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Introduction: Findings from the community-based
Canadian Sentinel Practitioner Surveillance Network
(SPSN) suggest children were more affected by the
2018/19 influenza A(HiN1)pdmog epidemic. Aim: To
compare the age distribution of A(H1iN1)pdmog cases
in 2018/19 to prior seasonal influenza epidemics in
Canada. Methods: The age distribution of unvaccinated
influenza A(HiN1)pdmog cases and test-negative con-
trols were compared across A(HiN1)pdmog-dominant
epidemics in 2018/19, 2015/16 and 2013/14 and with
the general population of SPSN provinces. Similar
comparisons were undertaken for influenza A(H3N2)-
dominant epidemics. Results: In 2018/19, more influ-
enza A(HiN1)pdmog cases were under 10 years old than
controls (29% vs 16%; p ¢ 0.001). In particular, chil-
dren aged 5—9 years comprised 14% of cases, greater
than their contribution to controls (4%) or the general
population (5%) and at least twice their contribution
in 2015/16 (7%; p ¢ 0.001) or 2013/14 (5%; p < 0.001).
Conversely, children aged 10-19 years (11% of the
population) were under-represented among A(H1iN1)
pdmog cases versus controls in 2018/19 (7% vs 12%;
p < 0.001), 2015/16 (7% Vs 13%; p < 0.001) and 2013/14
(9% vs 12%; p = 0.12). Conclusion: Children under
10 years old contributed more to outpatient A(H1iN1)
pdmog medical visits in 2018/19 than prior seasonal
epidemics in Canada. In 2018/19, all children under 10
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years old were born after the 2009 A(H1N1)pdmog pan-
demic and therefore lacked pandemic-induced immu-
nity. In addition, more than half those born after 2009
now attend school (i.e. 5—9-year-olds), a socio-behav-
ioural context that may enhance transmission and did
not apply during prior A(HiN1)pdmog epidemics.

Introduction

The 2018/19 seasonal influenza epidemic in the north-
ern hemisphere has primarily been due to influenza A
viruses with fewer influenza B detections than usual
[1-3]. In Canada, among influenza A viruses subtyped,
the majority (> 80% as at week 11) have been influenza
A(H1N1)pdmog [1]. Influenza A(HiN1)pdmog viruses
have also predominated elsewhere, including the
United States (US) [2] and Europe [3,4], but with more
variable contribution by influenza A(H3N2) subtype
viruses. The last influenza A(H1iN1)pdmog-dominant
epidemics in Canada occurred in 2013/14 [1,5] and
2015/16 [1,6]; A(H3N2) subtype viruses predominated
in 2014/15 [1,7], 2016/17 [1,8] and 2017/18 [1,9].

The 2018/19 influenza A(HiN1)pdmog epidemic in
Canada began early in week 43, with paediatric hos-
pitalisations above the seasonal norm as early as
week 45 and national surveillance indicators showing
the epidemic peak during week 52 2018 [1]. In a rapid
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communication, published 24 )January 2019, the commu-
nity-based Canadian Sentinel Practitioner Surveillance
Network (SPSN) reported early estimates of influenza
vaccine effectiveness (VE) for the 2018/19 season [10].
Substantial VE against medically-attended outpatient
influenza A(H1N1)pdmog illness was reported for all
age groups and particularly for children. Vaccine pro-
tection against influenza A(HiN1))pdmog was also sub-
sequently reported among outpatients in the US [11],
and Europe [12] and from Hong Kong among children
requiring inpatient care [13].

The Canadian SPSN interim report, which captured
cases as at week 2 2019, suggested that children aged
less than 10 years were disproportionately affected by
the 2018/19 influenza A(H1iN1)pdmog epidemic [10].
Drawing on historical datasets of the Canadian SPSN
since the 2013/14 seasonal influenza A(H1IN1)pdmog
epidemic, we examine and compare this age-related
surveillance signal in more detail and inclusive of addi-
tional weeks spanning the tail end of the 2018/19 influ-
enza A(HiN1)pdmog epidemic.

