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Background. Characterizing household transmission of the 2009 pandemic A/HINI influenza virus (pHIN1)
is critical for the design of effective public health measures to mitigate spread. Our objectives were to estimate
the secondary attack rates (SARs), the proportion of asymptomatic infections, and risk factors for pHINI trans-
mission within households on the basis of active clinical follow-up and laboratory-confirmed outcomes.

Methods. We conducted a prospective observational study during the period May—July 2009 (ie, during the
first wave of the pHIN1 pandemic) in Quebec City, Canada. We assessed pHIN1 transmission in 42 households
(including 43 primary case patients and 119 contacts). Clinical data were prospectively collected during serial
household visits. Secondary case patients were identified by clinical criteria and laboratory diagnostic tests, including
serological and molecular methods.

Results. We identified 53 laboratory-confirmed secondary case patients with pHIN1 virus infection, for an
SAR of 45% (95% confidence interval [CI], 35.6%—-53.5%). Thirty-four (81%) of the households had =1 confirmed
secondary case patient. The mean serial interval between onset of primary and confirmed secondary cases was 3.9
days (median interval, 3 days). Influenza-like illness (fever and cough or sore throat) developed in 29% (95% CI,
20.5%-36.7%) of household contacts. Five (9.4%) of secondary case patients were asymptomatic. Young children
(<7 years of age) were at highest risk of developing laboratory-confirmed influenza-like illness. Primary case
patients with both diarrhea and vomiting were the most likely to transmit pHIN1.

Conclusion. Household transmission of pHIN1 may be substantially greater than previously estimated, es-
pecially in association with clinical presentations that include gastrointestinal complaints. Approximately 10% of
pHINT1 infections acquired in the household may be asymptomatic.

The emergence of a novel swine-origin A/HIN1 (pHIN1)
virus in April of 2009 led to the first pandemic of the
21st century [1]. Seroprevalence studies suggest that the
rapid global dissemination of pHIN1 was facilitated by
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widespread lack of pre-existing immunity, especially
among people <60 years of age [2, 3]. However, the
secondary attack rates (SARs) and the epidemiologic risk
factors for transmission of this virus have yet to be fully
described. Such characterization will help to design ef-
fective public health control strategies for pHIN1 and
other pandemic candidate viruses.

The household is thought to be a fundamental unit
of influenza transmission because of the high frequency
and intensity of contacts that occur between family
members [4-7]. To date, a few household transmission
studies of pH1N1 have been published [8—11], but none
has systematically sought or confirmed secondary case
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59 cases of pH1N1
identified by treating MD

13 patients declined
participation in study

13 patients could not be
reached within 7 days

of symptom onset

by MD

33 households referred

14 households identified
by screening

47 households
(173 participants)

6 contacts excluded (already
symptomatic at time of onset
of illness of primary case)

5 households excluded
(only 1 household
member)

- 42 households

- 162 patients

- 43 primary cases (including 2
co-primary cases in 1 household)

- 119 household contacts

Assessed for pH1N1 transmission

Figure 1. Flow chart of study recruitment and patient population.

patients by laboratory testing. Furthermore, the proportion of
asymptomatic infections has not been specifically evaluated.

To better understand the dynamics of pHIN1 transmission
within households, we conducted a prospective observational
study that combined clinical data with molecular and serolog-
ical diagnostic methods. Our objectives were to estimate the
household SAR for pHINI, to identify risk factors for house-
hold transmission, and to estimate the proportion of asymp-
tomatic infections.

PATIENTS, MATERIALS, AND METHODS

Study population. This prospective observational household
transmission study was performed during the first wave of the
pHIN1 pandemic, from May 27 through July 10 2009, in Que-
bec City, Canada (population 683,000), and it was approved
by the research ethics committee of the Centre Hospitalier

Universitaire de Québec. Details of the research protocol have
also been reported elsewhere [12].

Households consisting of =2 persons were eligible for study
participation when one member had pHINI infection con-
firmed by pH1N1-specific reverse-transcriptase polymerase
chain reaction (RT-PCR) [13]. We identified households
through pHINI case patients referred by their treating phy-
sician and pHINI case patients sought by the study team by
testing symptomatic extra-familial contacts of referred case pa-
tients (Figure 1). All members of eligible households were ap-
proached for inclusion.

The primary case patient was defined as the first person in
the household to develop pH1NT illness confirmed by RT-PCR.
If >1 household member developed laboratory-confirmed
pHINT illness on the same day, both subjects were considered
to be co-primary case patients.

A household contact was defined as someone living in the
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home of a primary case patient. Contacts who were already
symptomatic at the time of illness onset in the primary case
patient and in whom all laboratory evaluations were negative
for influenza (ie, a negative RT-PCR result and no serocon-
version) were excluded.

