Epidemiological Characteristics and Ecological Investigation of the
2009 Influenza Pandemic

by

Abdel-Halim Hafez Elamy

A thesis submitted in partial fulfillment of the requirements for the degree of

Master of Science
in

Epidemiology

Department of Public Health Sciences
University of Alberta

©Abdel-Halim Hafez Elamy, 2014



ABSTRACT

Influenza pandemic occurs when a novel influenza virus subtype for which
humans do not have sufficient immunity emerges and spreads quickly from
person-to-person worldwide. Influenza pandemics result in serious consequences
on human health and economy. In April 2009, the World Health Organization
(WHO) announced the emergence of a novel swine-origin influenza virus,
A(HIN1)pdmO09. This was the first influenza pandemic since 1968. The virus
embraced a novel combination of gene segments that had not been reported in
the past. By April 2010, 428 related deaths were reported in Canada, including
72 from Alberta. The objective of thesis was to investigate the epidemiologic
characteristics of influenza A(HIN1)pdmO9 using the data from the Provincial
Laboratory for Public Health (ProvLab) and linking it with relevant databases
from other sources including those from Statistics Canada and Alberta Health.

In Alberta, influenza A(HIN1)pdmO09 resulted in 6,327 laboratory-confirmed
cases. Of these, 48% were males and 83.6% occurred in summer. The highest
and lowest rates were reported in the Central and South Zones of Alberta,
respectively. Females were at 12% increased risk compared to males. Individuals
with asthma were at 6% increased risk of A(HIN1)pdm09 than others without
asthma. Individuals aged between 15 and 34 years had 4-fold increased risk
compared to those aged 65 years and older. A switch in the vulnerability to

A(HIN1)pdmO09 occurred in females between 15 to 64 years of age to have

ii



higher risk than males. Associations between influenza A(HIN1)pdmO9 virus
and other factors (geography, age, sex, and asthma) were found significant in an
ecological analysis which is consistent with findings from other studies.
Consideration of these factors can result in a more effective public health

preparedness and responses to future influenza pandemics.
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CHAPTER ONE

INTRODUCTION

Infections caused by Influenza viruses (mainly influenza A and B) are
major causes of morbidity and mortality that can affect people of all ages and
population groups. Influenza viruses primarily attack the upper respiratory tract
— the nose, ears, throat and sometimes the lungs [1]. Influenza viruses circulate
everywhere in the world and transmit easily from person to person by aerosols of
respiratory secretions caused by sneezing, coughing, and talking. The attack
rates of influenza are higher among young children [2]. In addition, morbidity
and mortality have shown to be higher among young children and the elderly.
Moreover, influenza infection is associated with more severe illness and
complications in individuals with underlying pulmonary conditions, as well as to

individuals who are immune-compromised [3,4].

In spite of the biological causes and differences, influenza pandemics are
distinguished from seasonal influenza epidemics by their wider geographical
coverage, excess severity, and rapid increase in the infection and mortality rate

[5,6].

Influenza virus has eight gene segments that encode proteins, out of
which two segments— the hemagglutinin (HA) and neuraminidase (NA)— are
important mediators of immunogenicity and pathogenicity [7]. Influenza virus
changes its HA and NA protein structures through a process known as “genetic
drift” by mutation of nucleic acid sequence that produces modified strains

against which humans have less defensive antibodies.

Influenza viruses can be classified into three main types: A, B and C.

Type C influenza viruses can affect humans and animals but occur much less



frequently than types A and B and rarely cause illness in humans. Type B
influenza viruses infect humans almost exclusively and have not been associated
with any pandemics in the past. Only influenza A and B viruses are included in

seasonal influenza vaccination plans [8].

Type A influenza virus, which can infect both humans and non-humans
(e.g., pigs, birds, horses, ferrets, seals and other animals) uncommonly acquires
the so called “antigenic shift”, a process through which a totally different set of
antigens is produced by reassortment of genetic segments when 2 influenza
viruses infected the same cells and result in a new virus of interspecies origin.
Such virus can infect a large proportion of the population, resulting in
pandemics. These viruses are composed of combinations of 16 different HA
subtypes and 9 different NA subtype. They are associated with the most severe
illnesses and deaths in humans, such as the 1918 pandemic (known as Spanish
Flu pandemic), which were originated by a strain of HIN1 influenza virus [9-
12,13]. Nowadays, influenza viruses A(HIN1) and A(H3N2) subtypes are the

most common subtypes of influenza-A circulating among humans.

Influenza symptoms include abrupt onset of high fever, dry cough,
headache, muscle and joint pain, sore throat, runny nose, and feeling of fatigue.
The incubation period of influenza (i.e., the time from infection to illness) varies
between one to four days, with an average duration of two days [9]. Most people
recover from mild symptoms within a week, but influenza infection can be

associated with severe illness or death, especially in people at high risk.

Complications from influenza include primary influenza viral
pneumonia, bacterial pneumonia, exacerbation of chronic pulmonary conditions,
sinusitis, otitis media (infection or inflammation of the middle ear), febrile
seizures, encephalitis, myositis (inflammation of your skeletal muscles) and
death [13 14]. Outbreaks of influenza are often associated with excess morbidity
and mortality, and characterized by higher than normal rates of pneumonia and

influenza-related hospitalizations and deaths [13-15].



History of influenza pandemics

The World Health Organization (WHO) defines a pandemic influenza
virus as a new influenza virus that spreads easily from person to person around
the world and infects people of all ages [16]. The last century witnessed three
worldwide pandemic influenza outbreaks that occurred in 1918, 1957, and 1968.
The latter two pandemics occurred in the era of modern virology. However, the
three pandemics differed from each other with respect to disease severity,
epidemiology and etiologic agents, with major changes or shifts in the HA

antigen [17].

The 1918-1919 pandemic was the most devastating flu pandemic
recorded in human history, during which about one third of the world population
was infected, resulting in more than 50 million deaths worldwide [18] over the
course of three waves that occurred throughout 1918 and 1919 [12]. In the
United States alone, about 675,000 people (out of 105 million population in
1918) were killed from the disease [19]. For unknown reasons, mortality rates

were highest among adults aged 20 to 50 years old [20].

The 1957-1958 Asian flu pandemic emerged in China in February 1957
due to a new influenza virus A of the H2N2 subtype. The virus subsequently
spread to more than 20 countries by June 1957 [21,22], resulting in about two
million deaths worldwide. The largest proportion of the deaths was reported

among younger adults aged less than 65 years [23].

The 1968-1969 Hong Kong flu pandemic was first detected in Hong
Kong, caused by an influenza virus A of the H3N2 subtype. In comparison with
other pandemics, the Hong Kong flu resulted in less severity and low mortality
rate [17]. It resulted in about one million deaths worldwide, of which about
34,000 were from the US. Most deaths occurred among elderly people aged 65

years and older.



The 2009 influenza A(HIN1)pdm09

In April 2009, the WHO announced the emergence of a novel influenza
A virus of the subtype HIN1 had not circulated previously in humans [16]. The
observed virus composed of genes from swine, avian, and human influenza A
viruses, but it is believed that it has emerged from a reassortment event
involving a swine virus over the last couple of decades [24]. Influenza
A(HIN1)pdmO9 virus can infect humans, pigs, horses, seals and birds. Pigs are
usually accountable for carrying and transmitting the virus because they can

serve as hosts for productive infections of both avian and human [25].

Influenza A(HIN1)pdmO09 virus initially emerged in Mexico before it
moved to the United States; in a few weeks, it spread from person to person

around the world, resulting in the first influenza pandemic of the 21* century.

On June 11, 2009, the WHO declared that the influenza A(HIN1)pdm09
outbreak had met the criteria to be considered as a pandemic. Accordingly, WHO
raised the pandemic alert to the highest level, which indicated that a global
pandemic was underway [12]. By the end of 2009, more than 200 countries and
overseas territories or communities had reported hundreds and thousands of
influenza A(HIN1)pdmO09 cases and over 11,500 deaths [16,24]. In June 2010,
deaths increased to 18,172 [26,27]. In August 2010, the pandemic was officially
declared over [27].

In Canada, the first confirmed case of influenza A(HI1N1)pdm09 was
reported on April 23, 2009 in Quebec. Two months later, the virus has spread to
all provinces and territories. By April 2010, 428 pandemic-related deaths were
reported out of 33,509 laboratory-confirmed cases of influenza A(HIN1)pdmO09
among Canadians [28]. In the early days of the 2009 pandemic, it was expected
that each person in Canada would require 2 doses of vaccine. For securing the
health of Canadians, the government spent $1.5 billion on its response to the

2009 pandemic, which includes about $400 millions spent on vaccine [29]. Only



41% of residents aged 12 years and older were vaccinated and the surplus of

vaccine was donated to the WHO and Mexico [30-32].

In Alberta, 72 deaths linked to either a confirmed or probable influenza
A(HINT)pdm09 were reported between April 1, 2009 and September 30, 2010.
Of these, 64 deaths were attributed directly to infections with influenza
A(HIN1)pdmO9 [33,34] resulting in a crude mortality rate of 1.77 deaths per
100,000 population [34].

The 2009 influenza virus was identified as HIN1, having the same H and
N types of the strain that killed millions of people between 1918 and 1919.
However, there is an important genetic difference between the two virus strains.
Padlan [35] indicates that a significant structural change has occurred to the
receptor-binding site of the hemagglutinin (HA), which is responsible for
binding and entry of the virus into the target cells. In comparison to the 1918
HI1NI pandemic, the 2009 pandemic was much milder than expected. Padlan
claims that this may be attributable to the “existence of effective immunity in the
host due to previous exposure to or vaccination against other (HIN1) strains, the
lessened ability of the 2009 (HINT) virus to bind to target cells or to replicate in
them, and a diminished secretion of molecules that could cause further

complications like pneumonia, etc.”

In August 2010, the WHO announced the commencement of a post-
pandemic stage of influenza A(HIN1)pdmO09 [36]. The virus continued to
circulate as a seasonal virus strain in most countries, including Canada [36,37].
The activity of A(HIN1)pdm09 continued to increase in Canada since late-
November 2013, consistent with the usual timing of the seasonal influenza
epidemic. Up to the present time of winter 2014, influenza A(H1N1)pdmO09 has
emerged as a predominant virus [37]. Between August 2013 and March 2014, a
total number of 10,253 laboratory-confirmed cases of influenza were reported in

Canada [40,41]. Of these, 3,393 cases (33.1%) occurred in Alberta.



Several terminologies have been used in the literature to refer to the 2009
pandemic influenza. This can potentially create confusion among researchers
and the general public when differentiating the virus from the old influenza
A(HIN1) viruses circulated in humans before the 2009 HIN1 pandemic. To help
minimizing this confusion, the nomenclature A(HIN1)pdmO09, which was

standardized by WHO in September 2011 [38], has been used in this thesis.

Research objectives

Many researchers have studied the epidemiology of influenza pandemics
in different populations [9-12, 29, 39] However, a study that handles individual-
level of confirmed laboratory data spanning multiple geographic regions with
ecological differences and comorbidity with other respiratory viruses and risk
factors has not been conducted in the Province of Alberta. The purpose of this

thesis is to explore the epidemiological characteristics of influenza

A(HIN1)pdmO09.

