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Background
• Prior to the 2003 SARS epidemic


✤ Modelling activities mainly carried out in small groups

✤ Mostly theoretical exploring interesting mathematical 

phenomena

✤ Largely without engagement with public health professionals and 

policy makers


• During and after SARS

✤ Various groups of disease modelling formed

✤ Some engaged public health personnel

✤ Models were developed more specifically and realistically


• Knowledge translation was still a major deficiency
2
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Pandemic Influenza

• Strategies for containing 
pandemic at the source

✤ Is containment really 

possible or feasible?
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gives an estimate of the serial interval or generation time, Tg (the
average interval from infection of one individual to when their
contacts are infected), of 2.6 days, compared with the value of
,4 days assumed by most previous modelling studies16. Re-analysis
of bothUS andUK1918 pandemicmortality data using this new value
ofTg revises pandemic influenzaR0 estimates5 downwards to approxi-
mately 1.8 (Fig. 1f and Supplementary Information). This yields a
predicted infection attack rate of 50–60% during a pandemic, consist-
ent withwhat was seen in the first and secondwaves of past pandemics
(see Supplementary Information). AnR0 value of 1.8 is also consistent
with annual interpandemic attack rates seen in households where all
members were highly susceptible to the prevalent strain17 (see Sup-
plementary Information). We also assumed that 50% of infections
result in clinically recognizable symptoms, with the other 50% being
too mild to be diagnosed clinically18.
We cannot be certain that these parameter estimates would be

applicable to any new pandemic strain. It is possible that the
mutations or reassortment events that give rise to the new viral
strainmight initially increase its transmissibility only slightly over the
R 0 ¼ 1 threshold for self-sustaining transmission. In that case,
additional mutations would have to accumulate for viral fitness to
increase to its maximum. Given the extended viral shedding (and
symptomatic disease) seen in severe human cases of avian H5N1
infection, this might also mean that the Tg of the initial pandemic
strain could be considerably greater than for currently circulating
human influenza viruses. We therefore examine the ability of control
measures to contain pandemic spread not just at a single value of R0,
but for different values in the range 1 , R0 , 2, and analyse model
sensitivity to the assumed value of Tg.

Baseline epidemic dynamics
We consider the scenario that a new transmissible (R0 . 1) pandemic
strain arises as a result of mutations or a reassortment event in a single
individual infected with an avian virus. We seed simulations with a
single infection in the most rural third of the population (that is, with
the lowest population density), assuming that rural populations are
most likely to be exposed to the avian virus. Figure 2 shows the typical
pattern of spread for an emergent pandemic initiated by such a seeding
event assuming R0 ¼ 1.5, but note that for low R0, most epidemics
seeded by a single individual go extinct by chance before becoming
established in the population.
The pattern of spatial spread (Fig. 2a and Supplementary Video 1)

is of interest: for the first 30 days, cases tend to be limited to the
region around the seeding location, with few ‘sparks’ outside that
area. However, as case numbers increase exponentially, so does the
frequency with which infection events span large distances, and the
epidemic rapidly transforms from being predominantly local to
country-wide between days 60 and 90 (Fig. 2a–c). Any containment
policy needs to be effective before this transition, in part because
logistical constraints are likely to preclude containment of a widely
disseminated epidemic, but also because the probability of inter-
national export of infection becomes high once case numbers reach
the thousands (Hollingsworth, D., N. M. F. & Anderson, R. M.,
unpublished observations).
For R0 ¼ 1.5, the epidemic in the modelled population of 85

million peaks around day 150 and is largely over by day 200 (Fig. 2b),
at which point 33% of the population has been infected (Fig. 2d). At
R0 ¼ 1.8, the epidemic peaks around day 100 and infects about 50%
of the population.

Figure 1 | Data. a, Modelled population density of Thailand and 100-km
contiguous zone of neighbouring countries, based on Landscan24 data and
plotted on a logarithmic scale (light for low density, dark for high density).
Inset shows Bangkok in more detail. b, Age distribution of Thai population
in 2003 in 5-yr bands (blue), and the corresponding age distribution of the
simulated population (red). c, As b but showing distribution of household
sizes. d, Observed (solid lines) and modelled (dashed lines) distributions of
school sizes (blue, elementary; green, secondary; red, mixed). e, Probability
of travelling over a certain distance to work, estimated from data (blue) and

from the simulated population (red). f, Weekly excess influenza-related
mortality in 1918–1919 in Great Britain (red), and corresponding estimates
of the reproduction numberR (blue), calculated assuming Tg ¼ 2.6. g, Viral
shedding data for experimental influenza infection15 (expressed in tissue
culture infective doses (TCID50) per ml of nasal lavage fluid) compared with
themodelled profile of infectiousness over time. Note that the infectiousness
profile was not fitted to shedding data. See Methods and Supplementary
Information for more details.
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a certain percent of the people in that mixing
group would receive prophylaxis. We used cur-
rent estimates of the antiviral efficacy (AVE)
of oseltamivir (26–29) (see the SOM).

The primary difficulty in TAP would be the
identification of index cases. Because TAP is
aimed at predefined close contact groups, the
identification of potential TAP recipients would
be less difficult than in classical contact tracing.
An alternative and less resource-intensive strat-
egy would be geographically targeted anti-
viral prophylaxis (GTAP), also known as ring
prophylaxis. In this strategy, once an influenza
case is identified in a locality, then a percent-
age, varied in a sensitivity analysis (fig. S12),

of people in an entire locality are given one
course of oseltamivir.

Household quarantine, like GTAP, is im-
plemented within localities. The first case in
a locality triggers a quarantine policy. Every
case and a certain percentage of susceptible
people restrict their movement to within their
household and their neighborhood cluster. Be-
cause quarantined people would have more
contact with their household and neighbor-
hood contacts, the contact probabilities within
households and household clusters are doubled
for quarantined people.

A human influenza A (H5N1) vaccine is
currently being tested (7) and may be available,

but could be poorly matched to the emerging
strain and thus be of low efficacy. For the model
scenarios that use vaccination, we assume that
pre-vaccination takes place long enough be-
fore the pandemic that vaccinated people can
develop immunity. We assume a low vaccine
efficacy for susceptibility (VES) (30) of 0.30
and a vaccine efficacy for infectiousness (VEI)
of 0.50. We carried out a sensitivity analysis
on VEI (fig. S19).

We consider an epidemic to be contained if
there are fewer than 500 cases in the 500,000-
person community (e1 per 1000). The contain-
ment proportion is the proportion of simulations
in which the attack rate is e1 per 1000. Another
measure of how well we have contained the
epidemic is the number of infected people who
travel out of the 500,000-person community
over the course of the epidemic. If this number
is very low or even zero, we have effectively
contained spread at the source. The number of
cases per 1000 people in the population is
another measure of success of the intervention.

Given an initial person infected with the
newly emergent influenza strain, there are three
possible outcomes: (i) no further people are
infected; (ii) there is a small epidemic, between
1 and 500 total cases (e1 per 1000); or (iii) there
is a large epidemic (91 case per 1000 people).
The relative probabilities of these three out-
comes as well as the average size of a large
epidemic vary with R0 (Fig. 1C).

Figure 2A shows a typical realization of a
large epidemic due to a single initial infective
at R0 0 1.4, with no intervention, as well as the
average times for intervention initiation. On
average, the first symptomatic case appeared 4
days after the initial infection, with interven-
tion initiation times on average 11, 18, or 25
days after the initial infection. Figure 2B
shows a typical realization of an epidemic
contained with 90% GTAP. Movies 1 to 3 in
the SOM show the geographic spread of the
epidemic with and without intervention.

