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Background

 

As prophylaxis against influenza in
families, amantadine and rimantadine have had in-
consistent effectiveness, partly because of the trans-
mission of drug-resistant variants from treated index
patients. We performed a double-blind, placebo-con-
trolled study of inhaled zanamivir for the treatment
and prevention of influenza in families.

 

Methods

 

We enrolled families (with two to five
members and at least one child who was five years
of age or older) before the 1998–1999 influenza sea-
son. If an influenza-like illness developed in one mem-
ber, the family was randomly assigned to receive ei-
ther inhaled zanamivir or placebo. The family member
with the index illness was treated with either 10 mg
of inhaled zanamivir (163 subjects) or placebo (158)
twice a day for 5 days, and the other family members
received either 10 mg of zanamivir (414 subjects) or
placebo (423) once a day as prophylaxis for 10 days.
The primary end point was the proportion of families
in which at least one household contact had symp-
tomatic, laboratory-confirmed influenza.

 

Results

 

The proportion of families with at least
one initially healthy household contact in whom in-
fluenza developed was smaller in the zanamivir group
than in the placebo group (4 percent vs. 19 percent,
P<0.001); the difference represented a 79 percent re-
duction in the proportion of families with at least
one affected contact. Zanamivir provided protection
against both influenza A and influenza B. A neuramini-
dase-inhibition assay and sequencing of the neura-
minidase and hemagglutinin genes revealed no za-
namivir-resistant variants. Among the subjects with
index cases of laboratory-confirmed influenza, the
median duration of symptoms was 2.5 days shorter
in the zanamivir group than in the placebo group (5.0
vs. 7.5 days, P=0.01). Zanamivir was well tolerated.

 

Conclusions

 

When combined with the treatment
of index cases, prophylactic treatment of family mem-
bers with once-daily inhaled zanamivir is well toler-
ated and prevents the development of influenza. In
this study there was no evidence of the emergence
of resistant influenza variants. (N Engl J Med 2000;
343:1282-9.)
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NFLUENZAVIRUSES are frequently transmit-
ted within households. In some epidemics, up
to 50 percent of households have one or more
members who become infected. The average

secondary attack rates among family members is 25
percent,

 

1

 

 although family composition, the circulat-
ing viral strain, and the presence or absence of ex-
posure outside the household

 

2

 

 influence the likeli-
hood of secondary cases.

Amantadine and rimantadine selectively inhibit the
ion-channel function of the M2 protein of influenza
A viruses.
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 These drugs have been used for post-
exposure prophylaxis in households, with reductions
in influenza among family members (household con-
tacts) of the index patient ranging from 3 to 100 per-
cent.
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 No significant protection was found in two
studies that involved concurrent treatment of ill house-
hold members who had index cases of influenza,

 

4,6

 

in part because of the rapid emergence of a drug-
resistant strain of virus in the treated index cases and
its apparent spread to household contacts.

 

4

 

Inhaled zanamivir, a potent and selective inhibitor
of influenza A and B virus neuraminidases, is effective
in treating acute influenza in adults and adolescents.
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In addition, seasonal prophylaxis with once-daily za-
namivir is effective in preventing influenza in adults.
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We performed a study to assess the efficacy of post-
exposure prophylaxis with zanamivir in household
contacts and to assess the possible emergence of drug-
resistant variants when the drug was used concur-
rently to treat household members with index cases
of influenza.

I
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METHODS

 

Study Design

 

The study was a randomized, double-blind, placebo-controlled,
parallel-group trial conducted at 15 centers in the United States,
Canada, the United Kingdom, and Finland from October 1998
through April 1999.

 

Families

 

Eligible families (those with two to five members, including at
least one adult and at least one child who was 5 to 17 years old)
were prospectively recruited during the fall of 1998. Family mem-
bers who met any of the following criteria were not assigned to
a study drug: an age of less than five years, hypersensitivity to za-
namivir, an immunocompromised state, use of an anti-influenza
agent, pregnancy, or breast-feeding. Female participants of child-
bearing potential were required to use an acceptable means of con-
traception and to have a negative urine test for pregnancy. All sub-
jects or their legal guardians provided written informed consent.
The consent form was approved by the ethics committee of each
participating center.

 

Administration of the Study Drugs

 

Once laboratory-confirmed influenza activity had been docu-
mented in the community, families in which one member con-
tracted an influenza-like illness (the index case) began to take the
study drug. Influenza-like illness was defined by the presence of
at least two of the following signs or symptoms: fever (tempera-
ture, »37.8°C), feverishness, cough, headache, sore throat, and
myalgia. Families were randomly assigned in a 1:1 ratio to receive
zanamivir or placebo administered through an inhaler (Diskhaler,
Glaxo Wellcome, Ware, United Kingdom). All eligible family mem-
bers who were at least five years old started taking the study drug
within 36 hours after the onset of symptoms in the member with
the index illness. The intervention phase of the study lasted from
December 1998 through April 1999. During this period, both
influenza A virus, predominantly A/Sydney/5/97(H3N2), and
influenza B virus circulated.

