
Original Contribution

Comparative Epidemiologyof Influenza B Yamagata- and Victoria-Lineage Viruses

in Households

Cuiling Xu, Kwok-Hung Chan, Tim K. Tsang, Vicky J. Fang, Rita O. P. Fung, Dennis K. M. Ip,

Simon Cauchemez, Gabriel M. Leung, J. S. Malik Peiris, and Benjamin J. Cowling*

* Correspondence to Dr. Benjamin J. Cowling, School of Public Health, Li Ka Shing Faculty of Medicine, The University of Hong Kong,

21 Sassoon Road, Pokfulam, Hong Kong, China (e-mail: bcowling@hku.hk).

Initially submitted January 21, 2015; accepted for publication April 22, 2015.

Influenza B viruses split into 2 distinct lineages in the early 1980s, commonly named the Victoria and Yamagata

lineages. There are few data on the comparative epidemiology of Victoria- and Yamagata-lineage viruses. In 2007–

2011,we enrolled 75 and 34households containing index patientswith acute respiratory illnesswho tested positive for

Yamagata- and Victoria-lineage viruses, respectively, from outpatient clinics in Hong Kong, China. These index pa-

tients and their household contacts were followed up for 7–10 days. We examined overall risk of polymerase chain

reaction–confirmed infection among household contacts and the risk of secondary infection within households using

an individual-based hazardmodel that accounted for tertiary transmission and infections occurring outside the house-

hold.We found that for Victoria-lineage viruses, the risk ofwithin-household infection among household contacts aged

≤15 years was significantly higher (risk ratio = 12.9, 95% credibility interval: 4.2, 43.6) than that for older household

contacts, while for Yamagata-lineage viruses, the risk of within-household infection for household contacts did not

differ by age. Influenza B Yamagata- and Victoria-lineage viruses have similar characteristics in terms of viral shed-

ding and clinical illness. The mechanisms underlying these epidemiologic differences deserve further investigation.

disease transmission; influenza; influenza B virus; Victoria lineage; Yamagata lineage

Abbreviations: ARI, acute respiratory illness; CrI, credibility interval; HA, hemagglutinin gene; NA, neuraminidase gene; RT-PCR,

reverse transcription polymerase chain reaction.

Influenzavirus is a major respiratory pathogen which causes
epidemics worldwide every year. Currently, human influenza
A(H1N1), influenza A(H3N2), and influenza B viruses are
the most common variants circulating in humans globally. In-
fluenzaB viruses isolated since the early 1980s can be classified
into 2 lineages, Victoria (B/Victoria/2/87-like) and Yamagata
(B/Yamagata/16/88-like), which are distinct antigenically and
genetically (1). Yamagata-lineage viruses became the dominant
influenzaB viruses in the 1990s (2, 3). Between 1991 and 2000,
Victoria-lineage viruses were identified only in eastern Asia
(2, 3). However, Victoria-lineage viruses reemerged outside
of eastern Asia around 2001–2002 (4), and since then they
have cocirculated with Yamagata-lineage viruses globally (5).

Influenza B epidemics are associated with considerable dis-
ease burden, including morbidity, hospitalization, and mortal-
ity, in persons of all ages, but particularly at the extremes of

age, while infections are thought to be most common in school-
age children (6–8). Two hospital-based studies of influenza-like
illness and acute respiratory infections found that patients in-
fected with Victoria-lineage viruses were significantly younger
than those infected with Yamagata-lineage viruses (9, 10). In a
recent study, Vijaykrishna et al. (11) reported age-specific dif-
ferences in the patterns of Victoria and Yamagata infections
based on surveillance data, and they estimated that the effective
reproductive number was higher for theVictoria-lineage viruses
than for the Yamagata-lineage viruses. However, few studies
have compared the epidemiologic characteristics of influenza
B Victoria- and Yamagata-lineage viruses at the individual
level, including potential differences in their transmission dy-
namics in the community.

