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Abstract

The purpose of this study was to determine whether the incidence of influenza in Ontario, Canada has decreased following the introduction
of the Universal Influenza Immunization Campaign (UIIC) in 2000. All laboratory-confirmed influenza cases in Ontario, from January 1990 to
August 2005 were analyzed using multitaper time series analysis. We found that there has not been a decrease in the mean monthly influenza
rate following the introduction of the UIIC (109.5 (S.D. 20) versus 160 (S.D. 50.3) p < 0.1). Despite increased vaccine distribution and financial
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esources towards promotion, the incidence of influenza in Ontario has not decreased following the introduction of the UIIC.
2006 Elsevier Ltd. All rights reserved.
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. Background

In Canada, influenza and pneumonia (as a complication
f influenza) are responsible for approximately 75,000 hos-
italizations each year [1] and 700–2500 deaths [2,3]. With
oughly 40% of the population of Canada residing in Ontario,
t could be extrapolated that in Ontario approximately 30,000
eople are hospitalized annually due to influenza and pneu-
onia resulting in 280–1000 deaths. Previous research has

xamined causes of emergency department (ED) overcrowd-
ng [4–7], and the association between influenza and ED
tilization [8,9].

The Canadian National Advisory Committee on Immu-
ization (NACI) [10] recommends yearly influenza vaccina-
ion for persons at high risk for influenza-related complica-
ions, and in Ontario, persons in the high risk category have
eceived publicly funded vaccinations since 1989.

In 1993, the publicly funded influenza immunization pro-
ram was expanded in Ontario to include the vaccination of

∗ Corresponding author. Tel.: +1 613 562 5800x8693;

healthcare workers. In 1999, this program was expanded fur-
ther to include all workers in long-term care facilities and
hospitals, and all members of the regulated health profes-
sions. Thus, ‘high risk’ individuals were:

• Everyone 65 years of age or older.
• Anyone with a serious long-term health problem such as

heart, kidney, or lung disease (including asthma).
• Anyone with diabetes or other metabolic disease, cancer,

or blood disorder.
• Anyone whose immune system is weakened.
• Anyone aged 6 months to 18 years on long-term treatment

with acetylsalicylic acid (ASA).
• Anyone who lives, works or volunteers in a nursing home,

chronic care institution or retirement home.
• Healthcare workers and essential service workers (i.e.,

ambulance staff, fire and police).
• Anyone who volunteers in a hospital or other healthcare

facility.
• Anyone who lives in the same household as people in any

high risk group who are unable to get vaccinated.
ax: +1 613 562 5443.
E-mail address: dgroll@uottawa.ca (D.L. Groll).

In July 2000, the Ministry of Health and Long Term
Care (MOHLTC) of Ontario announced a Universal Influenza
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Immunization Campaign (UIIC) for all residents of Ontario
[11], extending coverage to include low risk adults and chil-
dren. Through this program, all 12 million Ontarians were
eligible to receive publicly funded influenza vaccine annu-
ally. Vaccination under the UIIC started in October 2000.
The two stated objectives at the onset of the UIIC were to:

1. Ease emergency department pressures by decreasing the
impact of influenza on emergency department visits and
on other health facilities/providers during the influenza
season.

2. Decrease the number and severity of cases of influenza in
Ontario.

In June 2001, the MOHLTC announced a second year of
the UIIC [12], promoting the low incidence of influenza in
Ontario in 2000/2001 as an indicator of success of the pro-
gram [12]. However, there is currently no published research
on the incidence of influenza in Ontario following the UIIC.

2. Objective

The objective of this study was to compare the incidence
of influenza in Ontario before and after the implementation of
the UIIC to determine if there has been a decrease in influenza
following the UIIC.
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influenza viruses isolated is posted on the Health Canada
website.

Provincial and national influenza data for 1996–2005 (the
years for which it is available) were obtained from Health
Canada’s ‘Flu Watch’ website [13]. Influenza data for Ontario
for the years 1990–1996 were obtained directly from Health
Canada. While data on influenza-like illness are also collected
and reported, this study used only the laboratory-confirmed
cases of influenza reported to the CIDPC, as it may be a more
reliable measure of clinical influenza [14].

