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INTRODUCTION 
During more than two decades of amantadine and rimanta- 
dine use, naturally occumng strains of influenza A viruses 
have remained sensitive to the antiviral action of these 
drugs.',' However, drug-resistant variants can be readily 
selected by growing virus in the presence of either drug in 
cell culture or in animals?+ Drug-resistance is also trans- 
ferable by genetic reassortment where RNA segment 7 
coding (M gene) for the MI  (membrane) and M2 matrix 
proteins is transferred from resistant to sensitive influenza 
viruses during dual infections.@ Amantadine-resistant 
strains are cross-resistant to rima~~tadine,',',~ an observation 
consistent with their shared mechanism of anti-influenza 
action (see reviews'&"'). These findings are explained by the 
central role of the M2 protein in mediating susceptibility of 
human influenza A viruses to these drugs. RNA sequencing 
of many resistant influenza A viruses has identified the 
genetic basis of resistance as single nucleotide changes 
leading to single amino acid substitutions in the membrane- 
spanning portion of M2 (see  review^'^'^). 

Not unexpectedly, isolations of drug-resistant virus have 
been recently documented in certain clinical situations 
involving the use of rimantadine or amantadine. However, 
the development of drug-resistant virus presents a medical 
problem, only when it interferes with the clinical usefulness 
of the drugs or is associated with greater transmissibility or 
severity of infection. This paper will expand on earlier 
 review^'"'^ of published information regarding the charac- 
teristics of drug-resistant influenza viruses and comment on 
the potential clinical and epidemiological importance of 
resistant variants, on possible strategies to limit their 
impact, and on areas for future investigation. 

EXPERIMENTAL AVIAN INFLUENZA 
Considerable work relating to drug-resistance has been 
performed with experimental avian influenza induced by 
infection with one of the avian influenza viruses. The 
model described by Webster and co-~orkers '~- '~  utilised 
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intranasal inoculation of a virulent influenza A/chicken/ 
Penn/83(H5N2) virus that caused lethal infection in most 
untreated birds. Infections with this virus differ in patho- 
genesis and severity from human influenza infections, in 
that the virulent avian strains replicate to high titres in the 
gastrointestinal tract of infected birds and spread to mul- 
tiple internal organs. The conditions of the experiments, 
analogous to those of flocks with numerous birds housed in 
close contact, were optimal for the efficient transmission of 
virus among birds. Importantly, the mechanism of drug 
resistance that developed in avian strains appeared to be 
similar to that found in human isolates; resistance was con- 
ferred by amino acid substitutions at critical positions of 
the M2 protein." 

Prophylaxis 
Initial studies showed that prophylactic administration of 
high doses of amantadine or rimantadine in drinking water 
prevented infection and illness in birds challenged with 
virus.15 Because such birds did not develop protective 
immune responses, they remained susceptible to later infec- 
tion by the same strain. The extent of protection from the 
drug was related to both the virus inoculum and the drug 
dose, in that a lo-fold higher inoculum resulted in infection 
and death and a 5-fold lower drug dose usually resulted in a 
nonlethal illness. Whether sublethally infected birds shed 
resistant virus was not assessed in these studies. However, 
in one experiment where drug treatment was started at the 
time of virus challenge, early onset illness was prevented, 
but mortality occurred during the second and third weeks 
after infection in nearly 40% of birds given amantadine.I7 
Drug-resistant virus was recovered from one bird, so it is 
possible that this occurrence represented both acquisition 
of resistant virus and failure of host immune responses in 
the aHected birds." 