The methodology used in this thesis is based on linking the influenza
A(HINT1)pdm09 data obtained from the Provincial Laboratory of Alberta for the
period between April 2009 and January 2010 with other databases from various
sources; for instance, census data, Canadian community health survey (CCHS)
data, and Alberta population data. The details on the linked data are given in
Chapter 3. This linkage was made to determine the variation in influenza
A(HINT1)pdmO9 rates between the health regions of Alberta and the association
of influenza A(HIN1)pdmO9 rates with the demographic and socioeconomic

characteristics and comorbidities in the Province of Alberta.

The research objectives of this thesis are:

(1) to describe the general epidemiologic features of influenza

A(HIN1)pdmO09 during the 2009 pandemic

(2) to demonstrate the distribution of influenza A(HIN1)pdmO9 over the

health regions and zones of Alberta during the 2009 pandemic



(3) to compare the distributions and patterns of the common respiratory

viruses before and during the 2009 pandemic

(4) to carry out an ecological study that investigates the impact of
environment, demography, and health risk factors on the incidence of

influenza A(HIN1)pdmO09

Thesis Structure

This chapter is followed by a literature review of studies related to the
2009 influenza pandemic (Chapter 2). In Chapter 3, a description of the methods
and materials used in this thesis are presented; this chapter is followed by the
results obtained from descriptive and statistical analysis (Chapter 4). Finally, a
summary of the thesis contributions, discussion, and conclusions are given in

Chapter 5.



CHAPTER TWO

LITERATURE REVIEW

2.1 Background
2.1.1 Seasonal influenza

Seasonal influenza is a respiratory infection of the airways and lungs,
caused by influenza viruses and spread easily from person to person causing
annual epidemics that peak in winter in Canada. Annual influenza epidemics can
affect people in all age groups. Most people can recover from the illness within a
week to ten days, but some are at greater risk of severe complications that can
lead to death. The highest risk of complications occurs among children younger
than two years old, elderly age 65 or older [42], and people with certain medical
conditions— such as weakened immune systems [42-45], and diseases of the
heart [43,46], lung [42, 43], kidney [42, 43,141], or liver [42, 43,250]. Most
deaths related to seasonal influenza (about 90%) occur among people aged 65
years and older [47]. Worldwide, the annual seasonal influenza epidemics cause
about three to five million of severe illnesses, and about 250,000 to 500,000
deaths [48]. In the USA, these epidemics cause illness in about 5-20% of the
population, leading to approximately 300,000 influenza-related hospital
admissions and 36,000 influenza-related deaths every year [47,49,50]. In
Canada, between 10 and 20% of the population becomes infected with seasonal
influenza every year. Approximately 20,000 influenza-related hospital

admissions and 4,000 deaths occur among Canadians every year [51].

2.1.2 Influenza pandemics

An influenza pandemic occurs when a virus that has not previously
circulated — and to which most people do not have immunity — emerges and
transmits among humans. However, there are many debates on the WHO’s

definition and declaration of influenza pandemic, which provide interesting



premises for epidemiological studies to better define the disease burden and
consequences [53] .

Influenza pandemics have been observed for several hundred years
throughout history. Three global pandemics were observed and documented in
the last century — 1918 A(HINT1) Spanish flu, 1957 A(H2N2) Asian flu, and
1968 A(H3N2) Hong Kong flu [52,54]. Viruses of these influenza pandemics
arose either entirely or partially from non-human reservoirs [55]. All three
pandemics varied in their morbidity, mortality, and dynamical patterns. The
1918 influenza pandemic was the most devastating epidemic with multiple
outbreaks in many geographic regions worldwide and over 50 million deaths,
including about 50,000 Canadians [56-58] and 675,000 Americans. In contrast to
seasonal influenza, influenza pandemics occur rarely, circulate and cause large

outbreaks at any time of year.

Influenza A(HIN1)pdmO09 virus first emerged in Mexico in April 2009
and rapidly spread to the United States and Canada, and subsequently
worldwide, resulting in large numbers of laboratory-confirmed cases and deaths.
As a consequence, the World Health Organization (WHO) declared a pandemic
alert phase 6 on June 11, 2009, warning that the first influenza pandemic of the

21st century had begun [59-61].

Influenza A(H1N1)pdmO09 is a novel combination of viral genes that are
closely related to swine-lineage influenza [52,55,62]. The virus embraces six
genes from triple-reassortant North American swine virus lineages and two

genes from Eurasian swine virus lineages [55].

2.2 Spread of Influenza A(HIN1)pdm09 pandemic

As of February 21, 2010, more than 213 countries and overseas territories
or communities have reported thousands of laboratory confirmed cases of

pandemic influenza A(HIN1)pdm09, along with more than 18,500 deaths [63].



The actual numbers of influenza A(HIN1)pdm09 incidence and mortality cases
remain unknown for many reasons. The virological surveillance of influenza
A(HIN1)pdmO9 in most countries was restricted to patients attending hospitals.
Moreover, the majority of influenza A(HIN1)pdm09 cases were diagnosed
clinically and were not laboratory-confirmed [64]. Nevertheless, the total
number of cases of influenza A(HIN1)pdm09 worldwide can be estimated in the

range of tens of millions of cases [64].

23 Transmission of influenza A(HIN1)pdm09

There are ongoing debates on the mode of transmission of seasonal and
pandemic influenza. Theoretically influenza A(HIN1)pdmO9 can be transmitted
in 3 ways: (1) droplet spray exposure (when infectious droplets are projected
onto mucous membranes), (2) airborne exposure (via inhalation of infectious
airborne particles), and (3) contact exposure (when a contaminated hand is
exposed to facial membranes). The intensity of infection resulting from each of
these modes is unknown, but most probably depends on site temperature and

humidity [65].

24 Characteristics of influenza A(HIN1)pdm09 virus

A number of measures are typically used to characterize influenza
A(HIN1)pdmO09 pandemic and to describe its transmissibility among humans.
The following are some important measures that have been found widely

reported in the scientific literature.

2.4.1 Reproductive Number

A commonly used measure that characterizes pandemic and assesses the
strength of infection in a susceptible population is the basic reproductive
number, Ry. This measure represents the average number of new infected cases

caused by a particular infectious individual over the lifetime of that infected

10



individual. Ry values of less than 1 implies that the infection will fail to carry on
transmission within the population, while Ry values that are greater than 1 imply
that the infection will keep on spreading, in the absence of control measures
[66]. Observing the basic reproductive number (Ry) can be of great importance
to policy makers in order to propose the appropriate public health interventions
during outbreak. The R, for influenza A(HIN1)pdmO09 were estimated in the
range between 1.3 and 1.8 and were relatively consistent [67]. A Canadian study
of 3,152 laboratory-confirmed cases from Ontario reported a Ry of 1.31 (95%
CI: 1.25-1.38) [68]. Yang et al. [69] conducted another study on the basis of
reported case clusters in the United States and found the Ry to range from 1.3 to
1.7. Balcan et al. [70] conducted a study that employed a global structured meta-
population model integrating mobility and transportation data worldwide on
3,362 sub-populations from 220 countries. In this study, Ry was 1.75 (95% CI:
1.64—1.88) for influenza A(H1N1)pdm09.

Ry also depends on the various characteristics and activities of the
population. Some studies claim that school-based outbreaks are responsible for
high levels of infection among children [64, 71]. For instance, within a school in
the USA the intensity of infection during the influenza A(HIN1)pdmO09 outbreak
was very high with Ry values between 1.8 and 3.2, indicating that, a child can
spread the virus to 2.5 children on average [64]. The worst values of Ry were
estimated in the range of 1.8 to 2.4 during the global 1918-1919 influenza A
(HINT) pandemic and the virus was considered highly transmissible and

aggressive [72-74].

2.4.2 Incubation period

The incubation period of an infectious disease is defined as the time
interval from infection with a microorganism to symptom onset [75]. This period
is widely reported because of its importance in infectious disease surveillance

and control where the time of symptom onset is used as a unique indicator of the
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time of infection [76]. In clinical practice, the incubation period is useful for
determining the causes and sources of infection, as well as for developing
strategies for management of exposed individuals and treatment plans. For
example, the incubation period distribution permits the determination of the
length of quarantine required for a potentially exposed individual during an
outbreak of a newly emerged infectious disease [66]. Understanding the
incubation period distribution can also enable statistical estimation of the time of
exposure during a point source outbreak [77] as well as testing of hypothesis for
investigating whether an outbreak has ended [78]. The mean incubation period
of influenza A(HIN1)pdm09 was estimated to be approximately four days, with

an average duration of symptoms of seven days [67,68].

2.4.3 Serial interval

The serial interval is defined as the time between the onset of a primary
case to the onset of the secondary case caused by the primary case [79]. The
serial interval is mainly used as a control measure in building transmission
networks for contact tracing. This type of information is useful to assess the
number of secondary transmissions over the course of an epidemic [80] in
addition to evaluating the individual variations in transmission of infection [81].
The serial interval for influenza A(HIN1)pdmO09 was approximately identified in
the range between 3 and 4.5 days [67].

2.4.4 Mortality

A good indicator of the severity of pandemics is the mortality (number
and rate of deaths). The WHO has acknowledged that the official laboratory-
confirmed reports underestimated the actual number of influenza deaths. This
was related to the specimens not being collected from people who died from
influenza. In addition, influenza virus might not be detectable at the time of

death [63]. A study [82] that adopted an improved modeling approach reported
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a global estimate of deaths between 151,700 and 575,400 that is about 20 times
higher than the number of laboratory-confirmed deaths reported to WHO during
the first 16 months of the influenza A(HIN1)pdmO09 outbreak. The largest
proportion of related deaths (more than 50% of all influenza A(HIN1)pdm09
deaths, worldwide) occurred in countries in Southeast Asia and Africa, where
access to treatment and vaccination was limited, besides improper nutrition and
poor quality of health care services [83-90]. Many challenges including the lack
of influenza A(HIN1)pdmO9 data in many countries, the variations in the level
and timing of influenza virus circulation across countries, had to be overcome
for the authors to generate these global estimates. The Centers for Disease
Control (CDC) estimated over 12,400 A(HIN1)pdm09 influenza-related deaths
as occurred from April 2009 to April 2010 in the United States alone [52,91]
versus 428 deaths that were reported in Canada [28].

2.5  Risk groups and risk factors of influenza A(HIN1)pdmO09

The influenza A(HIN1)pdmO09 virus showed severe infections and fatal
consequences in patients with comorbidities such as asthma, in obese and
pregnant patients, as well as some young and healthy who have little or no
immunity, and some who succumbed to an overwhelming immune response [58,
92,93]. Many underlying conditions that are associated with complications from
seasonal influenza also are risk factors for complications from A(HIN1)pdm09
virus infections [94]. Nevertheless, about one quarter to one half of patients with
influenza A(HIN1)pdmO09 virus infection who were hospitalized or died had no

reported coexisting medical conditions [94-99].

