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Abstract
Background: Assessing seasonal severity of influenza is problematic; traditional indicators may not be reliable to determine the magnitude of each influenza season. 
We investigated why the overall impact of influenza was much higher during the 2014/2015 season despite the fact that peak influenza positivity was lower than 
both the 2010/2011 and 2012/2013 influenza A(H3N2) dominant influenza seasons. The magnitudes of area under the epidemic curve of influenza positivity and the 
ascending and descending slopes as a measure of seasonal severity were also explored. 

Methods: Respiratory specimens were collected from patients and submitted for influenza testing at Public Health Ontario Laboratories. Weekly influenza positivity 
was calculated for each season. Number of laboratory-confirmed cases of influenza, hospitalization and case fatality rates among laboratory-confirmed cases and the 
number of institutional influenza outbreaks were determined for each season. Ascending and descending slopes of the seasonal epidemic curve were calculated in 
addition to the area under the epidemic curve.

Results: While the impact of the 2014/2015 influenza A(H3N2) season was high based on a number of indicators, some of this impact may be explained by the 
prolonged influenza season and the unusually low vaccine effectiveness.

Conclusions: In comparison to other H3N2 dominant seasons that were studied, influenza positivity both increased and decreased more slowly during the 2014/2015 
season as compared to the other two influenza A(H3N2) dominant seasons. This may have resulted in a longer period of influenza transmission in addition to other 
unmeasured factors, which may explain the increased severity of the season.
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Introduction
In Canada and other non-temperate climates, influenza circulates 

at higher levels during the late autumn and winter, [1-4] with activity 
most commonly peaking between December and February when 
influenza A is the dominant circulating type and the early spring when 
influenza B is dominant [5,6]. In Ontario, Canada’s most populous 
province, influenza season traditionally peaks in late December/early 
January during periods when influenza A activity, particularly the 
H3N2 subtype, is dominant. 

In a study looking at the duration of influenza seasons for 23 
countries in Europe [7], the median length of influenza season in 
individual countries varied from 12-19 weeks with a median duration 
of 15 weeks. Similarly Baumgartner noted that seasonal influenza 
epidemics had duration of 4 months, regardless of climatic region 
(e.g. temperate) with separate waves of activity caused by different 
circulating types/subtypes each lasting a mean of 11 weeks. However 
the duration of seasonal activity may not necessarily equate to the 
severity of the season.

Assessing seasonal severity is problematic; the total number of 
laboratory-confirmed cases may not be a reliable indicator of the 
magnitude of each influenza season. Many factors can affect case counts 
including: most ill individuals do not seek medical care, varying testing 
practices of clinicians and use of more sensitive molecular testing 
in recent years and only in certain geographic regions. In Ontario, 
reporting of hospitalizations and deaths of patients with laboratory-

confirmed influenza has varied over time, limiting its use as a stable 
indicator of influenza severity. The reporting of institutional influenza 
outbreaks has remained consistent over time as the same provincial 
case definition has been used since 2001, enhancing its ability to be 
used as a reliable indicator of the severity of the season. However, this 
also has limitations, as influenza A(H1N1)pdm09 is less likely to cause 
outbreaks in elderly residents of long-term care facilities (LTCFs) than 
either influenza A(H3N2) or influenza B, and most outbreaks that 
undergo laboratory testing in Ontario occur among elderly persons 
residing in LTCFs. Use of influenza positivity, while also subject to 
testing bias (e.g. if test methods change), may be a useful indicator of the 
severity and magnitude of the season. As an alternative, the magnitude 
of the ascending and descending slope of influenza positivity may be 
useful to gauge the magnitude of the season. 

The purpose of our investigation was to explore why the overall 
impact of influenza as measured by case counts, percent positivity, 
number of institutional influenza outbreaks, hospitalization and 
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mortality rates, was much higher during the 2014/2015 season despite 
the fact that peak influenza test positivity was lower than that of both 
the 2010/2011 and 2012/2013 influenza A(H3N2) dominant influenza 
seasons. As well we explored if the magnitude of the ascending and 
descending slopes of influenza positivity for influenza or the size of the 
area under the epidemic curve of influenza positivity (henceforth “area 
under the curve”) could be used as a measure of seasonal severity. 

Methods
Influenza A(H3N2) dominant seasons were used as comparator 

seasons since H3N2 was the dominant influenza A subtype during the 
2014/2015 influenza season. Influenza A(H3N2) dominant seasons 
subsequent to the 2009 H1N1 influenza A pandemic were chosen 
because polymerase chain reaction (PCR) testing, a more sensitive test 
method than viral culture, was not used widely at PHOL prior to that 
time. 