Methods

Study participants and protocol

As described in prior SPSN publications [5-10], nasal/
nasopharyngeal specimens and epidemiological data
were collected from patients presenting to community-
based sentinel practitioners in the four most populous
provinces of Canada: Alberta, British Columbia, Ontario
and Quebec. Eligible patients met a standardised case
definition for influenza-like illness (ILI) consisting of
acute onset of self-reported fever and cough and at
least one other symptom including sore throat, myal-
gia, arthralgia or prostration [5-10]. The same ILI criteria
applied each season and to all age groups, except that
fever was not a requirement for elderly adultsaged 65
years and older. All specimens were tested for influ-
enza type and subtype by real-time RT-PCR assays at
provincial public health laboratories; subtyping infor-
mation was available for= 95% of influenza A viruses
each season [5-10].

The current study is restricted to specimens collected
from patients presenting within 7 days of ILI onset
between 1 November and 30 April each seasonal influ-
enza epidemic, except 2018/19 for which collection
dates spanned from 1 November to specimens avail-
able as at 18 March 2019 [5-10] (Supplementary Figure
S1). Cases tested positive for the dominant influenza
A subtype of a given season; controls tested negative
for any influenza virus. Patients without available influ-
enza A subtype information were excluded. To assess
age distribution in the absence of vaccine effects, anal-
yses were restricted to unvaccinated patientsaged1
year or older. Unvaccinated patients were those self-
reporting no influenza vaccine receipt (or as reported
by their parent/guardian) in the season during which
their specimen was collected.

www.eurosurveillance.org

Ethical statement

Although conducted as a surveillance initiative, the
Canadian SPSN follows a study protocol that includes
obtaining verbal consent from patients (or their parent/
guardian). During the study period the protocol was
approved by the following ethics review committees in
participating provinces: University of Calgary, Calgary,
Alberta; University of British Columbia, Vancouver,
British Columbia; University of Toronto (2013/14—
2016/17), University Health Network (2013/14-2016/17),
and Public Health Ontario (2017/18-2018/19), Toronto,
Ontario; and Comité d’éthique de santé publique,
Québec.

Age-related analyses

The age distribution of unvaccinated influenza A(H1N1)
pdmog cases and unvaccinated controls in 2018/19
was primarily compared with prior influenza A(H1N1)
pdmog-dominant seasonal epidemics (i.e. 2013/14
and 2015/16) [5,6]. Similar comparisons were under-
taken for influenza A(H3N2)-dominant epidemics (i.e.
2014/15, 2016/17 and 2017/18) [7-9]. Age-related analy-
ses and comparisons by season included:

(i) The percentage of ILI specimens testing positive
for the specified influenza A subtype, by age group.
Age groups included: children aged 1-4 years; 5-9
years and 10—-19 years; and adults aged 20-49 years;
50—-64 years; and 65 years and older (elderly adults).
Percentage positivity estimates were accompanied by
95% confidence intervals (Cls) and compared by chi-
squared analysis.

(i) The percentage distribution of unvaccinated cases
and controls by single year of age. Percentage histo-
grams displayed the percentage of all cases (of the
specified influenza A subtype) that belonged to a given
age in years such that percentages sum 100% across
the age range each season. The percentage distribution
of influenza test-negative controls was superimposed
upon the same season-specific plots to standardise for
potential age-related sampling variation. The median
age of cases and controls was compared within and
across seasons by the Wilcoxon rank-sum test.

(i) The percentage distribution of unvaccinated cases
and controls by age group. Proportions were accompa-
nied by 95% Cls and compared by chi-squared analy-
sis. Case/control distributions by age group were also
compared with the general population of SPSN prov-
inces (2018 data) (Supplementary Table S1) [14].

Results

Percentage positivity by age category

In Table 1, among specimens collected from unvacci-
nated patients with ILI, the age group with the highest
influenza A test-positivity was children aged 5—9 years
in 2018/19 (73% A(H1N1)pdmog positive). This posi-
tivity rate was not only significantly higher compared
to the same age group during prior influenza A(H1N1)



FIGURE 1

Percentage distribution of unvaccinated influenza
A(HIN1)pdmO09 cases and controls by single year of age,
Canadian Sentinel Practitioner Surveillance Network
(SPSN), seasonal influenza A(HIN1)pdm09 epidemics
2013/14, 2015/16, 2018/19
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2 Span of specimen collection dates for unvaccinated cases (n=366): 6 November 2013
to 3 April 2014; for unvaccinated controls (n=683): 1 November 2013 to 29 April
2014.