2.5.1 Age

An important feature of the A(HIN1)pdmO9 virus is that it
disproportionately affects children and young adults as compared to the older
age groups [100]. The majority of illnesses caused by the virus were acute and

self-limited, with the highest attack rates reported among children and young
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adults [64,101]. One of the early studies in the USA showed that, although the
age of influenza A(H1N1)pdmO09 patients in the study ranged from three months
to 81 years, 60% of the patients were 18 years of age or younger [64,102]. In
most countries, including Canada, the USA, Chile, Japan and the UK, influenza
A(HINT)pdmO9 caused greater disease burden on young individuals, with an
estimated median age between 12 and 17 years [43]. Van Kerkhove et al. [44]
conducted a retrospective study that utilized information on approximately
70,000 laboratory-confirmed influenza A(HIN1)pdmO09 hospitalized patients,
9,700 patients admitted to intensive care units (ICUs), and 2,500 deaths reported
between April 1, 2009 and January 1, 2010 from 19 countries or administrative
regions (Canada, the United States, Mexico, the United Kingdom, France,
Germany, Australia, China, Hong Kong SAR, Japan, Argentina, the Netherlands,
New Zealand, Singapore, South Africa, Spain, Thailand, Chile, and
Madagascar). The study aimed to compare and characterize the distribution of
risk factors among influenza A(H1N1)pdm09 patients based on 3 levels of
severity: hospitalizations, ICU admissions, and deaths. The authors concluded
that the median age of patients increased with severity of disease. The highest
risk of hospitalization was among young children under five years old and in
children of ages 5 to 14 years with a relative risk (RR) of 3.3 and 3.2,
respectively, compared to the general population. On the other hand, the highest
risk of death was found among patients in the age groups 50-64 years and > 65
years (RR = 1.5 and 1.6, respectively, compared to the general population). The
authors have also found that the ratio of influenza A(HIN1)pdm09 deaths to
hospitalizations increased with age and was the highest among elderly people
who aged 65 years and older [103]. Compared with patients aged 10—19 years,
Campbell et al. [112] found that those aged 20—64 years were significantly more
likely to be admitted to ICU, and those aged 45 years or more were significantly
more likely to die, even after adjustment for sex and underlying medical

conditions.
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The age distribution versus A(HIN1)pdm09 infection suggests partial
immunity to the virus in the older population [43]. This hypothesis was
supported by subsequent studies, which concluded that one-third of the elderly
population over 60 years of age had cross-reacting antibodies to influenza
A(HINT)pdmO9 that was identified by means of hemagglutination-inhibition test
and neutralization tests [104,105].

2.5.2 Sex

The cellular differences between males and females (i.e., a female cell has two X
chromosomes, while male cells have one X and one Y chromosomes) on the
infectious disease process are not entirely understood. Nevertheless, it is known
that the X chromosome governs many of the immune system responses [107].
The biological differences between male and female can influence the infectious
disease process and can thus result in differences between males and females in
terms of incidence rate, duration, disease severity and case fatality rates
following the pandemic of an infectious disease. Moreover, the impact of sex
and gender on infection is associated with age since both the cultural and
biological factors can change considerably with age [107-109]. Worldwide, the
incidence rates, disease burden, morbidity and mortality following exposure to

influenza A(HIN1)pdmO09 were different among males and females [107].

The assessment of male-female differences in reported incidences of
influenza A(HIN1)pdmO09 can be confounded by some factors. For instance,
many studies do not disaggregate data by both sex and age. This may
consequently contribute to masking sex differences among the age groups that
are most likely to be exposed (e.g., children and young adults). Moreover, the
profound differences in health seeking behaviors or healthcare access between
males and females can mislead the incidence rates computed [110]. A survey
conducted by WHO in 59 countries during the period between 2002 and 2004
revealed that adult women are more likely to seek healthcare in both higher and

lower income countries [110]. In many countries, women represent more than
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50% of the healthcare workforce. For instance, nurses, daycare workers, and
young children teachers are mostly female [111], which can potentially lead to a
gender-specific occupational risk of influenza infection [107]. Above all,
pregnancy itself, which was identified as a risk factor for severe illness of
influenza pandemic, occurs in women. Campbell et al. [112] conducted a study
on all patients admitted to Canadian hospitals with laboratory-confirmed
influenza A(H1N1)pdmO09 reported to the Public Health Agency of Canada from
April to September 2009. They concluded that the risk of admission to ICU was

greater among females than among males.

2.5.3 Pregnancy

Pregnancy causes changes in hormone levels and immune functions, in
addition to cardiopulmonary stresses and difficulty in treatment from respiratory
diseases [113]. Along with these potentially disease-modifying pregnancy-
associated factors, the presence of other comorbidities or risk factors can result
in higher rates of severe illness, hospitalization, and adverse neonatal outcomes.
These complications have been observed in pregnant women for both pandemic
and seasonal influenza infections when compared to the general population or to
age-matched non-pregnant women [114,115].

Although it is not easy to quantify precisely the degree of risk associated with
pregnancy, pregnant women can be approximately four to five times more likely

to develop severe disease, when compared to non-pregnant women [116-118].

Compared to non-pregnant women, pregnant women, especially those in
the second or third trimester and women who are less than two weeks post-
partum, have shown to have higher mortality rates [114,119] and severe illnesses
[94,96,97,100,120] after influenza A(H1N1)pdmO09 infection. Although pregnant
women represent about 2% of the population, among patients with influenza
A(HIN1)pdmO9 virus infection, they accounted for 7 to 10% of hospitalized
cases [94,96,100,121], 6 to 9% of ICU cases [94,97,98], and 6 to 10% of deaths
[94,96,122].
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Mosby et al. [123] conducted a systematic literature review that included
a total number of 120 studies to investigate practices regarding influenza
A(HIN1)pdmO9 in pregnant women. They concluded that pregnancy was
associated with increased risk of A(HIN1)pdmO9 related hospitalizations and
admissions to intensive care unit as well as death. Furthermore, WHO has also
stated that both mother and baby experience increased risk when infected with
either pandemic or seasonal influenza during pregnancy, and pregnant women

should be vaccinated [124].

2.5.4 Ethnicity

The rates of severe influenza A(HIN1)pdm09 virus infection in
disadvantaged groups, including Canadian, American, and Australian
Aboriginals, were five to seven times higher than the rates in the non-Aboriginal
groups. Crowding, alcoholism, smoking, presence of coexisting medical
conditions, poor access to health care services and possibly unidentified genetic
factors may be accountable for the increased risk of pandemic among these

groups. [98,125]

2.5.5 Obesity

Worldwide, there were more than 1.4 billion overweight adults, more
than 500 million obese adults, and 40 million overweight children (<5 years old)
in 2011 [126]. Many studies indicated that obese adults have a greater risk of
morbidity and mortality from infection with influenza A(HIN1)pdmO09 virus
[120, 127-131]. Moreover, the Centers for Disease Control and Prevention
recognized obesity as an independent risk factor for influenza A(HIN1)pdm09
complications [132]. Furthermore, among patients with severe influenza
A(HINT)pdmO9 virus infection, obese individuals with body-mass index (BMI)
>35 and individuals with severe obesity (BMI1>40) were reported at five to 15

times higher rates than the rate in the general population [94,96-98,133].

17


http://www.cfp.ca/content/57/9/1003.full#ref-1

Mertz et al. [134] conducted a large systematic review with meta-analysis
to evaluate the risk factors for severe outcomes in patients with seasonal and
pandemic influenza from a total number of 234 studies. Of these, 59 studies on
obesity as a risk factor showed that obesity has increased the risk of death to
about three times. Moreover, obesity was significantly associated with the need
for admission to hospital and intensive care, as well as the need for ventilator

support.

Kwong et al. [128] conducted a cohort study over 12 influenza seasons
between 1996 and 2008 on 82,545 respondents aged 18—64 years from Ontario,
Canada. The study aimed to examine the association between self-reported body
mass index (BMI) and hospitalization for selected respiratory diseases, including
influenza. The authors found that obesity (BMI >30) was independently
associated with an increased risk of respiratory hospitalizations during seasonal
influenza epidemics. In addition, the association between severe obesity (BMI
>35) and respiratory hospitalizations was significantly higher in obese
individuals than those without previously recognized risk factors. Other studies
have revealed a high prevalence of obesity among individuals with

complications of influenza A(HIN1)pdmO09 infection [135-139].

2.5.6 Other risk factors

Diabetes, cardiovascular diseases, and abnormal immunologic status can
also be accountable for increase in morbidity and mortality of influenza
A(HINT1)pdmO09 virus infections [112]. In the study conducted by Van Kerkhove
et al. [44], the authors concluded that the proportion of influenza
A(HIN1)pdmO9 patients with one or more reported chronic conditions,
including asthma, increased by 31.1% among hospitalized cases, 52.3% among
ICU-admitted cases, and 61.8% in fatal influenza A(HIN1)pdmO9 cases.
Campbell et al [112] also concluded that lung disease, including asthma, was the
most common underlying medical condition associated with increased risk of

death from influenza A(HIN1)pdm09. Hanslik et al. [140] conducted a study on
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patients diagnosed with influenza A(HIN1)2009 in France during the 2009
pandemic. They aimed to estimate the magnitude of several risk factors by
comparing their prevalence among hospitalized severe cases to that in the
general population. In addition to the significance of age, pregnancy and obesity
as risk factors, the authors determined that heart failure and diabetes were risk
factors for admission into intensive care unit (OR= 3.3, 95% CI: 2.6-4.1 and 2.8,
95% CI: 2.3-3.4, respectively). They also found that heart failure, obesity, and
diabetes were significantly associated with death (OR=6.9, 95% CI: 4.9-9.8 and
3.5, 95% CI: 2.5-5.1, respectively).

Some uncommon risk factors have also been reported in the literature.
For instance, renal complications of influenza A(HIN1)pdm09 can lead to
deterioration of the patient’s condition, including acute kidney injury (AKI) in
critically ill patients, rhabdomyolysis, hemolytic uremic syndrome (HUS), acute
glomerulonephritis (AGN), disseminated intravascular coagulation (DIC), Good

pasture’s syndrome, and acute tubulointerstitial nephritis (TIN) [141].

In summary, influenza pandemics are unpredictable but persistent events.
Nonetheless, influenza pandemics cause negative impact and serious
consequences to human health and economy. Influenza A(HIN1)pdm09
pandemic was the first one since the 1968 pandemic. The virus incorporated a
unique combination of gene segments that had not been reported previously. The
virus had a distinctive feature to have a higher disease burden among children
aged 14 years old and younger. However, its severity and mortality was much
higher among elderly people aged 65 years and older. The risk of severe
outcome of influenza A(HIN1)pdm09 was significantly associated with the
presence of one or more underlying medical condition or risk factor, including
age, sex, obesity, pregnancy, asthma, immune disorders, Aboriginal status, and

other chronic illnesses.
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3.1 Databases used in the thesis

CHAPTER THREE

METHODS

This research was conducted based on information obtained from

different sources as described in the sections below.

3.1.1 Laboratory data

This database contained the laboratory results of respiratory specimens

submitted to the Provincial Laboratory for Public Health (ProvLab) of Alberta.

The data were obtained based on the Operational Approval #11376 from the
Health Research Ethics Board (HREB) of the Northern Alberta Clinical Trials
and Research Center (NACTRC) attached in Appendix I. The data obtained were

guided by the Health Information Act, and no identifying health information was

provided. The ProvLab provides respiratory virus testing for the province of

Alberta and the Northern Territories. The methods used to detect respiratory

virus has changed overtime with different respiratory viruses being targeted

[142,143]; Figure 3.1 illustrates these changes.

