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Influenza is a major cause of illness and death in residents of long term care facilities for the elderly, in part because resi-
dents’ age and underlying illness increase the risk of serious complications, and in part because institutional living in-
creases the risk of influenza outbreaks. The administration of antiviral medications active against influenza to persons
exposed to influenza has been shown to protect them effectively from illness, and mass antiviral prophylaxis of resi-
dents is an effective means of terminating influenza A outbreaks in long term care facilities. The only antiviral currently
licensed in Canada for influenza prophylaxis is amantadine, a medication active against influenza A but not influenza B.
The National Advisory Committee on Immunization recommends that amantadine prophylaxis be offered to residents
when influenza A outbreaks occur in long term care facilities. However, there remain a number of unanswered questions
about how best to use amantadine for controlling influenza A outbreaks in long term care facilities. In addition, two
members of a new class of antivirals called neuraminidase inhibitors have recently been licensed in Canada for the treat-
ment of influenza, and are effective in prophylaxis. Issues in the use of amantadine in the control of outbreaks of influ-
enza A in long term care facilities for the elderly are reviewed, and the potential uses of neuraminidase inhibitors in this
setting are discussed.
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L’emploi d’antiviraux a titre prophylactique contre les épidémies de grippe dans les
établissements de soins de longue durée

RESUME : La grippe est une importante cause de morbidité et de mortalité chez les résidents des établissements de soins
delongue durée, en partie a cause de I’age des résidents et du fait que la maladie sous-jacente accroit le risque de compli-
cations graves et en partie parce que la vie en institution constitue en soi un facteur de risque a I'égard des épidémies de
grippe. L’administration d’antiviraux efficaces contre la grippe a des personnes qui y sont exposées s’est révélée étre
apte a les protéger efficacement de la maladie, et I’administration généralisée d’antiviraux aux résidents est une fagon
efficace d’enrayer les épidémies de grippe de type A dans les établissements de soins de longue durée. Le seul agent an-
tiviral prophylactique actuellement brevetée au Canada pour enrayer la grippe est ’lamantadine, un médicament qui agit
contre la grippe de type A, mais non contre la grippe de type B. Le Comité consultatif national surl'immunisation recom-
mande que le traitement prophylactique a ’lamantadine soit offert aux résidents lorsqu’une épidémie de grippe se dé-
clare dans des établissements de soins de longue durée. Un certain nombre de questions demeurent toutefois sans
réponse relativement a la meilleure facon d'utiliser 'amantadine pour maitriser les épidémies de grippe de type A dans
les établissements de soins de longue durée. De plus, deux membres d'une nouvelle classe d’antiviraux appelés inhib-
iteurs de la neuraminidase ont récemment été brevetés au Canada pour le traitement de la grippe et sont efficaces en pro-
phylaxie. On passe ici en revue les questions relatives a I'utilisation de ’amantadine dans la maitrise des épidémies de
grippe de type A dans les établissements de soins de longue durée pour personnes agées et les utilisations potentielles
des inhibiteurs de la neuraminidase dans ce contexte.
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Despite the fact that more than 90% of residents of long
term care facilities in Canada are vaccinated against in-
fluenza annually, almost half of such facilities report detect-
ing at least one influenza outbreak each year (1,2). Although
there are no randomized, controlled trials assessing the effec-
tiveness of antiviral prophylaxis in the control of outbreaks,
amantadine has been shown to be effective in preventing in-
fluenza A in exposed persons (3,4), and numerous reports
document its success in terminating influenza A spread in the
long term care setting (1,2,5-9). Thus, both American and Ca-
nadian expert advisory committees recommend antiviral pro-
phylaxis for residents for the control of influenza A outbreaks
(10,11), and such prophylaxis has become a standard part of
outbreak management in Canadian long term care facilities
(1,2). There are, however, numerous areas of disagreement
about how best to manage mass prophylaxis, and the advent
of neuraminidase inhibitors offers new challenges in selecting
the best options for prevention of influenza in this setting. In
the present paper, we discuss issues surrounding the initia-
tion and discontinuation of prophylaxis, the use of aman-
tadine and the potential place of neuraminidase inhibitors in
outbreak control.