> Span of specimen collection dates for unvaccinated cases (n=525): 9 December 2015
to 28 April 2016; for unvaccinated controls (h=920): 1 November 2015 to 30 April
2016.

< Span of specimen collection dates for unvaccinated cases (n=858): 1 November 2018
to 14 March 2019; for unvaccinated controls (n=1050): 1 November 2018 to 18 March
2019.

The percentage of all unvaccinated influenza A(HiN1)pdmog cases belonging to a given
single year of age is displayed as a blue bar; the same information for unvaccinated
influenza test-negative controls is superimposed as a dotted line to indicate the
sampling distribution by age for comparison purposes. The p values displayed are
for the comparison between median ages of cases and controls within the same
season.

pdmog epidemics in 2015/16 (34%; p ¢ 0.001) and
2013/14 (31%; p<0.001), but it was also significantly
higher compared to any other age group in any other
seasonal epidemic assessed (all p values <0.005).

Higher influenza A(HiN1)pdmog test-positivity was
also observed among children aged 1-4 years in
2018/19 compared to 2015/16 and 2013/14 (51% vs
37%; p = 0.008 and 31%; p = 0.001, respectively) and
among adults 20-49 years old (44% vs 39%; p = 0.03
and 36%; p = 0.001, respectively), but these differ-
ences were less striking. Other age groups showed no
significant differences across these seasons.

The next highest percentage influenza A positivity
(54%) also involved children aged 5—9 years but during
the influenza A(H3N2) epidemic in 2016/17 (p=0.002
compared with 2018/19). Children aged 10-19 years
also had higher influenza A(H3N2) positivity rates in
2016/17 (47%), greater than for any other season for
that age group (36% in 2014/15 (p=0.03); p<0.005
any other seasons’ comparisons). Among those aged
65 years and older, influenza test-positivity was also
generally higher during A(H3N2) vs A(HiN1)pdmog epi-
demics, marginally significant in comparing positivity
across combined A(H3N2) vs A(HiN1)pdmog epidem-
ics (40% vs 31%; p = 0.03) and between 2016/17 vs
2013/14 (43% VS 25%; p = 0.03) .

Percentage distribution by age in years

As shown in Figure 1, the distribution of unvacci-
nated influenza A(HiN1)pdmog cases was more highly
skewed towards children aged 1-9-years in 2018/19
but with a relative paucity of cases aged 10-19 years
during each seasonal A(HiN1))pdmog epidemic includ-
ing 2018/19. Shift toward greater involvement of chil-
dren less than 10 years old was also evident in 2015/16
compared with 2013/14, but became more pronounced
in 2018/19. In particular, children between the ages of
3—5 years each comprised the greatest proportion (4%
or more) of A(HiN1))pdmog cases in 2018/19. However,
children between the ages of 6—9 years were also more
substantially affected, with each single year of age in
that grouping newly comprising 2% or more of A(H1N1)
pdmog cases in 2018/19 whereas they had each com-
prised less than 2% of cases in 2015/16 and 2013/14.

Comparing the age distributions of cases and con-
trols across seasons (not shown) the median age of
A(H1N1)pdmog cases in 2018/19 (31 years) was lower
than for cases in 2015/16 and 2013/14 (both 36 years;
p < 0.001); whereas, the median age of controls did not
significantly differ (or was higher) in 2018/19 (34 years)
compared to controls in 2015/16 and 2013/14 (both 31
years; p = 0.04 and 0.11, respectively). Comparing the
age distributions of cases versus controls within the
same seasons (as shown in Figure 1), the median age
of cases in 2018/19 was younger than controls (31 vs
34 years; p < 0.001) whereas cases were older than con-
trols in both 2015/16 and 2013/14 (36 vs 31 years both
seasons; p < 0.02 and < 0.01, respectively).

www.eurosurveillance.org



FIGURE 2

Percentage distribution of unvaccinated influenza
A(H3N2) cases and controls by single year of age,
Canadian Sentinel Practitioner Surveillance Network
(SPSN), seasonal influenza A(H3N2) epidemics 2014/15,
2016/17, 2017/18
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2 Span of specimen collection dates for unvaccinated cases (n=380): 5 November 2014
to 1 April 2015; for unvaccinated controls (n=770): 3 November 2014 to 30 April 2015.