Nasopharyngeal Swab Tested by Negative Direct
Fluorescent Antigen (DFA)

- Throat swabs

- Lower respiratory samples (tracheal, ETT, BAL)
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Figure 3.1: Changes in testing methods used in laboratory
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The laboratory data included comprehensive information and results of
specimens collected from Alberta residents between April 1, 2004 and January
31, 2010 that were tested for the following respiratory viruses: influenza virus A,
influenza virus B, human metapneumovirus (hMPV), parainfluenza virus,
respiratory syncytial virus (RSV), adenovirus, 4 types of coronavirus (229E,

HKU1, NL63, and OC43), and rhino/enterovirus not differentiated.

The laboratory data also included demographic information of these patients
(i.e., age, sex, city of residence, forward sortation area, and health region), date
of specimen collection, date of receipt of specimen, type and source of specimen,
and test results. In addition, anonymized data on the laboratory-confirmed
influenza A(H1N1)pdmO09 patients who were identified during the 2009 outbreak
were included. The laboratory data contained 124,858 records of specimen

information for 91,310 patients.

Rather than using specimens as a unit of analysis, patient-based
information was used for analyzing and interpreting the laboratory data. This
information was generated only for specimens with the most recent laboratory
confirmed positive results. For instance, if a patient was tested positive for RSV
in 2006 and in 2009, information on the 2009 specimen only will be included.
On the other hand, specimens that were confirmed negative or were not tested
for whatever reason have been excluded from the analysis. The term ‘case’ was
used to refer to a ‘patient’. This has been made so as to adhere to the terms used

in the relevant literature [144-147].

In total, 91,310 cases were identified in the laboratory data for
individuals who submitted 124,858 specimens. Of these, 6,972 (7.6%) cases
were non-Alberta individuals and excluded from the analysis. After excluding
the non-Alberta individuals, 84,338 cases with 115,535 specimens were included
in the analysis. Of these cases, 82.3% had one specimen only, 11.3% had two
specimens, 3% had three specimens, and 3.4% had four or more specimens

(Figure 3.2). As shown in Figure 3.3, the majority of specimens tested for
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respiratory viruses were for children under 15 years old (46.5%), followed by

adults aged 35-64 years (24%).
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Figure 3.2: Percentage of cases with different number of specimens submitted to the
laboratory from April 1, 2004 to January 31, 2010
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Figure 3.3: Proportions of specimens submitted to the laboratory by age group from
April 1, 2004 to January 31, 2010

Specimen sources - specimens collected from different sources by means of
more than 300 descriptive terminologies were grouped into five main categories
based on the method of collection. These categories are: aspirates, auger suction,
autopsy, broncho-alveolar lavage (BAL), and others (e.g., nasopharyngeal,
biopsy, blood, bronch wash, endotracheal, throat, and trachea). Of these
categories, aspirates (e.g., auger suction aspirates, endotracheal aspirates,
endotracheal tube aspirates, nasopharyngeal aspirates, and tracheal aspirates)

were the most common tests applied to 97% of the collected specimens.

Specimen types- there were 14 types of specimens (swab, fluid, sputum, tissue,
urine, blood, fluid cystic fibrosis (CF), swab cystic fibrosis, sputum cystic
fibrosis, feces, brush, isolate, slide, and air). Figure 3.4 shows that swabs and

fluid specimens were the most dominant types.
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Figure 3.4: Distribution of specimens by type submitted to the laboratory from April 1,
2004 to January 31, 2010

3.1.2 Data from the Canadian community health survey

The Canadian community health survey (CCHS) database, Cycle 4.1
[148-150], was collected by Statistics Canada through a national survey on
information related to health status, health care utilization and health
determinants for the Canadians. The survey gathered information during the
period between 2008 and 2009 from a large random sample of 131,061
participants, which represented the population of 12 years of age and over living
in all provinces and territories. The survey did not include people living on
reserves and other Aboriginal settlements, as well as the full-time members of

the Canadian Forces and residents of some remote regions.

Of these 131,061 CCHS participants, 11,925 (9.1%) were from Alberta,
which included 5,602 (47%) males and 6,323 (53%) females. The survey

questionnaire included more than 1,000 questions grouped into various
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categories. These categories included alcohol use, illicit drugs use, smoking,
health status and major illnesses (e.g., diabetes, heart diseases, obesity,
hypertension, cancer, stroke, mental disorder, and respiratory diseases), access to
health care services, injuries, spiritual values, diet and dietary supplement use,
physical activity, satisfaction with life, and healthcare system satisfaction.
Additional details about the CCHS questionnaire can be found at the website of
Statistics Canada [151].

In the CCHS survey data were collected on respondents of 12 years of
age and over, except for COPD and obesity. The information on COPD was
collected from individuals aged 30 years and over. The information on obesity
was collected from individuals aged 18 years and over; pregnant women were
excluded. Responses to questions related to specific medical conditions were
collected to conditions diagnosed by a health professional. In the analysis
reported in the thesis, only responses from individuals aged 15 years and over
were considered. The following variables were included and used as health risk
factors: asthma, chronic bronchitis, chronic obstructive pulmonary disease
(COPD), mood disorder, history of stroke or cancer, heart disease, hypertension,
physical activity, perceived health, flu shot vaccination, alcohol intake, smoking,
access to regular medical doctors, and obesity. According to WHO [126], obese
individuals have BMI that is greater than or equal to 30, whereas overweight

individuals have BMI between 25 and 29.

3.1.3 Census database

The community profiles of the 2006 Census of Population collected by
Statistics Canada [153] at the community-level, grouped by health regions, are
used in this study. The following demographic factors were considered in this
study: Aboriginal status, population density per square kilometer, family income,
unemployment rate, education, and dwelling age. These data were linked with
the influenza A(HIN1)pdm09 laboratory-confirmed data to study the association

between influenza A(HIN1)pdmO9 incidence and demography over the nine
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health regions of Alberta. A health region was used as a primarily geographical
unit because zones were not yet created at the time the influenza

A(HIN1)pdm09 pandemic was commenced.

3.1.4 Alberta population database

Alberta population data grouped by age, sex, and health region for the
period between 2004 and 2009 were obtained from Alberta Health, Government
of Alberta [154]. This population data were used as dominators for computing
rates and estimating statistical parameters presented in this thesis. The CCHS
data was linked with both the population data and the laboratory data at the
community level in order to carry out an ecological study that investigated the
association between the incidence of influenza A(HIN1)pdm09 cases and the

health profile of Albertans.

3.1.5 Data preparation

A set of validation criteria was applied to ensure consistency and integrity
among databases. A number of derived variables were created from the existing
variables, such as age group, season of pandemic, and health zone/region. Then,
a relational database model was developed to link the tables included in the
databases by means of SQL Server 2008®. A unique identifier for each table
was created and used to access data in the same table. Computational algorithms
were used by means of SQL functions and materialized views to deliver
consistent tables that were converted into SAS format. SAS 9.3® was used as a
main tool for manipulating and analyzing the data to produce all results and

statistics presented in this thesis.

3.1.6 Data Linkage

The laboratory data were generated at the patient level; each patient was given a
unique anonymous key. These data contained information fields on sex, age

group, geographical location (zone and RHA), specimen submitted, and
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laboratory results. A set of common fields (sex, age group, and geographical
location) were also included in the other databases (i.e., CCHS data, census data,
and population data) and used as linking attributes. This set was standardized to
match the corresponding definition and boundaries in the laboratory data. All
databases were then aggregated, grouped, and ordered by sex, age group, and
geographical location. Both the laboratory data and population data included
additional common field, year. The laboratory data were linked with the
population data based on matching their common fields (year, sex, age group,
and geographical location) at the same order. The laboratory data were linked
with the CCHS data and the census data by matching their common fields (sex,

age group, and geographical location).

3.2 Study boundaries

3.2.1 Geography

This study was limited by the geographic boundaries of the Province of
Alberta, Canada.

3.2.2 Age groups

The following four age groups were used in this study: 0-14 years, 15-34
years, 35-64 years, and 65 years and older. The first age group (0-14 years) was
eliminated from any analyses that included the CCHS database. This is because

the CCHS data included only the individuals of 12 years of age and over.

3.2.3 Study period/timeframe

The data obtained from different sources cover the period between April
1, 2004 and January 31, 2010. In Chapter 4, where the epidemiology of
respiratory viruses before and during pandemic was studied, the 2004 cases were
excluded from the analysis. This modification was made because some
respiratory viruses did not have complete data for 2004. Two seasons, summer

(months of May, June, July, August, September and October) and winter
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(months of January, February, March, April, November and December), were

defined for categorizing cases.

In order to study the epidemiology of respiratory viruses before and
during pandemic, the study year was defined from April in a year to January of
the following year. This definition was used because influenza A(HIN1)pdm09
cases were first detected in April 2009 and last detected in January 2010 during
the outbreak. This modification was performed to make the epidemiologic
measures comparable. Accordingly, the total number of respiratory-virus cases
extracted between 2005 and 2009 was 60,389. This represented 72% of the total
number of Alberta cases with 84,338 specimens included from the laboratory
data. Figure 3.5 shows the distribution of the 12-month (January to December)
and 10-month (April to January) proportions of cases by year over the period
between 2005 and 2009. The proportion of cases was lower between 2005 and
2008 in comparison to those in 2009. In 2009, however, the proportion of all
respiratory cases increased in response to the emergence of the influenza

A(HINT)pdmO9 outbreak.
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Figure 3.5: Proportions of respiratory-virus cases by year from April 1, 2004 to January
31,2010
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3.2.4 Respiratory viruses included

Over the study period between 2005 and 2009, no positive cases of
coronavirus and rhino/enterovirus were reported between 2005 and 2007 as
testing for these viruses only commenced in March 2008. Thus, these two
viruses were excluded from the analysis. The study included six viruses:
influenza virus A, influenza virus B, human metapneumovirus (hMPV),
parainfluenza virus, respiratory syncytial virus (RSV), and adenovirus. In this

study, influenza A(HIN1)pdm09 was the outcome of interest.

33 Statistical methods for epidemiological analysis

Influenza A(HIN1)pdmO09 cases was evaluated using a set of common
measures that include the proportions and rates of influenza A(HIN1)pdm09
cases by zone and health region, proportions of influenza A(HIN1)pdm09 cases
by season, sex, age, and health region, as well as the overall association between
influenza A(HIN1)pdmO09 and both sex and age group over the nine health
regions of Alberta. This association was studied by means of negative binomial
regression models that were applied using the Generalized Linear Model

procedure (GENMOD) in SAS [155].

The other respiratory viruses, 1.e., all respiratory viruses included in this study
except influenza A(HIN1)pdmO9 virus, were evaluated by computing their
proportions and incidence rates before and during the 2009 pandemic. The rates
were also computed by season, sex, age group, and health region. Both
laboratory and population databases were joined together to obtain the rates of

viruses investigated.