The main outcome assessed was the proportion of household
contacts who became infected with pHINT1. A laboratory-con-
firmed secondary case patient was defined as any household
contact (symptomatic or not) who developed pHIN1 infection
after the primary case patient, as determined by a positive RT-
PCR result or seroconversion. We also evaluated acute respi-
ratory illness (ARI) and influenza-like illness (ILI) among
household contacts. ARI was defined as the presence of =2 of
the following: fever (temperature =37.8°C) or feverishness,
cough, sore throat, or rhinorrhea. The definition of ILI was
that used by the Centers for Disease Control and Prevention
(CDC) [14]: fever and cough and/or sore throat without an-
other known cause.

Clinical data. At the initial home visit, a trained research
nurse obtained written informed consent from all household
members and collected data for each participant with use of a
standardized questionnaire. The questionnaire included infor-
mation on sociodemographic characteristics, underlying med-
ical conditions, clinical symptoms and/or signs, 2008—2009 in-
fluenza vaccination, medical management, and outcomes.
Follow-up visits were performed on days 8, 11, and 3—4 weeks
after disease onset, and the questionnaire was repeated each
time. Study nurses gave no instructions to household members
to mitigate virus spread.

Laboratory procedures. Nasopharyngeal swab samples
(Copan Innovation) were collected for all household members
during the first household visit. All subjects with samples with
RT-PCR results positive for pHIN1 before day 8 of illness had
a second nasopharyngeal swab sample obtained on day 8. Sub-
jects who still had positive results on day 8 were retested on
day 11.

Two serum samples for serological evaluation of pHINT in-
fection were obtained from all subjects =7 years of age, but
not younger children, as per institutional review board instruc-
tions. The acute-phase serum sample was collected during the
initial household visit; the convalescent-phase sample was col-
lected 3—4 weeks later.

pHIN1 was sought in nasopharyngeal secretions by a con-
ventional RT-PCR assay targeting the hemagglutinin (HA) gene
according to a protocol developed by the National Microbi-
ology Laboratory of Canada [13]. To optimize the sensitivity
of secondary case patient detection, study specimens were re-
tested by a conventional RT-PCR assay targeting highly con-
served sequences of the matrix gene of all influenza A viruses
[15]. The latter general influenza A RT-PCR has superior an-
alytical sensitivity for pHIN1, compared with the aforemen-

tioned pHIN1 RT-PCR (2-20 copies/reaction vs 20—200 copies/
reaction, respectively) [13].

All serum samples were tested by microneutralization (MN)
assay and hemagglutination inhibition assay (HAI) according
to World Health Organization standard protocols with modi-
fications [16]. In-house validation of both serological assays
demonstrated that the MN assay was 37% more sensitive than
the HAI test at detecting pHIN1 seroconversion among RT-
PCR-—positive patients, and no patient demonstrating serocon-
version by HAI did not seroconvert by MN (data not shown).
Therefore, we used MN results as our serological standard for
pHINI infection. Seroconversion was defined as an acute phase
serum titer of <1:10 with a convalescent phase serum titer of
=1:40, or a significant increase (=4-fold) in antibody titers
between the two serum samples. Samples with negative MN
results were assigned a titer of 1:5 for calculating geometric
mean titers (GMTs). Paired serum samples that met all of the
following 3 exclusion criteria were excluded from analyses: the
acute serum was drawn >7 days after the onset of the subject’s
illness, the acute serum titer was =1:10, and there was no
seroconversion. Viral culture, MN assay, pH1N1 viral load, and
HA sequencing methods are detailed in the Appendix, which
appears only in the online version of the journal.

Statistical analyses. Proportions and distributions were
compared using the x* test or Fisher’s exact test. Mean values
were compared using the Student’s ¢ test or Wilcoxon rank-
sum test. Statistical significance was assessed using 2-tailed tests
with an error level of .05. Univariate and multivariate log-
binomial regression analyses were performed to examine the
association between pHIN1 household transmission and the
characteristics of the primary case patient, the household, and
household contacts. Analyses were performed using SAS soft-
ware, version 9.2 (SAS).

RESULTS

Households, primary case patients, and household contacts.
We identified 42 eligible households with a laboratory-con-
firmed case of pHINI infection (Figure 1). These households
comprised 43 primary case patients (including 1 household
with 2 co-primary case patients) and 125 contacts. Six contacts
were subsequently excluded because they were already symp-
tomatic at the time of illness onset in the primary case patient
and had negative results on all pH1N1 laboratory studies. House-
holds had a mean (= standard deviation [SD]) of 2.8 * 1.1 con-
tacts (median no. of contacts, 3).

