gov/flu/professionals/infectioncon-
trol/ltc-facility-guidance.htm. Accessed Arch 15, 2016.

 4. Public Health England. PHE guidelines on the management of out-
breaks of influenza-like illness (ILI) in care homes. 2016 Available 
from: https://www.gov.uk/government/uploads/system/uploads/
attachment_data/file/573143/ILI_in_care_homes_291116.pdf. 
Accessed January 10, 2017.

 5. Public Health Medicine Communicable Disease Group. Public Health 
Guidelines on the Prevention and Management of Influenza Outbreaks 
in Residential Care Facilities in Ireland 2015/2016. Version 1.8. Health 
Service Executive; Available from: https://www.hpsc.ie/a-z/respira 
tory/influenza/seasonalinfluenza/guidance/residentialcarefacilities 
guidance/File,13195,en.pdf Accessed February 21, 2016.

 6. Haute Conseil de la Santé Publique. Conduite à tenir devant une 
ou plusieurs infections respiratoires aiguës dans les collectivités de 
personnes âgées. Juillet 2012. Available from: http://www.hcsp.fr/
explore.cgi/avisrapportsdomaine?clefr=288. Accessed February 16, 
2016.

 7. Robert Koch Institut. Empfehlungen des Robert Koch- Institutes 
zu Präventions- und Kontrollmaßnahmen bei Bewohnern mit 

Key Points 2
• Early recognition of a potential outbreak is important to 

facilitate timely antiviral treatment, prophylaxis and insti-
gation of IPC measures (prior to virological confirmation 
if appropriate).

• Rapid point-of-care tests may be useful, but negative 
tests do not exclude a diagnosis of influenza.

• Antiviral treatment of symptomatic residents is recom-
mended to be started immediately given their high risk of 
complications.

• For asymptomatic residents, the decision to give antiviral 
prophylaxis should be made on an individual basis using 
clinical judgement and risk of exposure, but as influenza 
vaccine is considered less effective in the elderly, the 
threshold for offering antiviral prophylaxis to all residents 
should be low.

http://www.cdc.gov/flu/professionals/infectioncontrol/ltc-facility-guidance.htm
http://www.cdc.gov/flu/professionals/infectioncontrol/ltc-facility-guidance.htm
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/573143/ILI_in_care_homes_291116.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/573143/ILI_in_care_homes_291116.pdf
https://www.hpsc.ie/a-z/respiratory/influenza/seasonalinfluenza/guidance/residentialcarefacilitiesguidance/File%2c13195%2cen.pdf
https://www.hpsc.ie/a-z/respiratory/influenza/seasonalinfluenza/guidance/residentialcarefacilitiesguidance/File%2c13195%2cen.pdf
https://www.hpsc.ie/a-z/respiratory/influenza/seasonalinfluenza/guidance/residentialcarefacilitiesguidance/File%2c13195%2cen.pdf
http://www.hcsp.fr/explore.cgi/avisrapportsdomaine?clefr=288
http://www.hcsp.fr/explore.cgi/avisrapportsdomaine?clefr=288


     |  363LANSBURY et AL.

Verdacht auf bzw. nachgewiesener Influenza in Heimen. August 
2010. Available from: http://www.rki.de/DE/Content/Infekt/
Krankenhaushygiene/Erreger_ausgewaehlt/Influenza/Influenza_
Heim_pdf.pdf?__blob=publicationFile Accessed February 16, 2016.

 8. Cools HJ. Practice guideline ‘Influenza prevention in nursing homes 
and care homes’, issued by the Dutch Society of Nursing Home 
Specialists. Ned Tijdschr Geneeskd. 2005;149:213.

 9. Nacionalni inštitut za javno zdrave. Guidance for management of 
influenza outbreaks in long-term care facilities 2015. Available 
from: wwww.NIJZ.si/področja/Nalezljive bolezni/Gradiva. Accessed 
February 3, 2016.

 10. Public Health Agency of Canada. Guidance: Infection Prevention 
and Control Measures for Healthcare Workers in Acute Care and 
Long-term Care Settings – Seasonal Influenza. Available from: http://
www.phac-aspc.gc.ca/nois-sinp/guide/ac-sa-eng.php. Accessed 
December 6, 2016.

 11. Communicable Diseases Network Australia. A Practical Guide to Assist 
in the Prevention and Management of Influenza Outbreaks in Residential 
Care Facilities in Australia. 2009. Available from: http://www.hne 
health.nsw.gov.au/hneph/disease%20outbreaks/Documents/flu- 
prevention-guidelines.pdf Accessed December 16, 2016.