3.4  Statistical methods for ecological analysis

The databases described in Sections 3.1.1-3.1.4 (i.e., laboratory data,
CCHS data, Alberta population data, and the census community profile) were all

linked together to carry out an ecological study that investigates the impact of a
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set of demographic and health risk factors on the occurrence of influenza
A(HINT)pdmO09. These factors were described previously in Sections 3.1.2 and
3.1.3. The impact of these factors was investigated based on the incidence of
influenza A(H1N1)pdmO09 by studying their association by means of correlation
and negative binomial regression. The relative risk ratios were determined along

with their confidence intervals for each factor analyzed.

3.5 Poisson and negative binomial models

The given data show that the outcome, influenza A(H1N1)pdm09,
represents the number of influenza A(HIN1)pdm09 confirmed cases occurred
over a certain period of time (i.e., during the 2009 pandemic). Therefore, the
data being analyzed are count data and the statistical methods to be used should
then be able to handle such data of positive counts. There are two common
methods that can be used to statistically analyze this type of count data — Poison
regression and negative binomial regression. Poisson models were initially
considered in the analysis. However, the obtained values of the deviance were
much greater than 1.0, indicating over-dispersion and inadequacy of using

Poisson models.

An important assumption in the Poisson model is that the mean and
variance of a distribution are equal (i.e., equidispersion, Var(Y;) = E[Y;] = w).,
However, the variance is usually much greater than the mean in real life
applications; that is, Var(Y;) > E[Y;]. This property is referred to as ‘over-
dispersion’. Accordingly, Poisson models may not be well suited to handle
some types of count data [156,157]. Fekedulegn et al. [158] claim that “Over-
dispersion leads to underestimates of the standard errors (SEs) yielding large
values of the chi-square statistics which consequently increases the type I error.”
Over-dispersion in Poisson regression can be tested using the ratio of the sum of
Pearson residuals, represented by the chi-square, over the number of degrees of

freedom [159]. This ratio is known as the deviance (DV). That is, DV= y2/df. A
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value of DV that is larger than 1.0 indicates over-dispersion, whereas a value that

is smaller than 1.0 indicates under-dispersion.

There are several approaches to overcome the above restrictive
assumptions of Poisson models, such as Quasi-likelihood regression and
negative binomial regression [159-161]; the latter was used in the thesis. The
negative binomial distribution is similar to the Poisson distribution, except the
variance and mean are not assumed to be equal, so over-dispersion is no longer
problematic [162]. Unlike Poisson, the negative binomial distribution has an
additional non-negative parameter & that describes the dispersion, such that the
variance can exceed the mean [163]. Researchers comparing Poisson and
negative binomial regression models have concluded that, in most applications,
the negative binomial model was more appropriate in fitting count data than in
Poisson [156,164]. The range of applications of the negative binomial
distribution has been extended recently to include the epidemiology of infectious
diseases, as the negative binomial model has shown to be appropriate to apt the
‘offspring distribution’ for several disease transmission datasets. Severe acute
respiratory syndrome (SARS), measles, and smallpox are typical examples of
infectious diseases of this category, with distributions that reveal a high degree

of over-dispersion [165-167].

In this study, a negative binomial regression model was used to study the
association between influenza A(H1N1)pdm09 and sex and age groups over the
nine health regions of Alberta. The SAS GENMOD procedure [155] was
employed with a /og link function to build a /og model that included influenza
A(HINT)pdmO9 cases as a response variable versus sex, age group, and health
region as explanatory variables (i.e., predictors). It is worth noting that the
GENMOD procedure ignores observations with missing values for any variable
included in the model. The domain of analysis included the entire laboratory data
for sex and age groups defined in Section 3.2.2. Equation 3.1 describes a model

that included sex, age group and health region as predictors of the response
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variable influenza A(HIN1)pdm09 cases. Equation 3.2 describes the variance of

this distribution.

log(pH1N1 cases) = 8, + Bagegroup + B,sex + 3HR (3.1
Var(pHINlcases)= E[pH1N1 cases]{1 + kxE[H1N1cases]} (3.2)

As k— 0, Var(Y;) — u and the distribution converges to Poisson. On the other
hand, the greater the heterogeneity in the Poisson means, the larger the value of
k, and consequently, the greater the over-dispersion compared with Poisson

variability [163].

Statistical procedures based on negative binomial regression, both
univariate and multiple, were applied to examine the association between
influenza A(HIN1)pdmO9 and the health risk factors defined in Section 3.1.2
and described in Table 3.1.
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3.6 Factors considered in the ecological analysis

Table 3.1: CCHS health risk factors used [148-152]

Variable Question/Explanation Categories

Asthma Do you have asthma? Yes, No

COPD Do you have chronic obstructive pulmonary disease? Yes, No

Chronic Bronchitis Do you have chronic bronchitis? Yes, No

Obesity this variable was derived from the question of another Normal,
variable [152] that is based on the BMI classes Overweight,

Obese

Cancer Have you ever had cancer? Yes, No

Mood Disorder Do you have a mood disorder such as depression, manic Yes, No
depression, bipolar disorder, mania or dysthymia?

Flu Shot Have you ever had a flu shot? Yes, No

Perceived Health In general, would you say your health is excellent, very Good, Poor
good, good, fair, or poor? By health, it means not only the
absence of illness or injury but also physical, mental and
social well-being.

Physical Activity This variable was derived from other variables [152] that Regular,
depend on monthly frequency of physical activities lasting ~ Occasional
>15 minutes. The values reflect a one-month average based
on data reported for a 3 month period.

Smoking At the present time, do you smoke cigarettes daily, Daily,
occasionally or not at all? Occasional,

No Smoking

Alcohol Intake During the past 12 months, have you had a drink of beer, Occasional,
wine, liquor or any other alcoholic beverage? If yes, how Regular,
often did you drink alcoholic beverages? (The word drink No Drinking

means one bottle or a can of beer or a glass of draft, one
glass of wine or a wine cooler, or one drink or cocktail with
12 ounces of liquor).
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CHAPTER FOUR

RESULTS

4.1 Characteristics of influenza A(HIN1)pdm09 outbreak

Figure 4.1 shows the pattern of influenza A(HIN1)pdmO09 between April
2009 and January 2010 in Alberta. Along with Figure 4.2, two waves of
influenza A(HIN1)pdmO09 were observed during pandemic, one in June 2009
with 887 (14%) positive cases of influenza A(HIN1)pdmO09 and the other in
October 2009 with 3,649 (58%) positive cases. Further, around the first wave,
1,512 positive cases (24%) were reported during the summer months of May,
June and July versus 4,617 (73%) positive cases that were reported around the
second wave between October and November 2009. In relation to all respiratory
viruses, 33,827 cases (51%) were reported before pandemic (i.e., between
January 2005 and March 2009) versus 32,903 cases (49%) that occurred during
pandemic (between April 2009 and January 2010). This uneven pattern occurred
due to the elevation of some respiratory viruses during pandemic. Of the 32,903
cases of all respiratory viruses reported during the 2009 pandemic, 6,327 cases

(~19%) were influenza A(HIN1)pdmO09.
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Figure 4.1: Laboratory-confirmed cases of influenza A(HIN1)pdm09 during the
pandemic months in the Province of Alberta from April 25, 2009 to January 29, 2010
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Figure 4.2 shows the frequencies of the influenza A(HIN1)pdmO09
laboratory confirmed cases in Alberta during the 2009 pandemic. As shown, the
first confirmed case of influenza A(HIN1)pdm09 was reported on April 25,
2009, while the last confirmed case was reported on January 29, 2010.
Accordingly, the entire outbreak occurred between April 25, 2009 and January
29,2010 in Alberta. Moreover, the total number of influenza A(HIN1)pdm09
confirmed cases in Alberta was 6,327 cases that occurred over 231 days out of
280 days of the entire duration of the outbreak. This is because 49 days had no
influenza A(HIN1)pdmO09 cases reported by the laboratory. Of the 6,327
influenza A(HIN1)pdmO09 confirmed cases in Alberta, 3,277 cases (51.8%) were
females, and 2,950 cases (46.6%) were males. Information on sex was missing

for 100 cases (1.6%).
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Figure 4.2: Frequency distribution for two pandemic periods: May 25 — August 9, 2009 and September 23 — December 8, 2009
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Figure 4.3 shows that 2,372 cases (37.5%) were younger than 15 years
old, 2,163 cases (34.2%) aged 15 to 34 years old, 1,631 cases (25.8%) aged 35 to
64 years old, and 161 cases (2.5%) were older than 64 years.
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Figure 4.3: Distribution of influenza A(HIN1)pdm09 cases by age group in the
Province of Alberta from April 25, 2009 to January 29, 2010

Figures 4.4(a) and 4.4(b) show the proportions and rates of influenza
A(HINT)pdmO9 cases by sex and age group. In children younger than 15 years
old, the proportion and rate of influenza A(HIN1)pdm09 cases were greater in
boys than in girls. However, this pattern was reversed in adults with the
proportion of influenza A(HIN1)pdmO09 cases being greater in women than in

men, with slight increase in the rate in males aged 65 and older.
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Figure 4.4 (a): Proportions of influenza A(HIN1)pdm09 cases by sex and age group in
the Province of Alberta from April 25, 2009 to January 29, 2010
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Figure 4.4 (b): Population rates of influenza A(HIN1)pdm09 cases by sex and age
group in the Province of Alberta from April 25, 2009 to January 29, 2010
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4.2 Rates of influenza A(HIN1)pdm09 during outbreak

The highest rate of influenza A(HIN1)pdm09, 187 per 100,000
population (95% CI: 161-214) was reported in the Central Zone of Alberta. This
was above the average rate of the entire province, 175 per 100,000 cases (95%
CI: 149-201). Figure 4.5 shows the pattern and distribution of rates of influenza
A(HINT)pdmO9 over zones. Figure 4.6 shows the pattern and distribution of
rates by health region. David Thompson had the highest rate, 203 per 100,000
(95% CI: 175 — 231) of cases with pH1NT1. This was above the average
proportion of the whole province, 175 per 100,000 cases (95% CI: 149 —201).
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Figure 4.5: Population Rates of influenza A(HIN1)pdm09 cases by zone in the Province
of Alberta from April 25, 2009 to January 29, 2010
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Figure 4.6: Population Rates of influenza A(HIN1)pdm09 cases by health region in the
Province of Alberta from April 25, 2009 to January 29, 2010
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4.3  Comparison of the incidence of respiratory viruses before and
during pandemic period

This section describes the distribution and pattern of common respiratory
viruses before and during the 2009 influenza A(HIN1)pdm09 pandemic. Several
epidemiologic features were identified based on the incidence rates of viruses.
Both the laboratory and population data of Alberta were linked together to
perform the relevant analysis. The results were illustrated by sex, age group, and

s€ason.

4.3.1 Influenza virus-A (Flu A)

Before pandemic, both females and males were almost having the same
incidence rates (Figure 4.7). During pandemic, however, the rate of influenza
virus-A, i.e., influenza A(HIN1)pdm09, was greater in females than in males
(191 versus 171, per 100,000 population). Please note that 103 influenza
A(HIN1)pdmO09 cases (1.6%) had unknown sex.
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Figure 4.7: Rates of influenza virus-A by sex before and during the 2009 pandemic in
the Province of Alberta from April 1, 2005 to January 31, 2010+

t a study year starts from April to January of the following year. Thus, the study period between
2005 and 2009 covers cases from April 1, 2005 to January 31, 2010
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The rates of influenza virus-A by age group shown in Figure 4.8 indicate
that influenza virus-A was more dominant among young children under 15 years

old before and during pandemic.