The family members with index cases of influenza received in-
haled zanamivir (10 mg) or placebo twice a day for five days. The
other, healthy family members received the same study drug as
the ill member in their household, either zanamivir (10 mg) or
placebo once daily for 10 days. Study participants who did not take
at least 8 of the 10 doses of the study drug were considered not
to have complied with the treatment regimen. Compliance was
determined primarily from the diary records of the number of dos-
es taken. Medications for the relief of symptoms (acetaminophen
and dextromethorphan or pholcodine) were provided, but partic-
ipants were asked to use them only if symptoms were disabling.

 

Clinical Monitoring

 

The study participants recorded the absence or presence of sev-
en symptoms of influenza (headache, sore throat, feverishness, my-
algia, nasal symptoms, weakness, and loss of appetite) and the se-
verity of cough and overall symptoms on diary cards twice daily for
14 days. The severity of the illness and of specific symptoms was
graded on a scale from 0 (absent) to 3 (severe), with higher scores
indicating greater severity. Temperature was also recorded twice
daily, with the use of a tympanic thermometer. Patients with index
cases of influenza were assessed in the home or during a clinic visit
on days 1 and 5 and, if symptoms continued, on day 14. Household
contacts were screened by telephone on days 5 and 14 and in person
on days 11 and 28. Adverse events and concurrent use of other
medications were documented, and diary cards were inspected to
ensure appropriate use of medication and to monitor for illness.

 

Virologic Monitoring

 

Respiratory secretions (from nasopharyngeal or throat swabs or
both, nasal washings, or nasal aspirates) were collected from the sub-

jects with the index cases on days 1 and 5 and from the household
contacts within two to three days after the onset of their illness. The
most common samples collected were throat swabs (58 percent
of all samples), followed by combined throat and nasopharyngeal
swabs (15 percent), and nasopharyngeal swabs (13 percent).

Influenza infection was identified by viral isolation (performed
by Covance Central Laboratory Services, Indianapolis, for the North
American centers and by local laboratories for the European cen-
ters), reverse-transcriptase polymerase chain reaction (RT-PCR)
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(performed by the Public Health Laboratory Service, London),
and seroconversion studies. Serum was collected from all house-
hold members at the same time that the member with the index
case started to take the study drug. Serum samples obtained during
the acute phase of the illness (on day 1) and during the convales-
cent phase (on day 28) were analyzed for the presence of hemag-
glutination-inhibition antibodies to B/Harbin/7/94, A/Sydney/
5/97(H3N2), and A/Beijing/262/95(H1N1) antigens
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 at the
National Institute for Biological Standards and Control (Hertford-
shire, United Kingdom). Seroconversion was defined as a serum
antibody titer on day 28 that was at least four times as high as the
titer on day 1. Viral isolates were tested for susceptibility to zana-
mivir at the University of Virginia by sequence analysis of the neura-
minidase and hemagglutinin genes
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 and by a neuraminidase-inhi-
bition assay.

 

Neuraminidase-Inhibition Assay

 

The neuraminidase-inhibition assay was performed according to
the method of Potier et al.,
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 with modifications. A/turkey/Min-
nesota/833/80 (H4N2) and its zanamivir-resistant mutant with an
R292K substitution in the neuraminidase were used as susceptible
and resistant controls, respectively.
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 The mean value for the concen-
tration of zanamivir that inhibited neuraminidase activity by 50 per-
cent (the IC

 

50

 

 value) was 40 nM for the zanamivir-resistant mutant.

 

Sequence Analysis of the Hemagglutinin 
and Neuraminidase Genes

 

Viral RNA was extracted from cell-culture supernatants with a
kit (RNeasy, Qiagen, Santa Clarita, Calif.). Amplification of the viral
RNA was performed by RT-PCR assay as previously described,
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 and
the PCR products were sequenced. (The sequences have been de-
posited in the GenBank data base under accession nos. AF297094,
AF297095, AF297096, and AF297097.) Sequence analysis of the
hemagglutinin gene (the region encoding the HA1 subunit) and the
neuraminidase gene was performed to detect nucleotide and ami-
no acid substitutions in viruses isolated sequentially from one sub-
ject and those isolated from members of the same family. The se-
quences were compared with those of other viral isolates obtained
in the present study and with the sequences of recent strains of in-
fluenzavirus (1995 to 1998, obtained from the GenBank data base).