 12. World Health Organization Regional Office for Europe. Prevention 
and control of outbreaks of seasonal influenza in long-term care 
facilities: a review of the evidence and best practice guidance. 
2017. Available from: http://www.euro.who.int/__data/assets/
pdf_file/0015/330225/LTCF-best-practice-guidance.pdf?ua=1. 
Accessed April 6, 2017.

 13. Pop-Vicas A, Gravenstein S. Influenza in the elderly: a mini- review. 
Gerontology. 2011;57:397-404.

 14. Strausbaugh LJ, Sukumar SR, Joseph CL. Infectious disease out-
breaks in nursing homes: an unappreciated hazard for frail elderly 
persons. Clin Infect Dis. 2003;36:870-876.

 15. Drinka PJ, Krause P, Nest L, et al. Delays in the application of out-
break control prophylaxis for influenza A in a nursing home. Infect 
Control Hosp Epidemiol. 2002;23:600-603.

 16. Ellis SE, Coffey CS, Mitchel EF Jr, Dittus RS, Griffin MR. Influenza-  
and respiratory syncytial virus- associated morbidity and mortality in 
the nursing home population. J Am Geriatr Soc. 2003;51:761-767.

 17. Utsumi M, Makimoto K, Quroshi N, Ashida N. Types of infectious 
outbreaks and their impact in elderly care facilities: a review of the 
literature. Age Ageing. 2010;39:299-305.

 18. Gaillat J, Chidiac C, Fagnani F, et al. Morbidity and mortality associated 
with influenza exposure in long- term care facilities for dependent el-
derly people. Eur J Clin Microbiol Infect Dis. 2009;28:1077-1086.

 19. Mertz D, Kim TH, Johnstone J, et al. Populations at risk for severe or 
complicated influenza illness: systematic review and meta- analysis. 
BMJ. 2013;347:f5061.

 20. Matias G, Taylor RJ, Haguinet F, et al. Modelling estimates of age- 
specific influenza- related hospitalisation and mortality in the United 
Kingdom. BMC Public Health. 2016;16:481.

 21. Fleming D, Harcourt S, Smith G. Influenza and adult hospital admis-
sions for respiratory conditions in England 1989- 2001. Commun Dis 
Public Health. 2003;6:231-237.

 22. Finkelman BS, Viboud C, Koelle K, et al. Global patterns in seasonal 
activity of influenza A/H3N2, A/H1N1, and B from 1997 to 2005: 
viral coexistence and latitudinal gradients. PLoS One. 2007;2:e1296.

 23. van der Sande MAB, Ruijs WLM, Meijer A, Cools HJM, van der Plas 
SM. Use of oseltamivir in Dutch nursing homes during the 2004- 
2005 influenza season. Vaccine. 2006;24:6664-6669.

 24. Kohn MA, Farley TA, Sundin D, et al. Three summertime outbreaks of 
influenza type A. J Infect Dis. 1995;172:246-249.

 25. Gralton J, Tovey E, McLaws ML, Rawlinson WD. The role of parti-
cle size in aerosolised pathogen transmission: a review. J Infect. 
2011;62:1-13.

 26. Milton DK, Fabian MP, Cowling BJ, Grantham ML, McDevitt JJ. 
Influenza virus aerosols in human exhaled breath: particle size, cultur-
ability, and effect of surgical masks. PLoS Pathog. 2013;9:e1003205.

 27. Fabian P, McDevitt JJ, DeHaan WH, et al. Influenza virus in human 
exhaled breath: an observational study. PLoS One. 2008;3:e2691.

 28. Lindsley WG, Noti JD, Blachere FM, et al. Viable influenza A virus 
in airborne particles from human coughs. J Occup Environ Hyg. 
2015;12:107-113.

 29. Bischoff WE, Swett K, Leng I, Peters TR. Exposure to influenza virus 
aerosols during routine patient care. J Infect Dis. 2013;207:1037-1046.

 30. Brankston G, Gitterman L, Hirji Z, Lemieux C, Gardam M. Transmission 
of influenza A in human beings. Lancet Infect Dis. 2007;7:257-265.

 31. Seto WH. Airborne transmission and precautions: facts and myths. 
J Hosp Infect. 2015;89:225-228.

 32. Killingley B, Nguyen-Van-Tam J. Routes of influenza transmission. 
Influenza Other Respir Viruses. 2013;7(suppl 2):42-51.