We conducted a household-based study of influenza trans-
mission in 2007–2011 in Hong Kong, a subtropical city in
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southern China. The study was initially designed to study the
effectiveness of nonpharmaceutical interventions in prevent-
ing influenza transmission in households from February 2007
through June 2009 (12–14), and it evolved into an observa-
tional study of influenza transmission dynamics in house-
holds from July 2009 through September 2011 (15, 16). In
the present study, we focused on the households of index
patients with confirmed cases of influenza B virus infection
and compared the epidemiology of Victoria- and Yamagata-
lineage viruses in terms of virus shedding, clinical illness,
and transmissibility within households.

METHODS

Subjects

We used a case-ascertained study design (17) to study in-
fluenza transmission in Hong Kong households.We recruited
participants from 2007 through 2011. We enrolled patients
who reported at least 2 symptoms of acute respiratory illness
(ARI)—temperature ≥37.8°C, cough, headache, sore throat,
or myalgia—with symptom onset within 48 hours and who
lived with at least 2 other individuals, none of whom had re-
ported ARI symptoms during the previous 14 days. Study
participants were recruited from a network of public and pri-
vate outpatient clinics in Hong Kong. Enrolled patients who
tested positive for influenza A or B on a rapid test (QuickVue
InfluenzaA+B test; Quidel Corporation, SanDiego, California)
were termed “index cases” and were followed up, along with
their household members, for 7–10 days.
In 2007, 2008, and the first half of 2009 (January through

June), we randomly allocated households to 3 groups to estimate
the effectiveness of surgical face masks and hand hygiene in
preventing influenza transmission within households (12, 13).
In the summer of 2009, we provided all households with a
simplified hand hygiene intervention and observed the trans-
mission dynamics of the novel H1N1pdm09 virus in com-
parison with cocirculating seasonal influenza viruses (16). In
2010–2011, households were not provided with any interven-
tion and were followed up to observe transmission.
Participating households were visited within 36 hours of

index case recruitment, and 2 or 3 additional visits were sched-
uled at 3-day intervals. A digital tympanic thermometer was
provided, and all household members were requested to record
their body temperature and the presence or absence of systemic
and respiratory signs and symptoms in symptom diaries once
daily until the final home visit. During each home visit, pooled
nasal and throat swabs were collected from all household
members, regardless of illness.

Ethics

Written consent was obtained from all participants who
were ≥18 years of age, and proxy written consent for partic-
ipants younger than 18 years of age was obtained from their
parents or legal guardians. Additional written assent was
obtained from participants aged 7–17 years. The study proto-
col was approved by the Institutional Review Board of the
University of Hong Kong.

Laboratory methods

In 2007, all nasal and throat swabs collected were cultured
on Madin-Darby canine kidney cells to detect influenza A
and B viruses. A subset of specimens were also tested by re-
verse transcription polymerase chain reaction (RT-PCR) for
influenza A and B viruses, including specimens from index
patients and symptomatic household contacts who were neg-
ative by virus culture (13). From 2008 onwards, all nasal and
throat swabs collected were tested by quantitative RT-PCR
assay to detect the presence of influenza A or B virus and de-
termine molecular viral loads, as described previously (12).
We defined laboratory-confirmed infection with influenza B
Victoria- or Yamagata-lineage viruses as a positive result by
viral culture or RT-PCR or upon testing of one or more nasal
or throat swabs collected during recruitment or follow-up.
Yamagata and Victoria lineages were differentiated using
real-time polymerase chain reaction (18, 19).