4. Analysis

4.1. Descriptive statistics

All analyses, with the exception of the time series anal-
ysis, were performed using SPSS version 12 [15]. Monthly
influenza counts were changed to rate per 100,000 popula-
tion using annual Ontario population estimates from Statistics
Canada [16]. The percent of influenza found in Ontario,
with respect to the rest of Canada was compared using
Mann–Whitney U-test for the years 1996–2005 (years for
which Flu Watch data for the country as a whole were avail-
able).

It is possible that the rate of influenza in Ontario declined
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. Methods

.1. Study design

This is a population-based, retrospective study of
aboratory-confirmed influenza cases as reported to Health
anada from 1 January 1990 to 31 August 2005.

.2. Influenza data collection

Influenza is a reportable disease in Ontario and the report-
ng definition is the presence of the following three symp-
oms:

Fever greater than 39 ◦C.
Cough or sore throat.
Myalgia, malaise and/or prostration.

In addition, to at least one of the following:

A laboratory confirmation by detection or isolation of
influenza virus in pharyngeal or nasal secretion.
Demonstration of a four-fold or greater increase in
haemagglutination antibody titers to influenza between
acute and convalescent sera.

onfirmed influenza cases are reported to the Division of
isease Surveillance at the Centre for Infectious Diseases
revention and Control (CIDPC), Canada, and information
egarding the number of tests performed and the type of
elative to other provinces, even if it did not decline within
ntario. In order to determine if the Ontario influenza

ates differed significantly from those of other provinces
nd regions in Canada, the rate ratios (the ratio of the
nnual rate of influenza in Ontario over the annual rate of
nfluenza in Quebec, British Columbia, the Prairie Provinces
Saskatchewan, Alberta and Manitoba) and the Maritime
rovinces (Nova Scotia, New Brunswick and Newfoundland
nd Labrador)) were compared using the Mann–Whitney U-
est.

Similarly, it is possible that an increase in the number of
aboratory tests performed in Ontario following the introduc-
ion of the UIIC would result in an increase in the number
f influenza cases detected. Therefore, the number of tests
erformed in Ontario was compared to other provinces and
egions using a one-way analysis of variance (ANOVA) for
he period surrounding and following the introduction of the
IIC, 1999–2005.

. Time series analysis

Multitaper time series analysis [17,18] was used to com-
are the mean rate of influenza in Ontario prior to and follow-
ng the introduction of the UIIC. As a preliminary check on
he temporal structure of this data, the power spectrum was
alculated using multitaper methods, supplemented by the
armonic F-test for periodic components. Multitaper analysis
ives greater control over the resolution-bias-variance trade-
ff, and spectra thus obtained can be used to estimate the
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underlying system variance, previously affected by estimate
errors. The multitaper estimate of amplitude at 0 frequency
as an estimate of the process average, before and after 2000
was also used.

The multitaper method of extracting the periodic con-
tent is a frequency domain method alternative, similar to the
commonly used ARIMA method, but requires fewer assump-
tions. The ARIMA method retains all periodic information,
including harmonic content that is not statistically signifi-
cant. The multitaper relies on an F-statistic to determine the
statistical significance of individual harmonics leaving out
statistically insignificant harmonics, thereby reducing spuri-
ous noise in the signal. By visualizing the log-spectrum, this
estimate has the advantage over other methods, as it is easier
to identify multiple periodicities in the data compared with
the method of using the autocorrelation to identify periodic
information.

5.1. Ethical considerations

This protocol has been approved by the Queen’s Uni-
versity Health Sciences and Affiliated Teaching Hospitals
Research Ethics Board.
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Fig. 1. Mean monthly influenza cases per 100,000 population in Ontario
from 01/1990 to 08/2005. Vertical line shows introduction of the UIIC.

rate ratio before and after the introduction of the UIIC reveals
a significant decrease in the rate ratio between Ontario and
Quebec (p = 0.016), but no difference between Ontario and
the Maritimes (p = 0.690), the Prairies (p = 0.151) or British
Columbia (p = 0.421).