 33. Thomas RE. Do we have enough evidence how seasonal influenza is 
transmitted and can be prevented in hospitals to implement a com-
prehensive policy? Vaccine. 2016;34:3014-3021.

 34. Carrat F, Vergu E, Ferguson NM, et al. Time lines of infection and 
disease in human influenza: a review of volunteer challenge studies. 
Am J Epidemiol. 2008;167:775-785.

 35. Vink MA, Bootsma MC, Wallinga J. Serial intervals of respiratory in-
fectious diseases: a systematic review and analysis. Am J Epidemiol. 
2014;180:865-875.

 36. Bell D, Nicoll A, Fukuda K, et al. Non- pharmaceutical interventions 
for pandemic influenza, international measures. Emerg Infect Dis. 
2006;12:81-87.

 37. Lau LL, Ip DK, Nishiura H, et al. Heterogeneity in viral shedding 
among individuals with medically attended influenza A virus infec-
tion. J Infect Dis. 2013;207:1281-1285.

 38. Tsang TK, Cowling BJ, Fang VJ, et al. Influenza A virus shedding and 
infectivity in households. J Infect Dis. 2015;212:1420-1428.

 39. Tsang TK, Fang VJ, Chan KH, et al. Individual correlates of in-
fectivity of influenza A virus infections in households. PLoS One. 
2016;11:e0154418.

 40. Suess T, Remschmidt C, Schink SB, et al. Comparison of shedding 
characteristics of seasonal influenza virus (sub)types and influenza 
A(H1N1)pdm09; Germany, 2007- 2011. PLoS One. 2012;7:e51653.

 41. Ip DK, Lau LL, Chan KH, et al. The dynamic relationship between 
clinical symptomatology and viral shedding in naturally acquired 
seasonal and pandemic influenza virus infections. Clin Infect Dis. 
2016;62:431-437.

 42. Loeb M, Singh PK, Fox J, et al. Longitudinal study of influenza 
molecular viral shedding in Hutterite communities. J Infect Dis. 
2012;206:1078-1084.

 43. Cowling BJ, Chan KH, Peiris JS, Riley S, Leung GM. Viral shedding, 
clinical history and transmission of influenza. Hong Kong Med J. 
2013;19(suppl 4):19-23.

 44. Frank AL, Taber LH, Wells CR, et al. Patterns of shedding of myxovi-
ruses and paramyxoviruses in children. J Infect Dis. 1981;144:433-441.

 45. Hall CB, Douglas RG Jr, Geiman JM, Meagher MP. Viral shed-
ding patterns of children with influenza B infection. J Infect Dis. 
1979;140:610-613.

 46. Lee N, Chan PK, Hui DS, et al. Viral loads and duration of viral 
shedding in adult patients hospitalized with influenza. J Infect Dis. 
2009;200:492-500.

 47. Memoli MJ, Athota R, Reed S, et al. The natural history of influenza 
infection in the severely immunocompromised vs nonimmunocom-
promised hosts. Clin Infect Dis. 2014;58:214-224.

 48. Boivin G, Goyette N, Bernatchez H. Prolonged excretion of 
amantadine- resistant influenza a virus quasi species after cessation 
of antiviral therapy in an immunocompromised patient. Clin Infect 
Dis. 2002;34:E23-E25.

http://www.rki.de/DE/Content/Infekt/Krankenhaushygiene/Erreger_ausgewaehlt/Influenza/Influenza_Heim_pdf.pdf?__blob=publicationFile
http://www.rki.de/DE/Content/Infekt/Krankenhaushygiene/Erreger_ausgewaehlt/Influenza/Influenza_Heim_pdf.pdf?__blob=publicationFile
http://www.rki.de/DE/Content/Infekt/Krankenhaushygiene/Erreger_ausgewaehlt/Influenza/Influenza_Heim_pdf.pdf?__blob=publicationFile
http://wwww.NIJZ.si/podrocja/Nalezljive+bolezni/Gradiva
http://www.phac-aspc.gc.ca/nois-sinp/guide/ac-sa-eng.php
http://www.phac-aspc.gc.ca/nois-sinp/guide/ac-sa-eng.php
Available from: http://www.hnehealth.nsw.gov.au/hneph/disease outbreaks/Documents/flu-prevention-guidelines.pdf
Available from: http://www.hnehealth.nsw.gov.au/hneph/disease outbreaks/Documents/flu-prevention-guidelines.pdf
Available from: http://www.hnehealth.nsw.gov.au/hneph/disease outbreaks/Documents/flu-prevention-guidelines.pdf
http://www.euro.who.int/__data/assets/pdf_file/0015/330225/LTCF-best-practice-guidance.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0015/330225/LTCF-best-practice-guidance.pdf?ua=1


364  |     LANSBURY et AL.