40
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Figure 4.8: Rates of influenza virus-A by age group before and during the 2009
pandemic in the Province of Alberta from April 1, 2005 to January 31, 2010

Figure 4.9 shows the rates of influenza virus-A by season. Before
pandemic, the rates in summer were always much lower than the rates in winter.
During pandemic, in contrast, the rate in summer was much higher than the rate

in winter (~5 folds).
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Figure 4.9: Rates of influenza virus-A by season before and during the 2009 pandemic

in the Province of Alberta from April 1, 2005 to January 31, 2010

Figure 4.10 shows that the rates of influenza virus-A before and during

pandemic. During pandemic, the incidence rate of influenza virus-A (184 per

100,000 population, 95% CI: 157.0 — 210.1) was almost five times the rate of

seasonal influenza A during the entire pre-pandemic period between 2005 and

2008.
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Figure 4.10: Rates of influenza virus-A before and during the 2009 pandemic in the
Province of Alberta from April 1, 2005 to January 31, 2010

4.3.2 Influenza virus-B

Before pandemic, the incidence rates of influenza virus-B were
fluctuating slightly with tendency to increase in females (Figure 4.11). During
pandemic, the rates of influenza virus-B were relatively similar between males
and females (5.0 per 100,000 population; 95% CI: 0.6-9.3 vs. 4.3 per 100,000
population; 95% CI: 0.2—8.3). Figure 4.12 shows that influenza virus-B was

more common in elderly people aged 65 and above before pandemic. It was
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more common in people aged between 35 to 64 years during pandemic. Figure

4.13 shows that the incidence rates of influenza virus-B cases in winter were

greater than the rates in summer before pandemic. However, the rates were equal

during the pandemic.
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Figure 4.11: Rates of influenza virus-B by sex before and during the 2009 pandemic in
the Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.12: Rates of influenza virus-B by age group before and during the 2009
pandemic in the Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.13: Rates of influenza virus-B by season before and during the 2009 pandemic
in the Province of Alberta from April 1, 2005 to January 31, 2010

4.3.3 Human metapneumovirus (hMPV)

Before and during pandemic, the incidence rates of hMPV were almost
the same, with slight increase among females (Figure 4.14). In addition, h(MPV

was more common in younger and older ages (Figure 4.15).

Figure 4.16 shows that the incidence rates of hMPV in winter were
greater than the rates in summer before pandemic. However, the rate during
pandemic was slightly greater in summer (6.0 versus 5.4 cases per 100,000
population). Figure 4.17 shows systematic and sharp drop in the incidence rate
of hMPV every second year before pandemic. During pandemic, the rate of
hMPV continued the same pattern with increases from 2.7 to 11.4 cases per

100,000 population.

46



12 11.6
10.7
c
(]
510 -
2
8.4
3 81 g1
S &7 73
o
=
o
—
5 61
o
>
[a W
2 4
s 3.1
g 2.5 25
[a' 2 4
1.2
0 = T T T T 1
2005 2006 2007 2008 2009

B Female Male

Figure 4.14: Rates of hMPV by sex before and during the 2009 pandemic in the
Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.15: Rates of hMPV by age group before and during the 2009 pandemic in the
Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.16: Rates of hMPV by season before and during the 2009 pandemic in the
Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.17: Rates of hMPV before and during the 2009 pandemic in the Province of
Alberta from April 1, 2005 to January 31, 2010
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4.3.4 Parainfluenza virus

Before pandemic, the incidence rates of parainfluenza were higher in
males than in females (Figure 4.18). During pandemic, however, the rate was
higher among females (31.2 cases per 100,000 population; 95% CI: 20.3 42.2 vs.
28.1 cases per 100,000 population; 95% CI: 17.7-38.5). Before and during
pandemic, parainfluenza was more common in younger and older ages (Figure
4.19). Figure 4.20 shows that the incidence rates of parainfluenza in winter were
almost higher than the rates in summer before pandemic. During pandemic,
however, the rate was much higher in summer (19.6 cases per 100,000
population, 95% CI: 10.9 — 28.3) than in winter (10.6 cases per 100,000
population, 95% CI: 4.2 — 16.9). Figure 4.21 shows that the incidence rate of
parainfluenza varied between 10.4 to 18.1 cases per 100,000 population before
pandemic. Then, the rate increased considerably during pandemic from 10.4

cases per 100,000 population in 2008 to 30.2 cases in 2009.
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Figure 4.18: Rates of parainfluenza by sex before and during the 2009 pandemic in the
Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.19: Rates of parainfluenza by age group before and during the 2009 pandemic
in the Province of Alberta from April 1, 2005 to January 31, 2010

50 - 19.6
[y
S
pras)
O
S
o
o
o 15 4
o
o
o
S
o
= 10.5 10.6
(]
S 10 -
N 8.2
< 7.6 7.9
>
£ 5.3
s : 3 51
© - 41
2 3.4
o
m I I
©
(o'
0 T T T T 1
2005 2006 2007 2008 2009

H Summer Winter

Figure 4.20: Rates of parainfluenza by season before and during the 2009 pandemic in
the Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.21: Rates of parainfluenza before and during the 2009 pandemic in the
Province of Alberta from April 1, 2005 to January 31, 2010

4.3.5 Respiratory syncytial virus (RSV)

Before pandemic, the incidence rates of RSV were higher in males than
in females (Figure 4.22). During pandemic, however, the rate was slightly higher
in females (8.4 cases per 100,000 population; 95% CI: 2.7-14.0 vs. 7.5 cases
per 100,000 population; 95% CI: 2.1-12.8).
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Figure 4.22: Rates of RSV by sex before and during the 2009 pandemic in the Province
of Alberta from April 1, 2005 to January 31, 2010

Before and during pandemic, RSV was more dominant in younger
children under 15 years of age, in particular, as well as in older ages (Figure
4.23). Two RSV waves have been reported during the winter time of 2006 and
2008 among children younger than 15 years old (Figures 4.23-4.25).
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Figure 4.23: Rates of RSV by age group before and during the 2009 pandemic in the
Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.24: Rates of RSV by season before and during the 2009 pandemic in the
Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.25: Rates of RSV before and during the 2009 pandemic in the Province of

Alberta from April 1, 2005 to January 31, 2010

4.3.6 Adenovirus

Before and during pandemic, the incidence rates of adenovirus were

apparently high among males (Figure 4.26). Moreover, the virus was more

dominant among children younger than 15 years old (Figure 4.27).

Figure 4.28 shows that the incidence rates of adenovirus were fluctuating over

summer and winter before pandemic. During pandemic, however, the rate was

considerably higher in summer than in winter (4.6 cases per 100,000 population;

95% CI: 0.4 — 8.9 vs. 1.8 cases per 100,000 population; 95% CI: -0.8 — 4.4).
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Figure 4.26: Rates of Adenovirus by sex before and during the 2009 pandemic in the
Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.27: Rates of Adenovirus by age group before and during the 2009 pandemic in
the Province of Alberta from April 1, 2005 to January 31, 2010
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Figure 4.28: Rates of Adenovirus by season before and during the 2009 pandemic in
the Province of Alberta from April 1, 2005 to January 31, 2010

4.3.7 Summary of respiratory viruses before and during pandemic

In summary, influenza virus-A, parainfluenza, and hMPV were
noticeably increased during the 2009 pandemic. Except influenza virus-B, other
respiratory viruses included in this study had more effect on children than on
adults before and during the 2009 pandemic. Influenza virus A, hMPV,
parainfluenza virus, and RSV had more effect on females than males during the
2009 pandemic. Influenza viruses-A, hMPV, parainfluenza virus, and adenovirus

demonstrated more increase in summer than in winter during the 2009 pandemic.
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4.4  Ecological investigation of the 2009 pandemic

This section describes the results of an ecological study that was carried
out to investigate the impact of a set of demographic and health risk factors on
the incidence of influenza A(H1N1)pdm09. The analysis was performed based
on linking the laboratory data with the health profile of Alberta residents
obtained from the CCHS data. Only the individuals of ages 15 years or older

were included in the analysis.

4.4.1 Factors associated with the incidence of influenza A(HIN1)pdm09

The results from univariate Poisson regression (Table 4.1) showed
significant association between influenza A(HIN1)pdm09 and demography,

geography, health status, health habits, and health care service.

Females had 20% increased risk of developing influenza A(HIN1)pdm09
in comparison to males (RR = 1.20, 90% CI: 1.15-1.19; p <0.0001). Compared
to elderly people aged 65 years and older, the 15-to-34-year-old age group had
about 4-fold increased risk of developing influenza A(HIN1)pdmO09 and the 35-
to-64- year-old age group had 1.7 times increased risk of developing influenza

A(HIN1)pdmO09.

There was significant association between influenza A(HIN1)pdmO09 and
geography. In comparison to residents of Edmonton, Chinook (HR1) and David
Thompson (HR4) residents had 10% increased risk of developing influenza
A(HIN1)pdm09. On the contrary, Calgary (HR3) and Aspen (HR7) residents
had 10% decreased risk of developing influenza A(HIN1)pdm09. Residents of
Palliser (HR2), East Central (HRS), and the Northern Lights (HR9) had more
decreased risk of developing influenza A(HIN1)pdmO09 that varies between 20%
and 50%.

Having a diagnosis of asthma had 11% increased risk of developing

influenza A(H1N1)pdmO09 in comparison to non-asthmatics (RR=1.11, 90% CI:
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1.05-1.13; p <0.0001). Having a diagnosis of chronic bronchitis had 6%
increased risk of developing influenza A(H1N1)pdm09 compared to the group
without chronic bronchitis (RR=1.06, 90% CI: 1.04—1.09; p <0.0001). Diabetics
had 4% increased risk of developing influenza A(HIN1)pdmO09 than non-
diabetics (RR=1.04, 90% CI: 1.02—-1.06; p <0.0001). Having a diagnosis

of heart diseases or history of cancer had 2% increased risk of developing
influenza A(H1N1)pdm09 compared to the group without these medical
conditions (RR=1.02, 90% CI: 1.00-1.04; p = 0.08). Having mood disorder had
4% increased risk of developing influenza A(HIN1)pdm09 compared to the
group without mood disorder (RR=1.04, 90% CI: 1.02—1.06; p <0.0001). The
presence of obesity had 22% increased risk of developing influenza
A(HIN1)pdm09 and the overweight group had 33% increased risk of developing
influenza A(HIN1)pdm09 (RR=1.33, 95% CI: 1.26-1.40; p <0.0001) in

comparison to the group with normal weight and body mass index.

Having regular physical activity had 2% less the risk of developing
influenza A(H1N1)pdmO9 compared to the group with occasional or infrequent
physical activity (RR=0.98, 90% CI: 0.96-1.01; p = 0.06). Daily and regular
smokers had 10% increased risk of developing influenza A(H1N1)pdm09 in
comparison to non-smokers (RR=1.10 2, 90% CI: 1.07-1.14; p <0.0001).