Figure 3 gives bar plots of the results for
the different intervention strategies and values
of R0. Table 1 gives numbers for the results for
R0 values of 1.4 and 1.7. The measures of
containment did not vary much if intervention
was initiated 7, 14, or 21 days after the first
case, so we give results just for the 14-day
delay, followed by a sensitivity analysis of the
effect of further delay (fig. S14). When R0 0
1.1, just above threshold, all of the interven-
tions work well. Both 80% TAP and 90%
GTAP would be effective in containing pan-
demic influenza at the source if R0 e 1.4. If
R0 Q 1.7, then neither 80% TAP nor 90%
GTAP is consistently effective in containing
the epidemic, and 300,000 to 350,000 courses
of oseltamivir would be needed. Thus, for these
interventions singly, a containment threshold
exists somewhere between R0 0 1.4 and 1.7.
Further sensitivity analysis shows that the
containment threshold is roughly at R0 0 1.6.
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Fig. 2. Model stochastic realizations. (A) A typical stochastically simulated large influenza epidemic
with no intervention and R0 0 1.4. Also shown are the main intervention initiation times considered
and the number of cases at those intervention times. (B) A typical stochastically simulated influenza
epidemic that is contained using 90% GTAP initiated 14 days after the first case, when R0 0 1.4.
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Pandemic Planning in Canada
• While PHAC and other health departments working 

on preparedness plans

✤ 2006 meeting in Toronto (How to get modellers involved) 

✤ 2007 meeting in Ottawa (What modelling has produced)


• Following 2007 meeting

✤ Plans developed for establishing a network

✤ Requirements of the network


❖ Expertise, Engagement, Communication 
❖ Support, Impact, Sustainability 

4
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MITACS-PHAC Workshop
• To create Pan-InfORM team


✤ Pandemic Influenza Outbreak 
Research Modelling


• Objectives of the 2008 workshop

✤ Present outcomes of recent 

modelling studies and provide an 
opportunity for the discussion of 
priority components of a 
pandemic plan


✤ Identify strengths and weaknesses 
of existing modelling frameworks 
and determine key parameters 
that affect policy decision-making

5
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Workshop on Managing Public Health Crises
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Organizing Committee 
Seyed Moghadas, University of Winnipeg 

Nick Pizzi, NRC Institute for Biodiagnostics

Jianhong Wu, York University 

Ping Yan, Public Health Agency of Canada

Host Institute
University of Winnipeg 

As	
�   nations	
�   prepare	
�   to	
�   meet	
�   the	
�   threat	
�   of	
�   an	
�   imminent	
�   influenza	
�   pandemic,	
�   public	
�   health	
�   
interventions	
�   are	
�   being	
�   carefully	
�   gauged	
�   within	
�   the	
�   context	
�   of	
�   influenza	
�   epidemiology,	
�   
populations, and  healthcare systems. 

This workshop brings together public health experts, key decision makers, and infectious 

disease modellers to:

Present outcomes of recent modelling studies and 

provide an opportunity for the discussion of 

priority components of a pandemic plan

Identify strengths and weaknesses of 

existing modelling frameworks and 

determine key parameters that 

affect policy decision making
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Establishment of Pan-InfORM 

• Develop innovative knowledge 
translation methodologies and 
inform policy makers through 
modelling frameworks that 
forge strong links between 
theory, policy, and practice 

• CIHR support, 2009

✤ Identifying Effective Strategies 

for Pandemic Preparedness in 
Canada
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Background Given the enormity of challenges involved in
pandemic preparedness, design and implementation of effective
and cost-effective public health policies is a major task that
requires an integrated approach through engagement of scientific,
administrative, and political communities across disciplines. There
is ample evidence to suggest that modeling may be a viable
approach to accomplish this task.

Methods To demonstrate the importance of synergism
between modelers, public health experts, and policymakers,
the University of Winnipeg organized an interdisciplinary
workshop on the role of models in pandemic preparedness in
September 2008. The workshop provided an excellent
opportunity to present outcomes of recent scientific
investigations that thoroughly evaluate the merits of preventive,
therapeutic, and social distancing mechanisms, where
community structures, priority groups, healthcare providers, and
responders to emergency situations are given specific
consideration.

Results This interactive workshop was clearly successful in
strengthening ties between various disciplines and creating venues
for modelers to effectively communicate with policymakers. The
importance of modeling in pandemic planning was highlighted, and
key parameters that affect policy decision-making were identified.
Core assumptions and important activities in Canadian pandemic
plans at the provincial and national levels were also discussed.

Conclusions There will be little time for thoughtful and rapid
reflection once an influenza pandemic strikes, and therefore
preparedness is an unavoidable priority. Modeling and simulations
are key resources in pandemic planning to map out interdependencies
and support complex decision-making. Models are most effective in
formulating strategies for managing public health crises when there
are synergies between modelers, planners, and policymakers.

Keywords Influenza pandemic, mathematical models, public
health policy, antiviral therapy, vaccination, non-pharmaceutical
measures.

Please cite this paper as: Moghadas et al. (2009) Managing public health crises: the role of models in pandemic preparedness. Influenza and Other

Respiratory Viruses 3(2), 75–79.

Background

Influenza pandemics have historically been devastating to
humanity with significant morbidity, mortality, and socio-
economic costs.1 The 1918–1919 pandemic, the so-called
‘‘mother of all pandemics,’’2 was responsible for over
50 million deaths among countless infections worldwide.
Today, 40 years after the last pandemic in 1968, the world
may be on the brink of another major global pandemic,
with a toll that could exceed that of the 1918–1919
pandemic.3 While the nature of the next influenza pandemic
cannot be predicted with certainty, the identification of
strategies to effectively curtail the spread of disease is
an unavoidable priority in responding to this global threat.
In light of this, the University of Winnipeg hosted a

multidisciplinary workshop on the role of models in pan-
demic preparedness.4 The workshop brought together public
health experts, key decision makers, and infectious disease
modelers to: (i) identify the strengths and weaknesses of
mathematical models, and suggest ways to improve their
predictive ability that will ultimately influence policy effec-
tiveness; and (ii) provide an opportunity for the discussion
of priority components of a pandemic plan and determine
key parameters that affect policy decision making.

Model-based policy

The first day of this workshop consisted of several
outstanding presentations by modelers with the purpose of
forging strong links between theory, policy and practice.

DOI:10.1111/j.1750-2659.2009.00081.x

www.blackwellpublishing.com/influenza
Meeting Report

ª 2009 Blackwell Publishing Ltd, Influenza and Other Respiratory Viruses, 3, 75–79 75
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Publications Prior to H1N1

• Population-wide emergence of antiviral resistance during pandemic 
influenza, PLoS ONE 2008  

• Management of drug resistance in the population: influenza as a 
case study, Proc R Society B 2008 

• Emergence of drug resistance: implications for antiviral control of 
pandemic influenza, Proc R Society B 2007 

• Antiviral resistance during pandemic influenza: implications for 
stockpiling and drug use, BMC Infectious Diseases 2009 

• Prophylaxis of healthcare workers in an influenza pandemic, 
Handbook of Disease Burdens and Quality of Life Measures, 
Springer–Verlag 2009
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From Modelling to Policy

Anew swine-origin influenza A (H1N1) virus, ini-
tially identified in Mexico, has now caused out-
breaks of disease in at least 74 countries, with decla-

ration of a global influenza pandemic by the World Health
Organization on June 11, 2009.1 Optimizing public health
responses to this new pathogen requires difficult decisions
over short timelines. Complicating matters is the unpre-
dictability of influenza pandemics: planners cannot base
their decisions solely on pre-pandemic factors or on experi-
ence from earlier pandemics. We suggest that mathematical
modelling can inform and optimize health policy decisions
in this situation.

Uses of models

Mathematical models of infectious diseases are useful tools
for synthesizing the best available data on a new pathogen,
comparing control strategies and identifying important areas
of uncertainty that may be prioritized for urgent research.

As an example of synthesizing data, consider the process
of developing a mathematical model of the effectiveness of
influenza vaccines: modellers must draw together information
on influenza epidemiology (including patterns of spread in
different age groups), the natural history of influenza, the
effectiveness of vaccines in randomized trials and the dura-
tion of immunity following vaccination or natural infection,2,3

which cannot all be derived from a single study. Once the
model is developed, rapid and inexpensive “experiments” can
be performed by simulating alternative vaccination strategies
(e.g., vaccinating children most likely to transmit influenza,
or vaccinating older adults most likely to have severe compli-
cations of influenza).2

The uncertainty involved in this process can be assessed
through sensitivity analysis (in this case, by varying estimates
of vaccine effectiveness across plausible ranges) to examine
whether such variation results in markedly different out-
comes. Uncertain model inputs that are extremely influential
in determining the best course of action should be prioritized
for future research.

Elements of models

Elements of epidemic models often include “compart-
ments” or “states” that describe the susceptibility, infec-
tiousness or immunity of individuals in a population, and
“parameters” (numbers) that describe how individuals
move between these states.

A key model parameter is the basic reproductive num-
ber, referred to as R0.4 This is the number of new, secondary
infections created by a single primary infectious case intro-
duced into a totally susceptible population (Figure 1). The
importance of R0 relates to the information it provides to
planners: R0 determines the potential of a new pathogen toD
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Key points

• When a new infectious disease emerges, mathematical
models can project plausible scenarios, guide control
strategies and identify important areas for urgent research.

• Models of influenza pandemics suggest roles for antiviral
drugs and vaccines. Models also raise concerns about 
anti viral resistance.

• Knowledge translation is a key part of modelling activities
that aim to optimize policy decisions for containment of
new infectious diseases.