Statistical analysis

We calculated standardized daily scores for 3 groups of
signs and symptoms—systemic signs and symptoms (tem-
perature ≥37.8°C, headache, and myalgia), upper respiratory
symptoms (sore throat and runny nose), and lower respiratory
symptoms (cough and phlegm)—by adding up the total num-
ber of signs and symptoms that were present and dividing by
the highest possible score (3, 2, and 2, respectively). We plot-
ted average symptom scores and the geometric mean viral
load upon RT-PCR assay for index cases according to time
since the onset of ARI, which was defined as the first day
when the participant reported at least 2 of the 7 signs or symp-
toms listed above. We defined time to alleviation of total
symptoms as the time from symptom onset to the first day
on which the total symptom score was 0. The time at which
viral shedding ceased was defined as occurring within the
interval between the last positive laboratory result and the
first negative laboratory result. We compared the times to al-
leviation of any symptoms using Kaplan-Meier estimates.
The times from symptom onset to cessation of viral shedding
were compared using nonparametric estimates.
We defined the overall risk of laboratory-confirmed infec-

tion among household contacts as the proportion of house-
hold contacts who developed laboratory-confirmed influenza
B virus infection during the follow-up period in households
of index cases testing positive for influenza B Victoria-
or Yamagata-lineage viruses. This has also been called the
crude secondary attack risk (or rate) in other studies (17). We
used an individual-based hazard model to characterize influ-
enza transmission dynamics within households and to estimate
the associations for factors affecting transmission (15, 20).
Under this model, the overall risk of infection among house-
hold contacts depended on the risk of person-to-person trans-
mission within the household, as well as the risk of infection
from outside the household, which we assumed to be constant
over the short-term follow-up period of each household (ap-
proximately 1 week) and the same across different households
(15). The risk of secondary infection within the household was
assumed to depend on time since illness onset in other infected
persons in the household. We used the model to estimate the
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Table 1. Characteristics of IndexCasesWith Laboratory-Confirmed InfluenzaBVictoria- or Yamagata-LineageVirus

Infection and Their Household Contacts, Hong Kong, China, 2007–2011

Characteristic

All Households

P Value

Households Without

Co–Index Cases

P Value
Yamagata Victoria Yamagata Victoria

No. % No. % No. % No. %

Index Cases

Total 75 100 34 100 63 100 28 100

Year(s) 0.001 <0.001

2007 17 23 0 0 16 25 0 0

2008 50 67 26 76 41 65 21 75

2009–2011 8 11 8 24 6 10 7 25

Age, years 0.48 0.61

≤5 11 15 4 12 8 13 3 11

6–15 36 48 22 65 31 49 18 64

16–49 24 32 7 21 21 33 6 21

≥50 4 5 1 3 3 5 1 4

Male sex 29 39 15 44 0.74 25 40 14 50 0.10

Interventiona 0.36 <0.01

Yes 38 51 19 56 29 46 18 64

No 37 49 15 44 34 54 10 36

Vaccination in the past yearb 0.32 0.15

No 68 92 29 85 58 92 24 86

Yes 6 8 5 15 5 8 4 14

Prescribed antiviral treatmentb 0.07

No 46 70 27 79 0.42 40 73 23 82

Yes 20 30 7 21 15 27 5 18

Household Contacts

Total 227 100 112 100 181 100 94 100

Year <0.001 <0.001

2007 44 19 0 0 37 20 0 0

2008 157 69 86 77 124 69 71 76

2009–2011 26 11 26 23 20 11 23 24

Age, yearsb 0.83 0.78

0–5 13 6 6 5 7 4 4 4

6–15 25 11 12 11 21 12 10 11

16–49 143 63 75 67 111 63 62 66

≥50 42 19 19 17 38 21 18 19

Male sex 78 34 37 33 0.67 62 34 31 33 0.71

Interventiona 0.96 <0.001

Yes 122 54 60 54 87 48 57 61

No 105 46 52 46 94 52 37 39

Vaccination in the past year 0.09 0.38

No 197 87 101 90 156 86 83 88

Yes 30 13 11 10 25 14 11 12

a In 2007, 2008, and the first half of 2009 (January through June), households were randomly allocated to 3 groups

for estimation of the effectiveness of surgical facemasks and hand hygiene in preventing influenza transmission within

households.
b Some index cases and household contacts had missing values for this characteristic.
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association of household contact age with the risk of transmis-
sion and to estimate the serial interval distribution.
We fitted the model using the Markov chain Monte Carlo