> Span of specimen collection dates for unvaccinated cases (n=521): 1 November 2016 to
27 April 2017; for unvaccinated controls (n=840): 1 November 2016 to 29 April 2017.

< Span of specimen collection dates for unvaccinated cases (n=438): 9 November 2017
to 26 April 2018; for unvaccinated controls (n=1,139): 1 November 2017 to 30 April
2018.

The percentage of all unvaccinated influenza A(H3N2) cases belonging to a given
single year of age is displayed as a red bar; the same information for unvaccinated
influenza test-negative controls is superimposed as a dotted line to indicate the
sampling distribution by age for comparison purposes. The p values displayed are
for the comparison between median ages of cases and controls within the same
season.
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Influenza A(H3N2) cases were more evenly distributed
across the age range (Figure 2). In 2017/18, the median
age of influenza A(H3N2) cases was 36.5 years, greater
than in 2016/17 (30 years; p =0.004) and 2014/15
(33 years; p=0.003). However, a similar pattern was
observed in controls, with median age of 34 years in
2017/18 that was greater than in 2016/17 (31 years;
p = 0.01) and 2014/15 (30 years; p = 0.001).

Percentage distribution by age category

In 2018/19, children less than 10 years old comprised
a greater proportion of influenza A(HiN1)pdmog cases
than controls (29% vs 16%; p < 0.001), greater also than
their share of the general population of SPSN provinces
(10%) or their contribution to cases in 2015/16 (17%;
p<0.001) or 2013/14 (12%; p<o0.001). (Figure 3, Table
2 and Supplementary Table S1) [14].

The percentage of all unvaccinated cases of the speci-
fied influenza A subtype and all unvaccinated controls
within a given season that belonged to the specified
age group are displayed. The percentage that were
children aged 1-4 years is shown in panel A, children
5—9 years in panel B, children 10-19 years in panel C
and adults 65 years and older in panel D. More detailed
information, including case distributions among other
adult categories, is provided in Table 2.

Blue bars represent A(HiN1)pdmog case distributions
during influenza A(HiN1)pdmog epidemic seasons
(2013/14, 2015/16 and 2018/19), red bars represent
A(H3N2) case distributions during influenza A(H3N2)
epidemic seasons (2014/15, 2016/17 and 2017/18) and
grey bars represent influenza test-negative controls.
Associated case/control counts are available in Table 2.

The proportion of A(HiN1))pdmog cases that were chil-
dren aged 1—4 years increased from 7% in 2013/14 and
10% in 2015/16 to 15% in 2018/19 (p < 0.001 and ¢ 0.01
comparing both prior epidemics to 2018/19, respec-
tively) (Figure 3, Table 2). However, this may reflect
increased sampling from that age group, given that
their control contribution also increased from 9% in
both 2013/14 and 2015/16 to 11% in 2018/19 (p = 0.07
and o.13, respectively). Overall, the proportion of cases
that were children aged 1—4 years in 2018/19 was mar-
ginally greater among cases than among controls (15%
vs 11%; p = 0.04) with both exceeding the proportion
aged 1—4 years in the general population of SPSN prov-
inces (4%) (Supplementary Table S1) [14].

The proportion of A(HiIN1))pdmog cases that were chil-
dren aged 5-9 years also increased from 5% in 2013/14
and 7% in 2015/16 t0 14% in 2018/19 (p < 0.001 compar-
ing both prior epidemics to 2018/19) (Figure 3, Table 2).
However, unlike children aged 1-4 years, this pattern
was not evident in their control contribution in 2018/19
(4%), with there instead being a slight decline from
2013/14 (6%, p = 0.12) and 2015/16 (8%; p < 0.01). The
case contribution by children aged 5—9 years in 2018/19
was thus disproportionate to their control contribution



FIGURE 3

Percentage distribution of unvaccinated cases and controls, paediatric and elderly adult age groups, Canadian Sentinel
Practitioner Surveillance Network (SPSN), seasonal influenza epidemics 2013/14-2018/19
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in panel B, children 10-19 years in panel C and adults 65 years and older in panel D. More detailed information, including case distributions

among other adult categories, is provided in Table 2.