The number of laboratory tests for influenza performed
in Ontario increased from 20,314 in 1999 to 37,345 in
2005. This increase was not significantly different from other
provinces or regions except the Prairies (p < 0.02). There was
no difference between Ontario and Quebec (p = 0.22), British
Columbia (p = 0.96), or the Maritimes (p = 0.96).

Multitaper time series analysis shows that there has
not been a decrease in mean monthly influenza cases per
100,000 population following the introduction of the UIIC
(mean = 109.5, S.D. = 20 prior versus mean = 164, S.D. = 50.3
post). In addition, to the annual fluctuation in influenza
rates, the analysis reveals a strong periodic component at
∼4 cycles/year (∼3.25 months) corresponding with a signif-
icant seasonal variation (p < 0.01), and a periodic component
at 4.8 cycles/year significant at the p < 0.05 level.

T
T f cases in Canada before and after the introduction of the UIIC in 2000

Y 99–2000 2000–2001 2001–2002 2002–2003 2003–2004 2004–2005

O 99 852 2249 936 4512 5135
C 27
P 41.2

T
T ces (Sa
N bia

Y 999 1

R
1
0
2
2

. Results

Fig. 1 shows laboratory-confirmed influenza cases in
ntario per 100,000 population from 1 January 1990 to 31
ugust 2005.
Table 1 shows the number of influenza cases in Ontario

s a percent of the total number of cases in Canada before
nd after the introduction of the UIIC in 1999/2000. There is
ot a significant difference in the percent of influenza cases
ollowing the introduction of the UIIC (p = 1.00).

The ratio of the rate of influenza in Ontario, with respect to
ther regions in Canada is shown in Table 2. The difference in

able 1
he number of influenza cases in Ontario as a percent of the total number o

ear 1995–1996 1996–1997 1997–1998 1998–1999 19

ntario 222 537 1466 1329 28
anada 1075 1930 3802 4203 70
ercentage 20.7 27.8 38.6 31.6

able 2
he ratio of annual influenza rates of Ontario and Quebec, the Prairie Provin
ewfoundland and Labrador, and Prince Edward Island), and British Colum

ear 1995/1996 1996/1997 1997/1998 1998/1

atio
Ontario:Quebec 0.82 1.15 1.16 0.92
Ontario:Prairies 0.18 0.34 0.79 0.37
Ontario:Maritimes 3.40 1.11 3.01 3.84
Ontario:British Columbia 0.69 0.76 1.26 1.74
4154 6766 3480 11370 12879
20.5 33.2 26.9 39.7 39.9

skatchewan, Manitoba, and Alberta), the Maritime Provinces (Nova Scotia,

999/2000 2000/2001 2001/2002 2002/2003 2003/2004 2004/2005

.16 0.56 0.61 0.69 0.92 0.75

.71 0.24 0.61 0.36 0.75 1.20

.17 0.51 2.30 1.63 1.62 1.43

.82 0.91 2.70 0.85 1.76 2.85
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7. Comment

The Universal Immunization Campaign was introduced in
Ontario in July 2000 with two primary objectives: to reduce
ED pressure in the winter and to reduce the incidence of
influenza [11]. The present study was unable to find a sig-
nificant reduction in the incidence of influenza in Ontario
following the introduction of the UIIC. The ratio of influenza
rates in Ontario to other regions of Canada and the number
of tests performed was also examined and, in the majority
of cases, there was no difference when comparing Ontario to
other provinces or regions in Canada.

The implication of these findings relate most importantly
to the cost of the program versus the ability or the UIIC to
achieve its initial stated goals. According to MOHLTC press
releases [11,12], approximately $200 million has been spent
to date on vaccine purchase, distribution, and public aware-
ness to provide free influenza immunization to the population
not previously covered (see Table 3). This includes adults
under the age of 65 at low risk for complications of influenza,
and children over 6 months of age. While influenza vaccina-
tion has been shown repeatedly to be effective in reducing
mortality and morbidity in populations at high risk for com-
plications from influenza [19–25], the low risk population
was the target of the UIIC. Available literature is divided
regarding the benefit and cost effectiveness of vaccinating
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statistically significant, and there was little difference in com-
plication rates between vaccinated and unvaccinated groups.
The reviewers concluded “the results of this review seem to
discourage the utilization of vaccination against influenza in
healthy adults as a public health measure. Having healthy
adults at low risk of complications due to respiratory disease,
the use of the vaccine may be only advised as individual pro-
tection measure in very specific cases” [34].