 49. Klimov AI, Rocha E, Hayden FG, et al. Prolonged shedding of 
amantadine- resistant influenza A viruses by immunodeficient pa-
tients: detection by polymerase chain reaction- restriction analysis. 
J Infect Dis. 1995;172:1352-1355.

 50. Eibach D, Casalegno JS, Bouscambert M, et al. Routes of transmis-
sion during a nosocomial influenza A (H3N2) outbreak among geriat-
ric patients and healthcare workers. J Hosp Infect. 2014;86:188-193.

 51. Pagani L, Thomas Y, Huttner B, et al. Transmission and effect of mul-
tiple clusters of seasonal influenza in a Swiss geriatric hospital. J Am 
Geriatr Soc. 2015;63:739-744.

 52. Oguma T, Saito R, Masaki H, et al. Molecular characteristics of out-
breaks of nosocomial infection with influenza A/H3N2 virus vari-
ants. Infect Control Hosp Epidemiol. 2011;32:267-275.

 53. Voirin N, Payet C, Barrat A, et al. Combining high- resolution con-
tact data with virological data to investigate influenza trans-
mission in a tertiary care hospital. Infect Control Hosp Epidemiol. 
2015;36:254-260.

 54. Carnicer-Pont D, White D, Pike C, Lyons M. Influenza A outbreak 
in a community hospital in south east Wales, February 2005. Euro 
Surveill. 2005;10:E050217.2.

 55. Poland GA, Tosh P, Jacobson RM. Requiring influenza vaccination 
for health care workers: seven truths we must accept. Vaccine. 
2005;23:2251-2255.

 56. Kuster SP, Shah PS, Coleman BL, et al. Incidence of influenza in 
healthy adults and healthcare workers: a systematic review and 
meta- analysis. PLoS One. 2011;6:e26239.

 57. Elder AG, O’Donnell B, McCruden EA, Symington IS, Carman WF. 
Incidence and recall of influenza in a cohort of Glasgow healthcare 
workers during the 1993- 4 epidemic: results of serum testing and 
questionnaire. BMJ. 1996;313:1241-1242.

 58. Jena AB, Baldwin DC Jr, Daugherty SR, Meltzer DO, Arora 
VM. Presenteeism among resident physicians. JAMA. 
2010;304:1166-1168.

 59. Weingarten S, Riedinger M, Bolton LB, Miles P, Ault M. Barriers to 
influenza vaccine acceptance. A survey of physicians and nurses. Am 
J Infect Control. 1989;17:202-207.

 60. Lester RT, McGeer A, Tomlinson G, Detsky AS. Use of, effectiveness 
of, and attitudes regarding influenza vaccine among house staff. 
Infect Control Hosp Epidemiol. 2003;24:839-844.

 61. Aronsson G, Gustafsson K, Dallner M. Sick but yet at work. An em-
pirical study of sickness presenteeism. J Epidemiol Community Health. 
2000;54:502-509.

 62. Yassi A, Bryce E, Moore D, et al. Protecting the Faces of Health Care 
Workers: Knowledge Gaps and Research Priorities for Effective Protection 
against Occupationally Acquired Respiratory Infectious Diseases. Report 
to Change Foundation; April 2004. Available from: http://www1.
paho.org/hq/dmdocuments/2009/Protecting%20the%20faces%20
of%20health%20care%20workers.pdf. Accessed December 6, 2016.

 63. Strategy and action plan for healthy ageing in Europe, 2012-2020. 
Available from: http://www.euro.who.int/__data/assets/pdf_file/ 
0008/175544/RC62wd10Rev1-Eng.pdf?ua=1. Accessed January 
10, 2017.

 64. Vaccines against influenza WHO position paper – November 2012. 
Releve epidemiologique hebdomadaire/Section d’hygiene du Secretariat 
de la Societe des Nations. Wkly Epidemiol Rec. 2012;87:461-476.

 65. European Centre for Disease Prevention and Control. Seasonal 
Influenza Vaccination in Europe – Overview of Vaccination 
Recommendations and Coverage Rates in the EU Member States for the 
2012-2013 Influenza Season. Stockholm: ECDC; 2015.