The baseline characteristics and clinical symptoms of the 43
primary case patients and 119 household contacts are presented
in Table 1. Primary case patients were significantly younger than
were household contacts, with mean ages of 13 years (range, 0.1—
46 years) and 27 years (range, 0.4-62 vyears), respectively
(P<.001). Ten primary case patients (23%) and 21 contacts
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Table 1. Baseline Characteristics and Clinical Symptoms of Primary Case Patients

and Household Contacts

Primary
case patients Contacts

Characteristic (n = 43) (n = 119) P
Age

0-6 Years 12 (28) 12 (10)

7-17 Years 25 (58) 356 (29) <.001

=18 Years 6 (14) 72 (61)

Mean years + SD 12.97 £ 953 26.90 = 16.73 <.001

Median years 12 29
Female sex 24 (56) 62 (52) .67
Smoking history 3(7) 20 (17) 11
Significant comorbidity®

Any 10 (23) 21 (18) 42

Pulmonary 9 (21) 11 (9) .05

Cardiac 1(2) 8(7) .45
2008-2009 influenza immunization 8 (19) 32 (27) .28
Symptomsb

Asymptomatic 0 (0) 39 (33)

Symptomatic 43 (100) 80 (67)

Fever or feverishness 37 (86) 35 (44)°

Cough 43 (100) 59 (74)°

Rhinorrhea 36 (84) 54 (68)°

Sore throat 27 (63) 53 (66)°

Fatigue 38 (88) 50 (63)°

Dyspnea 20 (47) 21 (26)°

Chest pain 11 (26) 14 (18)°

Headache 41 (95) 73 (91)°

Myalgia or arthralgia 19 (44) 28 (35)°

Diarrhea 14 (33) 22 (28)°

Vomiting 8 (19) 8 (10)°

Diarrhea or vomiting 17 (40) 26 (33)°

Diarrhea and vomiting 5(12) 4 (5)°

Gastrointestinal symptoms only 0 (0) 2 (3)°

Any respiratory symptom 43 (100) 73 (91)°

ARI 40 (93) 61 (76)°

IL 37 (86) 34 (43)°

NOTE. ARI, acute respiratory illness; ILI, influenza-like illness; SD, standard deviation.

? Significant comorbidity that is an indication for influenza immunization: chronic pulmonary dis-
ease, chronic cardiac disease, chronic renal disease, immunosuppressed state, or diabetes mellitus.

® P values were not calculated to compare the symptoms of primary case patients and symp-
tomatic contacts, because the former group was comprised exclusively of pH1N1-affected subjects,

whereas the latter group was not.

¢ Percentage represents the proportion of symptomatic contacts with that symptom.

(18%) had an underlying health condition for which influenza
vaccination was recommended in 2008—-2009 [17]. None were
immunocompromised.

Among primary case patients, the most frequent symptoms
were cough (present in 100% of patients) and headache (95%).
Seventeen primary case patients (40%) reported gastrointestinal
symptoms (diarrhea or vomiting). Thirty-nine contacts (33%)
remained completely asymptomatic during the 3—4 week period
of follow-up. Among the 80 contacts reporting =1 symptom,

the most frequent symptoms were headache (91%) and cough
(74%). No study subjects received antiviral therapy or pro-
phylaxis or pHINTI vaccine. Two primary case patients and 3
contacts required hospital admission for their pHINT1 illness.

Secondary case patients and SARs. Among the 119 house-
hold contacts, 53 had laboratory-confirmed pHINI infections,
of which 31 (58%) developed ILI, 5 (9.4%) had a completely
asymptomatic pHIN1 infection, and 1 (1.9%) presented with
gastrointestinal symptoms only. Eight (15%) of 53 secondary
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Table 2. Secondary Attack Rates according to Characteristics of the Contact and the Household

Laboratory-confirmed pH1N1 ARI SAR, % ILI SAR, %
SAR, % (no. of cases) (no. of cases) (no. of cases)
Laboratory- Laboratory-
No. of Total pHIN1 RT-PCR confirmed confirmed
Characteristic contacts positive positive Seroconversion®  Any ARI pH1TN1 Any ILI' pHTN1
Age
0-6 Years 12 58 (7) 58 (7) NA 67 (8) 50 (6) 58 (7)° 50 (6)°
7-17 Years 85 45 (16) 37 (13) 39 (13/33) 51 (18) 37 (13) 37 (13) 31 (11)
=18 Years 72 42 (30) 35 (25) 36 (23/64) 49 (35) 32 (23) 19 (14) 19 (14)
Total 119 45 (53) 38 (45) 37 (36/97) 51 (61) 35 (42) 29 (34) 26 (31)
Significant comorbidity®
Any 21 52 (11) 48 (10) 44 (8/18) 62 (13) 48 (10) 29 (6) 29 (6)
Pulmonary 11 64 (7) 55 (6) 40 (4/10) 64 (7) 55 (6) 36 (4) 36 (4)
Cardiac 8 38 (3) 38 (3) 43 (3/7) 50 (4) 38 (3) 25 (2) 25 (2)
Smoking history 20 35 (7) 30 (6) 35 (6/17) 55 (11) 35 (7) 30 (6) 30 (6)
Received 2008-2009 influenza TIV
Yes 32 56 (18) 50 (16) 44 (12/27) 53 (17) 47 (15) 34(11) 34011
No 87 40 (35) 33 (29) 34 (24/70) 51 (44) 31 (27) 26 (23) 23 (20)
Asymptomatic 39 13 (5) 8 (3) 9 (3/35) 0 0 0 0
Symptomatic 80 60 (48) 53 (42) 53 (33/62) 76 (61) 53 (42) 43 (34) 39 (31)
Fever or feverishness 35 91 (32) 86 (30) 81 (21/26) 97 (34) 89 (31) 97 (34) 89 (31)
Cough 59 71 (42) 64 (38) 63 (30/48) 98 (568) 69 (41) 54 (32) 51 (30)
Diarrhea 22 59 (13) 50 (11) 60 (9/15) 77 (17) 55 (12) 41 (9) 41 (9)
Vomiting 8 88 (7) 88 (7) 75 (3/4) 88 (7) 75 (6) 75 (6) 75 (6)
Diarrhea and vomiting 4 75 (3) 75 (3) 0 (0/1) 100 (4) 75 (3) 75 (3) 75 (3)
Household
Presence of =1 smoker 33 33 (11) 30 (10) 38 (10/26) 61 (20) 33 (11) 30 (10) 24 (8)
Size
<5 Indviduals 65 48 (31) 43 (28) 43 (21/49) 57 (37) 42 (27) 29 (19)  28(18)
=5 Individuals 54 41 (22) 31 (17) 31 (15/48) 44 (24) 28 (15) 28 (15) 24 (13)