method to estimate the posterior distributions of parameter es-
timates, permitting estimation of 95% credibility intervals for
the overall risk of infection in household contacts, and the as-
sociation of agewith the risk of infection. Households inwhich
1 or more household contacts had laboratory-confirmed infec-
tion with influenza B viruses at the baseline home visit (i.e.,
potential co–index cases) were excluded from the analysis of
infection risk among household contacts. All statistical ana-
lyses were conducted using R, version 3.0.1 (R Foundation
for Statistical Computing, Vienna, Austria) and MATLAB
7.8.0 (MathWorks Inc., Natick, Massachusetts).
We calculated the sample size as follows. If we assumed the

ratio of participants aged >15 years to participants aged ≤15
years to be 4:1, with a sample size of 88 household contacts,
we would have 80% power to detect at least a 30% difference
in the risk of secondary infection between the two groups.
With a sample size of 28 household contacts in the households
of index cases with Yamagata-lineage virus and 14 household
contacts in the households of index cases with Victoria-lineage
virus, we would have 80% power to detect at least a 43% dif-
ference in the risk of secondary infection between the two
groups.

RESULTS

From 2007 through 2011, we followed up 109 households
which included 109 index cases confirmed by RT-PCR or
viral culture to have an infection with influenza B Yamagata-
or Victoria-lineage virus at the clinic visit, plus their 339 house-
hold contacts. Of the 109 index cases, 75 were infected with
Yamagata-lineage virus and 34 with Victoria-lineage virus.
Sixty-seven (89%) of the 75 index cases with Yamagata-
lineage virus infection were enrolled in 2007 and 2008, and
26 (76%) of the 34 index cases with Victoria-lineage virus
infection were enrolled in 2008 (see Web Figure 1, available
at http://aje.oxfordjournals.org/). Seventy-three (67%) of the
109 index cases and 56 (17%) of the 339 household contacts
were children aged ≤15 years (Table 1). The median number
of household members was 4. The characteristics of index

cases with Yamagata- and Victoria-lineage infections and
their household contacts were similar in terms of age, sex,
the allocation of intervention arms, receipt of seasonal influ-
enza vaccine in the past year, and receipt of antiviral treatment
(Table 1).
Of the 109 households followed up, 18 households with

64 household contacts were excluded from the analysis of
household transmission because more than 1 household
member was positive for influenza at the initial home visit,
complicating assessment of transmission dynamics (Table 1).
The characteristics of index cases and their household con-
tacts from the households without co–index cases for
Yamagata- and Victoria-lineage viruses were similar in
terms of age, sex, receipt of seasonal influenza vaccine in
the past year, and receipt of antiviral treatment. However,
the proportions of index cases and their household contacts
allocated to intervention arms were significantly different
for Yamagata- and Victoria-lineage viruses. Of the remaining
275 household contacts in 91 households, 25 contacts from
25 households were confirmed to have infections with influ-
enza B virus at the second or third home visit. Of these 25
household contacts with influenza B virus infections, 14 in-
fections were caused by Yamagata-lineage virus and 11
by Victoria-lineage virus, and in every case the lineage iden-
tified in the household contact matched the lineage identified
in the corresponding index case. Of 181 household contacts,
we hadmissing information on age for 4. For the remaining 177
household contacts from 63 households with index cases hav-
ing Yamagata-lineage virus infections, 11 of 149 household
contacts aged >15 years (7%) and 3 of 28 household contacts
aged ≤15 years (11%) were infected with Yamagata-lineage
virus. Of the 94 household contacts from 28 households with
index cases having Victoria-lineage virus infections, 3 of 80
household contacts aged >15 years (4%) and 8 of 14 household
contacts aged ≤15 years (57%) were infected with Yamagata-
lineage virus (Web Table 1).
Overall risks of infection among household contacts were