Respiratory specimens were collected from patients and submitted 
for influenza A and B testing at Public Health Ontario Laboratories 
(PHOL) by culture and/or influenza real-time reverse transcriptase 
(rRT)-PCR and/or multiplex respiratory viral PCR (MRVP) [(Luminex 
Molecular Diagnostic, Toronto, Ontario, Canada) or Seeplex RV15 ACE 
(Seegene USA, Rockville, MD, USA)]. In the event of discrepant results 
between testing methods, positive results overrode indeterminate or 
negative ones. 

Each influenza reporting season was defined as the period from 
September 1 to August 31 of the following year. For the purposes 
of this paper, weekly influenza positivity was defined as the total 
number of respiratory specimens testing positive for influenza, out of 
all respiratory specimens tested at PHOL for that week, expressed as 
percent positivity. Weekly influenza positivity was calculated for each 
season. The start of seasonal influenza A activity was defined as the 
second consecutive week when influenza A positivity exceeded 5% 
based on PHOL data. Similarly, the end of seasonal activity was defined 
as the second consecutive week when influenza A positivity was less 
than 5%. Peak influenza A activity was defined as the highest weekly 
value for influenza A positivity for that season. 

Information about laboratory-confirmed cases of influenza, 
hospitalization and case fatality rates among laboratory-confirmed 
cases and the number of institutional influenza outbreaks were 
based on entries from Ontario’s 36 local health units into Ontario’s 
reportable disease reporting system, the integrated Public Health 
Information System (iPHIS) [6]. Hospitalization rates were calculated 
as the number of laboratory-confirmed cases of influenza that were 

reported as being hospitalized over a given influenza season. Fatality 
rates were calculated as any death reported in an influenza laboratory-
confirmed case; the contribution of influenza to the death was not able 
to be determined. 

As an additional indicator of the magnitude of the three influenza 
A(H3N2) dominant seasons, the area under the curve in addition to the 
ascending and descending slopes of the seasonal epidemic curve were 
calculated. The area under the curve for each season was measured as 
the seasonal sum of cumulative weekly percent positivity. The ascending 
slope for each season was calculated as a ratio of the difference in percent 
positivity from seasonal peak to seasonal start divided by number of 
weeks in between these two timeframes. Similarly, the descending slope 
was calculated as a ratio of the difference in percent positivity from 
seasonal peak to seasonal end divided by the number of weeks between 
these two timeframes. 

Unlike the 2010/2011 and 2012/2013 seasons, the 2014/2015 
influenza season included an additional week (week 53); a week 
53 occurs every five to six years. A separate sensitivity analysis was 
conducted in order to adjust for the variability in start, peak and end 
week for each of the three seasons in addition to the effect of the extra 
week. In the sensitivity analysis we standardized each season by using 
the same start, peak and end week to calculate the seasonal slope to 
determine if results vary. 

Canadian influenza vaccine effectiveness (VE) results from 
the Sentinel Practitioner Surveillance Network (SPSN) have been 
delineated for each season described in this study as VE may have 
also influenced influenza activity and outcomes. A description of the 
Canadian SPSN in which Ontario is one of four participating provinces, 
has been described elsewhere [8]. 

Data were collected as part of seasonal influenza virus surveillance; 
hence research ethics approval was not required.

Results
Comparison of the severity of H3N2 dominant influenza seasons

In Ontario, by nearly every measure of severity, including 
laboratory-confirmed cases, institutional influenza outbreaks and 
hospitalization and fatality rates among laboratory-confirmed cases, 
the 2014/2015 season was the most severe as compared to the two 
other most recent influenza A(H3N2) dominant seasons, 2010/2011 
and 2012/2013 (Table 1).

For all three seasons combined, a total of 111,580 respiratory 
specimens were tested for influenza with 16,135 (14.5%) testing positive 

2010/11 2012/13 2014/15*
Number of respiratory specimens tested 26,635 38,480 46,465
Number (%) of specimens influenza A positive 3,095 (11.6%) 6,454 (16.8%) 6,586 (14.2%)
Peak percent positivity of influenza A specimens 34.3% 40.5% 31.9%
Number of laboratory-confirmed influenza A cases† 6,049 8,722 11,637
Number (rate per 100,000 population) of laboratory-
confirmed influenza A hospitalizations 

2,342 (17.75/100,000) 3,698 (27.4/100,000) 4,514* (33.3/100,000)