Therapy 
Therapeutic administration of amantadine up to 3 days 
after viral inoculation resulted in reduced mortality com- 
pared with no treatment.l5-I7 However, treated birds 
shed high titres of virus in their faeces for up to 10 days. 
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Drug-resistant variants were detectable in tracheal samples 
as early as the second day of treatment and were consis- 
tently present in the faeces by the third day of treatment.16 
Although resistant virus continued to be shed throughout 
the duration of therapy, the treated birds recovered from 
their illnesses, contrasting with the high mortality 
observed in untreated birds. Thus, the drug remained ther- 
apeutically effective in birds despite the emergence of 
drug-resistant virus during therapy, perhaps because the 
treatment delayed progression of the infections and per- 
mitted host immune responses to develop and control the 
extent of infection. In contrast, both murine5 and a ~ i a n ' ~ " ~  
model studies have found that amantadine administration 
is ineffective in modifying disease in animals infected 
initially with drug-resistant virus. 

Transmission 
Under conditions simulating natural transmission in flocks, 
healthy birds receiving amantadine prophylaxis and remain- 
ing in close contact with amantadine-treated, infected birds 
developed infections due to drug-resistant virus. These 
infections caused severe illness and mortality, although at 
lower rates than the 100% mortality rate in untreated con- 
tacts of untreated birds infected with the parental ~ i r u s . ' ~  
Similar results were reported with rimar~tadine.'~ In later 
studies with amantadine, drug-resistant virus was recovered 
from all contact birds receiving prophylaxis." 

To determine the ability of resistant variants to compete 
with the drug-sensitive parental strain, drug administration 
was stopped after 4 days and the birds shedding resistant 
virus were mixed with birds shedding wild-type virus and 
with uninfected contact birds.16 The contact birds were 
removed after 4 days and exposed to another group of 
uninfected contacts. After this process was repeated for 
a total of four passages, resistant virus could still be re- 
covered from some or all of the previously uninfected 
contacts in the absence of selective drug pressure in the 
majority of experiments. Thus, resistant avian influenza 
virus showed no reversion to wild-type after multiple 
passages extending over 20 days. 

Pathogenicity 
The virulence of resistant influenza viruses was assessed by 
direct inoculation of passaged sensitive or resistant strains 
into untreated birds. All passages of resistant or sensitive 
strains caused illness in infected birds. Mortality rates were 
variable (17-83%) for both passaged resistant and sensitive 
strains compared with the parental virus, but some resistant 
strains were fully virulent.I6 In addition, resistant strains 
caused similar mortality rates in infected birds whether 
given amantadine prophylaxis or no treatment. 

Implications 
In summary, amantadine and rimantadine were effective 
for prophylaxis and treatment in this model of lethal 
influenza A/H5N2 infection, but drug-resistant strains 
emerged rapidly during treatment, were transmissible to 
contacts, were genetically stable and capable of competing 
with wild-type virus for transmission in the absence of 
selective drug pressure, and remained virulent.16 

Beard ef all7 have suggested that a possible strategy for 
using these drugs in valuable flocks would be prophylactic 
administration for the duration of an outbreak without 
treatment of infected flocks. However, the results to date 
and the knowledge that avian influenza viruses rarely may 
be the source of new genes for human strains and that their 
gene segments codin for the internal proteins will permit 
growth in humans' a would argue against extensive 
veterinary use of amantadine or rimantadine in attempts to 
control outbreaks of avian influenza. Similarly, although no 
direct data exist in regard to swine influenza strains, the 
occasional transmissions of H l N l  subtype viruses from 
swine to humans would caution against use of these drugs 
for outbreak control in swine. 

9 

HUMAN INFLUENZA 

Susceptibility testing of pandemic strains and multiple epi- 
demic isolates has not found evidence of drug resistance in 
viruses recovered from untreated patients.',' Although the 
degree of in uitro sensitivity varies with the assay method 
and the virus strain, the reported resistance of several 
incompletely characterised  isolate^^^^'^ has not been 
substantiated by RNA sequencing. In an extensive study of 
isolates recovered during one decade of community sur- 
veillance, Belshe et al? found that 100% of 65 H l N l  sub- 
type and 97% of 181 H3N2 subtype influenza A viruses 
were drug-sensitive. The five resistant isolates were 
recovered from three members of one family treated with 
rimantadine during a clinical trial to be described below. 

