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Abstract
Background: Individual strategies in pandemic preparedness plans may not reduce the impact of
an influenza pandemic.
Methods: We searched modeling publications through PubMed and associated references from
1990 to 30 September 2009. Inclusion criteria were modeling papers quantifying the effectiveness
of combination strategies, both pharmaceutical and non-pharmaceutical.
Results: Nineteen modeling papers on combination strategies were selected. Four studies
examined combination strategies on a global scale, 14 on single countries, and one on a small
community. Stochastic individual-based modeling was used in nine studies, stochastic metapopulation modeling in five, and deterministic compartmental modeling in another five. As part of
combination strategies, vaccination was explored in eight studies, antiviral prophylaxis and/or
treatment in 16, area or household quarantine in eight, case isolation in six, social distancing
measures in 10 and air travel restriction in six studies. Two studies suggested a high probability of
successful influenza epicenter containment with combination strategies under favorable conditions.
During a pandemic, combination strategies delayed spread, reduced overall number of cases, and
delayed and reduced peak attack rate more than individual strategies. Combination strategies
remained effective at high reproductive numbers compared with single strategy. Global cooperative
strategies, including redistribution of antiviral drugs, were effective in reducing the global impact
and attack rates of pandemic influenza.
Conclusion: Combination strategies increase the effectiveness of individual strategies. They
include pharmaceutical (antiviral agents, antibiotics and vaccines) and non-pharmaceutical
interventions (case isolation, quarantine, personal hygiene measures, social distancing and travel
restriction). Local epidemiological and modeling studies are needed to validate efficacy and
feasibility.
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Background
Many countries have developed pandemic preparedness
plans in response to the threat from pandemic influenza
[1], to attempt containment of the virus or to reduce the
pandemic's impact. The influenza A (H1N1-2009) pandemic has underscored the importance of such plans, with
the World Health Organization (WHO) calling for the
activation of pandemic plans worldwide [2]. Although the
WHO has made public guidelines for developing pandemic plans [3], the comprehensiveness and standards of
pandemic plans differ widely across different countries
and continents [4-6]. To ensure the success of these plans,
it is necessary to adopt a combination of different strategies.
Although there are existing historical data on the possible
success of strategies used in previous pandemics such as
personal hygiene, school and workplace closures, and
social distancing, these are often anecdotal and difficult to
interpret [7,8]. Mathematical models provide a platform
for the assessment of multiple interventions in an environment where individual parameters can be altered. The
recent increase in mathematical modeling studies on pandemic interventions suggests the effectiveness of these
strategies and provides guidance for policy makers.
Although the 2009 pandemic has spread rapidly, these
combination strategies can be applied in populations yet
to be severely affected, for the second wave, or for the next
pandemic [9,10]. This systematic review aims to determine the individual components that constitute combination strategies, and the quantitative impact of these
combination strategies in reducing pandemic spread and
morbidity.

Methods
This study explored available mathematical modeling
publications on the effectiveness of combination strategies for an influenza pandemic. To obtain papers on the
effectiveness of combination strategies, data for this
review were identified by the authors through searches of
the PubMed search engine for English language articles
and articles translated into the English language. The
authors used the following search terms to focus on modeling studies, and those which had a focus on pandemic
preparedness and strategies - influenza and pandemic and
(preparedness or strateg* or model*); influenza and modeling
or modelling. The search included all published articles
listed on PubMed from 1990 to 30 September 2009 there were few articles on influenza pandemic planning or
modeling before this period.
Abstracts were reviewed where available to determine if a
study met the inclusion criteria and the full manuscript
was obtained for further scrutiny. Snowball searches by
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hand were performed on the reference lists of articles
meeting the inclusion criteria to find additional studies.
The inclusion criteria were primary mathematical modeling papers that compared and reported the quantitative
effectiveness of combination strategies (two or more strategies used together) versus individual strategies for
human pandemic influenza. Mathematical modeling
papers were those which used quantitative predictive
methods to determine the likely impact of strategies, and
had descriptions of these methods which could be reproduced or verified. All influenza preparedness strategies
were considered, including pharmaceutical and nonpharmaceutical public health strategies. These articles
would allow clear comparison on the advantages of combination strategies over and above the impact of individual strategies. An explanation of some of the key strategies
are found in the appendix.
Mathematical modeling articles that described the effectiveness of multiple singular strategies but did not analyze
the quantitative effect of combination strategies were
excluded. Articles that referred to general pandemic preparedness without quantitative evidence, or provided
only qualitative discussion were also excluded. Reviews
without primary data, articles in abstracts without full
publication, and unpublished studies were excluded as
their methodology and results could not be verified.
Mathematical models are based on input variables which
are assumptions made based on available evidence in specific scenarios. One important assumption is the reproductive number (Ro), which is the average number of
secondary infections generated by a single case in a completely susceptible population. No attempt was made in
this review to homogenize data across studies for comparison; on the contrary, the heterogeneity of data provides
public health professionals with evidence of the effectiveness of strategies across a wide range of assumptions and
scenarios. We have instead listed the different types of
models used, and the scenarios, interventions, and countries where they were applied.