DECISIONS ABOUT THE INITIATION
OF PROPHYLAXIS

Amantadine for antiviral prophylaxis of residents is useful
to prevent morbidity and mortality when influenza A is being
transmitted in a long term care facility. For optimal use of pro-
phylaxis, it is important that clusters of acute respiratory in-
fection are detected early, that facilities have the ability to
obtain nasopharyngeal swabs and have rapid antigen testing
for influenza performed seven days/week, and that consent for
the use of prophylaxis be obtained either on admission to the
long term care facility or annually before influenza season.

Diagnosing influenza using clinical inquiry and examina-
tion is difficult. Overall, the symptom complex with the best
predictive value (illness associated with the abrupt onset of fe-
ver higher than 38.5°C and dry cough) has only a 35% positive
predictive value for the diagnosis of influenza among unvacci-
nated, elderly adults living independently (12). When influ-
enza is present in the community, a similar constellation of
signs and symptoms in healthy younger adults is about 60%
predictive of influenza (13). However, in vaccinated residents
of long term care facilities, whose illness may be modified by
vaccine, who may not mount a febrile response and who are
often unable to describe symptoms clearly, the predictive
value of such signs and symptoms is much poorer (14). There-
fore, influenza outbreaks in nursing homes can only be relia-
bly diagnosed by laboratory testing in the setting of clusters of
acute respiratory illness.

Gomolin et al (15) have suggested that a cluster of infec-
tion should be considered to be three residents on one unit
who develop acute respiratory illness within 72 h of each
other. In this circumstance, case finding should be enhanced,
and nasopharyngeal swabs should be obtained from the initial
cases as well as from the next three to five new cases. The
identification of two residents with laboratory-confirmed in-
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fluenza confirms that influenza is being transmitted, and pro-
phylaxis should be started for all asymptomatic residents. With
a single laboratory confirmation from the cluster, judgment
should be used, and a decision about whether to start prophy-
laxis should be made jointly by the facility and public health.

Prophylaxis should be offered to residents who are asymp-
tomatic at the time of the decision to initiate mass prophy-
laxis. Treatment may be considered for those who have had
symptoms for less than 48 h (16). It is important to remember
that influenza is a self-limited disease even in elderly nursing
home residents, and hospitalization and death are most often
due to complications rather than to the influenza itself. Resi-
dents who have had symptoms for more than 48 h will not
benefit from antiviral treatment (17). Minimizing the use of
antivirals for treatment is particularly important for aman-
tadine, because influenza A strains develop resistance to
amantadine very easily when exposed to it (3). Amantadine-
resistant viruses are as virulent and transmissible as suscepti-
ble viruses, and failure of amantadine to control outbreaks
due to the emergence of resistance has been identified (17-21).
Limiting amantadine treatment to three to five days and dis-
continuing prophylaxis in residents who develop symptoms
may help to obviate the emergence of resistance (22); the use
of a neuraminidase inhibitor instead of amantadine for treat-
ment may also be helpful (see below).

In smaller facilities, there is almost always substantial
mixing of both residents and staff on different units, so that it
is generally essential to offer prophylaxis to all asymptomatic
residents in the facility. In larger facilities, it may be possible
to limit prophylaxis to one or more geographically separate
units. It is important to realize that, when an outbreak is rec-
ognized, a substantial number of exposed residents and staff
may be in the incubation phase but not yet be ill. The ability to
limit prophylaxis to one unit successfully depends on both the
degree of contact between staff and residents on the affected
unit and other units in the three days before the detection of
the outbreak (ie, are residents and staff on other units incu-
bating influenza?), and the extent to which such contact can
be prevented over the next few days. Clearly, the vaccination
rate among staff is important, because exposed vaccinated
staff are less likely to become ill.

Vaccine efficacy in healthy adults younger than 65 years of
age is 80% or greater (23,24), so that current recommenda-
tions specify that only unvaccinated staff require chemopro-
phylaxis (10,11). The majority (65%) of facilities across Can-
ada now offer prophylaxis routinely to unvaccinated staff (1).
This protects staff and their families from illness, and reduces
absenteeism during the outbreak, a time when staffing may be
difficult. In addition, because staff are infectious at or before
the onset of symptoms (25) and onset may occur in the middle
of a shift, prophylaxis likely adds a degree of protection for
residents and reduces the risk of propagation of the outbreak.
This argument has led a number of long term care facilities
and public health units across Canada to require unvaccinated
staff to take prophylaxis if they wish to continue to work dur-
ing outbreaks. The Ontario Labour Relations Board and the
Ontario Nurses Association have supported such policies.
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TABLE 1

National Advisory Committee on Immunization
recommendations for dosage of amantadine in persons
over the age of 65 years