Number (rate per 100,000) of laboratory- confirmed 
influenza A case fatalities 

202 (1.53/100,000) 292 (2.2/100,000) 359*
(2.7/100,000)

Number of institutional influenza A outbreaks 437 600 1,049
Influenza vaccine effectiveness (H3N2 subtype) 39% 13

(95% Confidence Interval, 14%-57%)
41% [14]

(95% Confidence Interval, 17%-59%)
-16% [9]

(95% Confidence Interval, -49%-9%)

* Reporting changes during the 2014/2015 influenza season likely resulted in under-reporting of the number of hospitalizations and deaths for that season
†While the number of influenza A-positive specimens is based on PHOL data, the number of influenza A cases includes all laboratory-confirmed cases reported through the integrated Public 
Health Information System (iPHIS) by Ontario’s public health units, which includes data from all laboratories in Ontario that test for influenza 

Table 1. Comparison of seasonal influenza activity, Ontario, 2010/11, 2012/13 and 2014/15 influenza seasons.
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for influenza A (Table 1). Both the number of respiratory specimens 
testing positive for influenza and testing volume progressively increased 
for each season during 2010/11, 2012/13 and 2014/15. Influenza A 
percent positivity in 2014/15 was higher at 14.2% than in 2010/11 
(11.6%), but lower than in 2012/13 (16.8%). Peak percent positivity was 
the lowest during 2014-2015 season (31.9%) in comparison to both the 
2010/2011 (34.3%) and the 2012/2013 (40.5%) seasons (Figure 1 and 
Figure 2) (Table 1).

Hospitalization and fatality rates for laboratory-confirmed 
influenza cases was highest during the 2014/2015 season at 33.3 and 2.7 
per 100,000 population, respectively (Table 1). The number of reported 
institutional influenza outbreaks was also highest during the 2014/2015 
season, with 75% more institutional influenza A outbreaks reported 
during that season (1,049 institutional influenza A outbreaks) than the 
next most severe season, 2012/2013 (600 outbreaks). 

Overall, there were 38% more influenza-positive specimens, 
58% more reported laboratory-confirmed influenza cases, 49% more 
hospitalized influenza cases, 45% more fatal influenza cases and 102% 
more institutional influenza outbreaks in the 2014/2015 season than 
the average number of the two previous H3N2 dominant seasons. 
Most of the difference in the number of influenza-positive specimens 
occurred in the 2010/2011 season as compared to the 2014/2015 season 
(113% increase), while there was only a 2% increase in 2014/2015 as 
compared to 2012/2013.

Influenza VE varies from year to year, with the H3N2 subtype 
exhibiting the most variability. VE for the 2014/2015 influenza season 
as per the Canadian SPSN was essentially zero [9], the lowest VE in the 
10 years of the network’s existence as compared to an average of 40% 
for the 2010/2011 and 2012/2013 seasons. 

During the 2010/2011 and 2012/2013 seasons, peak influenza 
positivity reached 34% and 41% respectively. Despite the fact that 
the impact of influenza infection appeared to be most severe during 
the 2014/2015 season, peak positivity (31.9%) was lower that season 

as compared to either of the prior two influenza A(H3N2) dominant 
seasons (Tables 1 and 2). 

Comparison of the area under the curve and slope of influenza 
positivity

The size of the area under the curve, which represents the cumulative 
sum of percent positivity, theoretically should reflect severity of the 
season, with the most severe season having the greatest area under the 
curve (or the highest sum of cumulative percent positivity). However, 
this was not the case as the size of the area under the curve mirrored 
overall percent positivity being the highest during 2012/2013 season. 
Specifically, the area under the curve was 324.7%, 426.2% and 388.4% 
for the 2010/2011, 2012/2013 and 2014/2015 seasons, respectively. The 
ascending slope of the epidemic curve from seasonal start (week 49) 
to peak week (53) for respiratory specimens tested for influenza was 
the least steep at 3.9 percent per week during the 2014/2015 season 
compared to 5.5 and 4.2 percent per week, during the two other H3N2 
dominant seasons indicating the slower rise of influenza activity 
(Table 2). Similarly, of all H3N2 dominant seasons since 2009, the 
downward slope following peak influenza activity was the least steep 
for the 2014/2015 season at 1.9 percent per week compared to 2.3 and 
2.8 percent per week, respectively, indicating a prolonged decrease of 
activity. Additionally, the ascending slope in 2014/2015 was the least 
steep of these seasons, indicating a slower rise to the peak, and longer 
duration to arrive at a fixed peak. (Table 2).