CMAJ Analysis

Disease is endemic (R = 1)Initial phase of epidemic (R0 = 3)

Generation

0 1 2

Figure 1: The number of new infections generated when the
basic reproductive number (the number of new cases created
by a single primary case in a susceptible population) is 3. Cases
of disease are represented as dark circles, and immune individ-
uals are represented as open circles. When there is no immu-
nity in the population (left) and the basic reproductive number
(R0) is 3, the initial infectious case generates on average 3 sec-
ondary cases, each of which in turn generates 3 additional
cases of disease. Once the disease becomes endemic owing to
acquired immunity (right), each case generates on average
1 additional case (effective reproductive number [R] = 1).

@@ See other H1N1 articles: Editorial, page 123; Research, page 159
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Strategies for the use of oseltamivir and zanamivir 

during pandemic outbreaks
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A novel triple-assortment influenza A virus (nH1N1) has 
spread worldwide since its initial appearance in North 

America in March/April 2009, and caused the first pandemic of 
the 21st century (1). Public health responses to this pandemic 
have included vaccination, antiviral treatment and social distan-
cing mechanisms. While early results of clinical trials indicate that 
one dose of nH1N1 vaccine likely provides adequate protection in 
most healthy adults and older children (2-4), the timelines of vac-
cination, poor uptake among target groups (5) and insufficient 
vaccine supply in several affected countries, could all increase the 
demand for antiviral drugs.

Precise planning for antiviral use is confounded by several fac-
tors, in particular, the transmissibility of the disease (determined 
by characteristics of the virus and the susceptibility of individuals), 

the effectiveness of antiviral treatment in reducing severe morbid-
ity and mortality and, more importantly, the evolutionary responses 
of the virus that may result in the generation of transmissible drug-
resistant mutants (6,7). Furthermore, most countries have limited 
stockpiles of neuraminidase inhibitors and, therefore, targeted 
strategies are needed to optimize the use of available supplies of 
antiviral drugs and minimize unintended adverse consequences.

Although initial investigations demonstrated the susceptibil-
ity of nH1N1 to the antiviral agents oseltamivir and zanamivir 
(8), the emergence of oseltamivir resistance in treated H1N1 
patients has raised concerns about the prudent use of neuramini-
dase inhibitors for treatment of ill individuals, and the effective-
ness of these drugs in the long term. Furthermore, evidence is 
accumulating that such resistance sustains person-to-person 

ORIGINAL ARTICLE

©2010 Pulsus Group Inc. All rights reserved

E Hansen, T Day, J Arino, J Wu, SM Moghadas. Strategies for 
the use of oseltamivir and zanamivir during pandemic outbreaks. 
Can J Infect Dis Med Microbiol 2010;21(1):e28-e63.

BACKGROUND: The use of neuraminidase inhibitors (oseltamivir 
and zanamivir) for the treatment of ill individuals has been an impor-
tant intervention during the 2009 H1N1 pandemic. However, the 
emergence and spread of drug resistance remains a major concern and, 
therefore, optimizing antiviral strategies is crucial to retain the long-
term effectiveness of these pharmaceutical interventions.
METHODS: A dynamic model of disease transmission was developed to 
investigate optimal scenarios for the use of a secondary drug (eg, zanami-
vir). Considering both small and large stockpiles, attack rates were pro-
jected by simulating the model to identify ‘tipping points’ for switching 
to zanamivir as resistance to oseltamivir develops.
RESULTS: The use of a limited stockpile of zanamivir can substan-
tially reduce the overall attack rate during pandemic outbreaks. For a 
reasonably large stockpile of zanamivir, it is optimal to delay the use of 
this drug for a certain amount of time during which oseltamivir is used 
as the primary drug. For smaller stockpiles, however, earlier use of 
zanamivir will be most effective in reducing the overall attack rate. 
Given a limited stockpile of zanamivir (1.8% in the Canadian plan) 
without replenishment, and assuming that the fraction of ill individu-
als being treated is maintained below 60%, the results suggest that 
zanamivir should be dispensed as the primary drug for thresholds of the 
cumulative number of oseltamivir resistance below 20%.
INTERPRETATION: Strategic use of a secondary drug becomes crucial 
for pandemic mitigation if vaccination and other interventions fail to suf-
ficiently reduce disease transmission in the community. These findings 
highlight the importance of enhanced surveillance and clinical monitor-
ing for rapid identification of resistance emergence and its population 
incidence, so that optimal timing for adaptation to the use of drugs can be 
achieved.

Key Words: Antiviral treatment; Drug resistance; Epidemic modelling; 
Pandemic influenza

Stratégies pour l’utilisation de l’oseltamivir et 
du zanamivir durant les éclosions pandémiques

HISTORIQUE : L’utilisation des inhibiteurs de la neuraminidase 
(oseltamivir et zanamivir) pour le traitement des malades a été une 
intervention importante durant la pandémie de grippe AH1N1 de 2009. 
Toutefois, l’émergence et la propagation de la résistance aux médicaments 
reste très préoccupante c’est pourquoi il faut optimiser les stratégies 
antivirales de manière à maintenir long terme l’efficacité de ces 
interventions pharmaceutiques.
MÉTHODES : Un modèle dynamique de transmission de la maladie a été 
mis au point pour analyser les scénarios optimaux d’utilisation des agents 
secondaires (p. ex. zanamivir). En tenant compte des petites et de grandes 
réserves, les taux d’attaque ont été projetés au moyen d’un modèle de 
simulation afin d’identifier les seuils à partir desquels passer au zanamivir à 
mesure que la résistance à l’oseltamivir s’installe.
RÉSULTATS : L’utilisation de réserves limitées de zanamivir peut 
substantiellement réduire le taux d’attaque global durant les éclosions 
pandémiques. En présence de réserves raisonnablement abondantes de 
zanamivir, il est optimal d’en retarder l’utilisation pendant un certain 
temps et d’utiliser plutôt l’oseltamivir comme agent principal. En présence 
de réserves plus faibles, toutefois, l’utilisation plus précoce du zanamivir 
sera plus efficace à réduire le taux d’attaque global. Avec des réserves 
limitées de zanamivir (1,8 % selon le Plan canadien) sans renouvellement 
et en supposant que la fraction de malades traités est maintenue à moins de 
60 %, les résultats donnent à penser que le zanamivir doit être dispensé 
comme médicament de première intention en présence de seuils cumulatifs 
de résistance à l’oseltamivir inférieurs à 20 %.
INTERPRÉTATION : L’utilisation stratégique d’un agent de seconde 
intention devient cruciale pour réduire la pandémie si la vaccination et les 
autres interventions ne permettent pas de réduire suffisamment la 
transmission de la maladie dans la communauté. Ces résultats rappellent 
l’importance d’une surveillance et d’un monitorage clinique accrus pour 
reconnaître rapidement l’émergence de la résistance et son incidence sur la 
population afin d’intervenir au bon moment et d’adapter l’emploi des 
médicaments.
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Abstract
Background: With the rise of the second pandemic wave of the novel influenza A (H1N1) virus
in the current season in the Northern Hemisphere, pandemic plans are being carefully re-evaluated,
particularly for the strategic use of antiviral drugs. The recent emergence of oseltamivir-resistant
in treated H1N1 patients has raised concerns about the prudent use of neuraminidase inhibitors
for both treatment of ill individuals and post-exposure prophylaxis of close contacts.

Methods: We extended an established population dynamical model of pandemic influenza with
treatment to include post-exposure prophylaxis of close contacts. Using parameter estimates
published in the literature, we simulated the model to evaluate the combined effect of treatment
and prophylaxis in minimizing morbidity and mortality of pandemic infections in the context of
transmissible drug resistance.

Results: We demonstrated that, when transmissible resistant strains are present, post-exposure
prophylaxis can promote the spread of resistance, especially when combined with aggressive
treatment. For a given treatment level, there is an optimal coverage of prophylaxis that minimizes
the total number of infections (final size) and this coverage decreases as a higher proportion of
infected individuals are treated. We found that, when treatment is maintained at intermediate
levels, limited post-exposure prophylaxis provides an optimal strategy for reducing the final size of
the pandemic while minimizing the total number of deaths. We tested our results by performing a
sensitivity analysis over a range of key model parameters and observed that the incidence of
infection depends strongly on the transmission fitness of resistant strains.