Blue bars represent A(HiN1)pdmog case distributions during influenza A(H1N1)pdmog epidemic seasons (2013/14, 2015/16 and 2018/19), red
bars represent A(H3N2) case distributions during influenza A(H3N2) epidemic seasons (2014/15, 2016/17 and 2017/18) and grey bars represent
influenza test-negative controls. Associated case/control counts are available in Table 2.

(14% vs 4%; p < 0.001), the latter otherwise approxi-
mating their share of the general population (5%)
(Supplementary Table S1) [14]. The influenza A(H1N1)
pdmog case contribution by children aged 5—9 years
in 2018/19 was also greater than their A(H3N2) case
contribution during prior A(H3N2) epidemics (ranging
7-10%; p < 0.05 each comparison) (Figure 3, Table 2).

The case contribution by other age groups in 2018/19
was more comparable to, or below that of, their contri-
bution to controls or to cases and controls during prior
seasons (Table 2). In particular, children aged 10-19
years (comprising 11% of the general population) were

under-represented among A(HiN1)pdmog cases rela-
tive to controls in 2018/19 (7% vs 12%; p < 0.001), as
well as 2015/16 (7% vs 13%; p < 0.001) and to a lesser
extent in 2013/14 (9% vs 12%; p=o0.12) (Figure 3, Table
2, Supplementary Table S1) [14]. Children 10-19 years
old contributed fewer cases across combined A(HiN1)
pdmog epidemics (7%) than combined A(H3N2) epi-
demics (15%; p<0.001) or relative to controls combined
(13% and 13%, respectively; p<o.001 both compari-
sons). Adults aged 65 years and older also contrib-
uted less during influenza A(HiN1)pdmog epidemics
combined (4%) compared with A(H3N2) epidemics
combined (8%; p<o0.001), while comprising the same
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TABLE 2

Percentage distribution of unvaccinated cases and controls
by age group, Canadian Sentinel Practitioner Surveillance
Network (SPSN), Canada, seasonal influenza epidemics
2013/14-2018/19

Controls
% 95% Cl

20-49 201 | 55 50-60 360 | 53 49-57
50-64 76 21 17-25 105 | 15 13-18

> 65 12 3 2-6 36 5 4-7
zosspe ]
Total 525 920

1-4 50 | 10 7-12 85 9 7-11
5-9 38 7 5-10 73 8 6-10
10-19 38 7 5-10 122 | 13 11-16
20-49 280 | 53 49-58 438 | 48 44-51
50-64 97 | 18 15-22 154 | 17 14-19

2 65 22 | 4 3-6 48 | 5 4-7
R
Total 858 1050

1-4 125 | 15 12-17 19 | 11 10-13
5-9 124 | 14 12-17 47 4 3-6
10-19 57 7 5-9 131 | 12 11-15
20-49 389 | 45 42-49 487 | 46 43-50
50-64 131 | 15 13-18 200 | 19 17-22

Total 380 770

1-4 25 7 4-10 82 11 9-13
5-9 38 | 10 7714 52 7 5-9
10-19 59 16 12-20 107 | 14 12-17
20-49 166 | 44 39-49 353 | 46 42-49
50-64 67 18 14-22 142 | 18 16-21
2 65 25 7 4-10 34 | 4 3-6

A

Total 521 840

1-4 29 6 4-8 101 | 12 10-14
5-9 49 9 7-12 42 5 4-7
10-19 97 | 19 15-22 109 | 13 11-15
20-49 211 | 40 36-45 386 | 46 43-49
50—64 91 17 14-21 144 | 17 15-20
265 44 | 8 6-11 58 | 7 5-9

oogps

Total 438 1139

1-4 21 5 3-7 62 5 4-7
5-9 32 | 7 5-10 65 | 6 47
10—-19 50 11 9-15 152 13 11-16
20-49 197 | 45 40-50 578 | 51 48-54
50-64 98 | 22 19-27 209 | 18 16-21
2 65 40 9 7-12 73 6 5-8

Cl: confidence interval.