The failure to document naturally occurring drug- 
resistant strains has led to the speculation that resistant 
viruses may be at some biological disadvantage in the 
absence of selective drug pressure.9*" However, no dis- 
advantage has thus far been identified. The exact functions 
of the M2 protein and the mechanisms of action of these 
drugs are not fully defined (see and the effect 
of the single amino acid changes found in the M2 protein of 
resistant viruses on properties of the virus are not clear. 

Prophylaxis 
Seasonal prophylaxis with either amantadine or rimanta- 
dine is highly efficacious in reducing the risk of influenza A 

). However, some virus-related illness (see reviews 
recipients develop illness, while more experience subclini- 
cal infections during prophylaxis. It is currently unknown 
whether some of these persons develop infections due to 
drug-resistant virus. Resistant virus has been recovered 
during amantadine prophylaxis following experimental 
challenge with a high titred viral inoculum of influenza 
A/H3N2.'3 In this trial six of 19 (32%) tested subjects had 
resistant virus recovered following challenge (F. Hayden 
and G. Schiff, unpublished observations). However, virus 
isolates from relatively small numbers of long-term failures 
of prophylaxis in a previously described outpatient study 
in Vermontz4 and in elderly residents of nursing homes in 
Rochester, New York2' have been drug sensitive (R. Dolin 
and R. Betts, unpublished observations). I t  is unclear 
whether the failures of prophylaxis in the presence of 
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sensitive viruses could have related to poor compliance 
or inadequate drug levels. Because of concerns regarding 
drug side effects, clinical trials have been conducted to 
establish the rophylactic efficacy of lower doses of 
amantadineZ3*” and rimantadineZ6 (100 mg per day). 
Whether such reduced doses will influence the likelihood of 
resistant virus emerging in populations during prophylaxis 
is unclear. 

Therapy 
Drug-resistant viruses can emerge during treatment with 
rimantadine in both children and ad~l ts .~*’~-~’  In two 
paediatric studies comparing 5 days of rimantadine to 
acetaminophen (paracetamol) therapy, significant reduc- 
tions in the fraction of children shedding virus occurred 
early but not later during rimantadine therapy.’7,28 One 
study of children infected with the H3N2 subtype found 
that approximately one-half of rimantadine recipients 
remained positive for virus following cessation of therapy 
and that the duration of shedding averaged one day longer 
in the rimantadine In this study resistant virus was 
recovered from 27% of all rimantadine recipients, generally 
beginning on days 4-6  after starting treatment, and from 
46% of those shedding virus late in therapy. A family- 
based study found that drug-resistant A/H3N2 virus could 
be recovered during therapy from approximately 30% of 
rimantadine-treated children or adultsz9 Of ten rimanta- 
dine recipients who shed virus on the fifth treatment day, 
80% yielded drug-resistant virus. A recent study of young 
adults with uncomplicated influenza A/H3N2 illness found 
that resistant virus was recovered from three of six riman- 
tadine recipients by the third day of therapy?’ Finally, in a 
study of elderly nursing home residents treated with 
rimantadine, resistant virus was recovered from 11% of 26 
overall and from 27% of those who shed virus for 4 days or 
longer (R. Betts, unpublished observations). 

The studies cited have generally found that once 
shedding of resistant virus develops, subsequent isolates 
are also resistant. The limited data available suggest that 
the duration of shedding resistant virus extends for as long 
as 7 days, but usually less than 10 days, from the initiation 
of treatment.27d’ 