Creatinine clearance* Dose
100 mg/day

80 mL/min or greater

60-79 mL/min Alternating 100 mg and 50 mg daily
40-59 mL/min 100 mg every 2 days
30-39 mL/min 100 mg 2 times/week
20-29 mL/min 50 mg 3 times/week
10-19 mL/min Alternating weekly doses of 100 mg

and 50 mg

*Calculation of estimated creatinine clearance (CrCl):
For males: CrCl (mL/min) = (140-age) X weight (kg)
serum creatinine (Umol/L)x0.81
For females: CrCl (mL/min)=0.85xCrCl (male)

DECISIONS ABOUT DISCONTINUING PROPHYLAXIS

In more than 75% of outbreaks, the initiation of mass anti-
viral prophylaxis is associated with termination of the out-
break (1,2,4-9,21). Because the efficacy of antivirals in pre-
venting infection is not absolute, particularly in those residents
and staff who are incubating the infection when prophylaxis is
initiated, a few cases may occur in the first 72 h after the ini-
tiation of prophylaxis. Prophylaxis should be continued until
the outbreak is over: that is, until one complete incubation pe-
riod passes following the infectious period (or period of com-
municability) in the last case in the facility. In general, the last
infectious case occurs in a resident, and significant viral shed-
ding occurs for three to five days after the onset of symptoms
(26,27). The incubation period of influenza is one to three
days. Thus, prophylaxis should be continued until eight days
after the onset of symptoms in the last case.

In about 20% of outbreaks, new cases may continue to oc-
cur more than 72 h after prophylaxis is started (1,2,9,21), and
further investigation is necessary. There are a number of rea-
sons why antiviral prophylaxis may fail to stop the outbreak.
First, if amantadine is being used, the virus may be resistant
(either at the start of the outbreak or because resistance has
developed during the outbreak). Second, another respiratory
virus may be co-circulating and causing illness clinically that
is indistinguishable from influenza. In one study, at least one
case of illness due to another virus was identified in five of six
long term care facility outbreaks of influenza (28). Third, new
cases may be occurring because nonimmune, unprotected
residents or staff continue to propagate the outbreak. Which
of these possibilities is occurring can only be determined by
diagnostic testing of nasopharyngeal swabs from new cases.
Because rapid antigen testing by ELISA is currently available
only for influenza and respiratory syncytial virus, testing by
direct fluorescent antibody, which can detect influenza, respi-
ratory syncytial virus, parainfluenza and adenovirus, offers
advantages in this situation.

Amantadine-resistance testing is not yet available in a suf-
ficiently timely manner for use in outbreak management.
Amantadine resistance should be suspected when laboratory-
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confirmed cases of influenza A continue to occur in residents
or staff receiving adequate prophylaxis, particularly if the
number of new cases starts to increase again. If resistance is sus-
pected, amantadine should be discontinued and prophylaxis
with a neuraminidase inhibitor substituted (see below). If illness
is due to a different virus, a clinical decision must be made as to
when the last case of influenza occurred. Amantadine may be
discontinued eight days after the onset of this case.

DOSING REGIMENS FOR AMANTADINE

Serum levels of amantadine are affected by variation in
both its apparent volume of distribution and the rate of its re-
nal elimination. The apparent volume of distribution of aman-
tadine is most directly related to body weight but is inversely
related to dose. Renal elimination is directly related to creati-
nine clearance. In addition, amantadine renal clearance is
one-third less in females than males of the same weight,
probably due to a sex difference in renal tubular secretion rate
(29,30). The net effect of these interdependent factors in a
given patient contributes to the difficulty of designing effec-
tive and well tolerated amantadine dosing schedules for frail
elderly residents of institutions.

When doses recommended for prophylaxis in younger
adults are used in residents of nursing homes, a significant in-
crease in the rate of dose-related side effects of amantadine,
including dizziness, irritability, confusion, and the potentia-
tion of adverse events due to drugs with anticholinergic side
effects, have been reported (3,31). These side effects may re-
sultin falls, fractured hips and deaths in this population (18).