In sensitivity analysis, when keeping the influenza season constant 
(i.e. using the same start (week 46) and end week (week 15), and using 
week 52 or week 53 as the peak week for 2014-2015 season), both the 
ascending and descending slopes remained the least steep for 2014-
2015 season. Specifically the ascending and descending slopes were 
3.7 and 1.9 percent per week respectively using week 52 as the peak 
for the 2014/2015 season as compared to 4 and 1.9 percent per week 
when week 53 was used as the peak week. Overall, influenza positivity 
increased and decreased more slowly during the 2014/2015 season as 

Gap in lines representing positivity is reflective of the fact that unlike the other two H3N2 seasons shown in this graph, the 2014/2015 season included a week 53
Figure 1. Respiratory specimens tested and percent positivity for influenza, by week, Ontario, 2010/11, 2012/13 and 2014/15 influenza seasons.
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compared to the other two influenza A(H3N2) dominant seasons. 

Discussion
In this study we have demonstrated that while the impact of the 

2014/2015 influenza A(H3N2) season was high based on a number of 
indicators such as the number of laboratory-confirmed cases and rates 
of hospitalization and deaths among laboratory-confirmed cases, some 
of this impact may be explained by the prolonged influenza season and 
the unusually low vaccine effectiveness. 

One of the difficulties in comparing the 2014/2015 to prior H3N2 
dominant seasons is that influenza case reporting in Ontario changed 
during the 2014/2015 season. During that season, recommendations in 
regards to follow-up of laboratory-confirmed cases performed by local 
public health changed from a follow-up of all cases prior to December 
24, 2014, to following up only one out of every five laboratory-
confirmed influenza cases subsequent to that date. This likely resulted 
in under-reporting of the number of cases that were hospitalized or had 
a fatal outcome during the 2014/2015 season as compared to previous 
influenza seasons. However despite the decreased follow up, rates of 

hospitalizations and deaths reported for laboratory-confirmed cases 
were higher during the 2014/2015 season. Reporting of institutional 
influenza outbreaks did not change however, and the number of such 
outbreaks reported in the 2014/2015 season increased substantially as 
compared to the two prior H3N2 dominant seasons, further indicating 
the greater impact of the 2014/2015 season as compared to previous 
seasons. 

One reason we were not able to observe the true burden of the 
2014/2015 season using PHOL data was that we excluded results from 
influenza-positive specimens (referrals) tested by other laboratories 
since we could not determine percent positivity for these samples. 
While the number of referrals (influenza positive samples forwarded 
for subtyping) was small for the 2010/2011 season (15), for the 
2012/2013 and 2014/2015 seasons, this increased to 78 and 2,360 
respectively, likely representing increased influenza testing done by 
other (non-PHOL) Ontario laboratories. For the 2014/2015 season, 
this represented 40% of all influenza positive specimens tested at 
PHOL. Given the increase in referrals in 2014/2015 as compared to the 
prior H3N2 dominant seasons, excluding referrals from our analysis 

Influenza 
season

Start 
week*

Influenza 
positivity 
at start 
week

Peak week 
of influenza 

positivity

Peak 
influenza 
positivity 

End 
week†

Influenza 
positivity in 

end week

Difference 
in weeks 
between 
start and 

peak 

Difference 
in influenza 

positivity 
between peak 
and start of 
the season

Ascending 
slope (% 
per week)

Difference in 
weeks between 

end and seasonal 
peak

Difference 
in influenza 

positivity 
between peak 

end of the 
season

Descending 
slope (% 
per week)

2010-2011 49 12.5 52 34.3 12 3.9 4 21.8 5.5 13 30.4 2.33
2012-2013 46 11.3 52 40.5 12 3.7 7 29.2 4.2 13 36.8 2.83
2014-2015 49 12.5 53 31.9 14 2.2 5 19.4 3.9 15 29.7 1.98

* Start week is defined as the second consecutive week when influenza positivity is >5%
† End week is defined as the second consecutive week when influenza positivity is <5%

Table 2. Start, peak and end of seasonal influenza activity, 2010/2011, 2012/2013 and 2014/2015 seasons, Ontario.

* The beginning of an influenza season was defined as the second consecutive week when influenza Apercent positivity was higher than 5% 
† The end of an influenza season was defined as the second consecutive week in which influenza A percent positivity was lower than 5% 
‡ The beginning and peak weeks of the season occurred during the same surveillance week for the 2010-2011 and 2014-2015 influenza seasons
The gap in the lines representing positivity in the 2010/11 and 2012/13 seasons is reflective of the fact that unlike the other two H3N2 seasons shown in this graph, the 2014/2015 season 
included a week 53

Figure 2. Beginning*, peak and end† of the season as measured by percent positivity, by week,‡ Ontario, 2010/11, 2012/13 and 2014/15 influenza seasons.
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may have obscured the true magnitude (i.e. number of influenza A 
positive specimens) during the 2014/2015 season. 