Conclusion: Our findings suggest that, in the presence of transmissible drug resistance, strategies
that prioritize the treatment of only ill individuals, rather than the prophylaxis of those suspected
of being exposed, are most effective in reducing the morbidity and mortality of the pandemic. The
impact of post-exposure prophylaxis depends critically on the treatment level and the
transmissibility of resistant strains and, therefore, enhanced surveillance and clinical monitoring for
resistant mutants constitutes a key component of any comprehensive plan for antiviral drug use
during an influenza pandemic.
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Background The relatively mild nature of the 2009 influenza
pandemic (nH1N1) highlights the overriding importance of
pre-existing immune memory. The absence of cross-reactive
antibodies to nH1N1 in most individuals suggests that such
attenuation may be attributed to pre-existing cellular immune
responses to epitopes shared between nH1N1 virus and previously
circulating strains of inter-pandemic influenza A viruses.

Results We sought to identify potential CD4+ T cell epitopes and
predict the level of cross-reactivity of responding T cells. By
performing large-scale major histocompatibility complex II
analyses on Hemagglutinin (HA) proteins, we investigated the
degree of T-cell cross-reactivity between seasonal influenza A
(sH1N1, H3N2) from 1968 to 2009 and nH1N1 strains. Each

epitope was examined against all the protein sequences that
correspond to sH1N1, H3N2, and nH1N1. T-cell cross-reactivity
was estimated to be 52%, and maximum conservancy was found
between sH1N1 and nH1N1 with a significant correlation
(P < 0Æ05).

Conclusions Given the importance of cellular responses in
kinetics of influenza infection in humans, our findings underscore
the role of T-cell assays for understanding the inter-pandemic
variability in severity and for planning treatment methods for
emerging influenza viruses.

Keywords Influenza A ⁄ H1N1, MHC II, pandemic dynamics,
pre-existing immunity, T-cell cross-reactivity.

Please cite this paper as: Duvvuri et al. (2010) Highly conserved cross-reactive CD4+ T-cell HA-epitopes of seasonal and the 2009 pandemic influenza

viruses. Influenza and Other Respiratory Viruses 4(5), 249–258.

Introduction

In April 2009, a novel triple reassortant influenza H1N1
virus (nH1N1), with a unique genomic profile combining
seasonal H3N2 and H1N1 subtypes and a swine-origin
H1N1 subtype, was identified in association with human
respiratory illness in Mexico and California.1,2 The rapid
global spread of nH1N1 led the World Health Organization
to declare an influenza pandemic on June 11, 2009.3

Despite its novelty and widespread, the 2009 nH1N1 pan-
demic is characterized by relatively mild clinical outcomes
in a vast majority of individuals.4,5 Furthermore, the inci-
dence of severe cases caused by nH1N1 appeared to be
significantly lower than that caused by the human seasonal
influenza viruses.6 While pre-existing immunity because of
prior exposure to similar viral strains may provide an exp-
lanation for the reduced severity of nH1N1 infection,7–11

the extent to which different components of the host
immune system (i.e., cellular and humoral responses) affect
disease outcomes remains controversial.12

As a major surface protein of influenza viruses, hemagglu-
tinin (HA) plays a pivotal role in viral infection by binding
to surface receptors on respiratory epithelial cells.13,14 The
HA gene consists of two subunits HA1 and HA2, produced
by enzymatic cleavage of a precursor HA molecule
(HA0).15–17 The HA1 subunit contains both highly con-
served and variable regions. The HA1 gene being a major
target for neutralizing antibodies, it is not surprising that it
accumulates mutations in response to this strong immuno-
logical pressure.18,19 The HA2 gene, in contrast to HA1, is
highly conserved20,21 and usually does not appear to be
target for neutralizing antibodies mainly owing to limita-
tions of its exposure on the viral surface.21–24 Nevertheless,
it has been shown to induce strong CD4+ T-cell responses.25
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The emergence and global spread of pandemic H1N1
influenza led the World Health Organization to
declare a pandemic on June 11, 2009. As the pan-

demic spreads, countries will need to make decisions about

strategies to mitigate and control disease in the face of
 uncertainty.

For novel infectious diseases, accurate estimates of epidemi-
ologic parameters can help guide decision-making. A key para-
meter for any new disease is the basic reproductive number (R0),
defined as the average number of new cases created by a single
primary case in a susceptible population. R0 affects the growth
rate of an epidemic and the final number of infected people. It
also informs the optimal choice of control strategies. Other key
parameters that affect use of resources, disease burden and soci-
etal costs during a pandemic are duration of illness, rate of hos-
pital admission and case-fatality rate. Early in an epidemic, the
case-fatality rate may be underestimated because of the tempo-
ral lag between onset of infection and death; the delay between
initial identification of a new case and death may lead to an
apparent increase in deaths several weeks into an epidemic that
is an artifact of the natural history of the  disease.

We used data from initial reports of laboratory- confirmed
pandemic H1N1 influenza to estimate epidemiologic parame-
ters for pandemic H1N1 influenza. The parameters included
R0, incubation period and duration of illness. We also esti-
mated risk of hospital admission and case-fatality rates, which
can be used to estimate the burden of illness likely to be asso-
ciated with this disease.

Methods

Data collection
We collected individual-level data on laboratory-confirmed
cases of pandemic H1N1 influenza in the province of Ontario,
Canada, with a reported date of symptom onset between
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Background: In the face of an influenza pandemic, accurate
estimates of epidemiologic parameters are required to help
guide decision-making. We sought to estimate epidemio-
logic parameters for pandemic H1N1 influenza using data
from initial reports of laboratory- confirmed cases.

Methods: We obtained data on laboratory- confirmed cases
of pandemic H1N1 influenza reported in the prov ince of
Ontario, Canada, with dates of symptom onset between Apr.
13 and June 20, 2009. Incubation periods and duration of
symptoms were estimated and fit to parametric distribu-
tions. We used competing-risk models to estimate risk of
hospital admission and case-fatality rates. We used a Markov
Chain Monte Carlo model to simulate disease  transmission.

Results: The median incubation period was 4 days and the
duration of symptoms was 7 days. Recovery was faster
among patients less than 18 years old than among older
patients (hazard ratio 1.23, 95% confidence interval 1.06–
1.44). The risk of hospital admission was 4.5% (95% CI
3.8%–5.2%) and the case-fatality rate was 0.3% (95% CI
0.1%–0.5%). The risk of hospital admission was highest
among patients less than 1 year old and those 65 years or
older. Adults more than 50 years old comprised 7% of
cases but accounted for 7 of 10 initial deaths (odds ratio
28.6, 95% confidence interval 7.3–111.2). From the simula-
tion models, we estimated the following values (and 95%
credible intervals): a mean basic reproductive number (R0,
the number of new cases created by a single primary case
in a susceptible population) of 1.31 (1.25–1.38), a mean
latent period of 2.62 (2.28–3.12) days and a mean duration
of infectiousness of 3.38 (2.06–4.69) days. From these val-
ues we estimated a serial interval (the average time from
onset of infectiousness in a case to the onset of infectious-
ness in a person infected by that case) of 4–5 days.

Interpretation: The low estimates for R0 indicate that
effective mitigation strategies may reduce the final epi-
demic impact of pandemic H1N1 influenza.

Abstract
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Introduction 

In simple terms, mathematical modelling is a 
scientific approach to formulating an explanation for 
an observed phenomenon and then testing this 
formulation to project the outcome of various 
experiments under pertinent conditions. There is 
vast scientific literature that provides compelling 
evidence for the role of mathematical and 
simulation models in public health and disease 
epidemics, in particular for evaluating the potential 
impact of intervention strategies and informing 
policy decision-making. Mathematical models are 
invaluable tools for planning; because by making 
assumptions explicit, mathematical models can test 
different hypotheses, and quantify anticipated risks, 
costs and benefits associated with disease control 
activities. This paper attempts to lay out a basic 
description of mathematical modelling and 
discusses its relevance to public health policy 
formulation. It also provides examples for the 
application of modelling to optimizing health policy 
and practice in the face of an emerging disease. The 
paper concludes by highlighting the importance of 
synergistic efforts for making such models more 
amenable to the needs of public health and policy 
makers for future planning. 

 

 

 

Key Points 

• Mathematical modelling has become a viable 
approach to evaluate the impact of public health 
intervention strategies and suggest the optimal 
course of action in the ongoing fight against 
persistent and emerging infectious diseases. 

• Mathematical modelling provides an invaluable 
tool for making assumptions explicit, highlighting 
key factors determining policy needs, and 
providing quantitative predictions for the 
effectiveness and cost-effectiveness of disease 
control policies. 

• There is much greater need than ever for 
effective communication between modellers, 
planners, and policy-makers to make modelling 
more amenable and applicable to the needs of 
public health planning and decision making. 

• Knowledge translation activities remain a key 
component of modelling endeavours for guiding 
public health in times of crisis and informing 
decision-makers for policy effectiveness and the 
potential outcomes of different scenarios.   