 66. Jefferson T, Di Pietrantonj C, Al-Ansary LA, et al. Vaccines for 
preventing influenza in the elderly. Cochrane Database Syst Rev. 
2010(2):Cd004876.

 67. Chan TC, Fan-Ngai Hung I, Ka-Hay Luk J, Chu LW, Hon-Wai Chan 
F. Effectiveness of influenza vaccination in institutionalized older 

adults: a systematic review. J Am Med Dir Assoc. 2014;15:226.
e1-226.e6.

 68. Osterholm MT, Kelley NS, Sommer A, Belongia EA. Efficacy and 
effectiveness of influenza vaccines: a systematic review and meta- 
analysis. Lancet Infect Dis. 2012;12:36-44.

 69. Baxter R, Lee J, Fireman B. Evidence of bias in studies of in-
fluenza vaccine effectiveness in elderly patients. J Infect Dis. 
2010;201:186-189.

 70. Mangtani P, Cumberland P, Hodgson CR, et al. A cohort study of the 
effectiveness of influenza vaccine in older people, performed using 
the United Kingdom general practice research database. J Infect Dis. 
2004;190:1-10.

 71. Ridenhour BJ, Campitelli MA, Kwong JC, et al. Effectiveness of inac-
tivated influenza vaccines in preventing influenza- associated deaths 
and hospitalizations among Ontario residents aged >/= 65 years: 
estimates with generalized linear models accounting for healthy vac-
cinee effects. PLoS One. 2013;8:e76318.

 72. Thomas RE. Are influenza- associated morbidity and mortality es-
timates for those >/= 65 in statistical databases accurate, and 
an appropriate test of influenza vaccine effectiveness? Vaccine. 
2014;32:6884-6901.

 73. Read CA, Mohsen A, Nguyen-Van-Tam JS, McKendrick M, Kudesia 
G. Outbreaks of influenza A in nursing homes in Sheffield during the 
1997- 1998 season: implications for diagnosis and control. J Public 
Health Med. 2000;22:116-120.

 74. Grohskopf LA, Sokolow LZ, Broder KR, et al. Prevention and con-
trol of seasonal influenza with vaccines. MMWR Recomm Rep. 
2016;65:1-54.

 75. Hayward AC, Harling R, Wetten S, et al. Effectiveness of an influenza 
vaccine programme for care home staff to prevent death, morbidity, 
and health service use among residents: cluster randomised con-
trolled trial. BMJ. 2006;333:1241.

 76. Potter J, Stott DJ, Roberts MA, et al. Influenza vaccination of health 
care workers in long- term- care hospitals reduces the mortality of el-
derly patients. J Infect Dis. 1997;175:1-6.

 77. Carman WF, Elder AG, Wallace LA, et al. Effects of influenza vacci-
nation of health- care workers on mortality of elderly people in long- 
term care: a randomised controlled trial. Lancet. 2000;355:93-97.

 78. Wendelboe AM, Avery C, Andrade B, Baumbach J, Landen MG. 
Importance of employee vaccination against influenza in prevent-
ing cases in long- term care facilities. Infect Control Hosp Epidemiol. 
2011;32:990-997.

 79. Lemaitre M, Meret T, Rothan-Tondeur M, et al. Effect of influenza 
vaccination of nursing home staff on mortality of residents: a cluster- 
randomized trial. J Am Geriatr Soc. 2009;57:1580-1586.

 80. Thomas RE, Jefferson T, Lasserson TJ. Influenza vaccination for 
healthcare workers who care for people aged 60 or older liv-
ing in long- term care institutions. Cochrane Database Syst Rev. 
2016(6):Cd005187.

 81. Ahmed F, Lindley MC, Allred N, Weinbaum CM, Grohskopf L. Effect 
of influenza vaccination of healthcare personnel on morbidity and 
mortality among patients: systematic review and grading of evi-
dence. Clin Infect Dis. 2014;58:50-57.

 82. Michiels B, Govaerts F, Remmen R, Vermeire E, Coenen S. A sys-
tematic review of the evidence on the effectiveness and risks of 
inactivated influenza vaccines in different target groups. Vaccine. 
2011;29:9159-9170.

 83. Benet T, Regis C, Voirin N, et al. Influenza vaccination of healthcare 
workers in acute- care hospitals: a case- control study of its effect on 
hospital- acquired influenza among patients. BMC Infect Dis. 2012;12:30.