The possible clinical significance of shedding drug- 
resistant virus during treatment is not fully resolved. In the 
paediatric study by Hall et aLZ7 the rimantadine group 
experienced significantly greater reductions in fever and 
severity of illness during the first 3 days of treatment com- 
pared with acetaminophen. The illness severity scores 
later in therapy tended to be higher in rimantadine-treated 
children who shed resistant virus compared with those who 
did not, but the differences were felt to be too small to be 
clinically dete~table.’~ A family-based study found that the 
rimantadine-treated patients, the majority of whom were 
children or teenagers, also had significant reductions in 
duration of fever and illness compared with those receiving 
pla~ebo.~~However,  the subgroup of rimantadine recipients 
shedding resistant virus appeared to have somewhat slower 
resolution of illness than rimantadine recipients who did not 
shed resistant virus. No worsening of illness was observed 
in association with recovery of resistant virus, and the 

overall duration of illness and fever tended to be approxi- 
mately one day less in the resistant subgroup compared 
with placebo. Importantly, no differences in illness severity 
or demographic characteristics were evident at the time of 
initiating treatment, so that it was not possible to predict 
which rimantadine-treated patients would shed resistant 
virus. In elderly subjects treated with rimantadine for acute 
influenza, no differences in the clinical course were appar- 
ent between those shedding resistant virus and those who 
did not (R. Betts, unpublished observations). Based on an 
open-label family study, Kubar et aL3* also concluded that 
the resolution of illness was independent of whether sensi- 
tive or resistant virus was recovered from ill index cases 
during rimantadine treatment. Whether treated immuno- 
compromised patients develop progressive disease due to 
emergence of drug-resistant virus is currently unknown. 

Thus, it is unclear whether a causal relationship exists 
between recovery of resistant virus and prolongation of 
illness. Recovery of resistant virus could be more likely in 
patients who experience more prolonged or quantitatively 
greater viral replication for reasons other than the develop- 
ment of resistance. Unfortunately, no demographic charac- 
teristics have been identified that would allow clinicians to 
determine who is at increased likelihood of shedding resist- 
ant virus during the rap^.^' Also, none of the available 
evidence suggests that illness related to drug-resistant virus 
is more severe than that due to drug-sensitive virus, and 
several studies have found that rimantadine retains a net 
therapeutic benefit compared with placebo despite recovery 
of resistant virus from a portion of treated  patient^.'^.^' This 
conclusion is also supported by the observations described 
earlier for experimental avian influenza. 

Transmission 
Several family-based studies have assessed whether 
amantadine or rimantadine given as post-exposure pro- 
phylaxis for 10 days would prevent development of 
influenza A infection and illness in household contacts 
exposed to ill family  member^.^^,^'-^^ In a multi-centre trial 
in the United States during an influenza A/H3N2 epidemic 
in 1987-8, all the eligible members in a family, including 
the ill index cases and healthy contacts, were assigned as a 
block to receive either rimantadine or placebo.29 This study 
found similar rates of secondary illnesses and infections 
in the contacts receiving rimantadine or placebo, and the 
calculated efficacy of post-exposure prophylaxis was only 
3% for proven influenza A illness. Secondary illnesses 
apparently due to transmission of drug-resistant virus were 
found in five of 27 rimantadine-treated families with an 
influenza A virus introduction, and in four of these five 
households the implicated index case was a young child 
below the age of 6 years. 

Incontrast, a study inFranceduringaninfluenzaA/HlNl 
epidemic in 1988-9 found 69% protective efficacy against 
clinical influenza in household contacts receiving rimanta- 
dine, when the index cases were not given concurrent 
therapy?’ An earlier study during an influenza A/H2N2 
epidemic in 1967-8, in which index cases were not treated, 
found that amantadine was also effective for post-exposure 
prophylaxis of documented influenza A illness with an 



92 F. G. HAYDEN AND R. B. COUCH 

efficacy of loo%.’’ In contrast, another by the 
same investigators during the following year‘s influenza 
A/Hong Kong/H3N2 pandemic, in which the index cases 
were treated, found that amantadine prophylaxis did not 
significantly reduce the risk of influenza A illness in the 
household contacts (23% efficacy). Although viral isolates 
were not available for susceptibility testing from the later 
three studies, the differing results may relate to the possi- 
bility that the treated index cases could have transmitted 
resistant virus in the unsuccessful trials. However, the 
effect of treatment of index cases on post-exposure prophy- 
lactic efficacy has not been directly assessed in trials involv- 
ing random assignment of index cases and separate random 
assignment of contacts to receive drug or placebo. 