NOTE. ARI, acute respiratory illness; ILI, influenza-like iliness; RT-PCR, reverse-transcriptase polymerase chain reaction; NA, not applicable; SAR,

secondary attack rate; TIV, trivalent inactivated vaccine.

& Among subjects with analyzable paired serum samples. Subjects <7 years of age did not have serum samples obtained.

b p<.05.

¢ Significant comorbidity that is an indication for influenza immunization included the following: chronic pulmonary disease, chronic cardiac disease,

chronic renal disease, immunosuppressed state, or diabetes mellitus.

case patients were confirmed by seroconversion alone (ie, had
negative PCR results). All 45 contacts with positive RT-PCR
results tested positive by the general influenza A RT-PCR assay,
whereas 42 (93%) of 45 tested positive by pH1N1-specific RT-
PCR. Two asymptomatic infections were detected by serocon-
version but not by RT-PCR, 2 were detected by RT-PCR but
not seroconversion, and 1 was detected by both methods.
Thirty-four of 42 households (81%) had =1 secondary case
patient with pHINI infection as confirmed by RT-PCR and/
or seroconversion, and 16 (38%) had =2 laboratory-confirmed
secondary case patients. In 78% and 57% of households, =1
contact developed ARI and ILI, respectively. Fifty-three of 119
contacts developed laboratory-confirmed pH1NI infection, for
a SAR of 45% (95% confidence interval [CI], 35.6%-53.5%).
The SARs for clinical ARI and ILI were 51% (95% CI, 42.3%—
60.2%) and 29% (95% CI, 20.5%-36.7%), respectively. If lab-

oratory confirmation was also required, the SAR was 35% for
ARI and 26% for ILIL

The SARs according to the characteristics of the contacts and
of the household itself are presented in Table 2. Compared with
adults =18 years old, young contacts (<7 years of age) expe-
rienced significantly more clinical ILI (58% vs 19%; P<.01)
and laboratory-confirmed ILI (50% vs 19%; P = .03). How-
ever, young age was not associated with a significantly greater
risk for acquisition of laboratory-confirmed pHIN1 infection
overall (58% vs 42%; P = .35). Laboratory-confirmed SAR was
56% in contacts vaccinated for 2008—2009 seasonal influenza
and 40% in nonvaccinated contacts (P = .15). No other house-
hold and contact characteristics were associated with a higher
risk of pHINI acquisition.

The SARs according to the characteristics of the primary case
patient are presented in Table 3. Among the 12 contacts exposed
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Table 3. Laboratory-Confirmed Secondary Attack Rates according to Characteristics of the Primary case patient

Laboratory-confirmed SAR, % (no. of cases)

No. of contacts pH1IN1- pH1N1-
linked to Total pH1N1-  positive cases positive cases
Characteristic of primary case patient  primary case patient  positive cases with ARI with ILI
Age
0-6 Years 36 39 (14) 33 (12) 22 (8)
7-17 Years 69 48 (33) 35 (24) 26 (18)
=18 Years 14 43 (6) 43 (6) 36 (5)
All 119 45 (563) 42 (35) 26 (31)
Smoking history 6 17 (1) 17 (1) 17 (1)
Received 2008-2009 influenza TIV
Yes 22 50 (11) 41 (9) 32 (7)
No 97 43 (42) 34 (33) 25 (24)
Symptoms
Fever or feverishness 103 47 (48) 37 (38) 27 (28)
Cough 119 45 (53) 35 (42) 26 (31)
Diarrhea 34 53 (18) 47 (16) 38 (13)
Vomiting 19 68 (13)° 58 (11)° 47 (9°
Diarrhea and vomiting 12 83 (10)? 75 (9)° 67 (8)°
ARI 110 45 (560) 36 (40) 26 (29)
ILI 103 47 (48) 37 (38) 27 (28)
Viral culture
Positive at any sample time 42 55 (23) 45 (19) 26 (11)
Negative 28 43 (12) 39 (11) 39 (11)
Not done 49 37 (18) 24 (12) 18 (9)
RT-PCR on day 8 of illness
Positive 60 47 (28) 40 (24) 28 (17)
Negative 20 40 (8) 20 (4) 15 (3)
RT-PCR viral load on day 8 of illness
Undetectable 20 40 (8) 20 (4) 15 (3)
3-4 log,, copies/mL 23 52 (12) 52 (12) 35 (8)
=5 log,, copies/mL 37 43 (16) 32 (12) 24 (9)