The group with access to regular medical doctors had 4% increased risk
of developing influenza A(HIN1)pdmO09 compared to the group without regular
medical doctors (RR=1.04, 95% CI: 1.02 -1.06; p <0.0001). The group of
perceived poor health had 11% less the risk of developing influenza
A(HINT)pdmO9 in comparison to the group perceived good health (RR= 0.78,
95% CI: 0.61-1.00; p = 0.05). Having a history of receiving flu shot had 10%
less the risk of developing influenza A(HIN1)pdm09 in comparison to the group
who never had flu shot (RR= 0.90, 95% CI: 0.88-0.93; p <0.0001).
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Table 4.1: Factors associated with the incidence of influenza A(HIN1)pdm09: Results

from univariate Poisson regression model I

- : °
Parameter Level Rela(tll:l:)RISk L C9L5 A’S (IjL p-Value
Geo-Demography
Sex Female 1.20 .15  1.19  <0.0001
Male** 1.00
Age Group 15-34 4.80 439 528 <0.0001
35-64 2.70 242 292  <0.0001
> 65%* 1.00
Health Region HR1 1.10 1.00 1.18 0.06
HR2 0.80 0.67 0.85 <0.0001
HR3 0.90 0.9 0.98  <0.0001
HR4 1.10 1.00  1.14 0.04
HRS5 0.70 0.58 0.74  <0.0001
HR6** 1.00
HR7 0.90 0.84 1.00 0.06
HR8 1.10 098 1.17 0.14
HR9 0.50 041 0.58 <0.0001
Health Status
Asthma YES 1.11 1.05 1.13  <0.0001
NO** 1.00
Chronic Bronchitis YES 1.06 1.04 1.09 <0.0001
NO** 1.00
Obesity Obese 1.22 1.16 129  <0.0001
Overweight 1.33 1.26 140  <0.0001
Normal** 1.00
Diabetes YES 1.04 1.02  1.06 <0.0001
NO** 1.00
Cancer YES 1.02 1.00  1.04 0.08
NO** 1.00
Heart Disease YES 1.02 1.00  1.04 0.08
NO** 1.00
Mood Disorder YES 1.04 1.02  1.06 <0.0001
NO** 1.00
COPD YES 1.01 098 1.02 093
NO** 1.00
Hypertension YES 0.99 0.97 1.01 0.58
NO** 1.00
Health Habits
Physical Activity Regular 0.98 096 1.01 0.06
Occasional ** 1.00
Smoker Type Daily 1.10 1.07 1.14  <0.0001
Occasional 0.99 096 1.01 0.33
No Smoking** 1.00
Drinker Type Occasional 1.02 098 1.03 0.6
Regular 1.01 0.97 1.03 1.0
No Drink** 1.00
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Health Care Service

Regular Medical Doctor  YES 1.04 1.02  1.06 <0.0001
NO** 1.00

Perceived Health Good 0.89 0.85 0.92 <0.0001
Poor** 1.00

Flu Shot YES 0.90 0.88 0.93 <0.0001
NO** 1.00

1 The fit of the negative binomial model was adequate for the data. The deviance statistics
were between 1.10 and 1.21 indicating no evidence of over-dispersion.

**Reference used for comparison

Table 4.2 contains the results from a multiple negative binomial model
that included age, sex, and health risk factors obtained by linking the laboratory
data with the CCHS data. After controlling for sex and age group, there was a
significant association between asthma and influenza A(HIN1)pdm09 (RR=
1.06, 90% CI: 1.01-1.07; p = 0.04). Of all health risk factors examined, asthma
was the only statistically significant factor. In addition, females had 20%
increased risk of developing influenza A(HIN1)pdm09 in comparison to males.
Moreover, the 15-to-34-year-old age group had about 4-fold increased risk of
developing pHIN1 and the 35-to-64-year-old age group had 1.7 times increased
risk of developing influenza A(H1N1)pdm09 in comparison to elderly people
aged 65 years and older.

Table 4.2: Factors associated with the incidence of influenza A(HIN1)pdm09:
Results from the multiple negative binomial regressiony

Relative Risk 95% CI

Parameter Level (RR) LCL UCL p-Value
Sex Female 1.20 1.16 122 <0.0001
Male** 1.00
Age Group 15-34 4.90 445 536  <0.0001
35-64 2.70 246 296  <0.0001
> 65 ** 1.00
Asthma YES 1.06 1.01 1.07  0.04
NO** 1.00

1 The fit of the negative binomial model was adequate for the data. The deviance statistic
was 1.12 indicating no evidence of any overdispersion.

**Reference used for comparison
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4.4.2 Association between demographic factors and incidence of influenza

A(HIN1)pdm09

Table 4.3 contains the results from a multiple negative binomial model
that included health region, age, and sex as predictors. The association between
influenza A(HIN1)pdmO09, sex, age, and geography was statistically significant.

The analysis here was performed based on the laboratory data only.

After controlling for sex and age group, and compared to the residents of
Edmonton, residents of Palliser (HR2) and the East Central (HRS) regions of
Alberta had 229% decreased risk of developing influenza A(HIN1)pdmO09,
whereas the residents of the Northern Lights region (HR9) had 57% decreased
risk (RR=0.43, 95% CI: 0.33-0.57; p < 0.0001).

In comparison to elderly people aged 65 years and older, children
younger than 15 years old had more than 7-fold increased risk of developing
influenza A(HIN1)pdm09, the 15-to-34-year-old age group had about 4-fold
increased risk of developing influenza A(HIN1)pdm09, and the 35-to-64-year-
old age group had 1.7 times increased risk of developing influenza
A(HINT)pdm09. Furthermore, females had 12% increased risk of developing
influenza A(HIN1)pdmO09 in comparison to males (RR=1.12, 95% CI:
1.02—-1.24; p=0.02).

Table 4.3: Association between demographic factors and incidence of influenza
A(HIN1)pdmO: Results from the multiple negative binomial regression I

Parameter Relative Risk(RR)  95% CI p-Value

Sex Female 1.12 1.02-1.24 0.02
Male** 1.00

Age Group
0-14 8.37 6.83 —10.25 <0.0001
15-34 4.90 4.00 - 6.00 <0.0001
35-64 2.72 2.22-3.34 <0.0001
> 65%* 1.00

Health Region HR1 0.91 0.75-1.11 0.37
HR2 0.78 0.63-0.98 0.03
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HR3 0.90
HR4 1.06
HRS 0.79
HR6** 1.00
HR7 0.99
HRS8 0.95
HR9 0.43

0.76-1.06
0.89-1.26
0.63-0.98

0.82-1.20
0.78-1.16
0.33-0.57

0.19
0.53
0.03

0.91
0.61
<0.0001

1 The fit of the negative binomial model was adequate for the data. The deviance
statistic was 1.14 indicating no evidence of any over-dispersion.

**Reference used for comparison

HR1= Chinook Regional Health Authority
HR2= Palliser Health Region
HR3= Calgary Health Region

HR4= David Thompson Regional Health Authority

HR5= East Central Health

HR6= Capital Health

HR7= Aspen Regional Health Authority
HR8= Peace Country Health

HRO9= Northern Lights Health Region
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CHAPTER FIVE

DISCUSSION AND CONCLUSIONS

5.1 Discussion

In the thesis, association between influenza A(HIN1)pdm09 and
geography, age, sex, and asthma was found statistically significant. The risk of
developing influenza A(HIN1)pdm09 varied among Alberta zones. Children
younger than 15 years old were at seven times higher risk of the disease
compared to the elderly people aged 65 years and older. The 15-to-34-year-old
age group had about 4-fold increased risk and the 35-to-64-year-old age group
had 1.7-fold increased risk in comparison to elderly people aged 65 years and
older. These findings were supported by many earlier studies that suggested
disproportionately effects of influenza A(HIN1)pdmO09 in young adults and
children [178].

Children have emerged as highly vulnerable groups to influenza
A(HINT)pdmO9 infection [107]. A study conducted by Ertek et al. [179] in
Turkey concluded that influenza A(H1N1)pdmO09 virus has mainly affected
children aged 5-14 years old. Glatman-Freedman et al. [180] performed a
systematic review and meta-analysis using 50 articles that reported outbreak
investigations with direct measurements of attack rates of influenza
A(HIN1)pdmO09 pandemic among children at various settings including schools,
households, travel and social events. The authors concluded that children have
higher attack rates of influenza A(HIN1)pdmO9 than adults. They speculated
that the reasons could be due to “lack of immunity from previous exposure to
similar influenza viruses as well as virological, host characteristics, behavioral,
environmental and other factors™ that affect children more than adults [180].
Other studies [112, 181-183] indicated that the highest rates of hospital

admission in Canada, the United States, Australia, and the United Kingdom
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during the 2009 pandemic were reported among children less than five years of
age. Further, the Center for Disease Control and prevention (CDC) considered
young children 6 months to four years old as amongst the top-priority groups to

receive vaccine doses for A(HINT)pdmO09 [247].

Contrary to children, elderly people aged 65 years and older had the
lowest odds of being infected by influenza A(HIN1)pdmO09. Although people of
this age group may suffer from some immunological deterioration, Hancock et
al. [184] found that those people have had the advantage of having pre-existing
cross-reactive antibodies to A(HIN1)pdmO9 viruses acquired during the aging
process through infection and/or immunizations. Klein et al. [107] indicated that
the reduced number of infections in individuals aged > 65 years arose in part
from the fact that “antibodies generated to pre-1950 HIN1 viruses cross react
with 2009 H1N1, resulting in limited protection from 2009 H1N1 infection.”
Hancock et al. made their conclusion based on measuring the cross-reactive
antibodies to pandemic A(HIN1)pdm09 virus in stored serum samples collected
from individuals who either donated blood or were vaccinated with recent
seasonal or 1976 swine influenza vaccines. In their study, Hancock et al. did not
find evidence of cross-reactive antibodies to influenza A(HIN1)pdmO09 in

individuals under 35 years of age.

In this thesis, boys had increased risk of influenza A(H1N1)pdm09
compared to girls until the age of 14 years; this pattern was reversed from 15 to
64 years with females having higher risk than males. Boys under 15 years of age
reported increased risk of having influenza A(HIN1)pdmO09 compared to girls.
Many studies [185, 186,187,188] indicated that this may be due to less immune
response to influenza A(HIN1)pdmO9 virus in boys than in girls. However, the
mechanisms that underlie differences between sexes are complicated and can be
influenced by genetic, immunological, hormonal, and behavioral factors [185].
Females usually generate higher innate and adaptive immune responses

compared to males [185,189-191], which can speed up virus clearance and
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reduce virus load. Yet, the sex-based differences in immune responses to
infectious diseases are poorly understood and insufficiently investigated in the

literature [186,192].