Transmission of resistant influenza viruses has also been 
implicated by the recovery of resistant virus from prophy- 
laxis failures in nursing home outbreaks in which amanta- 
dine was used for both prophylaxis and treatment.35*36036a 
In one outbreak, Mast ef ~71.’~ documented the development 
of influenza over a 5 day period in three patients receiving 
prophylaxis who were residing in contiguous rooms; each 
of the three prophylaxis failures had an infection with a 
resistant virus having a relatively uncommon amino acid 
substitution at position 27 (see Breakthrough 
illness associated with recovery of resistant virus has been 
documented as late as the second week after initiating 
prophylaxis. In another recent nursing home ~utbreak,’~” 
amantadine treatment without case isolation was associated 
with three late prophylaxis failures, including one death, due 
to resistant virus. Thus, selection and transmission of drug- 
resistant influenza virus appears to occur in certain epidemio- 
logical situations, in which close contact occurs between 
treated ill persons and those receiving prophylaxis. 

Pathogenicity 
Patients who have developed influenza associated with the 
recovery of resistant virus despite receiving drug prophy- 
laxis have generally had typical influenza1 illness, including 
fever and functional irnpaim~ent.’,’~ Such prophylaxis fail- 
ures have been recognised with viral isolates containing five 
different M2 protein substitutions (see reviewI3), although 
the limited data available do not allow for determination 
of whether a particular M2 mutation is associated with 
lower virulence or transmissibility. No direct inoculation 
studies have been done in humans with resistant isolates. 
However, when human influenza A/H3N2 viruses with 
one of three different M2 changes were inoculated intra- 
nasally into ferrets, the resistant variants replicated and 
induced febrile and nasal inflammatory responses similar to 
the corresponding drug-sensitive, parental isolates.” 

EPIDEMIOLOGICAL AND CLINICAL 
IMPLICATIONS OF DRUG RESISTANCE 
The findings of recent clinical trials indicate that drug- 
resistant strains of influenza A virus can develop in persons 
treated with rimantadine or amantadine and that these 
strains are transmissible and capable of causing disease in 
contacts receiving the drug. No obvious difference in viral 
pathogenicity has been found for drug-resistant human or 

avian influenza viruses to date; moreover, no other biologi- 
cal differences between sensitive and resistant viruses have 
been recognised. These viruses appear to possess the bio- 
logical properties that are associated with clinically 
important influenza viruses (see Table I). 

Epidemiological significance 
The impact of drug-resistant influenza viruses is likely to 
depend on a number of factors including the specific epi- 
demiological situation, the nature of the epidemic strain, 
the extent of selective drug pressure, and the transmissi- 
bility of resistant variants relative to wild-type strains. For 
example, most of the clinical observations regarding drug 
resistance have come from studies of H3N2 subtype infec- 
tions. Perhaps, the higher levels of replication observed 
durin infection with such subtypes relative to H l N l  sub- 
type$ may increase the likelihood of selecting resistant 
variants. 

Others have pointed out that the epidemiology of 
influenza infections, which includes immune selection of 
antigenic variants and disappearance of previously circu- 
lating strains, will reduce the likelihood of resistant epi- 
demic strains emerging.“’ The influenza A viruses cause 
global epidemics (pandemics) when viruses with new anti- 
genically distinct haemaglutinin (H) and neuraminidase (N) 
surface proteins arise?’ The pandemic of ’swine’ influenza 
in 1918, Asian influenza in 1957, and Hong Kong influenza 
in 1968 are recent instances of this occurrence. Currently 
available evidence indicates that these new viruses arise 
from a reassortment of gene segments between a human 
and an animal strain whereby the distinctive animal H and 
N gene segments are incorporated into viruses containing 
gene segments coding for internal proteins facilitating 
infection in humans?’ An analysis of the RNA segment 
7 coding for the M1 and M2 proteins indicated that the 
’human’ segment was retained over a period of 43 years.39 
Viruses containing gene segments coding for internal 
‘avian’ proteins can infect man although attenuation is 
likely.40 Acquisition of a ’resistant’ M gene from avians is 
an extremely remote possibility (see earlier), since the 
resistant gene would have to be predominant among the 
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avians when reassortment with other internal genes from 
human strains occurred and the resulting virus would have 
to be a human-like virus with regard to pathogenicity and 
transmissibility. Similarly, the acquisition of new H and N 
genes from an animal virus by a resistant human virus is 
highly unlikely. Since previous recombination events lead- 
ing to pandemic strains are thought to have occurred in 
China, the resistant gene would also have to be dominant 
in this part of the world to ensure transfer to the new 
subtype virus. 