The Canadian National Advisory Committee on Immuniza-
tion (NACI) (10) has published recommendations on individu-
alized amantadine dosing, taking into account age and esti-
mated creatinine clearance (Table 1). The majority (79%) of
long term care facilities in Canada use these recommendations
and report that, if this dosing regimen is used, fewer than 2%
of residents started on amantadine need to have their medica-
tion discontinued due to side effects (1,9). Obviously, calcu-
lated creatinine clearances are only estimates of true creati-
nine clearances, and a recent study of amantadine levels in
residents (32) found that serum levels may be below those pre-
dicted to be effective when this dosing regimen is used. None-
theless, cumulative experience in Canadian nursing homes
suggests that this regimen is safe and effective in controlling
influenza A outbreaks (1,2,9,21).

The NACI individualized dosing recommendations have
three drawbacks. First, the initial dose of amantadine is
100 mg for most residents, but 50 mg for one group. Because
the volume of distribution is independent of creatinine clear-
ance, the loading dose should be based only on weight, not
creatinine clearance. Given that the initial dose selected by the
NACI guidelines has been found to be associated with a low
risk of side effects, it is safe and reasonable to give each resi-
dent an initial dose of 100 mg. If an influenza outbreak occurs
and individualized doses have not been calculated in advance
for each resident (as is desirable), this means that an initial
dose may be given to each resident before individualized dos-
ing regimens are calculated. Second, the intermittent dosing
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TABLE 2
Proposed once daily dosing schedule for amantadine
solution (10 mg/mL) in persons over the age of 65 years*

Creatinine Initial dose Subsequent doses
clearancet (day 1) (starting day 2)
80 mL/min or greater 100 mg 100 mg/day (10 mL)
60-79 mL/min 100 mg 75 mg/day (7.5 mL)
40-59 mL/min 100 mg 50 mg/day (5 mL)
20-39 mL/min 100 mg 25 mg/day (2.5 mL)
10-19 mL/min 100 mg —*

*Dosing schedule developed based on National Advisory Committee on
Immunization guidelines, with daily dosing increments set at 2.5 mL to
permit the use of medicine cups marked at each 2.5 mL. See Table 1 for
method to estimate creatinine clearance. *No daily dose; if outbreak con-
tinues, repeat 100 mg dose every seven days during the outbreak

schedule, with intervals of two to seven days between doses,
results in substantial peaks in drug concentrations after sub-
sequent 100 mg doses, which may put residents at increased
risk of side effects (33). Finally, some facilities have felt that it
is confusing to have dosing schedules for which different resi-
dents receive medication in different amounts and on different
days.

For these reasons, the authors have developed a second
dosing schedule in which all residents receive an initial dose
of 100 mg of amantadine, followed by a daily dose of aman-
tadine solution, adjusted for estimated creatinine clearance
(Table 2). As with the dosing regimen recommended by NACI,
this regimen takes creatinine clearance into account, but does
not adjust for other pharmacokinetic effects of the resident’s
weight and sex (eg, on volume of distribution). It is also sim-
plified to account for the fact that amantadine solution is
likely to be dispensed in medication cups marked in 2.5 mL in-
crements. Pharmacokinetic calculations suggest that this dos-
ing regimen should be as effective as the standard NACI
guidelines, without an increase in side effects. It has the dis-
advantage that, overall, more doses of medication need to be
administered. Facilities should take the advantages and dis-
advantages of the two different schedules into consideration
when selecting a regimen for their residents.

For prophylaxis, initial studies in healthy adults under the
age of 65 years used the currently recommended dose of
100 mg twice daily. At this dose, annoying neurological side
effects (eg, insomnia, dry mouth) are reported by as many as
30% of subjects. In the largest randomized, controlled trial of
amantadine prophylaxis, 20% of subjects discontinued the
drug because of side effects (34). A dose of 100 mg daily has
been shown to be effective in prophylaxis in one trial (35). Be-
cause this dose is associated with a significantly reduced rate
of side effects, it may be preferable for staff prophylaxis.

ROLE OF NEURAMINIDASE INHIBITORS
By late 1999, two neuraminidase inhibitors with activity
against influenza, zanamivar and oseltamivir had been li-
censed in Canada for the treatment of influenza in adults.
There is good evidence from randomized, controlled trials that
these medications are also effective in prophylaxis (36,37).
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Oseltamivir has been shown to be 80% effective in preventing
influenza in nursing home residents exposed to influenza
(38), and zanamivir has been shown to be effective in control
of influenza in at least two outbreaks (39,40). Through the in-
fluenza season of 1999/2000, numerous public health units
and long term care facilities used these medications off label
in the management of influenza outbreaks in institutions.