 

Modelling Contribution and Limitations 

Mathematical modelling of human diseases has a 
long history, dating back at least a century (1900-
1935) to the establishment of the foundations for 
epidemiological models of disease transmission by 
public health physicians, including Ross [1], Hamer 
[2], McKendrick and Kermack [3-5]. After a series of 
novel papers in theoretical epidemiology, in the 
1930s Kermack and McKendrick established an 
extremely important principle, stating that the level 
of susceptibility in the population must be 
sufficiently high in order for an epidemic to unfold 
in that population. This principle was derived from a 
simple model describing the transmission dynamics 
of disease between susceptible, infected and 
recovered individuals in a homogeneously mixed 
population, the so-called classical SIR epidemic 
model [4,5].  

Over time, mathematical modelling has proven to 
be a useful tool for identifying the patterns of 
disease spread during epidemics by projecting 
plausible scenarios using the best available 
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Background Initial public health responses to the 2009 influenza
H1N1 pandemic were based on difficult decisions in the face of
substantial uncertainty. Policy effectiveness depends critically on
such decisions, and future planning for maximum protection of
community health requires understanding of the impact of public
health responses in observed scenarios.

Objectives In alignment with the objectives of the Pandemic
Influenza Outbreak Research Modelling Team (Pan-InfORM)
and the Centre for Disease Modelling (CDM), a focused
workshop was organized to: (i) evaluate Canada’s response to
the spring and autumn waves of the novel H1N1 pandemic;
(ii) learn lessons from public health responses, and identify
challenges that await public health planners and decision-makers;

and (iii) understand how best to integrate resources to overcome
these challenges.

Main outcome measures We report on key presentations and
discussions that took place to achieve the objectives of the
workshop.

Conclusions Future emerging infectious diseases are likely to
bring far greater challenges than those imposed by the 2009 H1N1
pandemic. Canada must address these challenges and enhance its
capacity for emergency responses by integrating modelling,
surveillance, planning, and decision-making.

Keywords Influenza H1N1 pandemic, intervention strategies,
policy decision-making, modelling.

Please cite this paper as: Moghadas et al. (2011) Canada in the face of the 2009 H1N1 pandemic. Influenza and Other Respiratory Viruses 5(2), 83–88.

Overview of the workshop

The Institute for Biodiagnostics of the National Research
Council, Winnipeg, Canada was the site for a public
health workshop on ‘The First Influenza Pandemic of the
21st Century: Canada’s Response, Lessons Learned, and
Challenges Ahead’ held on April 19–20, 2010.1 The work-
shop, organized by the Pan-InfORM team,2 aimed to
understand the competing factors in public health and
clinical responses to the 2009 H1N1 pandemic, and iden-
tify gaps in the current state of knowledge in pandemic
research. A particular emphasis was placed on understand-
ing the differential severity of the pandemic in Canada’s
Aboriginal (First Nations, Inuit, and Métis) populations.
With the involvement of Canadian public health adminis-
trators, key decision-makers and leading infectious disease
modellers, several presentations described challenges in
community health protection that need to be addressed to
improve health policy, provide more effective clinical and
public health services, and strengthen our healthcare sys-
tem in response to future emerging infectious diseases.
The workshop covered several aspects of pandemic mitiga-
tion, including vaccination, antiviral therapy and other

community-based interventions that were implemented to
protect vulnerable, at-risk and general populations. Tar-
geted strategies were discussed to identify critical factors
that are central for evaluating the effectiveness of interven-
tion measures, and determining optimal scenarios for pol-
icy design, implementation and resource allocation.

Participants discussed the recent impact of modelling as
a decision-support tool within public health agencies and
mechanisms to sustain the leadership, partnerships and
internships that have emerged over the past year within a
multi-disciplinary environment. Extensive discussion took
place on the role of models in characterizing the epidemi-
ology of the novel influenza H1N1, providing guidance on
optimal disease mitigation strategies, including vaccination
and antiviral drugs, and evaluating the cost-effectiveness of
intervention measures during the 2009 pandemic.

The epidemiology and impact of the pandemic in Can-
ada, particularly in terms of the frequency and outcomes of
severe cases were described, and comparisons were made
between the first (spring) and second (autumn) waves of
the H1N1 pandemic. Intensive care unit surge capacity was
seriously taxed at the peak of the first pandemic wave (June
2009) in the province of Manitoba.3–6 While the cases
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CIHR International Review - 2011
• Pan-InfORM was recognized as one the two key initiatives launched 

during the last decade in pandemic influenza domain

“… Examples include the evaluation of existing vaccination policies, patient prioritization strategies for treatment, and 
the strategic use of antivirals by the Pandemic Influenza Outbreak Research Modelling Team, headed by Dr. Seyed 
Moghadas. Their results were incorporated into the Canadian vaccination policy developed during the H1N1 
pandemic. The team is now addressing significant public health concerns for protecting vulnerable populations from 
emerging infectious diseases, and seeking funds to address the relevant objectives.” (http://www.cihr-irsc.gc.ca/e/
43717.html) 

• CIHR Support

✤ Strategies for Protecting Vulnerable Canadian Populations from 

Emerging Infectious diseases

✤ Objectives:


❖ To determine the effect and importance of demographic variables and 
population characteristics on the introduction and spread of disease. 

❖ To evaluate the impact of various public health interventions in 
different community settings within Canada 
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The Impact of Demographic Variables on
Disease Spread: Influenza in Remote
Communities
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The role of demographic variables in disease spread in remote and isolated communities is poorly
understood. We developed an agent-based model of a small indigenous community to qualitatively study the
impact of pre-existing immunity in both young and elderly populations. We observed that in crowded living
conditions, the age distribution of the population is a critical factor influencing epidemic spread. As the
average age of the population increases, the effect of the pre-existing immunity in older individuals becomes
more pronounced in decreasing disease incidence, even when pre-existing immunity levels in young
individuals are low. However, in a non-crowded setting with relatively low average persons-per-household,
the pre-existing immunity levels of young individuals remains a determining factor, regardless of the age
distribution of the population. We suggest that for optimizing public health policies, social and
demographic complexities of the remote and vulnerable communities should be carefully evaluated in
modeling intervention strategies.

I
n the event of an emerging disease, public health officials are tasked with identifying the geographic spread and
time course of the outbreak, and identifying the most effective utilization of available health interventions and
resources to mitigate disease outcomes. In addition to the natural history and biology of the disease, the

demographic characteristics of the population at risk play an important role in determining the pattern of
epidemic spread and identifying the type and intensity of public health intervention measures required for disease
control1,2,3. Furthermore, the differential prevalence of predisposing health conditions and other types of health
disparities increases uncertainty about how a novel disease would affect different populations with distinctly
different mobility patterns, social interactions, and health characteristics4. The importance of these factors in
influencing disease burden was highlighted during outbreaks of the 2009 H1N1 pandemic in several Canadian
population settings, including First Nation reserves in northern Manitoba, remote and isolated communities in
Nunavut, and Aboriginal communities on Vancouver Island5,6,7.

Understanding the interplay between demographic, health, infection and control parameters requires the
development of a modeling framework that can identify individuals with their assigned information, and describe
disease spread in the population in silico (i.e., via computer simulations). Agent-based models, which specifically
encapsulate individual-level characteristics, behaviors and population profiles, provide such a framework that is
capable of reproducing observed scenarios in epidemics and exploring plausible contingency plans and control
measures for curtailing an emerging disease8,9. Agent based modeling typically uses a bottom-up approach in
which complex phenomena emerge from interactions between autonomous entities (i.e., agents) that perceive,
make decisions, and act within an environment.

Here we develop an agent-based model to investigate the role of demographic variables on disease dynamics.
Specifically, we wish to qualitatively study the extent to which population age structure and household composi-
tion influence disease propagation. For the purpose of this investigation, the spread of influenza in a remote and
isolated community is modeled, and the effects of changes in three important variables are explored: (i) age
distribution; (ii) household size; and (iii) the level of pre-existing immunity in the population. Furthermore, we
investigate the effect of reactive short-duration school closures on reducing in the epidemic size and attack rates in
different age groups in the population.
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The role of cellular immunity in Influenza H1N1
population dynamics
Venkata R Duvvuri1,2*, Jane M Heffernan1,3*, Seyed M Moghadas1,3, Bhargavi Duvvuri4,
Hongbin Guo1, David N Fisman5, Jianhong Wu1,3 and Gillian E Wu2,4

Abstract
Background: Pre-existing cellular immunity has been recognized as one of the key factors in determining the
outcome of influenza infection by reducing the likelihood of clinical disease and mitigates illness. Whether, and to
what extent, the effect of this self-protective mechanism can be captured in the population dynamics of an influenza
epidemic has not been addressed.