 84. Dionne B, Brett M, Culbreath K, Mercier RC. Potential ceiling ef-
fect of healthcare worker influenza vaccination on the incidence 
of nosocomial influenza infection. Infect Control Hosp Epidemiol. 
2016;37:840-844.

http://www1.paho.org/hq/dmdocuments/2009/Protecting the faces of health care workers.pdf
http://www1.paho.org/hq/dmdocuments/2009/Protecting the faces of health care workers.pdf
http://www1.paho.org/hq/dmdocuments/2009/Protecting the faces of health care workers.pdf
http://www.euro.who.int/__data/assets/pdf_file/0008/175544/RC62wd10Rev1-Eng.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0008/175544/RC62wd10Rev1-Eng.pdf?ua=1


     |  365LANSBURY et AL.

 85. van den Dool C, Bonten MJ, Hak E, Heijne JC, Wallinga J. The effects 
of influenza vaccination of health care workers in nursing homes: in-
sights from a mathematical model. PLoS Med. 2008;5:e200.

 86. van den Dool C, Bonten MJ, Hak E, Wallinga J. Modeling the effects 
of influenza vaccination of health care workers in hospital depart-
ments. Vaccine. 2009;27:6261-6267.

 87. Wendelboe AM, Grafe C, McCumber M, Anderson MP. Inducing 
herd immunity against seasonal influenza in long- term care facilities 
through employee vaccination coverage: a transmission dynamics 
model. Comput Math Methods Med. 2015;2015:178247.

 88. Demicheli V, Jefferson T, Al-Ansary LA, et al. Vaccines for pre-
venting influenza in healthy adults. Cochrane Database Syst Rev. 
2014(3):Cd001269.

 89. Ng AN, Lai CK. Effectiveness of seasonal influenza vaccina-
tion in healthcare workers: a systematic review. J Hosp Infect. 
2011;79:279-286.

 90. Daugherty JD, Blake SC, Grosholz JM, et al. Influenza vaccination 
rates and beliefs about vaccination among nursing home employees. 
Am J Infect Control. 2015;43:100-106.

 91. Black CL, Yue X, Ball SW, et al. Influenza vaccination coverage among 
health care personnel – United States, 2015- 16 influenza season. 
MMWR Morb Mortal Wkly Rep. 2016;65:1026-1031.

 92. Hollmeyer HG, Hayden F, Poland G, Buchholz U. Influenza vaccina-
tion of health care workers in hospitals–a review of studies on atti-
tudes and predictors. Vaccine. 2009;27:3935-3944.

 93. Babcock HM, Gemeinhart N, Jones M, Dunagan WC, Woeltje KF. 
Mandatory influenza vaccination of health care workers: translating 
policy to practice. Clin Infect Dis. 2010;50:459-464.

 94. Hollmeyer H, Hayden F, Mounts A, Buchholz U. Review: interven-
tions to increase influenza vaccination among healthcare workers in 
hospitals. Influenza Other Respir Viruses. 2013;7:604-621.

 95. Tailoring Immunization Programmes for Seasonal Influenza (TIP 
FLU). A guide for increasing health care workers’ uptake of seasonal 
influenza vaccination. Available from: http://www.euro.who.int/__
data/assets/pdf_file/0007/290851/TIPGUIDEFINAL.pdf?ua=1. 
Accessed January 1, 2017.

 96. Tailoring Immunization Programmes for Seasonal Influenza (TIP FLU). 
Understanding health care workers’ uptake of seasonal influenza vacci-
nation in Montenegro: a case study for policy-makers and programme 
managers (2015). Available from: http://www.euro.who.int/__data/
assets/pdf_file/0007/281860/Tailoring-Immunization-Programmes-
Seasonal-Influenza-TIP-FLU.pdf?ua=1. Accessed January 1, 2017

 97. Falsey AR, Baran A, Walsh EE. Should clinical case definitions of in-
fluenza in hospitalized older adults include fever? Influenza Other 
Respir Viruses. 2015;9(suppl 1):23-29.

 98. Sayers G, Igoe D, Carr M, et al. High morbidity and mortality asso-
ciated with an outbreak of influenza A(H3N2) in a psycho- geriatric 
facility. Epidemiol Infect. 2013;141:357-365.

 99. Mahmud SM, Thompson LH, Nowicki DL, Plourde PJ. Outbreaks of 
influenza- like illness in long- term care facilities in Winnipeg, Canada. 
Influenza Other Respir Viruses. 2013;7:1055-1061.