11.6% (95% credibility interval (CrI): 6.3, 20.0) for house-
hold contacts of index cases with Victoria-lineage virus
and 7.6% (95% CrI: 3.3, 13.6) for household contacts of
index cases with Yamagata-lineage virus (Table 2). The ma-
jority (84.0%, 95% CrI: 56.0, 100.0) of infections among

Table 2. Overall Risk of Infection With Influenza B Yamagata- and Victoria-Lineage Viruses and Risk of Secondary

Infection Within the Household Among Household Contacts, by Age of Household Contacts, Hong Kong, China,

2007–2011

Risk Measure and Age
of Household Contacts

Yamagata-Lineage Viruses Victoria- Lineage Viruses
P Value

Infection Risk,a% 95% CrIb Infection Risk,a% 95% CrIb

Overall risk of infection among
household contacts (any age)

7.6 3.3, 13.6 11.6 6.3, 20.0 0.33

Risk of secondary infection within the
household

Contacts aged ≤15 years 6.9 1.5, 19.2 39.7 12.3, 69.7 0.03

Contacts aged >15 years 7.1 3.1, 13.0 3.7 1.0, 8.6 0.32

Abbreviation: CrI, credibility interval.
a All risks of infection among household contacts were estimated using the individual-based hazard model.
b All 95% CrIs were calculated using the Markov chain Monte Carlo method.
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household contacts were estimated to have occurred within
the household rather than to have been acquired outside the
household. There was a very significant difference between
lineages in age-specific risk of secondary infection within the
household—compared with household contacts aged >15
years, those aged ≤15 years had a 13 times’ higher risk of

infection within the household for Victoria-lineage virus
(risk ratio = 12.9, 95% CrI: 4.2, 43.6) but no significant differ-
ence in risk of infection within the household for Yamagata-
lineage virus (risk ratio = 1.0, 95%CrI: 0.2, 3.3). The estimated
risks of secondary infection for contacts aged ≤15 years were
39.7% (95%CrI: 12.3, 69.7) and 6.9% (95%CrI: 1.5, 19.2) for
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Figure 1. Patterns of viral shedding and course of illness among index patients in householdswith cases of influenza B virus infection, HongKong,
China, 2007–2011. Panels A andB show the geometricmean viral load (solid lines) upon reverse transcription polymerase chain reaction (RT-PCR)
assay for index cases with influenza B Victoria-lineage virus and those with influenza B Yamagata-lineage virus, respectively. The lower limit of
detection for the RT-PCR assay was approximately 900 copies per mL (horizontal dashed lines). Panels C and D show the mean numbers of
lower respiratory, upper respiratory, and systemic symptoms in index cases with influenza B Victoria-lineage and Yamagata-lineage virus, respec-
tively. The mean numbers of symptoms were calculated from a composite of 3 groups of influenza signs and symptoms and were rescaled to the
range 0–1, with higher scores indicating a greater number of symptoms. In all panels, the onset of acute respiratory illness was defined as the self-
reported day of illness onset prior to recruitment into the study. NTS, nasal and throat swab.
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Victoria and Yamagata viruses, respectively (P = 0.03 for dif-
ference). The estimated risks of secondary infection for con-
tacts aged >15 years were 3.7% (95% CrI: 1.0, 8.6) and 7.1%
(95% CrI: 3.1, 13.0) for Victoria and Yamagata viruses, re-
spectively (P = 0.32 for difference). We did not have suffi-
cient data to estimate serial interval distributions separately
for each lineage, but we estimated the serial interval for influ-
enza B overall to be 3.6 days (95% confidence interval: 2.9,
4.2), with a standard deviation of 1.4 days (95% confidence
interval: 1.0, 1.7).
Regardless of the lineage, molecular viral shedding in most

index cases had ceased by 9–10 days of illness (Figure 1). The
patterns in viral shedding uponRT-PCR assay and the course of
systemic signs and symptoms, upper respiratory symptoms, and
lower respiratory symptoms were similar for index cases with
Yamagata-lineage infection and those with Victoria-lineage in-
fection (Figure 1). The median durations of viral shedding after
symptom onset were 4 days for both Yamagata- and Victoria-
lineage viruses (P = 0.32; Figure 2A). For both Yamagata- and
Victoria-lineage infections, the median duration of the presence
of any symptoms was 8 days (P = 0.13), and systematic symp-
toms ceased after 8–9 days of illness (Figure 2B).