The influenza A viruses also cause epidemics yearly 
among the various populations throughout the world. 
These epidemics are primarily attributable to the minor 
antigenic changes in the H and N surface antigens that 
result from point mutations in the genes coding for the H 
and N proteins.38 These changes occur frequently and lead 
to renewed susceptibility among human populations. 
These new viruses may arise anywhere, but a single strain 
(new variant) becomes dominant and spreads around the 
world as a new virus. Since these viruses apparently arise at 
a single location, a new variant that carries drug resistance 
would have to arise from mutations in the H gene of a virus 
containing a resistant M gene. For this to be likely, amanta- 
dine or rimantadine would have to have had extensive use 
in that part of the world, so that most circulating viruses 
were resistant. The likelihood that a new subtype or a new 
variant of type A influenza viruses that contains the resist- 
ant M2 protein would emerge and produce epidemic 
influenza is extremely unlikely considering the present 
circumstances of use of amantadine and rimantadine. 

Moreover, it is unknown whether resistant human 
influenza viruses would be biologically stable and able 
to compete with wild-type virus for transmission in the 
absence of selective drug pressure, although this feature 
has been documented in short-term experiments in the 
avian influenza model. It is also unknown what degree of 
selective drug pressure during an epidemic would be 
necessary to cause substantial transmission of resistant 
viruses at the community level. Nevertheless, the emerg- 
ence of drug-resistant influenza viruses within an epidemic 
could pose clinical problems under circumstances when 
drug resistant virus could transmit to persons at increased 
risk of complications. 

Restrictions on drug use 
Some experts have suggested that the use of amantadine 
and rimantadine be sharply curtailed to reduce the chance 
of emergence of a resistant epidemic strain. The proposal 
would be that the drugs be reserved for use during a 
pandemic or major epidemic for which vaccines were not 
available in a timely fashion. Other restrictions on drug use, 
such as limitation to prophylactic use or to use in high-risk 
individuals only, have also been proposed. Such marked 
restrictions would obviate the well-established prophy- 
lactic and therapeutic value of these drugszez2, and 
would not guarantee that resistant viruses would not 
emerge. Moreover, as discussed above, the appearance of a 
resistant epidemic strain is highly improbable. Since the 
current data do not allow for clear conclusions about the 
clinical importance of drug-resistance in influenza viruses, 

broad guidelines for a general restriction of drug use are 
not appropriate at this time. Restrictions would be appro- 
priate only in circumstances in which drug treatment may 
be clearly associated with potential harm. 

The available data allow for consideration of alternative 
strategies for drug use in certain settings. In families the 
maximal risk of infection relates to exposure to infected 
children. This conclusion is supported directly by the find- 
ing that prevention of influenza A infection in children by 
seasonal prophylaxis with rimantadine is associated with a 
significant reduction in the risk of infection (73% efficacy 
compared to placebo) in fa mi lie^.^' Recovery of resistant 
virus from some patients treated with rimantadine 
suggests that avoiding treatment of ill index cases, in par- 
ticular young children, would markedly reduce the risk of 
transmission of resistant virus to  contact^.'^ Although no 
higher risk of illness is present in households where the 
drugs are used for both prophylaxis and therapy, the appar- 
ent limited effectiveness of post-exposure prophylaxis in 
this setting, when considered in the context of possible 
drug side effects and costs, argues against the routine use of 
concurrent treatment of young children and prophylaxis of 
contacts in families. 