 100. Global Epidemiological Surveillance Standards for Influenza. Geneva: 
WHO; 2013. Available from: http://www.who.int/influenza/re-
sources/documents/WHO_Epidemiological_Influenza_Surveillance_
Standards_2014.pdf?ua=1. Accessed June 23, 2016.

 101. European Centre for Disease Prevention and Control (ECDC). 
Influenza Case Definitions. Stockholm: ECDC. Available from: http://
eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:320 
12D0506&qid=1428573336660&from=EN#page=16 Accessed  
December 12, 2016.

 102. World Health Organization. WHO recommendations on the use of 
rapid testing for influenza diagnosis. Available from: http://www.
who.int/influenza/resources/documents/RapidTestInfluenza_
WebVersion.pdf. Accessed November 23, 2016.

 103. Chartrand C, Leeflang MM, Minion J, Brewer T, Pai M. Accuracy of 
rapid influenza diagnostic tests: a meta- analysis. Ann Intern Med. 
2012;156:500-511.

 104. Infection Prevention and Control of Epidemic- and Pandemic-Prone 
Acute Respiratory Infections in Health Care. Geneva: World Health 
Organization; 2014. Available from: https://www.ncbi.nlm.nih.gov/
books/NBK214350/. Accessed January 10, 2017.

 105. Jefferson T, Del Mar C, Dooley L, et al. Physical interventions to 
interrupt or reduce the spread of respiratory viruses. Cochrane 
Database Syst Rev. 2010(1):Cd006207.

 106. Wong VW, Cowling BJ, Aiello AE. Hand hygiene and risk of influenza 
virus infections in the community: a systematic review and meta- 
analysis. Epidemiol Infect. 2014;142:922-932.

 107. Rainwater-Lovett K, Chun K, Lessler J. Influenza outbreak control prac-
tices and the effectiveness of interventions in long- term care facilities: 
a systematic review. Influenza Other Respir Viruses. 2014;8:74-82.

 108. Cowling BJ, Zhou Y, Ip DK, Leung GM, Aiello AE. Face masks to pre-
vent transmission of influenza virus: a systematic review. Epidemiol 
Infect. 2010;138:449-456.

 109. bin-Reza F, Lopez Chavarrias V, Nicoll A, Chamberland ME. The use 
of masks and respirators to prevent transmission of influenza: a 
systematic review of the scientific evidence. Influenza Other Respir 
Viruses. 2012;6:257-267.

 110. Drinka PJ, Krause PF, Nest LJ, Goodman BM, Gravenstein S. Risk 
of acquiring influenza B in a nursing home from a culture- positive 
roommate. J Am Geriatr Soc. 2005;53:1437.

 111. Otter JA, Donskey C, Yezli S, et al. Transmission of SARS and MERS 
coronaviruses and influenza virus in healthcare settings: the possible 
role of dry surface contamination. J Hosp Infect. 2016;92:235-250.

 112. Greatorex JS, Page RF, Curran MD, et al. Effectiveness of common 
household cleaning agents in reducing the viability of human influ-
enza A/H1N1. PLoS One. 2010;5:e8987.

 113. Kelly H, Cowling BJ. Influenza: the rational use of oseltamivir. Lancet. 
2015;385:1700-1702.

 114. Jefferson T, Jones MA, Doshi P, et al. Neuraminidase inhibitors for 
preventing and treating influenza in healthy adults and children. 
Cochrane Database Syst Rev. 2014(4):Cd008965.

 115. Dobson J, Whitley RJ, Pocock S, Monto AS. Oseltamivir treatment 
for influenza in adults: a meta- analysis of randomised controlled tri-
als. Lancet. 2015;385:1729-1737.

 116. Burch J, Paulden M, Conti S, et al. Antiviral drugs for the treatment 
of influenza: a systematic review and economic evaluation. Health 
Technol Assess. 2009;13:1-265, iii-iv.

 117. Hsu J, Santesso N, Mustafa R, et al. Antivirals for treatment of influ-
enza: a systematic review and meta- analysis of observational stud-
ies. Ann Intern Med. 2012;156:512-524.

 118. Burch J, Corbett M, Stock C, et al. Prescription of anti- influenza 
drugs for healthy adults: a systematic review and meta- analysis. 
Lancet Infect Dis. 2009;9:537-545.