NOTE. ARI, acute respiratory illness; ILI, influenza-like illness; RT-PCR, reverse-transcriptase polymerase chain reaction; SAR,

secondary attack rate; TIV, trivalent inactivated vaccine.
? P<.05.

to primary case patients with both diarrhea and vomiting (age
range of primary case patients, 7—17 years), 10 (SAR, 83%)
acquired laboratory-confirmed pHIN1, with a relative risk of
2.2 (95% CI, 1.5-3.1), compared with those exposed to primary
case patients who did not have both symptoms. No other char-
acteristics of primary case patients were associated with a higher
risk of pHIN1 transmission.

To further evaluate risk factors for pHIN1 transmission, var-
iables with a significance level of <0.2 in univariate analysis
(primary case patient vomiting, primary case patient vomiting
and diarrhea, 2008-2009 seasonal influenza vaccination of con-
tact, and presence of =1 smoker in household) were analyzed
by multivariate log-binomial regression. Because of the small
sample size, we were not able to construct a multivariable mod-

el that converged. Bivariate models either did not converge or

did not change the significance of associations observed in uni-
variate analysis.

The mean (= SD) serial interval between the onset of symp-
toms in the primary case patient and the onset of symptoms
in the 48 symptomatic laboratory-confirmed secondary case
patients was 3.9 + 3.1 days (median interval, 3 days) (Figure
2). For laboratory-confirmed ILI, the mean serial interval was
3.2 days.

HA gene sequencing. Overall, 2 different lineages of pHIN1
were identified among infected study subjects, as determined
by nucleic acid sequencing of the entire HA gene (data not
shown). We had HA sequence data for 24 pairs of secondary
case patients and their respective primary case patient. All pri-
mary-secondary pairs were infected with the same lineage. Se-
quences were identical among 14 pairs (100% homology) and
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Figure 2. Serial intervals in laboratory-confirmed secondary cases of
pHIN1 virus infection, showing delay between the onset of illness in
primary and secondary cases. N, number of symptomatic laboratory-con-
firmed secondary cases of pH1N1 virus infection.

differed by only 1 nucleotide in the other 10 pairs (99.94%
homology).

DISCUSSION

We report the first study, to our knowledge, to use systematic
serial laboratory evaluations (including viral culture, RT-PCR,
and serological testing) in combination with prospectively col-
lected clinical data to characterize the transmission of pHIN1
within households. We observed an SAR of 45% for laboratory-
confirmed pHIN1 (including 5 subjects with asymptomatic
infection) with 81% of households experiencing =1 laboratory-
confirmed secondary case of pHIN1 infection.

During seasonal influenza A epidemics, most estimates of
household SARs have ranged from 14% through 30% [4, 18—
23], although SARs as high as 44%-53% have been observed
[24]. However, recently published evaluations of pHIN1 house-
hold transmission reported considerably lower SARs of 4%—
18% [8-11, 25]. Several differences between our study and
those published to date help to explain our higher SAR. First,
as previously mentioned, our households were recruited using
a pH1N1-specific RT-PCR method that may not be optimally
sensitive [13]. Therefore, we could not recruit primary case
patients with very low viral loads (<200 copies/reaction). Sec-
ond, we systematically sought secondary case patients among
all household contacts (symptomatic or not) through labora-
tory diagnostic testing, and we performed active clinical follow-
up for 3—4 weeks. All subjects were tested by RT-PCR, and
those aged =7 years also had a serological evaluation. In con-
trast, France et al [8] and Cauchemez et al [9] only used clinical
syndromes, such as ILI, to identify secondary case patients,
whereas Odaira et al [10] only performed RT-PCR for clinically
suspected secondary cases. Influenza presents with a range of
symptoms and severities, including atypical or asymptomatic
infections. Clinical definitions therefore cannot fully capture
incident cases and underestimate influenza infection by 25%-—
50%, depending on the setting [26-30]. RT-PCR is the pre-

ferred diagnostic method for influenza [29], although false-
negative RT-PCR results occur [26, 29, 31, 32]. For this reason,
serological evaluation used in combination with RT-PCR is
useful in the research setting [32]; as demonstrated in our study,
serological testing further improves case detection, although
MN serologic thresholds require further evaluation for defining
pHINI infection. In addition to poor sensitivity, as described
above, clinical diagnostic criteria are not very specific and have
a positive predictive value of ~77% for community-based in-
fluenza infection [32].