Methods: We applied previous findings regarding T-cell cross-reactivity between the 2009 pandemic H1N1 strain
and seasonal H1N1 strains to investigate the possible changes in the magnitude and peak time of the epidemic.
Continuous Monte-Carlo Markov Chain (MCMC) model was employed to simulate the role of pre-existing immunity
on the dynamical behavior of epidemic peak.

Results: From the MCMC model simulations, we observed that, as the size of subpopulation with partially effective
pre-existing immunity increases, the mean magnitude of the epidemic peak decreases, while the mean time to reach
the peak increases. However, the corresponding ranges of these variations are relatively small.

Conclusions: Our study concludes that the effective role of pre-existing immunity in alleviating disease outcomes
(e.g., hospitalization) of novel influenza virus remains largely undetectable in population dynamics of an epidemic.
The model outcome suggests that rapid clinical investigations on T-cell assays remain crucial for determining the
protection level conferred by pre-existing cellular responses in the face of an emerging influenza virus.

Background
In spring 2009, a new triple reassortant strain of the
influenza A/H1N1 virus emerged. Exhibiting its unique
genome composition with rapid global spread [1], this new
strain caused the first pandemic of the 21st century. The
genome combination of the 2009 H1N1 strain was anti-
genically distinct from the circulating seasonal influenza
subtypes, seasonal H1N1 (sH1N1) and H3N2 [2,3]. With
the exception of older individuals (> 60 years of age),
all other age-groups did not confer any effective cross-
antibody protection against this strain [4,5]. The lack of
cross-reactive neutralizing antibodies in a large fraction of
the population made the global spread of the virus readily
possible. However, compared to the severity of past pan-
demics of 1918 H1N1, 1957 H2N2 and 1968 H3N2 [6],

*Correspondence: dvenkata@yorku.ca; jmheffer@yorku.ca
1Centre for Disease Modelling, York University, Toronto, Ontario
2Department of Biology, York University, Toronto, Ontario
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the 2009 H1N1 pandemic appeared relatively mild with
a death toll of ≈ 300, 000 resulting from respiratory and
cardiovascular complications globally [7]. The unexpected
mild nature and observed prolonged incubation period for
this strain [8-10], received an increased attention towards
the role of pre-existing cellular immunity. Population-
wide studies suggest the existence of an immune response
induced from conserved epitopes between the 2009 H1N1
and seasonal influenza strains [11-13]. An immunoinfor-
matics study on the conservancy analysis and influenza
epitope prediction [11] revealed the high level existence of
Hemagglutinin (HA) CD4+ T cell epitope conservancy (≈
95%−100%) between the sH1N1 and 2009 H1N1 isolates.
However, no considerable conservancy between subtypes
H3N2 and 2009 H1N1 was observed. This investigation
hypothesized that the availability of cross-conserved epi-
topes and Major Histocompatibility Complex class II,
HLA-DRB1 alleles essential to the activation of the T
cell repertoire, may have played a role in reducing the

© 2012 Duvvuri et al.; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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ABSTRACT
Objectives: During the first wave of the 2009 influenza
pH1N1, disease burden was distributed in a geographically
heterogeneous fashion. It was particularly high in some
remote and isolated Canadian communities when
compared with urban centres. We sought to estimate the
transmissibility (the basic reproduction number) of pH1N1
strain in some remote and isolated Canadian communities.
Design: A discrete time susceptible-exposed-infected
transmission model was fit to infection curves simulated
from laboratory-confirmed case counts for pH1N1 on each
day. The sampling from Poisson distribution was used to
estimate the basic reproduction number, R0, of pH1N1
during the spring wave for five different communities in
Manitoba and Nunavut, Canada, where remote and
isolated communities experienced a high incidence of
infection, and high rates of hospitalisation and intensive
care unit admission.
Setting: Remote and isolated communities in Northern
Manitoba, Nunavut, and the largest urban centre
(Winnipeg) in the province of Manitoba, Canada.
Results: Using published values of the exposed and
infectious periods specific to H1N1 infection,
corresponding to the average generation time of
2.78 days, we estimated a mean value of 2.26 for R0 (95%
CI 1.57 to 3.75) in a community located in northern
Manitoba. Estimates of R0 for other communities in
Nunavut varied considerably with higher mean values of
3.91 (95% CI 3.08 to 4.87); 2.03 (95% CI 1.50 to 3.19);
and 2.45 (95% CI 1.68 to 3.44). We estimated a lower
mean value of 1.57 (95% CI 1.35 to 1.87) for R0 in the
Winnipeg health region, as the largest urban centre in
Manitoba.
Conclusions: Influenza pH1N1 appears to have been far
more transmissible in rural and isolated Canadian
communities than other large urban areas. The
differential severity of the pandemic in these regions may
be explained partly by differential transmissibility, and
suggests the need for more nuanced, targeted or
population-specific control strategies in Canada.

INTRODUCTION
Early outbreaks of the 2009 H1N1 influenza
pandemic displayed variable degrees of

incidence, apparently higher attack rates and
more severe disease outcomes in several
remote and isolated communities in
Canada.1 2 Epidemiological data collected
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Variability in transmissibility of the 2009 H1N1
pandemic in Canadian communities
Luiz C Mostaço-Guidolin1*, Amy Greer2,3, Beate Sander4, Jianhong Wu1* and Seyed M Moghadas1*

Abstract

Background: The prevalence and severity of the 2009 H1N1 pandemic appeared to vary significantly across
populations and geographic regions. We sought to investigate the variability in transmissibility of H1N1 pandemic
in different health regions (including urban centres and remote, isolated communities) in the province of
Manitoba, Canada.

Methods: The Richards model was used to fit to the daily number of laboratory-confirmed cases and estimate
transmissibility (referred to as the basic reproduction number, R0), doubling times, and turning points of outbreaks
in both spring and fall waves of the H1N1 pandemic in several health regions.

Results: We observed considerable variation in R0 estimates ranging from 1.55 to 2.24, with confidence intervals
ranging from 1.45 to 2.88, for an average generation time of 2.9 days, and shorter doubling times in some remote
and isolated communities compared to urban centres, suggesting a more rapid spread of disease in these
communities during the first wave. For the second wave, Re, the effective reproduction number, is estimated to be
lower for remote and isolated communities; however, outbreaks appear to have been driven by somewhat higher
transmissibility in urban centres.

Conclusions: There was considerable geographic variation in transmissibility of the 2009 pandemic outbreaks.
While highlighting the importance of estimating R0 for informing health responses, the findings indicate that
projecting the transmissibility for large-scale epidemics may not faithfully characterize the early spread of disease in
remote and isolated communities.

Background
Although the overall Canadian experience of the 2009
H1N1 pandemic influenza was perceived to be relatively
mild for most individuals, the disease disproportionately
affected several vulnerable and underserved communities,
including First Nation reserves in northern Manitoba,
remote and isolated communities in Nunavut, and Abori-
ginal communities on Vancouver Island [1-3]. The varia-
bility in disease outcomes is often described by factors
pertinent to the population demographics, environmental
characteristics, underlying health conditions, and health-
care access [3-6]. A direct effect of these factors appears
on the transmissibility of disease in different population
settings, which may contribute to larger outbreaks in

vulnerable communities as a result of differential preva-
lence [7].
Transmissibility can be described as the basic reproduc-

tion number (R0), which in the epidemiological context, is
defined as the average number of new cases generated by
an infectious individual in a fully susceptible population
[8]. This quantity, once estimated for a new disease, can
be used to identify target strategies for mitigating disease
outcomes. Following the emergence of the H1N1 pan-
demic strain, attempts were made to estimate R0, largely
for urban population settings [9-12]. These estimates sug-
gest that the novel H1N1 strain was less transmissible
(range: 1.2-1.7) than the 1918-1919 pandemic virus (range:
1.8-3.0) [12]. However, H1N1 virus transmission appeared
to vary significantly in remote and isolated communities,
and among vulnerable population groups [1,3], and there-
fore prior estimates of R0 for the urban population settings
may not be applicable to devising targeted measures for
future planning in these communities.
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Age Distribution of Infection and Hospitalization Among
Canadian First Nations Populations During the 2009
H1N1 Pandemic
Luiz C. Mostaço-Guidolin, PhD, Sherry M. J. Towers, PhD, David L. Buckeridge, MD, PhD, and Seyed M. Moghadas, PhD

One striking aspect of the 2009 H1N1 in-
fluenza pandemic in Canada was its dispro-
portionate impact on indigenous populations.
In particular, on-reserve First Nations (FN)
populations experienced severe disease out-
comes often necessitating hospitalization and
intensive care unit (ICU) admission.1---4 Many
of the affected FN communities are located
in the northern Manitoba region, which has
predominantly Aboriginal populations (76%),
and are considered remote or isolated.5

During the first pandemic wave, Winnipeg, an
urban center in the province of Manitoba,
experienced full occupancy of ICU beds at the
peak of the outbreak in June 2009.1 Among
laboratory-confirmed cases reported during
the first wave in Manitoba, 32% were in-
dividuals with registry status as FN, an ethnic
group that constitutes approximately 7%
of the province’s total population (Table 1).
According to the 2006 census data, 45%
of this ethnic group in Manitoba resides off
reserve. For community cases reported dur-
ing the 2009 pandemic, FN status was de-
termined by merging demographic data with
a copy of the Indian Registry obtained from
Indian and Northern Affairs Canada. The
FN ethnic group refers to the Canadian Ab-
original peoples (with or without registry status)
who are neither Inuit nor Métis.6 As observed
in other geographic regions,7 the 2009 pan-
demic in Manitoba predominantly affected
young adults and children in both spring and
fall waves; however, the effect of the epidemic
on FN populations has not been described.