Zanamivir is a powder that is taken via an inhaler. The rec-
ommended treatment dose is 10 mg (two puffs) bid; the pro-
phylactic dose is 10 mg (two puffs) daily. About 20% of long
term care facility residents have some difficulty coordinating
the inhalations (20). Only about 3% of a dose is absorbed. In
randomized, controlled trials to date, no side effects have been
identified, but there continues to be concern about the risk of
bronchospasm in patients with asthma. In clinical trials,
zanamivir appears well tolerated in patients with mild to mod-
erate asthma (13). However, one patient with severe chronic
obstructive lung disease who took repeated doses of zana-
mivir noted wheezing after each dose and required hospitali-
zation for respiratory distress on the third day of therapy (41).
The United States Food and Drug Administration has reported
that other patients with asthma or underlying chronic ob-
structive lung disease have also experienced deterioration af-
ter zanamivir inhalation.

Oseltamivir is supplied as a 75 mg capsule, with the adult
treatment dose being 75 mg bid and the prophylatic dose be-
ing 75 mg daily. A suspension form of this medication is ex-
pected to become available within the next two years. Oselta-
mivir is excreted renally. It is recommended that the treatment
dose be halved in persons with creatinine clearances less than
30 mL/min; no adjustment is required for the prophylactic
dose for those with a lesser degree of renal dysfunction. No in-
teractions between oseltamivir and other drugs have been
identified. The most common side effects are nausea and vom-
iting (13,37,38). They are reported to occur most prominently
after the first dose, and can be reduced by taking the first dose
with food. These symptoms are also more common in females
and younger adults (excess rate over placebo 5% to 9%) than in
nursing home residents (excess rate over placebo 2.5%).

Antiviral resistance can be induced in the laboratory to
both neuraminidase inhibitors; however, this resistance is
much more difficult to induce than resistance to amantadine
(13). In addition, the resistant viruses identified to date have
been less infectious than their susceptible counterparts. Re-
sistance to zanamivir has been identified in only one clinical
isolate and to oseltamivir in fewer than 10 clinical isolates
(13). Because of their activity against influenza A and B, their
improved side effect profile, the reduced risk of medication er-
rors when a single dose is used, and the reduced selection of
resistance, it seems likely that neuraminidase inhibitors will
become the drugs of choice for mass antiviral prophylaxis in
long term care facilities. However, more data are required to
establish their efficacy, and, at the moment, they are consid-
erably more expensive than amantadine. Institutions, as well
as those responsible for the payment of antiviral prophylaxis
in nursing home outbreaks, need to look carefully at the over-
all costs of amantadine (including the cost of annual resident
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assessment and individualized dose calculations), and the po-
tential risks and benefits of each drug before deciding which
should be recommended and reimbursed in future seasons.
Similarly, facilities and public health departments that are
considering offering or requiring staff prophylaxis should take
into account not only the drug cost but also the rate of per-
ceived and actual side effects, and its impact on staffing dur-
ing an outbreak.

There are, however, several situations for which neur-
aminidase inhibitors are already indicated (Table 3). In the
setting of clinical amantadine failures during influenza A out-
breaks, continuing influenza A causes serious disease (18-21)
and neuraminidase inhibitors are effective in its prevention
(21,38-40,42,43). Influenza B outbreaks are associated with
substantial morbidity and mortality in long term care facilities
(2), and prophylaxis will benefit residents in at least some out-
breaks. Data on the impact of prevention of influenza B out-
breaks in long term care facilities will be difficult to obtain but
are urgently needed.

Amantadine has been associated with an increased risk of
seizures in those with seizure disorders (31) and with poten-
tiation of anticholinergic side effects in patients on anticho-
linergic medications. In such patients, it is difficult to justify
the risks of amantadine side effects when other, equally effec-
tive medications are available, and the cost of using neu-
raminidase inhibitors may be offset by the reduced need for
added care and investigation when adverse events occur. This
is particularly true in settings where a majority of residents
have contraindications or relative contraindications. In such
settings, using amantadine for some residents and neuramini-
dase inhibitors for others significantly complicates manage-
ment in a setting of great stress, and using a neuraminidase
inhibitor for all residents may be the preferred strategy.

Finally, the value of amantadine prophylaxis in outbreaks
may be compromised by emerging resistance if amantadine is
used concomitantly to treat residents with influenza (3). Both
amantadine and neuraminidase inhibitors have been shown
to reduce the duration and severity of illness in acutely ill
adults if treatment can be started within 48 h of the onset of
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