Nearly 10% of our laboratory-confirmed secondary case pa-
tients were completely asymptomatic, and another 2% mani-
fested only gastrointestinal symptoms. Although asymptomatic
secondary case patients contributed only marginally to our
SAR, this data supports reports of subclinical pHIN1 [33, 34]
and seasonal influenza infection [35]. Estimating the propor-
tion of asymptomatic pHINI1 infections is relevant, because
they may contribute to additional pHIN1 transmission [36].

Our SAR for ILI (29%) was significantly higher than that
reported by Cauchemez et al [9] (10%) and France et al [8]
(11.3%). The former retrospectively collected data through an
internet survey, and the latter interviewed subjects once and
right-censored data at 7 days after primary case patient illness
onset. In contrast, our strategy of active clinical data collection
through repeated home visits during 3—4 weeks allowed us to
capture more symptomatic secondary cases, including 10% that
occurred >1 week after disease onset in the primary case patient,
although we cannot rule out the possibility of an alternate (eg,
community) source for these delayed-onset cases.

Finally, antiviral use is another possible explanation for the
low SARs reported by others. In the four studies reporting
exposure to antivirals in their populations [8, 10, 11, 25], 26%—
92% of primary case patients were treated with a neuramini-
dase inhibitor, and 7%-43% of contacts received antiviral pro-
phylaxis. Neuraminidase inhibitors, to which pHIN1 is almost
uniformly sensitive, reduce household transmission of seasonal
influenza [18, 21] and shorten the duration of pHIN1 shedding
[37]. Therefore, antiviral use likely decreases the household SAR
and acts as a confounder when exploring risk factors for influenza
transmission. Because none of our subjects received antivirals,
we observed the natural course of pHINI infection and trans-
mission within households.

In our study, the mean serial interval between the onset of
illness in primary case patients and secondary case patients was
3.9 days (median interval, 3 days) for laboratory-confirmed
pHINI infection. Only 5 of 48 symptomatic secondary case
patients (10.4%) had cases that occurred later than 1 week after
illness onset in their primary case patient. Although our esti-
mate of the serial interval is slightly longer than that of Cau-
chemez et al [9] (mean interval, 2.6 days) , it is comparable to
that of France et al [8] (median interval, 3 days) and to estimates
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for seasonal influenza [38]. These findings demonstrate that, as
for seasonal influenza, measures for mitigating household spread
of pHIN1 must be initiated quickly to be effective.

Household transmission studies in general cannot readily
distinguish between true secondary case patients (infected by
the household’s primary case patient) and those who may have
been infected further down a chain of household transmission
(tertiary infection) or through other types of social contacts
(community infections). Because we did not use mathematical
modeling to adjust for these phenomena, as others have pro-
posed [4, 5], our observed SARs and serial intervals may be
overestimates. The fact that HA gene sequences obtained from
our secondary case patients were identical or nearly identical
to those obtained from their respective primary case patients
supports transmission within the household but does not rule
out the possibility of community infection or tertiary infection.

We had expected young children (<7 years of age) to transmit
infection more effectively, as reported for seasonal influenza A
[20] and during the 1957 and 1968 pandemics [39]. However,
we saw no difference in SAR according to the age of the primary
case patient. This underscores the inherent unpredictability of
novel influenza virus transmission dynamics, and consequently,
the potential hazards of making assumptions on the basis of
knowledge from seasonal strains.

Similar to previous studies of pH1N1 virus infection [8—11]
and seasonal influenza A [20], we found higher laboratory-
confirmed pHIN1 SARs among children <7 years of age than
among those 7-17 years of age or adults (58%, 48% and 42%,
respectively), although this difference was not statistically sig-
nificant. We likely underestimated the overall risk of pHIN1
acquisition in contacts <7 years of age, because we did not have
serological data for this group. Nevertheless, young children
did experience significantly more ILI and laboratory-confirmed
ILI than did adults. However, given the sample size, our study
was underpowered to detect differences in SARs between age
groups.

It has recently been reported that viable pHINI virus and
viral RNA have been recovered from stool samples obtained
from infected patients [40]. We found that diarrhea (found in
33% of patients) and vomiting (19%) were not infrequent
among our primary case patients, and those who experienced
both symptoms were twice as likely to transmit pH1NI. To our
knowledge, we are the first to report this association. It is
unclear whether our observation represents increased infectivity
of these patients attributable to biological factors (ie, the pres-
ence of pHINI in stool samples or vomitus) or behavioral
factors. In addition, all of our primary case patients with vom-
iting and diarrhea also had fever and cough, which are factors
that may also increase transmission risk.

The small sample size of this study is its principal limitation.
This did not allow us to construct a multivariable model for

the assessment of household transmission risk factors, pre-
cluding adjustment for potential confounders. In addition, be-
cause of ethical considerations, no serum samples were col-
lected from children <7 years of age. Nevertheless, our findings
contribute to a more accurate understanding of pHIN1 trans-
mission and are important to inform public health interven-
tions for mitigating virus spread.