We sought to estimate the age distribution
of infection and hospitalization among the FN
populations and compare those distributions
with those estimated for non-FN populations.
Our primary objective was to estimate the
relative infection and hospitalization ratios by
age group using laboratory-confirmed cases
of H1N1 infection and to explore possible

differences in age-specific patterns of infection
and hospitalization. Our secondary objective
was to identify possible shifts in patterns in age
distribution between the first and second
waves of the H1N1 pandemic in Manitoba.

METHODS

We obtained the daily numbers of laboratory-
confirmed and hospitalized cases of H1N1
influenza infection in Manitoba from the Man-
itoba Health influenza H1N1 databases for
both waves of the 2009 pandemic: spring (891
cases between May 2 and August 5) and fall
(1774 cases between October 1, 2009, and
January 3, 2010). We defined a laboratory-
confirmed case as that of an individual with
influenza-like illness or severe respiratory
illness who presented for primary care and
tested positive for pandemic H1N1 influenza
A virus by real-time reverse-transcriptase poly-
merase chain reaction or viral culture. All
positive laboratory tests and completed case

investigation forms were entered into a pro-
vincial pandemic influenza surveillance da-
tabase. Ethnicity in surveillance data for
laboratory-confirmed cases was determined
through case investigation report forms and,
when required for FN status, by merging
demographic data with the Indian Registry.
We classified the data into 5-year age groups,
FN status, and health region of residence
(11 health regions in the province of Man-
itoba); the first case of H1N1 infection was
identified (tested positive) on May 2, 2009.
Variables available for each patient included
hospitalization and ICU admission (which
accounted for a subset of laboratory-confirmed
cases who were admitted to the hospital or ICU),
antiviral use and start date of treatment, and
vaccination during the second wave. We in-
cluded all the variables in the data obtained
for laboratory-confirmed cases. The data were
reported by the earliest date of symptom onset,
initial care, specimen collection, hospital ad-
mission, and ICU admission. For the present

Objectives. We estimated age-standardized ratios of infection and hospitali-
zation among Canadian First Nations (FN) populations and compared their
distributions with those estimated for non-FN populations in Manitoba, Canada.

Methods. For the spring and fall 2009 waves of the H1N1 pandemic, we
obtained daily numbers of laboratory-confirmed and hospitalized cases of H1N1
infection, stratified by 5-year age groups and FN status. We calculated age-
standardized ratios with confidence intervals for each wave and compared
ratios between age groups in each ethnic group and between the 2 waves for
FN and non-FN populations.

Results. Incidence and hospitalization ratios in all FN age groups during the
first wave were significantly higher than those in non-FN age groups (P < .001).
The highest ratios were observed in FN young children aged 0 to 4 years. During
the second wave, these ratios tended to decrease in FN populations and increase
in non-FN populations, especially among groups younger than 30 years.

Conclusions. Incidence and hospitalization ratios in FN populations were
higher than or equivalent to ratios in non-FN populations. Our findings support
the need to develop targeted prevention and control strategies specifically for
vulnerable FN and remote communities. (Am J Public Health. 2013;103:e39–e44.
doi:10.2105/AJPH.2012.300820)
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Indigenous populations health protection:
A Canadian perspective
Katya L Richardson1, Michelle S Driedger2, Nick J Pizzi3, Jianhong Wu1 and Seyed M Moghadas1*

Abstract

The disproportionate effects of the 2009 H1N1 pandemic on many Canadian Aboriginal communities have drawn
attention to the vulnerability of these communities in terms of health outcomes in the face of emerging and
reemerging infectious diseases. Exploring the particular challenges facing these communities is essential to
improving public health planning. In alignment with the objectives of the Pandemic Influenza Outbreak Research
Modelling (Pan-InfORM) team, a Canadian public health workshop was held at the Centre for Disease Modelling
(CDM) to: (i) evaluate post-pandemic research findings; (ii) identify existing gaps in knowledge that have yet to be
addressed through ongoing research and collaborative activities; and (iii) build upon existing partnerships within
the research community to forge new collaborative links with Aboriginal health organizations. The workshop
achieved its objectives in identifying main research findings and emerging information post pandemic, and
highlighting key challenges that pose significant impediments to the health protection and promotion of Canadian
Aboriginal populations. The health challenges faced by Canadian indigenous populations are unique and complex,
and can only be addressed through active engagement with affected communities. The academic research
community will need to develop a new interdisciplinary framework, building upon concepts from ‘Communities of
Practice’, to ensure that the research priorities are identified and targeted, and the outcomes are translated into the
context of community health to improve policy and practice.

Introduction
The mandate of Pan-InfORM is to develop knowledge
translation methodologies with the aim of bridging the
gaps between theory, policy, and practice [1]. In a post-
pandemic workshop held in 2010 [2]. Pan-InfORM ana-
lyzed public health and clinical responses to the 2009
H1N1 pandemic and found that Canada’s Aboriginal
(First Nations, Inuit, and Métis) populations were dis-
proportionately affected by the crisis. In fact, those living
in First Nations communities were 2.8 times more likely
to be hospitalized after contracting the infection, with an
intensive care unit admission rate 3 times higher than
non-Aboriginal people [3]. With a commitment to in-
form public health policies for the promotion of popula-
tion health, Pan-InfORM has prioritized initiatives to
address the challenges of community health in protect-
ing vulnerable populations from emerging infectious dis-
eases. In order to identify the pertinent challenges, a

public health workshop on “Indigenous Populations
Health Protection” was held on May 7-8, 2012 [4], at the
CDM in York University. With the participation of key
stakeholders from Aboriginal health organizations, pol-
icy decision-makers, and representatives from the re-
search community in Canada, the workshop focused on
public health responses, determinants of health, and the
differential effects of intervention strategies in Aborigi-
nal populations.
The presence of indigenous stakeholders was crucial

in meeting the workshop objectives and providing a na-
tional forum to establish new partnerships, and foster
research collaborations with Aboriginal health organiza-
tions. Modellers presented important research findings
with relevance to indigenous health, and highlighted the
importance of community-specific planning for vulner-
able populations. From the standpoint of public health,
the workshop uncovered some critical issues facing
underserved communities in terms of access to health-
care services and program delivery. Representatives from
health departments shared their knowledge and experi-
ences with addressing the disparities in healthcare access
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a b s t r a c t

We sought to evaluate the effect of geographical location of residence on disease burden in Canadian
First Nations (FN) populations during the 2009 pandemic influenza A(H1N1). Descriptive statistics and
regression analysis of data for cases of pandemic A(H1N1) infection and hospitalization in the province of
Manitoba, Canada, were conducted to estimate the odds of hospitalization and delay in time-to-
hospitalization for on-reserve and off-reserve FN populations, while considering their geographical
proximity to urban centers. We found that on-reserve FN individuals experienced a longer delay between
infection and hospitalization compared to off-reserve FN individuals (po0.001). The average fraction of
FN cases that experienced a delay longer than 4 days for hospitalization was 20% higher for on-reserve
compared to off-reserve residence. The odds of hospitalization were twice as high for FN people living
on-reserve as compared to off-reserve (odds ratio¼2.34; 95% CI: 1.16–4.73). Given the independent effect
of on-reserve residency, higher disease burden among FN people cannot be attributed entirely to limited
healthcare access due to remoteness from urban centers.

& 2013 Elsevier Ltd. All rights reserved.