Rimantadine3’ and a m a n t a d i ~ ~ e ~ ~  appear to be effective 
for post-exposure prophylaxis in families when index cases 
are not treated. To avoid the possibility of illness due to 
resistant virus in high-risk susceptible household contacts, 
it would be prudent to give them prophylaxis and not 
give concurrent therapy to ill family members who were 
previously healthy. 

An alternative approach is to treat the ill index case 
without providing prophylaxis to the contacts. This is 
based on several considerations, including the therapeutic 
benefits provided to the treated individual, the relatively 
low risk of secondary transmission events (approximately 
20-30% in the case of H3N2 subtype viruses), avoidance of 
drug side effects in contacts, and a possible reduction in 
transmission due to the antiviral effects of the drugs. Couch 
et alU4’ have studied the effect of treating index cases with- 
out prophylaxis of contacts over a series of influenza out- 
breaks in Houston. Although different epidemic strains and 
treatment regimens made the outcomes not strictly com- 
parable, the overall frequency of laboratory proven infec- 
tions was 32% among 142 household contacts receiving 
amantadine or rimantadine compared to 47% among 146 
placebo recipients (32% efficacy). Whether some of the 
contact illnesses were due to resistant virus was not deter- 
mined. Because this strategy could be associated with the 
development of infections due to resistant virus, illnesses in 
some contacts might not be amenable to therapy with 
these drugs. 

The effects of treatment on virus shedding appear to be 
age-related and may account in part for the higher risk of 
transmission from treated children. The reasons for the 
apparent prolongation of shedding in young children 
treated with rimantadine is uncertain but may relate to 
initial antiviral effects and subsequent delay in specific 
immune responses. In experimental murine influenza, early 
treatment is associated with reductions in specific cyto- 
toxic T-cell and antibody  response^.^' In experimentally 
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induced influenza, amantadine prophylaxis has been associ- 
ated with reduced virus titres and lower serum and nasal 
antibody titres compared with placebo.44 Likewise, dimin- 
ished influenza-specific IgA and IgG responses in nasal 
secretions have been found in rimantadine-treated individ- 
uals with natural influenza.45 Whether such alterations in 
local immune responses contribute to the selection of 
resistant variants is unknown, but the failure of current 
treatment regimens to curtail viral shedding in young 
children is an additional reason to consider other 
approaches. 

The possible transmission of drug-resistant virus is also 
a concern in the conditions of close contact found on many 
hospital wards and chronic care facilities. Nosocomial 
transmission of resistant virus might occur to susceptible 
high-risk contacts of drug-treated patients, if isolation pro- 
cedures were not effective. Similarly, if an ongoing 
influenza outbreak were managed by both mass chemo- 
prophylaxis and treatment of ill patients and staf l ,  trans- 
mission of drug-resistant virus could result in failure of 

This potential problem underlines prophylaxis. 
the need for appropriate isolation of influenza patients, 
whether treated or not, and the restriction of ill health care 
workers from direct patient contact. If possible, persons 
with influenza who are receiving drug treatment should be 
separated from those receiving drug prophylaxis in such 
closed  population^.^^ Although restriction of drug use to 
prophylaxis only might theoretically reduce the magnitude 
of the problem, this is impractical to implement and does 
not address the circumstance of incubating infection. 
Furthermore, treatment attenuates the seventy of acute 
illness in the affected patient,2~22~22a*47*48 although the 
magnitude of the therapeutic effect has been debated, in 
part because past studies have not determined whether 
therapy will prevent complications in high-risk patients. 