Females between 15 and 64 years were at 12% higher risk of infection
with influenza A(HINT)pdmO9 than males. A few studies [193,186,185]
reported comparable patterns of male-female differences in the incidence of
influenza A(HIN1)pdmO09 that were age-dependent. A study conducted by Klein
[193] indicated that “the incidence, severity and case fatality rates following
infection appear to differ between males and females, but often are age-
dependent and vary between countries.” Other studies [194,193,195-199, 185]
reported higher rates of hospitalization among females in the reproductive age
between 15 and 49 years old. In addition, pregnancy has shown to be associated
with increased risk of severe complications following influenza A(HIN1)pdm09
infection [200-207]. Several studies [107,113,117,118,121,123,124] indicated
that females, especially pregnant women, may have less immune response to
influenza A(HIN1)pdmO09 virus than males. In addition, the immune response to
viruses can vary with changes in hormone concentrations caused by natural
fluctuations over the menstrual or estrous cycle, contraception use, pregnancy,
and menopause [185,208]. Moreover, the biological changes in the respiratory,
cardiovascular, and immune systems during pregnancy, make pregnancy itself a
risk factor for severe disease [200,209-211,193]. However, many of the infected
females of the reproductive age during the 2009 pandemic were not pregnant
[107]. This may be attributable to potential comorbidity with other factors

associated with the increased incidence of infection.

The subsequent reversal of the virus impact on adults can potentially be
due to several reasons. As a rule, the expression of most diseases originates from
a combination of genetic vulnerability, massive endocrine changes during

puberty, and environment [212]. Studies have also shown that females tend to
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seek medical care more frequently than males of the same age [186,213,214],

and this can result in more reporting of illness by females.

Having a diagnosis of asthma were at 6% increased risk of influenza
A(HINT)pdmO9 in comparison to those without asthma. No association was
found between A(HIN1)pdmO09 and other factors (i.e., air quality, smoking,
drink, obesity, mood disorder, perceived health, physical activity, and financial
status) that have been also investigated in this study. Of the 64 A(HIN1)pdmO09-
confirmed deaths reported to Alberta Health [215], 23 cases (~36%) had asthma.
Individuals living with asthma, especially those with poorly controlled asthma,
may have more severe influenza A(HIN1)pdmO09 than others who do not have
asthma [216]. However, the association between influenza A(HIN1)pdm09 and
asthma can be confounded with age. O’Riordan et al. [217] conducted a study on
children with influenza A(H1N1)pdm09 admitted to a large pediatric hospital in
Ontario. They found that asthma was more likely to be a significant risk factor
for severe illness among children than among those with seasonal influenza.
Other studies concluded similar results [218-221]. Two more studies conducted
in Australia, New Zealand and USA [80,216,222] concluded that the majority of
individuals (73%) who developed severe influenza A(HIN1)pdm09 and
admitted to inpatient care or ICU had underlying chronic conditions, among
which asthma was the most common comorbid condition. Salas et al. [216]
indicated that the mechanism of the possible influence of asthma on the severity
of influenza A(H1N1)pdmO09 is unclear and needs to be investigated. Several
studies showed evidence of impairments of the innate and acquired immunity
among individuals with asthma [223-227]. Such impairments can potentially
“compromise the host’s ability to clear microbial organisms (viruses or bacteria)

from the airways, increasing the risk of invasive infection” [216].

Although several studies demonstrated above affirmed that influenza
A(HIN1)pdm09 occurred more frequently among children with asthma during
the 2009 pandemic, Erbas et al. [228] did not support this conclusion and
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suggested that individuals with asthma have more frequent access to health care
facilities than others without asthma; for instance, to follow-up for disease status
or progress, for newly observed symptoms, or for treatment modification.

Erbas et al. claimed that during the 2009 pandemic, individuals with asthma
were more likely to come into contact with people infected with influenza
A(HINT)pdmO9 at health care facilities, and thus becoming more vulnerable to
infection [228] . The findings of Erbas et al claim seems convincing based on
consideration of differential exposure as a confounder of the association between
asthma and pandemic infections. However, their observation was based on a
study that conducted on a small sample of 111 children with asthma admitted to
a hospital in Australia during the peak 2010 season [228]. The potential
deficiency of representation of the sample used, as well as the unavailability of
data on A(HIN1)pdmO09 cases during the 2009 pandemic, suggests further
investigation. Moreover, caution should be used to compare these results,

especially when conducting systematic reviews or meta-analysis.

Similar to the findings for influenza A(H1N1)pdmO09 in this thesis,
reversal patterns of age-dependent male-female differences have been reported
in subjects with asthma [248]. Epidemiological studies reported a male
predominance of asthma before puberty and a female predominance after
puberty [212, 236, 249]. A National Study in the UK [230] reported
predominance in the incidence of asthma in boys younger than 16 years of age
with a reversal of the sex ratio thereafter. Other studies [231,232] reported
higher rates in women through the reproductive years. The influence of gender
was also reported in hospital admissions, with more boys admitted before
puberty and a gender reversal evident post-puberty [233]. This can be due to the
different physiology between males and females. Boys have a relative slow
growth of airways compared to the growth of their lungs [234,235]. Girls, on the
other hand, have balanced growth of airways to lung volume and consequently
greater air flow rates at fixed proportions of total lung capacity. This sex

difference reverses at puberty with an elevation of all indices of lung function in
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males. Nevertheless, asthma cannot entirely explained by the structural or
functional airway sex differences. For instance, inflammatory responses in the
airway wall can be accountable for causing airway obstruction [236] that leads to

asthma.

Air quality health index (AQHI) records collected by the Environment
and Sustainable Resource Development [237] on daily basis for the entire period
of pandemic were also considered as part of the thesis. However, the results were
not reported because of the sparsity of data that makes the findings not
generalizable. This is because the AQHI data were available only to large cities
that have monitoring stations. Although ambient weather conditions and climate
patterns may have direct impact on airborne transmissions that facilitate the
spread of a virus over broad geographic areas [238, 246], we did not find
sufficient evidence to support an association between air quality and influenza

A(HIN1)pdmO09 in Alberta.

In this thesis, residents of the Northern Lights of Alberta, along with the
residents of the former Palliser and the East Central regions have decreased risk
of developing influenza A(HIN1)pdm09 compared to Edmonton residents. To
the best of my knowledge, no studies have analytically investigated the
geographical variation of influenza A(HIN1)pdm09 among Alberta zones or

regions (e.g., by means of inferential statistics).

Several studies investigated the geographic distribution of influenza
A(HIN1)pdm09 and reported significant association with both the incidence and
mortality rates [168,169-172, 173-176]. Such geographic variation may also
have impact on the transmission and spread of the disease. Besides, vulnerability
to influenza A(HIN1)pdm09 infection varied among individuals from different
groups and races. Wenger et al. [174] reported that Alaska Native people and
Asian/Pacific Islanders were two to four times more likely to be infected with

influenza A(HIN1)pdmO9 and hospitalized than white Caucasians. A study from
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China using the data from 30 provinces on climate, geography, and demography
showed that regional variation in influenza was associated with climatic
conditions [177]. On the other hand, Wenger et al [174] indicated that the
reasons for geographical changes in influenza A(HIN1)pdm09 during pandemic
in Alaska were not clear. Storms et al. [ 168] investigated laboratory-confirmed
data for influenza A(H1N1)pdmO09 from 80 countries (47 temperate and 33
tropical—subtropical) that have 5.5 billion (80%) of the world's population and
examined the correlation between geography (i.e., central latitude and climatic
regions) and proportion of influenza A(HIN1)pdm09. The authors found that
the activity of influenza A(HIN1)pdmO09 was associated with the latitude; the
temperate countries had higher intensity (higher median peak) but shorter
duration of influenza A(H1N1)pdmO09 activity than tropical-subtropical
countries during pandemic [174]. Furthermore, the impact of geography on
influenza 2009 pandemic might be confounded by other factors, including access
to health care and socio-economic attributes [168,169]. Wesche et al. [170]
reported that people living in remote areas, such as First Nations, Inuit, and
Meétis were at a higher risk of A(HIN1)pdm09. The authors claimed that this
may be due to lack of running water, overcrowding, access to health care

facilities, and poor nutrition, which all increase the likelihood of infection [170].

5.2 Strengths and Limitations

5.2.1 Strengths

The main strengths of this study include the availability of a large
province-wide dataset for respiratory infectious diseases over a 6-years period
(2004-2009), together with all influenza A(H1N1)pdm09 laboratory-confirmed
cases. The linkage of these laboratory data with other data from different sources
facilitated exploring the distribution patterns and epidemiologic characteristics
of influenza A(HI1N1)pdmO9 using ecological analysis. In addition, this study
provided an opportunity to investigate the behavior of a new influenza strain in

Alberta; a province that is ranked as the fourth highly populated province in
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Canada [239] with a population of 4,025,100 in 2013. Moreover, the major part
of the analysis conducted in this thesis was population-based, which provided
more validity, generalizability, and a broad view to the results. Further, this
study was unique in its approach of analyzing laboratory population-based data
on A(HIN1)pdmO09 along with the other common respiratory viruses. This
approach allowed investigating the behavior of these respiratory viruses (i.e.,
influenza virus A, influenza virus B, parainfluenza virus, h\MPV, RSV, and
adenovirus) before and during pandemic. Also, the study demonstrated the
morbidity of influenza A(HIN1)pdmO09 as impacted by sex and age, which was
always overlooked in other studies on the same topic due to unavailability of

population-based pandemic data.

5.2.2 Limitations

A limitation of this research comes from its ecological part. Linking the
laboratory data with the CCHS data may result in having divergent groups (e.g.,
zones) that cannot be effectively compared. This is because the laboratory data
were collected from the entire population of Alberta of all ages (i.e., population-
based) whereas the CCHS data were generated by random sampling from
subjects aged 12 years and older. In addition, there was a time gap between the
two collection procedures. Cycle 4.1 CCHS data were collected between 2007
and 2008 whereas the laboratory data were collected in a real-time like fashion
during the 2009 outbreak. With this limitation, an ecological approach was
adopted to investigate the potential association between influenza
A(HIN1)pdmO09 and a set of health risk factors. Although ecological studies
have their weaknesses [240,241], they are still useful for public health
surveillance to measure exposures at a group rather than an individual level
[241]. In spite of this drawback, the findings of this thesis were sufficiently
consistent with those acknowledged by other studies [216,242,243-245,186,192].

In addition, a number of factors may affect the concluded results. For

instance, cases with influenza A(H1N1)pdmO9 reported to the ProvLab may not
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include the entire population of pandemic cases in Alberta. Specifically,
individuals from disadvantaged groups (e.g., First Nations and individuals living
in remote areas) may have the disease, and even die from it, without seeking
health care service. As a result, no specimens are submitted for testing. Further,
specimens submitted to the ProvLab might be confounded with disease severity
and access to health care facilities. Such factors can mislead the results and
contribute to underestimating the measured effects. The comparison of
circulatory respiratory viruses before and during the 2009 pandemic can be

confounded with changes in testing patterns during the pandemic.

5.3 Conclusions

In this study, associations between influenza A(H1N1)pdm09 virus and
four factors (geography, age, sex, and asthma) were found significant and
consistent with findings from other relevant studies. Association between sex
and age was observed; a switch in the vulnerability to A(HIN1)pdmO9 occurred
in females between 15 to 64 years of age to have higher risk than males. These
factors can be considered as risk factors or, at least, as important measures to
consider when developing health care strategies for the prevention and control of
influenza pandemics. Consideration of these factors can result in a more
effective public health preparedness and responses to future influenza

pandemics.
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