One explanation for the lack of reduction in influenza rates
in Ontario is the virulence of the virus in circulation. Research
done in the United States shows influenza A viruses with
the H3N2 subtype dominated most seasons of high excess
mortality due to influenza, while seasons where influenza A
H1N1 or B predominated were generally quite mild [35]. In
Canada, the 2000/2001 and 2002/2003 seasons were domi-
nated by the influenza A H1N1 and B serotypes, while the
influenza A H3N2 predominated in 1999/2000, 2001/2002,
2003/2004, and again in 2004/2005 [13]. The 2000/2001 and
2002/2003 influenza seasons were considered mild, so it is
possible that vaccination would not have had a large impact
on such low rates.

The second factor to consider is the vaccine effective-
ness is highest when the vaccine strain is identical to the
wild-type strain [36]. Studies report anywhere between 40%
and 70% vaccine effectiveness depending on the match [37].
Health Canada reports a good match between the circu-
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ealthy, low risk individuals [26–32] and even healthy indi-
iduals over age 65 [33].

One review compiled for the Cochrane Library in 2004
34] examined studies evaluating the effectiveness of vac-
ines in preventing cases of influenza in healthy adults
age 14–60) and concluded that “the recommended live
erosol vaccines reduced the number of cases of serologi-
ally confirmed influenza A by 48% (95% confidence interval
4–64%), whilst recommended inactivated parenteral vac-
ines had a vaccine efficacy of 68% (95% confidence inter-
al 49–79%). The vaccines were less effective in reducing
linical influenza cases, with efficacies of 13% and 24%,
espectively. Use of the vaccine significantly reduced time
ff work, but only by 0.4 days for each influenza episode
95% confidence interval 0.1–0.8 days)” [34].

The reviewers also reported that while hospital admis-
ions were lower in the vaccinated group, this finding was not

able 3
accine distribution in Ontario by year

iscal year Vaccine doses

Distributed (million) Administered (million

999/2000 2.10 1.90
000/2001 7.90 5.76
001/2002 6.00 4.90
002/2003 5.40 4.26
003/2004 6.01 5.52a

eference: Dr. Karim Kurji, Associate Chief Medical Officer of Health Nat
a 2003/2004 data being analyzed.
ating virus and the vaccine composition for 2000/2001,
001/2002, 2002/2003, and 2004/2005 [13]. However, in
003/2004, the vaccine was a poor match for the circulat-
ng virus with the predominant virus strain being A/Fujian
3N2, while the vaccine contained A/Panama H3N2 [13].
tudies looking at the cost versus the benefit of vaccina-

ion programs stress the need for good matches and high
accination rates in order for programs to be cost effective
34].

Finally, it is also possible that an increased awareness of
he signs and symptoms of influenza on the part of the general
opulation may lead to an increase in visits to physicians and
hus result in an increase in reported cases. However, the
roportion of influenza cases in Ontario relative to the rest of
anada has not changed (see Table 1) and the relative increase

n the number of tests performed is not significantly different
rom most other regions of the country.

Provincial government costs

Coverage (%) Vaccine (million $) Total (million $)

16 3.97 7.41
44 17.3 40.2
42 18.5 ∼40
42 18.5 ∼40
44a 22.5 ∼42

fluenza Vaccine Summit, Atlanta, U.S.A.; April 2004 [42].



D.L. Groll, D.J. Thomson / Vaccine xxx (2006) xxx–xxx 5

8. Conclusion

The findings of this study do not show a reduction in the
rate of influenza in Ontario following the introduction of
the Universal Influenza Immunization Campaign. Given that
the individuals at low risk for complications from influenza
are less likely to seek medical attention and less likely to
develop complications, it may be more cost effective to tar-
get high risk individuals [34]. In their 1993 paper, Duclos and
Hatcher state: “from our findings, the most effective approach
to increase the proportion of high risk Canadians protected
against influenza would be to target healthcare providers”
[38]. People at high risk for complications from influenza
(the ‘high risk’ population) are also often the same people
who visit the ED frequently [39]. It has been shown that pro-
viding influenza vaccinations in the ED targets the high risk
population and may also be a more cost efficient method to
reduce influenza rates in the segment of the population most
likely to develop complications [40,41].