Web Figure 2 shows the patterns of viral shedding and
symptom scores throughout the course of illness in household
contacts infected with Yamagata- or Victoria-lineage virus.
Because of the small size of this sample, we could not make
precise comparisons, but for both Yamagata- and Victoria-
lineage viruses, respiratory symptom scores persisted at a
higher level for 5 days after ARI onset. Systematic symptom
scores peaked at ARI onset or 1 day after ARI onset. In both
lineages, the levels of molecular viral shedding were variable.

DISCUSSION

In this study, we found that influenza B Yamagata- and
Victoria-lineage viruses had different age-specific patterns in
risks of secondary infection within the household, although
the overall risks of infection were not significantly different
for Yamagata-lineage and Victoria-lineage viruses. Specifi-
cally, we found there was a much greater risk of secondary
infection among household contacts aged ≤15 years than
among household contacts aged >15 years for Victoria-lineage
viruses but not for Yamagata-lineage viruses. The higher
age-specific risk of secondary infection in children that we
identified for Victoria-lineage viruses was similar to the obser-
vations for influenza A (H1N1)pdm09 and seasonal influenza
in previous studies of influenza Avirus transmission in house-
holds during the 2009 pandemic period and seasonal interpan-
demic periods (21–23). However, we did not find a similar
pattern for Yamagata-lineage viruses, where we found similar
risks of secondary infection for children and adults. This is
consistent with previous reports of significant differences in
the age distribution of cases infected with the two influenza
B-lineage viruses, with Victoria-lineage viruses infecting
younger people on average than Yamagata-lineage viruses
(9, 10).
The differences we identified between Victoria- and

Yamagata-lineage viruses could be explained by children
having less immunity against Victoria-lineage viruses, faster
evolution of Victoria-lineage viruses, and inherent differ-
ences in the transmissibility of the two lineages. Recent anal-
ysis of influenza B genomic and epidemiologic data from
Australia and New Zealand showed that in 2008 the Victoria
lineage exhibited a significantly higher effective reproductive
number than the Yamagata lineage, coinciding with the year
in which a new variant of the Victoria lineage was first
detected (B/Brisbane/60/2008-like viruses) (11). We could
not find other published reports on the relative prevalence
of the two lineages in Hong Kong in 2007–2011. However,
studies carried out in Taiwan and mainland China found that
the representative viruses were B/Florida/4/2006-like for
Yamagata-lineage viruses in 2007–2011 and B/Brisbane/
60/2008-like for Victoria-lineage viruses in 2008–2011, re-
spectively (24–29). B/Brisbane/60/2008-like viruses evolved
from reassortants and had a hemagglutinin gene (HA) from
Victoria-like viruses and a neuraminidase gene (NA) from
Yamagata-like viruses (10). Reassortment could play an impor-
tant role in the evolution of influenza B virus to enhance viral
fitness, perhaps by placing gene segments, particularly the HA
and NA segments, in new and advantageous genetic back-
grounds (5). The Victoria-lineage viruses experienced faster
antigenic drift than the Yamagata-lineage viruses (11).
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Figure 2. Estimates (Kaplan-Meier estimators) of time to cessation
of viral shedding (A) and resolution of all symptoms (B) among
index patients in households with cases of influenza B virus infection,
Hong Kong, China, 2007–2011.
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Lower levels of Victoria-lineage virus antibodies than of
Yamagata-lineage virus antibodies among children were re-
ported in several vaccine studies during 2008–2011 (30–32).
Additionally, influenza B Yamagata-lineage viruses may boost
more robust cross-lineage antibody responses than Victoria-
lineage viruses, which has been observed in humans and
mice (32–34). However, unlike the study in Australia and
New Zealand that showed a difference in the overall effective
reproductive number between the two lineages in 2008 (11), we
found a significantly higher risk of secondary infection within
the household for the Victoria-lineage viruses among house-
hold contacts aged ≤15 years in 2007–2011, which could be
related to different designs, outcome measures, and timelines
between the two studies. The Australia–New Zealand study
also showed that the overall effective reproductive number of
the Victoria-lineage viruses dropped gradually after 2008 (11).