In summary, our comprehensive household transmission
study suggests that the SAR of pHIN1 may be higher than
previously estimated, with 45% of household contacts devel-
oping laboratory-confirmed pHIN1. We also show that most
household transmission occurs early, that asymptomatic infec-
tions are not uncommon (accounting for ~10% of cases) and
that gastrointestinal symptoms are a clinical feature in ap-
proximately one-third of confirmed cases.

Acknowledgments

We thank Patricia S. Fontela of the Department of Epidemiology and

Biostatistics, McGill University, for her thoughtful review of the manuscript.
Financial support. Fonds de la Recherche en Santé du Québec (FRSQ).
Potential conflicts of interests. All authors: no conflicts.

References

1. World Health Organization. Pandemic (H1IN1) 2009-update 95.
http://www.who.int/csr/don/2010_03_12/en/index.html. Accessed 16
April 2010.

2. Hancock K, Veguilla V, Lu X, et al. Cross-reactive antibody responses
to the 2009 pandemic HINI influenza virus. N Engl ] Med 2009;
361(20):1945-1952.

3. Miller E, Hoschler K, Hardelid P, Stanford E, Andrews N, Zambon M.
Incidence of 2009 pandemic influenza A HIN1 infection in England:
a cross-sectional serological study. Lancet 2010;375(9720):1100-1108.

4. Longini IM Jr, Koopman JS, Monto AS, Fox JP. Estimating household
and community transmission parameters for influenza. Am ] Epidemiol
1982;115(5):736-751.

5. Cauchemez S, Carrat F, Viboud C, Valleron AJ, Boelle PY. A Bayesian
MCMC approach to study transmission of influenza: application to
household longitudinal data. Stat Med 2004;23(22):3469-3487.

6. Mossong J, Hens N, Jit M, et al. Social contacts and mixing patterns
relevant to the spread of infectious diseases. PLoS Med 2008; 5(3):e74.

7. Monto AS. Studies of the community and family: acute respiratory
illness and infection. Epidemiol Rev 1994;16(2):351-373.

8. France AM, Jackson M, Schrag S, et al. Household transmission of
2009 influenza A (HINT1) viirus after a school-based outbreak in New
York City, April-May 2009. J Infect Dis 2010;201(7):984-992.

9. Cauchemez S, Donnelly CA, Reed C, et al. Household transmission of
2009 pandemic influenza A (HIN1) virus in the United States. N Engl
J Med 2009;361(27):2619-2627.

10. Odaira F, Takahashi H, Toyokawa T, et al. Assessment of secondary
attack rate and effectiveness of antiviral prophylaxis among household
contacts in an influenza A(HIN1)v outbreak in Kobe, Japan, May—June
2009. Euro Surveill 2009; 14(35):e19320.

11. Morgan OW, Parks S, Shim T, et al. Household transmission of pan-
demic (HIN1) 2009, San Antonio, Texas, USA, April-May 2009. Emerg
Infect Dis 2010;16(4):631-637.

12. De Serres G, Rouleau I, Hamelin M-E, et al. Contagious period for
pandemic HIN1: virus replication and shedding one week post illness
onset. Emerg Infect Dis 2010; 16(5):783-788.

13. LeBlanc JJ, Li Y, Bastien N, Forward KR, Davidson RJ, Hatchette TE.
Switching gears for an influenza pandemic: validation of a duplex

1040 « CID 2010:51 (1 November) * Papenburg et al

220z ysnBny 9|, uo Jesn sonsnp Jo Juswpedeq S'N AQ 22E262/SE01/6/1S/I0IE/PIo/W0o dNO0IWSPEOE//:SARY WOl POPEOjUMOQ



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

reverse transcriptase PCR assay for simultaneous detection and con-
firmatory identification of pandemic (HIN1) 2009 influenza virus. J
Clin Microbiol 2009;47(12):3805-3813.

Centers for Disease Control. Flu activity and surveillance: reports
and surveillance methods in the United States. http://www.cdc.gov/
flu/weekly/fluactivity.htm. Accessed 16 April 2010.

Fouchier RA, Bestebroer TM, Herfst S, Van Der Kemp L, Rimmelzwaan
GE, Osterhaus AD. Detection of influenza A viruses from different species
by PCR amplification of conserved sequences in the matrix gene. J Clin
Microbiol 2000;38(11):4096—4101.

World Health Organization (WHO). WHO manual on animal influen-
za diagnosis and surveillance. http://www.who.int/vaccine_research/
diseases/influenza/WHO_manual_on_animal-diagnosis_and_surveillance
_2002_5.pdf. Accessed 16 April 2010.

National Advisory Committee on Immunization. Statement on influ-
enza vaccination for the 2008-2009 season: an advisory committee
statement (ACS). Can Commun Dis Rep 2008; 34:1-46.

Welliver R, Monto AS, Carewicz O, et al. Effectiveness of oseltamivir
in preventing influenza in household contacts: a randomized controlled
trial. JAMA 2001;285(6):748-754.