 

Study End Point

 

The primary efficacy end point was the proportion of families
with at least one initially healthy member in whom symptomatic,
laboratory-confirmed influenza A or B developed. Symptomatic
influenza was defined by the presence of at least three consecutive
diary-card entries listing at least two of the following signs or symp-
toms: fever (temperature, »37.8°C), feverishness, cough, headache,
sore throat, and myalgia.

 

Statistical Analysis

 

Between-group comparisons were performed with an exact
test

 

18,19

 

 for stratified two-by-two tables, with the analysis stratified
according to the center. Two-sided statistical tests were performed
at the 5 percent level of significance, and corresponding estimates
of odds ratios and 95 percent confidence intervals were calculat-
ed. The relative risks and 95 percent confidence intervals were es-
timated on the basis of Mantel–Haenszel stratified analyses, and
values for protective efficacy were expressed as 1 minus the rela-
tive risk. The primary analysis was performed according to the in-
tention-to-treat principle.
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Wilcoxon’s rank-sum test, stratified according to the center, was
used to compare the median time to the alleviation of clinically
significant symptoms of influenza, with no use of relief medica-
tion, in the zanamivir and placebo groups. The comparison was
performed separately for the subjects with index cases of influen-
za and the household contacts in whom influenza developed.
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The alleviation of symptoms was defined as the absence of fever
(temperature, <37.8°C), with feverishness, cough, headache, my-
algia, and sore throat recorded as absent or minimal, for at least
24 hours.

Assuming that prophylactic administration of zanamivir would
have at least a 70 percent rate of efficacy, we calculated that a sample
comprising 35 families with at least one household contact in
whom influenza developed would give the study 90 percent pow-
er to detect a difference in efficacy between the study groups that
was significant at the 5 percent level.
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 Assuming that 20 percent
of the families in the placebo group would have at least one house-
hold contact with influenza, the required overall sample size was at
least 270 families (135 per group).

All analyses were prespecified in a plan that was written before
the treatment assignments were revealed.

 

RESULTS

 

Families

 

A total of 799 families underwent prospective sur-
veillance for influenza. The characteristics of the 337
families randomly assigned to receive either placebo
or zanamivir were similar at base line (Table 1). A to-
tal of 18 participants (2 percent) (8 in the placebo
group and 10 in the zanamivir group) discontinued
the study medication early, and 11 (7 in the placebo

group and 4 in the zanamivir group) withdrew from
the study prematurely (Fig. 1). The numbers of fam-
ilies in which the index case of influenza developed
in a child younger than five years, who did not re-
ceive treatment, were small (10 in the placebo group
and 6 in the zanamivir group). 

The rate of compliance with the medication regi-
men was high in both groups, with at least 98 percent
of all participants and 98 percent of all children 5 to
11 years old taking 8 to 10 doses of the study drug.

 

Prophylactic Efficacy

 

Among all randomized families, the proportion
of families with one or more household contacts in
whom symptomatic, laboratory-confirmed influenza
developed was 19 percent in the placebo group and
4 percent in the zanamivir group (P<0.001) (Table
2). Among families in which the index illness was lab-
oratory-confirmed influenza, the proportion of fam-
ilies in which influenza developed in contacts was 29
percent in the placebo group and 8 percent in the
zanamivir group (P<0.001). Among families in which
the index illness was not influenza, the proportions
were 8 percent and 1 percent, respectively (P=0.04).
The rate of protection against influenza in healthy
household contacts was 79 percent in the overall sam-
ple, 72 percent in the group of families with influ-

 

*The mean number of contacts per family was 2.5 in the placebo group and 2.4 in the zanamivir
group.

†Values are means ±SD.

‡Infection was documented on the basis of one or more of the following findings: viral isolation,
the detection of viral RNA by RT-PCR assay, or an increase in the serum HA1 antibody titers during
the convalescent phase. The diagnosis of influenza was based on the combination of culture, sero-
logic, and RT-PCR findings in samples obtained on days 1 and 5 from subjects with index cases and
in samples obtained from household contacts within two to three days after the onset of an influenza-
like illness (i.e., during prophylaxis). Overall, influenza was diagnosed by RT-PCR assay in 38 house-
hold contacts (28 in the placebo group and 10 in the zanamivir group; 42 percent of 91 infected)
and in 135 subjects with index illnesses (86 percent of 157 infected). It was not possible to determine
the type of influenzavirus in one household contact with confirmed infection.