Index cases infected with Yamagata-lineage viruses and
those infected with Victoria-lineage viruses had similar char-
acteristics in terms of viral shedding and clinical illness (Fig-
ures 1 and 2). We also examined virus shedding and illness in
secondary cases, but the numbers of participants were small
and it was difficult to discern patterns (Web Figure 2). The
median duration of viral shedding for index cases with Victoria-
and Yamagata-lineage viruses in this study was similar to
that (range, 3–9 days) for medically attended patients with
laboratory-confirmed influenza virus infection (35–40). Our
estimate of median illness duration of 8 days was similar to
previously reported estimates ranging from 7 days to 11 days
(22, 41–43).

Previous estimates of the serial interval for influenza have
ranged from 1 day to 6 days, with most estimates falling be-
tween 2.5 and 4 days (17, 22, 44, 45). Our estimated serial
interval for influenza B Yamagata- and Victoria-lineage vi-
ruses of 3.6 days falls within that range. The serial interval
can be influenced by influenza type/subtype, the transmissi-
bility of index cases, contact patterns within households, the
susceptibility of contacts, transmission dynamics in the com-
munity, and the incubation period (22, 45, 46). We did not
have a sufficient sample size to compare the serial intervals
between the two lineages of influenza B virus in this study.

Our study had a number of limitations. First, it involved
ascertainment of index cases from outpatient clinics, with a
rapid diagnostic test used for screening, which could have
led to bias in the selection of the index cases. Second, during
the study period of 5 years, the transmissibility and herd immu-
nity of the circulating influenza B Victoria- and Yamagata-
lineage viruses could have varied across years; furthermore,
we had allocated face masks and hand hygiene interventions
to some households in the first half of our study, when most
of the cases were enrolled. We found no evidence that random
allocation of facemasks or hand hygiene interventions reduced
the risk of influenza B transmission in households (12), and
there was no significant association of the interventions with
influenza B transmission when they were incorporated in our
individual-based transmission model, but we cannot exclude
the possibility that these interventions slightly led to bias in
our estimates of the secondary infection risks. Third, house-
holds with more than 1 individual concurrently infected with
influenza, as confirmed by RT-PCR or viral culture at the first
home visit, were excluded from the study. Thismay have led to

exclusion of cases who were infected with more transmissible
strains for which secondary infection might have occurred be-
fore the first visit, or exclusion of index cases that had generally
more susceptible household contacts. Fourth, we assumed the
risks of infection from outside the household to be identical for
all households in the individual-based model (for various rea-
sons), although this is unlikely. However, the risk of infection
from outside the household was estimated to be very low, and
our separate study of virus sequence data confirmed that in
these types of household transmission studies, almost all of
the infections among household contacts can be attributed to
infection from the index case (47). Finally, the small sample
size did not allow us to identify the associations of other factors
with the risk of infection.

In conclusion, in the household setting, childrenhad amuch
higher risk of infection with influenza B Victoria-lineage
virus than did older people, while the risk of infection did not
vary significantly by age for Yamagata-lineage virus.We also
found that children had a higher risk of infection withVictoria-
lineage virus than with Yamagata-lineage virus. However,
infections with influenza B Yamagata- and Victoria-lineage
viruses were associated with similar patterns of viral shedding
and clinical illness. The mechanisms underlying these epide-
miologic differences deserve further investigation.
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