9. Limitations

Any assessment of the Universal Immunization Campaign
will be affected by the lack of data on vaccine coverage
in Ontario. No uniform baseline data on pre-UIIC vaccine
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Table 4
Vaccination status for Canada and Ontario

Year 1990/1991a 1996/1997b 2000/2001c 2003d

Ontario (%) 64.6 59.5 72.5 68.7
Canada (%) 44.8 51.1 66.8 62.4

Percent of population age 65 or older vaccinated in the past 12 months.
a Duclos P, Hatcher J. Epidemiology of influenza vaccination in Canada.

Can J Public Health 1993;84:311–5 [38].
b 1996/1997 National Population Health Survey.
c 2000/2001 Canadian Community Health Survey.
d 2003 Canadian Community Health Survey.

scope of this paper to elucidate the true error rate of influenza
reporting in Canada or Ontario, however, the cases presented
in this paper are from the only source of systematically col-
lected confirmed influenza cases in Ontario and Canada, and
numbers upon which past statements concerning the UIIC
program and future policy decisions are made [43].

The only systematically collected information on vaccine
coverage in Canada occurs through telephone surveys con-
ducted by Health Canada. In 1991, a question regarding vac-
cine coverage was added to Statistics Canada General Social
Survey, and revealed that 13.8% of the general population and
44.8% of the population 65 years and over received a flu shot
in the winter of 1990/1991 [38]. In the 1996/1997 National
Population Health Survey, a similar question showed that
18.4% of the general population and 59.5% of the popula-
tion 65 years and over received a flu shot in the winter of
1996/1997 [44]. In May 2001, Health Canada performed a
telephone survey and found that in the 2000–2001 influenza
season 37.0% of the general population and 72.5% of per-
sons over age 65 had been vaccinated against influenza [43]
and in July 2003, the Canadian Community Health survey
[45] reported 26.6% of the general population and 62.4% of
persons over age 65 had been vaccinated in the previous 12
months (see Table 4).

In summary, this paper has examined the incidence of
influenza in Ontario following the introduction of a Universal
I
g
i
a
e
m
t
m

R

overage were collected, thus it is impossible to know how
any low risk individuals received the influenza vaccina-

ion, or what their health outcomes were. Data on vaccine
overage is still not systematically collected, and although
ndividual Health Units and physician offices may keep their
wn records regarding vaccinations that they have adminis-
ered, these records are not linked to any central source, and
here is presently no way to know the vaccination status of
ifferent segments of the population. Information regarding
he health outcomes of those vaccinated is also not collected,
o it is not possible to link vaccination status with clinical
nfluenza cases, or with subsequent resource utilization. As
ystematic collection of vaccination status and patient out-
ome does not exist, any proposed evaluation of the UIIC
ill also be hampered by this lack of data.
While information regarding the health outcomes of indi-

iduals who were vaccinated is not collected, it is possible to
et a general indication of vaccination coverage rates from the
urchase and distribution information. In 2000, the MOHLTC
dministered 5.76 million doses of vaccine for a 44% cov-
rage of the Ontario population, and this number decreased
o 4.26 million doses in 2003 (42% coverage) [42]. Table 3
hows the number of vaccines purchased and distributed and
he cost of the vaccine and the overall program cost (vaccine,
istribution, promotion) [42].

It is assumed that the number of reported influenza cases
s an underestimation of the true number of influenza cases
n any given year. This is true because not all persons ill
ith influenza will seek medical attention, and even those
ho do may not be diagnosed with influenza. It is beyond the
nfluenza Immunization Campaign. The findings to date sug-
est that the UIIC has not led to a decrease in influenza rates
n Ontario. It is recommended that the program be reevalu-
ted, with respect to, its goals and cost. This would include
xamining other potentially more cost effective and efficient
ethods of immunizing people at high risk for complica-

ions from influenza, where research has shown the largest
orbidity, resource utilization, and mortality to occur.
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