 119. Muthuri SG, Venkatesan S, Myles PR, et al. Effectiveness of neur-
aminidase inhibitors in reducing mortality in patients admitted to hos-
pital with influenza A H1N1pdm09 virus infection: a meta- analysis of 
individual participant data. Lancet Respir Med. 2014;2:395-404.

 120. European Centre for Disease Prevention and Control (ECDC). ECDC 
preliminary scientific advice. Expert opinion in neuraminidase inhibitors 
for prevention and treatment of influenza. Available from: https://ecdc.
europa.eu/sites/portal/files/media/en/publications/Publications/ 
neuraminidase-inhibitors-flu-consultation.pdf. November 24, 2016.

 121. Wellcome Trust Academy of Medical Sciences. Use of neuraminidase 
inhibitors in influenza. October 2015. Available from: https://www.
acmedsci.ac.uk/viewFile/561595082cd83.pdf. Accessed November 
24, 2016.

 122. Okoli GN, Otete HE, Beck CR, Nguyen-Van-Tam JS. Use of neur-
aminidase inhibitors for rapid containment of influenza: a systematic 

http://www.euro.who.int/__data/assets/pdf_file/0007/290851/TIPGUIDEFINAL.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0007/290851/TIPGUIDEFINAL.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0007/281860/Tailoring-Immunization-Programmes-Seasonal-Influenza-TIP-FLU.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0007/281860/Tailoring-Immunization-Programmes-Seasonal-Influenza-TIP-FLU.pdf?ua=1
http://www.euro.who.int/__data/assets/pdf_file/0007/281860/Tailoring-Immunization-Programmes-Seasonal-Influenza-TIP-FLU.pdf?ua=1
http://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveillance_Standards_2014.pdf?ua=1
http://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveillance_Standards_2014.pdf?ua=1
http://www.who.int/influenza/resources/documents/WHO_Epidemiological_Influenza_Surveillance_Standards_2014.pdf?ua=1
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012D0506&qid=1428573336660&from=EN%23page=16
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012D0506&qid=1428573336660&from=EN%23page=16
http://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32012D0506&qid=1428573336660&from=EN%23page=16
http://www.who.int/influenza/resources/documents/RapidTestInfluenza_WebVersion.pdf
http://www.who.int/influenza/resources/documents/RapidTestInfluenza_WebVersion.pdf
http://www.who.int/influenza/resources/documents/RapidTestInfluenza_WebVersion.pdf
https://www.ncbi.nlm.nih.gov/books/NBK214350/
https://www.ncbi.nlm.nih.gov/books/NBK214350/
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/neuraminidase-inhibitors-flu-consultation.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/neuraminidase-inhibitors-flu-consultation.pdf
https://ecdc.europa.eu/sites/portal/files/media/en/publications/Publications/neuraminidase-inhibitors-flu-consultation.pdf
https://www.acmedsci.ac.uk/viewFile/561595082cd83.pdf
https://www.acmedsci.ac.uk/viewFile/561595082cd83.pdf


366  |     LANSBURY et AL.

review and meta- analysis of individual and household transmission 
studies. PLoS One. 2014;9:e113633.

 123. Peters PH Jr, Gravenstein S, Norwood P, et al. Long- term use of os-
eltamivir for the prophylaxis of influenza in a vaccinated frail older 
population. J Am Geriatr Soc. 2001;49:1025-1031.

 124. Ambrozaitis A, Gravenstein S, van Essen GA, et al. Inhaled zana-
mivir versus placebo for the prevention of influenza outbreaks in 
an unvaccinated long- term care population. J Am Med Dir Assoc. 
2005;6:367-374.

 125. LaForce C, Man CY, Henderson FW, et al. Efficacy and safety of 
inhaled zanamivir in the prevention of influenza in community- 
dwelling, high- risk adult and adolescent subjects: a 28- day, 

multicenter, randomized, double- blind, placebo- controlled trial. Clin 
Ther. 2007;29:1579-1590; discussion 7-8.

 126. Penttinen P, Catchpole M. ECDC expert opinion on efficacy and ef-
fectiveness of neuraminidase inhibitors published for public consul-
tation. Influenza Other Respir Viruses. 2016;10:152-153.

How to cite this article: Lansbury LE, Brown CS, Nguyen-Van-
Tam JS. Influenza in long- term care facilities. Influenza Other Respi 
Viruses. 2017;11:356–366. https://doi.org/10.1111/irv.12464

https://doi.org/10.1111/irv.12464