§Chronic respiratory conditions included asthma and obstructive airway disease requiring regular
use of medication.
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PLACEBO

 

(

 

N

 

=158)

 

ZANAMIVIR

 

(

 

N

 

=163)

 

PLACEBO

 

(

 

N

 

=423)

 

ZANAMIVIR

 

(

 

N

 

=414)

Female sex — no. (%) 99 (63) 86 (53) 225 (53) 236 (57)

Age — yr† 18.9±13.1 20.0±14.5 26.5±16.4 25.9±15.6

White race — no. (%) 138 (87) 148 (91) 372 (88) 377 (91)

Vaccinated — no. (%) 13 (8) 20 (12) 78 (18) 57 (14)

Influenza confirmed — no. (%)‡
Influenza A
Influenza B

79 (50)
52 (33)
27 (17)

78 (48)
51 (31)
27 (17)

66 (16)
48 (11)
18 (4)

26 (6)
21 (5)
4 (1)

Influenza not confirmed — no. (%) 79 (50) 85 (52) 357 (84) 388 (94)

Smoker — no. (%) 15 (9) 16 (10) 30 (7) 38 (9)

Underlying respiratory conditions — 
no. (%)§

11 (7) 10 (6) 25 (6) 26 (6)
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enza-positive index cases, and 87 percent in the group
with influenza-negative index cases (Table 2).

Although the study did not have sufficient statis-
tical power to detect a significant difference in effica-
cy between influenza types, zanamivir prophylaxis was
effective against both influenza A and influenza B
(Table 2). Illnesses developed within half a day after
the start of prophylaxis in three of the seven ill house-
hold contacts (43 percent) in the zanamivir group,
suggesting that in these subjects, the infection prob-
ably developed before the start of prophylaxis. In the
placebo group, 7 of 40 illnesses (18 percent) devel-
oped within half a day after the start of the study reg-
imen, and 22 (55 percent) started within 2.5 days; the
remainder developed during the first week. With the
exclusion of household contacts in whom symptoms
developed less than one day after the start of pro-
phylaxis, the proportion of families with at least one
contact who had symptomatic, laboratory-confirmed
influenza was 15 percent in the placebo group and
2 percent in the zanamivir group (P<0.001), repre-
senting an 84 percent rate of protection from influ-
enza with the use of zanamivir (Table 2).

The administration of zanamivir was also associat-

ed with significant reductions in laboratory-confirmed
influenza irrespective of the presence or absence of
symptoms. Infection with influenzavirus in contacts
was reduced by approximately 50 percent in all ran-
domized families and in the families in which the in-
dex case of influenza was confirmed (Table 2). In
the families in which the member with the index case
was not assigned to receive a study drug because of
an age of less than five years, influenza did not devel-
op in any of the 21 household contacts. In 13 fam-
ilies, a household contact became ill with a type of
influenza that was different from the type in the in-
dex case (4 families in the placebo group and 1 in the
zanamivir group) or a household contact contracted
influenza even though the index case proved not to
be influenza (7 families in the placebo group and 1 in
the zanamivir group) (P=0.02), indicating probable
acquisition of the virus outside the household.

 

Efficacy of Treatment 

 

Among the subjects with index cases of laboratory-
confirmed influenza, the median time to the allevi-
ation of symptoms without the use of medications
for relief was 2.5 days shorter for the 76 subjects who

 

Figure 1.

 

 Treatment Assignments and Numbers of Subjects Who Completed Treatment and Who Completed the Study.
Participants in the study were at least five years old. IC denotes index case, and C contact.

337 Families randomizedK
1158 participants: 321 ICs, 837 Cs

168 Families assigned to placeboK
581 participants: 158 ICs, 423 Cs

Intention-to-treat analysis:K
168 families (581 participants: 158 ICs, 423 Cs)K
Analysis of families with influenza-positive ICs:K

87 families (296 participants: 81 ICs, 215 Cs)

Intention-to-treat analysis:K
169 families (577 participants: 163 ICs, 414 Cs)K
Analysis of families with influenza-positive ICs:K

78 families (271 participants: 76 ICs, 195 Cs)

573 Participants completed the study,K
4 withdrew early:K
adverse events, 1 CK

loss to follow-up, 1 IC and 1 CK
protocol violation, 1 C

574 Participants completed the study,K
7 withdrew early:K

withdrawn consent, 1 CK
loss to follow-up, 1 IC and 2 CsK
protocol violation, 1 IC and 2 Cs

573 Participants completed treatment,K
8 discontinued treatment early:K

adverse events, 1 CK
withdrawn consent, 1 CK

loss to follow-up, 1 IC and 2 CsK
protocol violations, 2 CsK

other reasons, 1 C

567 Participants completed treatment,K
10 discontinued treatment early:K

adverse events, 2 CsK
protocol violation, 1 CK

other reasons, 1 IC and 6 Cs

169 Families assigned to zanamivirK
577 participants: 163 ICs, 414 Cs
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