Knowing the reproductive number (Ro) for each season could 
have helped us to interpret seasonal comparisons since overall attack 
rates are influenced by changes in the reproductive number [10,11]. 
However, we did not have sufficient data to determine Ro for any 
season. 

PHOL performs the majority of testing for influenza and other 
respiratory viruses in the province of Ontario (population 13.8 
million), but other microbiology laboratories also perform these tests. 
Therefore, it is important to note that PHOL data do not represent the 
total number of influenza-positive specimens identified in Ontario. 
PHOL is also the provincial reference laboratory for respiratory virus 
testing; other laboratories, most frequently hospital laboratories, will 
send influenza positive specimens to PHOL for subtyping (termed 
“referrals”). Referral specimens were excluded from analyses since 
we are not able to ascertain the total number of influenza-negative 
specimens tested by these laboratories and including influenza positive 
specimens only would have falsely increased test positivity. 

Early during the 2014/2015 influenza season, a re-emerging 
enterovirus serotype [enterovirus D68 (EV-D68)] was widely reported 
by the United States Centers for Disease Control and Prevention to 
cause severe respiratory illness in children. These reports may have 
resulted in a higher number of respiratory specimens submitted 
to PHOL early during the 2014/2015 season, since Ontario, as well 
as other Canadian provinces, reported EV-D68 detections during 
September and October, 2014. This may have prompted clinicians to 
increase respiratory specimen submissions and thus reduced influenza 
positivity early in the season, and therefore may have dampened the 
increase of the ascending slope. However, the last EV-D68 positive 
specimen was detected on October 17, 2014 (week 42), with requests 
for EV-D68 testing declining subsequent to this date. Therefore it is 
unlikely that increased respiratory specimen submissions for EV-D68 
testing affected influenza positivity, since the start of the influenza 
season occurred during week 49, 2014, well after peak specimen 
submission for EV-D68 testing [12].

Overall the 2014/2015 influenza A(H3N2) season was 
unprecedented in terms of total number of respiratory specimens 
tested, number of laboratory-confirmed cases, number of institutional 
influenza outbreaks and rates of hospitalization and death among 
laboratory-confirmed cases for any post-pandemic influenza 
A(H3N2)-dominant season. Given the magnitude of the impact of 
the 2014/2015 season, it would be expected that the percent positivity 
would be as high as or higher than the previous two H3N2 dominant 
seasons in conjunction with the greater severity observed, however 
this was not the case. The area under the curve was the highest during 
the 2012-2013 season, likely reflective of the fact that peak percent 
positivity as well as overall percent positivity were the highest during 
that season. This indicates that percent positivity alone cannot be a 
robust measurement of severity for influenza season. In comparison 
to other H3N2 dominant seasons that were studied, the ascending and 
descending slopes of the 2014/2015 influenza season were the least 
steep. This reflected the fact that influenza positivity both increased 
and decreased more slowly during the 2014/2015 season as compared 
to the other two influenza A(H3N2) dominant seasons. This may have 
resulted in a longer period of influenza transmission provincially, in 
addition to other unmeasured factors, which may explain the higher 
number of laboratory-confirmed cases and institutional influenza 

outbreaks, as well as higher hospitalization and death rates among 
cases [13]. 

Contributing to the effects of the extended 2014/2015 season was 
the extraordinarily low influenza vaccine effectiveness (essentially zero) 
for the dominant H3N2 subtype. A new H3N2 clade circulated during 
the 2014/2015 season which was not contained in that season’s vaccine, 
thus individuals were exposed to this new clade for a prolonged period 
of time, potentially resulting in greater transmission and ultimately, 
serious outcomes in populations at higher risk of complications. 

Once seasonal influenza activity starts, the ability to anticipate its 
duration and impact can help inform the timing of vaccine delivery, 
guidance in the use of empiric influenza antivirals and anticipating 
healthcare system capacity issues. However monitoring percent 
positivity or area under the curve alone cannot define the magnitude 
of seasonal influenza activity. Trends in the number of reported 
laboratory-confirmed cases and hospitalization and death rates should 
be considered in addition to analyzing vaccine effectiveness and 
monitoring circulating influenza strains which may result in reduced 
immunity and prolonged transmission.
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