The percentage (%) columns indicate the percentage of total influenza
A cases of the specified subtype (or influenza test-negative controls) by
seasonal influenza epidemic that belong to the specified age category;
these % values are shown in bold for clarity.
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overall proportion of controls (6% combined A(H1N1)
pdmog epidemics and 6% combined A(H3N2) epidem-
ics). Each season, however, adults aged 65 years and
older were under-represented among outpatient ILI
visits relative to their share of the general population
(17%) (Supplementary Table S1) [14].

Discussion

Findings across successive seasons of influenza moni-
toring by the Canadian SPSN show greater involvement
of children aged less than 10 years among outpatient
medical visits during the 2018/19 influenza A(H1N1)
pdmog epidemic. In particular, children aged 5—9 years
were disproportionately affected, comprising 14%
of all cases in 2018/19 which is at least twice that of
their contribution during prior A(HiN1)pdmog epidem-
ics in 2013/14 (5%) and 2015/16 (7%). Over-sampling
of children 5—9 years old during the 2018/19 season
is unlikely to explain these observations given their
contribution to influenza test-negative controls (4%),
commensurate with the general population of SPSN
provinces (5%) [14].

Moving cohort effects can be followed in relation to
major immunological priming events, such as pan-
demics, to anticipate relative age-related suscepti-
bility during subsequent epidemics. In that regard,
our observations in 2018/19 may have an immuno-
epidemiological explanation. Infection rates during
the 2009 pandemic were very high, especially in chil-
dren (ca 47% among those aged 5—19 years), resulting
in high levels of infection-induced immunity [15,16].
Subsequent seasonal epidemics will have also contrib-
uted to population immunity, although influenza infec-
tion rates outside of pandemics are generally much
lower [17]. Correlating that understanding with our age-
related observations, in 2013/14 children aged less
than 5 years lacked 2009 pandemic-induced immunity
as they were not yet born in 2009; in Canada, this was
evident in the lowest sero-protection rates against
A(H1N1)pdmog measured in that age group pre-season
in 2013 [16]. Two years later, in 2015/16, this moving
cohort of children lacking 2009 pandemic exposure
included all children aged 7 years or less; in addition,
children under 2 years of age would have missed the
opportunity to acquire (or boost) immunity during the
2013/14 influenza epidemic. Finally, in 2018/19, those
lacking 2009 pandemic-induced immunity included the
expanded group of under 10-year-olds; additionally,
children under 5 years lacked exposure to the 2013/14
epidemic and children under 3 years lacked exposure
to the 2015/16 epidemic. Overall in 2018/19, compared
to prior seasonal influenza epidemics, a greater pro-
portion of children less than 10 years old would have
lacked immunity to A(HiN1)pdmog viruses.

Furthermore, in 2018/19, more than half those born
after the 2009 pandemic now attend school (i.e. aged
5—9 years)—a context that did not apply in previous
A(H1N1)pdmog seasonal epidemics and may have
enhanced transmission. School children are efficient



propagators of infections transmitted by the respira-
tory or close contact route [18-20]. Facilitating this
transmission potential, the mean number of daily con-
tacts increases gradually by age in childhood, peak-
ing between ages 10-19 years [18,19]. Consistent with
those epidemiological circumstances, surveillance
observations showed that children aged 5-19 years
(i.e. school age) contributed disproportionately dur-
ing influenza A(H3N2) epidemics relative to controls.
Younger school age children 5—9 years old also con-
tributed disproportionately during the 2018/19 A(H1N1)
pdmog epidemic, whereas older school age children
10-19 years old were under-represented during all
seasonal A(HiN1)pdmog epidemics. We hypothesise
that children aged 5—-9 years were disproportionately
affected in 2018/19 because for the first time, that well-
connected group was fully comprised of children lack-
ing the 2009 pandemic experience. Conversely, older
school age children (10-19 years) each season (includ-
ing 2018/19) were comprised of those who had previ-
ously lived through the 2009 pandemic, with greater
likelihood of A(H1iN1)pdmog immunity on that basis.