Hope-Simpson RE. Epidemic mechanisms of type A influenza. ] Hyg
(Lond) 1979;83(1):11-26.

Viboud C, Boelle PY, Cauchemez S, et al. Risk factors of influenza
transmission in households. Br J Gen Pract 2004;54(506):684—689.
Hayden FG, Gubareva LV, Monto AS, et al. Inhaled zanamivir for the
prevention of influenza in families. Zanamivir Family Study Group. N
Engl ] Med 2000;343(18):1282-1289.

Monto AS, Pichichero ME, Blanckenberg S, et al. Zanamivir prophy-
laxis: an effective strategy for the prevention of influenza types A and
B within households. J Infect Dis 2002;186(11):1582-1588.

Hayden FG, Belshe R, Villanueva C, et al. Management of influenza
in households: a prospective, randomized comparison of oseltamivir
treatment with or without postexposure prophylaxis. J Infect Dis 2004;
189(3):440-449.

Fox JP, Hall CE, Cooney MK, Foy HM. Influenza virus infections in
Seattle families, 1975-1979. 1. Study design, methods and the occur-
rence of infections by time and age. Am J Epidemiol 1982;116(2):212—
227.

Suess T, Buchholz U, Dupke S, et al. Shedding and transmission of
novel influenza virus A/HIN1 infection in households—Germany, 2009.
Am ] Epidemiol 2010;171(11):1157-1164.

Call SA, Vollenweider MA, Hornung CA, Simel DL, McKinney WP.
Does this patient have influenza? JAMA 2005;293(8):987-997.
Boivin G, Hardy I, Tellier G, Maziade J. Predicting influenza infections

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

40.

during epidemics with use of a clinical case definition. Clin Infect Dis
2000;31(5):1166-1169.

Babcock HM, Merz LR, Dubberke ER, Fraser V]J. Case-control study
of clinical features of influenza in hospitalized patients. Infect Control
Hosp Epidemiol 2008;29(10):921-926.

Harper SA, Bradley JS, Englund JA, et al. Seasonal influenza in adults
and children—diagnosis, treatment, chemoprophylaxis, and institu-
tional outbreak management: clinical practice guidelines of the Infec-
tious Diseases Society of America. Clin Infect Dis 2009;48(8):1003—
1032.

Ong AK, Chen MI, Lin L, et al. Improving the clinical diagnosis of
influenza—a comparative analysis of new influenza A (HIN1) cases. PLoS
One 2009; 4(12):e8453.

Singh K, Vasoo S, Stevens ], Schreckenberger P, Trenholme G. Pitfalls
in diagnosis of pandemic (novel) A/HIN1 2009 influenza. J Clin Mi-
crobiol 2010;48(4):1501-1503.

Zambon M, Hays ], Webster A, Newman R, Keene O. Diagnosis of
influenza in the community: relationship of clinical diagnosis to con-
firmed virological, serologic, or molecular detection of influenza. Arch
Intern Med 2001;161(17):2116-2122.

Yang J, Yang F, Huang F, Wang J, Jin Q. Subclinical infection with the
novel Influenza A (HIN1) virus. Clin Infect Dis 2009;49(10):1622—
1623.

Meyer S, Ilchmann C, Adam M, et al. Asymptomatic infection with
novel influenza A/HINI1 virus in a heart transplant recipient. ] Heart
Lung Transplant 2010;29(5):585-586.

Lau LL, Cowling BJ, Fang V], et al. Viral shedding and clinical illness in
naturally acquired influenza virus infections. J Infect Dis 2010;201(10):
1509-1516.

Hsu SB, Hsieh YH. On the role of asymptomatic infection in trans-
mission dynamics of infectious diseases. Bull Math Biol 2008;70(1):
134-155.

Ling LM, Chow AL, Lye DC, et al. Effects of early oseltamivir therapy
on viral shedding in 2009 pandemic influenza A (HIN1) virus infec-
tion. Clin Infect Dis 2010;50(7):963-969.

Cowling BJ, Fang V], Riley S, Malik Peiris JS, Leung GM. Estimation
of the serial interval of influenza. Epidemiology 2009;20(3):344—347.

. Davis LE, Caldwell GG, Lynch RE, Bailey RE, Chin TD. Hong Kong

influenza: the epidemiologic features of a high school family study
analyzed and compared with a similar study during the 1957 Asian
influenza epidemic. Am J Epidemiol 1970;92(4):240-247.

To KK, Chan KH, Li IW, et al. Viral load in patients infected with
pandemic HIN1 2009 influenza A virus. ] Med Virol 2010; 82(1):1-7.

Household Transmission of pHINI Virus ¢« CID 2010:51 (1 November) ¢ 1041

220z ysnBny 9|, uo Jesn sonsnp Jo Juswpedeq S'N AQ 22E262/SE01/6/1S/I0IE/PIo/W0o dNO0IWSPEOE//:SARY WOl POPEOjUMOQ