35.36.36a.46 

Surveillance 
One clear implication of the findings to date is that con- 
tinued surveillance of the drug susceptibility of isolates 
needs to be maintained on a sustained basis. Enzyme-linked 
immunoassays which measure expression of viral haemag- 
glutinin or type-specific antigens after infection of suscept- 
ible cells provide sensitive bioassays for resistance that have 
been correlated with the presence of M2  substitution^."^^ 
Such assays can be adapted for rapid screening of isolates 
in reference laboratories. The manufacturers of these drugs 
have an obligation to provide for monitoring of viral 
susceptibility. 

DIRECTIONS FOR FUTURE 
INVESTIGATION 

Prevention of development of resistance 
Several different approaches aimed at reducing selection of 
resistant virus have been proposed. Drug-resistant viruses 
show cross-resistance to amantadine and rimantadine,’*2,9 
cy~looctylamine,~ ICI 130,685 (F. Hayden, unpublished 
observations), and related compounds with a similar anti- 
viral mechanism of action. No published data are available 

to determine whether a particular compound within this 
group is less likely to be associated with the selection of 
drug resistant viruses. For example, if amantadine were to 
allow more viral replication than rimantadine in humans, as 
suggested by its less potent antiviral effects in vitro’but not 
in clinical  trial^,^^,^^ resistance might occur more readily 
with amantadine treatment. This theoretical possibility has 
not been studied directly in human trials. Higher doses of 
single drugs are not well tolerated in humans and, because 
of their incomplete inhibitory effects, could serve to pro- 
vide greater selective pressure for development of resist- 
ance, as suggested by the results of one murine model 
s t ~ d y . ~  

Because the clinical and virologic effects of rimantadine 
are most pronounced during the first two days of treatment 
in children27*28~30 and adults,48 the possibility that an 
abbreviated course of therapy (e.g. I or 2 days) might 
provide clinical benefit and reduce the likelihood of select- 
ing resistant virus” warrants testing. However, the pro- 
longed plasma elimination half-lives of these compounds” 
suggests that even short-course therapy could provide sus- 
tained drug effects, which might be sufficient to decrease 
virus shedding, blunt host responses, and possibly exert 
selective drug pressure. Because this approach might also 
be associated with an increased risk of rebound in symp- 
toms, it should be studied in the context of controlled trials 
before being embraced as an accepted clinical practice. 

Interventions that could markedly inhibit the replication 
of progeny virus might reduce the likelihood of resistant 
virus emerging. Combined use of agents having different 
mechanisms of action (e.g. rimantadine and ribavirin) pro- 
vides more potent antiviral effects than single agents in cell 
culture and animals (see review”). A possible associated 
reduction in developing resistant virus has not been 
adequately explored. 

Prevention of spread of resistance 
The protective efficacy of antivirals appears to be higher in 
the presence of specific anti-influenza antibody.” In the avian 
model, combined use of drug prophylaxis and immunisation 
with inactivated vaccine at the time of virus exposure pro- 
tects contact birds from lethal infe~tion.’~ This approach 
warrants study in clinical settings and offers the clinical 
advantages of long-term immunity to infection and reduced 
duration of drug administration. In general, the potential 
problem of drug resistance underlines the continuing 
importance of preseason immunisation for prevention of 
influenza. 

SUMMARY 

Drug-resistant H3N2 subtype viruses have emerged 
during rimantadine treatment of uncomplicated influenza 
in children or adults. Illness due to transmission of drug- 
resistant virus has occurred in household contacts receiv- 
ing rimantadine prophylaxis, and amantadine-treated 
patients may serve as a source of resistant viruses in nurs- 
ing home settings. Rimantadine therapy is accompanied by 
clinical benefits, despite the recovery of resistant virus from 
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some treated patients. Further studies are needed to under- 
stand the clinical significance of drug-resistant influenza 
viruses and to develop methods to reduce the likelihood of 
their selection and spread. The available data indicate that 
the risks of emergence of resistant virus do not outweigh 
the documented benefits of drug prophylaxis and therapy 
in most circumstances. 
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