Most contacts of children are of a similar age, but
also include siblings and parents and these contacts
tend to be of long duration [18,19]. The combination
of greater susceptibility and richer contact networks
among school-aged children 5—9 years old in 2018/19
may have amplified spread beyond their immediate
peers. This may be evident in the higher percentage of
influenza test-positive specimens also found among
younger children and adults in 2018/19. It may also
be evident in the bimodal age distribution of A(H1N1)
pdmog cases with a secondary peak among adults.
However, this bimodal age pattern is not evident in the
A(H3N2) case distribution, despite the disproportion-
ate involvement of school-aged children during those
epidemics also. The appearance of a bimodal peak for
A(HiN1)pdmog cases may instead reflect the relative
paucity of cases among those who acquired immunity
as children during the A(HiN1)pdmog pandemic (e.g.
those 20 years or younger at the time). It is unknown
whether the A(H1iN1)pdmog attack rates in 2018/19 will
prove sufficient to arrest or substantially attenuate the
moving cohort of paediatric susceptibility we describe
following the 2009 influenza pandemic. If not, that
susceptibility may next extend to include those older
than 10 years who have, on average, the greatest num-
ber of effective contacts [18,19], a potentially precari-
ous combination for future A(HiN1)pdmog epidemics.

Immunological cohort effects may also be expressed
in more complex ways across the life span. Priming to
the particular influenza viruses of first childhood expo-
sure may leave lasting immunological imprints that can
negatively or positively affect responses during subse-
quent influenza virus encounters [21-23]. Such historic
priming effects were hypothesised to explain greater
A(H1iN1)pdmog susceptibility among non-elderly adults
during recent seasonal epidemics [6,21]. Conversely,
immunity generated by early childhood exposure to

closely-related ancestral viruses has been hypoth-
esized to explain lower A(H1IN1)pdmog susceptibility
decades later among elderly adults during the A(H1N1)
pdmog pandemic [23] and subsequent seasonal
A(HiN1)pdmog epidemics. The timeline for persistence
of this pre-existing protection against A(H1iN1)pdmog
viruses in elderly adult cohorts requires monitoring.
In the meantime, reduced susceptibility to influenza
A(H1N1)pdmog subtype viruses among elderly adults
may be negatively correlated with their greater suscep-
tibility to influenza A(H3N2) subtype viruses [24,25],
an ecological association that warrants more definitive
evaluation.

The SPSN places no age restrictions on influenza test-
ing and includes patients meeting the same ILI testing
indication. No relevant system changes were introduced
during the study period to account for the age-related
shift in influenza A(H1iN1)pdmog cases we observed.
Although particular diagnostic assays varied, all test
sites are accredited clinical and public health diag-
nostic and reference laboratories subject to regular
proficiency testing programs, conducted at least thrice
annually. Either way, assay changes were not applied
differentially by age to SPSN specimens. Although chil-
dren may shed more virus and/or for longer periods
[26,27], this is not expected to differ by season and all
included specimens were collected within 7 days of ILI
onset with the same median interval from ILI onset to
specimen collection (3 days) in 2018/19 compared with
2015/16 and 2013/14, overall, stratified by cases/con-
trols and restricted to children 1—9 years of age (data
not shown).

To assess age distribution in the absence of vac-
cine effects, which vary by age, subtype and season
[5-10,28], we restricted the analysis to patients who
self-reported being unvaccinated. Although we did
not account for prior vaccination history, this is highly
correlated with current season’s vaccination status
[5-10]. In sensitivity analyses, we included patients
who self-reported influenza vaccination, and the same
age-related patterns were observed (Supplementary
Figure S2 and Supplementary Figure S3). This is not
unexpected since analyses overall remain driven by
the majority of SPSN participants (about two-thirds)
[5-10], who did not receive influenza vaccine, similar to
the profile in the general population [29]. Inclusive of
vaccinated participants, the median ages of both cases
and controls were older in all seasons but this is also
not unexpected given greater vaccine coverage among
elderly adults and those with high-risk conditions tar-
geted by the annual influenza vaccination campaign.