1. Introduction

Although infection with the pandemic 2009 influenza A(H1N1)
virus generally resulted in mild illness with a global impact less
than anticipated by many preparedness plans, Canadian indigen-
ous populations, and particularly First Nations (FN) communities
in northern regions, experienced disproportionately high rates of
severe outcomes (Campbell et al., 2010; Zarychanski et al., 2010). A
comparative analysis between FN and non-FN populations for the
province of Manitoba, Canada, indicated that the age-specific rates
of infection and hospitalization were significantly higher amongst
individuals with FN identity, with a marked elevation in both
infection and hospitalization among FN children younger than
5 years of age (Mostaço-Guidolin et al., 2013a, 2013b) The under-
lying reasons for higher rates of infection and severe illness in
indigenous populations are poorly understood, but they likely
include a high prevalence of predisposing health conditions,
limited access to critical infrastructure and non-pharmaceutical
interventions such as clean water for hand-washing, exposure to
indoor air pollutants, crowding and low-quality housing, and

limited access to healthcare services (Kermode-Scott, 2009;
Zarychanski et al. 2010).

Using a range of methodologies, studies have described how place
and environment can affect health in First Nations communities
(Wilson and Rosenberg, 2002; Wilson, 2003; Frohlich et al., 2006).
For example, Richmond and Ross (2009) interviewed community
health representatives and used qualitative methods to determine
that physical environment and culture are intimately connected in
First Nations populations, and such connections to surroundings are
determinants of health. In the context of A(H1N1) pandemic influenza,
Driedger et al. (2013) discussed the complexities in communicating
risks and intervention strategies (such as vaccine prioritization) aimed
at First Nations individuals living in remote areas or on-reserves as
opposed to individuals living off-reserve or in urban communities.
First Nations individuals in Canada were indirectly prioritized to
receive vaccination for pandemic influenza via a mandate that gave
priority to those living in isolated communities, and individuals of
Aboriginal ancestry were explicitly prioritized in the province of
Manitoba (Manitoba Health, 2009, 2010; Sander et al., 2010). In
summary, geography, place, environment, and culture all play a
complex and nuanced role in the determinants of health in First
Nations communities in Canada.

Geographical location of residence is one important factor in
determining access to healthcare, with isolated and remote
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Objective. To evaluate the impact of age-specific cross-reactive antibody protection levels on the out-
comes of a pandemic outbreak of new variants of H3N2 influenza A viruses (H3N2v).

Methods. We calibrated a previously validated agent-based model of human-to-human transmission of
influenza viruses to project the outcomes of various protection levels in a remote and isolated Canadian com-
munity, when demographics are drawn from the Statistics Canada census data. We then compared the out-
comes with a scenario in which demographic variables were shifted to resemble an urban structure. This
comparative evaluation was conducted using in-silico computer simulations, where the epidemiological
data were drawn from relevant estimates in published literature.

Results. Simulations, using estimates of transmissibility for the 2009 H1N1 pandemic strain in the study
population, show that the epidemic size is primarily affected by the cross-reactive protection levels of
young children. A lower number of secondary infections at the early stages of an outbreak does not necessar-
ily correspond to a lower epidemic size.

Conclusions. Demographic variables could play a significant role in determining the outcomes of an out-
break. The findings strongly suggest that, when an H3N2v-specific vaccine becomes available, children
below the age of 17 should be prioritized for vaccination. This prioritization is essential in population settings
with a low average age, including aboriginal communities in northern latitudes.

© 2013 Elsevier Inc. All rights reserved.

Introduction

In July 2011, a novel swine-origin triple reassortant influenzaA/H3N2
variant (H3N2v) emerged in the US, containing seven genes from circu-
latingNorth American swineH3N2 virus and one gene (matrix) from the
2009 H1N1 pandemic virus (Centers for Disease Control and Prevention,
CDC, 2011; Lina et al., 2011). The acquisition of matrix gene from the
2009 H1N1 pandemic virus may enhance the transmission potential of
H3N2v in humans, as observed in a guinea pig model (Chou et al.,
2011). A recent CDC update (November 16, 2012) reported that H3N2v
has caused a total of 319 (12 in 2011 and 307 in 2012) cases, predomi-
nantly children, since its emergence (Centers for Disease Control and
Prevention, CDC, 2012a). The gradual increase in the number of human
infections with H3N2v in the US is alarming, should human-to-human
transmission of these variants be sustained. Pre-existing antibody-
mediated immunity against seasonal H3N2 viruses appears to provide

little or no protection against infectionwith thenewantigenicH3N2v. Se-
rological studies indicate a broad susceptibility to H3N2v among young
individuals, particularly in children below 10 years of age (Centers for
Disease Control and Prevention, CDC, 2012b; Skowronski et al., 2012;
Waalen et al., 2012). As a result of limited pre-existing immunity in the
very young, the elderly, and infirm individuals, and in the absence of a
virus-specific vaccine, public health will face significant challenges
in preventing severe outcomes, particularly in remote and isolated
communities, if an H3N2v pandemic occurs. In Canada, many of these
communities, especially aboriginal populations in northern latitudes,
were affected disproportionately by the H1N1 pandemic of 2009, with
severe outcomes often necessitating hospitalization and intensive care
admission (Kumar et al., 2009; Zarychanski et al., 2010).

Reducing the impact of a potential pandemic of influenza H3N2v in
these underserved communities requires interventions that focus on
decreasing disease transmission, and on prevention. Using simulation,
we sought to investigate possible scenarios for a pandemic outbreak in
a remote and isolated Canadian community (referred to as RC), and
project the effect of cross-reactive antibody protection levels of different
age-groups in epidemic profiles. Using an established agent-based
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worldwide to respond in a context of substantial uncertainty. While many lessons

around successful management strategies were learned during the influenza A (H1N1)

pandemic, the usefulness and impact of mathematical models to optimize policy de-

cisions in protecting public health were poorly realized. The authors explored the ex-

periences of modellers and public health practitioners in trying to develop model-based

public health policies in the management of the 2009 influenza A (H1N1) pandemic in
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was used.

Methods: Individual interviews were conducted with mathematical modellers and public

health professionals from academia and government health departments during the sec-

ond wave of the 2009 influenza A (H1N1) pandemic (both prior to and following the vaccine

roll-out), using a convergent interviewing process. Interviews were supplemented with

discussions held during three separate workshops involving representatives from these
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used to analyse interview data and associated notes.

Results: Mathematical models were underutilized during the response phase of the 2009

influenza A (H1N1) pandemic, largely because many public health professionals were

unaware of modelling infrastructure in Canada. Challenges were reflected in three

ways: 1) the relevance of models to public health priorities; 2) the need for clear
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Pan-InfORM Workshop 2014
• Objectives


✤ Provide a common understanding 
and share current knowledge with 
respect to the use of mathematical 
modelling for public health policy 
and practice in influenza and 
similar epidemics


✤ Identify barriers and enablers for 
translating modelling outcomes to 
improve health and reduce health 
inequalities


✤ Develop strategic plans to sustain 
the generation and enhance the 
application of modelling for public 
health in Canada

15

Pandemic)Influenza)Outbreak)Research)Modelling

Provide)a)common)

understanding)and)share)

current)knowledge)with)

respect)to)the)use)of)

mathematical)modelling)for)

public)health)policy)and)

practice)in)influenza)and)

similar)epidemics

Objectives:

Pan-InfORM — NCCID Workshop 
!

Mathematical Modelling in Public Health  
Decision-Making for Infectious Diseases 

October 6-7, 2014 — Winnipeg

Co-hosted by:
Pandemic)Influenza)Outbreak)Research)Modelling)Team)

National)Collaborating)Centre)for)Infectious)Diseases)

International)Centre)for)Infectious)Diseases

Supporting Organizations:
Canadian)Institutes)of)Health)Research)

Public)Health)Agency)of)Canada)

International)Centre)for)Infectious)Diseases

Organized by:
Pandemic)Influenza)Outbreak)Research)Modelling)Team)

National)Collaborating)Centre)for)Infectious)Diseases

Identify)barriers)and)enablers)

for)translating)modelling)outcomes)to)

improve)health)and)reduce)health)inequalities

Develop)strategic)plans)to)sustain)the)

generation)and)enhance)the)

application)of)modelling))

for)public)health)in))

Canada,)including)the))

establishment)of)

“Communities)of)Practice”)



Pan-inform: http://pan-inform.yorku.ca

Acknowledgements

• Supporting Organizations

Canadian Institutes of Health Research

Public Health Agency of Canada

National Collaborating Centre for Infectious Diseases

International Centre for Infectious Diseases


• Planning

Margaret Haworth-Brockman

Harpa Isfeld-Kiely

Joel Kettner

Katya Richardson

NCCID/ICID Staff

!
Pan-InfORM Team and Collaborators


16