Less than 25% of SPSN participants aged 1-9 years
received influenza vaccine each season [5-10], includ-
ing 2018/19 (data not shown). Between 2014/15 and
2016/17, about half of vaccinated SPSN participants
aged 1—9 years for whom the formulation was known
were reported to have received live attenuated influ-
enza vaccine (LAIV). However, following changes to
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LAIV recommendations in the US and Canada [30-32],
this proportionate LAIV use fell below 20% among vac-
cinated participants aged 1-9 years in 2017/18 and
2018/19. Overall, LAIV comprisedless than 5% of total
influenza vaccine doses distributed by the publicly-
funded programme across SPSN provinces in 2018/19.
Although there may be some misclassification of vac-
cine status due to self- or parent/guardian-reporting, it
is unlikely that the increased A(HiN1)pdmog detection
we observed among unvaccinated children in 2018/19
could be explained by shedding of LAIV virus among
those for whom vaccination occurred but was not rec-
ognised, recorded or reported.

Our findings only include patients seeking outpa-
tient care; our system cannot assess patterns among
inpatients or those not seeking medical attention.
Differences in healthcare seeking or testing behaviours
by age and/or epidemic may skew surveillance trends
based upon case detection alone. To account for pos-
sible age-related sampling variation, we assessed
trends among influenza test-negative controls identi-
fied according to the same study protocol as for cases,
recognising, however, that non-influenza causes of ILI
may separately vary by age and season. School-aged
children 5-19 years old may have higher influenza
attack rates [15,17], but their risk of serious outcomes
(such as hospitalisation or death) is lower compared
with younger paediatric or other age groups [33-36].
Observations driven by serious outcome surveillance
may therefore miss the greater involvement of school-
children at the community or outpatient levels. Trends
we report in the outpatient setting may not be evident
in surveillance systems that include a mix of testing
indications or healthcare settings, or for which access
to diagnostic testing is targeted by age. Nevertheless,
the disproportionate involvement of children less than
10 years of age that we highlight was also reported
from Australia during its 2018 A(H1N1)pdmog-dominant
epidemic [37] and is discernible in other surveillance
systems in Canada for the 2018/19 season, including
hospitalisation data [1]. Conversely, the lesser involve-
ment of elderly adults during influenza A(HiN1)pdmog
vs A(H3N2) seasons is evident in fewer long-term care
facility outbreaks to date in 2018/19 compared with
2017/18 or 2016/17 in Canada [38].

Limitations of our study include that we used data
available season-to-date for 2018/19 (cases spanning
to mid-March 2019) but for other years spanning to
end-of-season (late April). The timing, peak and mix
of influenza and non-influenza causes of ILI may vary
each season and their distribution by age may differ
toward seasons’ end. This may be especially relevant
to the current study given that the involvement of chil-
dren can be most pronounced during the initial phases
of an influenza epidemic [18-20]. However, the sea-
sonal influenza A(H1iN1)pdmog epidemic peak (week
52 2018) has well passed in Canada [1], so that obser-
vations summarised about 3 months post-peak (cases
spanning to week 11 2019) are likely representative of

www.eurosurveillance.org

the A(HiN1)pdmog epidemic as a whole. Nevertheless,
these analyses should be repeated and assessed else-
where, including regions that may have a different
chronology or relative contribution of seasonal influ-
enza A(HiN1)pdmog circulation since 2009.

Conclusions

Children less than 10 years old, notably children aged
5—9 years, contributed more to medically-attended
cases of influenza A(HiN1)pdmog illness in Canada in
2018/19 compared to prior seasonal influenza epidem-
ics. Age-related differences likely reflect a combination
of immuno-epidemiologic and socio-behavioural fac-
tors. Over the next decade, children born after 2009
and lacking pandemic-induced immunity to A(H1N1)
pdmog viruses will be entering the pre-teen and teen-
age period (10-19 years) associated with the highest
social contact rates. The implication for greater trans-
mission during subsequent influenza A(HiN1)pdmog
epidemics warrants ongoing monitoring.
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