Results
The search yielded a total of 1,920 papers including overlaps. Of these, 162 used mathematical modeling techniques and on closer review, 144 were excluded based on
the exclusion criteria listed in Methods. The remaining 18
studies were included for analysis, together with one additional study identified from the snowball searches (Figure
1). The selected modeling papers that show the effectiveness of combination strategies in increasing the impact of
individual strategies are listed in Additional files 1 and
2[11]. The following sections highlight key findings on
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containment with Ro of 1.7 to 1.8, while a combination
of all three strategies would contain a virus with Ro of 1.9
and allow for greater initial surveillance errors [10].
Reducing pandemic spread
Combination strategies can be used to reduce the global
spread of the influenza virus [12,13]. Redistribution of
limited antiviral drugs can help contain pandemics or
reduce the global attack rate (AR) [12]. If global antiviral
stockpiles are limited, non-cooperative strategies where
countries keep their antiviral stockpiles for their own use
can only contain a pandemic influenza virus with Ro less
than 1.5; in contrast, if redistribution of 25% of stockpiles
from countries that have them to countries that do not, a
pandemic with Ro up to 1.9 may be contained, and overall AR reduced by 25% at higher Ro [12].

studies
Flow
Figure
diagram
1
for selection of combination strategy modeling
Flow diagram for selection of combination strategy
modeling studies.

the effectiveness of combination strategies in these modeling studies on pandemic influenza.
Source containment
Zoonotic influenza such as H5N1 influenza is endemic in
several countries, and there is interest in containing a
highly virulent pandemic at the earliest sign of localized
efficient human-to-human transmission. Two key modeling studies suggested a high probability of success for
rapid containment of an influenza epicenter with combination strategies under favorable conditions [9,10]. These
studies formed the basis for the epicenter containment
strategies recommended by the WHO. Longini showed
that antiviral prophylaxis alone could contain a pandemic
influenza virus with reproductive number (Ro) less than
1.7; while 70% household quarantine alone was effective
up to Ro of 1.7. A combination of quarantine and antiviral prophylaxis was effective up to Ro of 2.1; while a
combination of pre-pandemic vaccination, household
quarantine and antiviral prophylaxis was effective for Ro
of 2.4 [9]. Ferguson found that antiviral prophylaxis for
contacts only would have a 90% chance of containing a
virus with a Ro less than 1.25, while antiviral prophylaxis
for contacts and all individuals in a 10 km zone would
have a 90% chance with Ro less than 1.7 [10]. Combined
anti-viral prophylaxis and either school and workplace
closures or area quarantine provided a similar chance of

Another example of combination strategy is reduction of
pandemic spread through air travel. Suspension of 99.9%
of air travel can only delay individual national epidemics
by up to four months, while a combination of local strategies reducing influenza transmission by 40% can delay
pandemic spread by up to 10 months [13]. A combination of vaccination and travel restrictions may delay epidemic growth, allowing vaccination of susceptible
individuals [14]. With a pandemic starting in July in Asia,
the number of United States (US) metropolitan cases was
102.4 million - 0.1% daily vaccination alone reduced this
to 73.0 million, and vaccination together with travel
restriction reduced this to 56.9 million [14].
Combination strategies may have substantial impact in
reducing the global spread of resistant viruses. For example, if the probability of emergence of anti-viral drug
resistance was 1%, antiviral monotherapy was associated
with overall AR of 67% and resistant AR (RAR) of 38%
[15]. In contrast, early combination chemotherapy was
associated with reduced AR of 58% and RAR of 2%, while
sequential multi-drug chemotherapy was associated with
AR of 57% and RAR of 3%.
Mitigating pandemic impact
During the pandemic, several studies found that combination strategies delayed the spread of the virus, reduced
the overall number of cases, and delayed and reduced the
peak AR much more than individual strategies which may
be ineffective if used alone [16-19].

A study using individual-based modelling in the United
Kingdom and United States examined the effects of antiviral treatment and prophylaxis, vaccination, case isolation, household quarantine, school and workplace
closure and travel restrictions in pandemics with Ro of 1.7
to 2.0. It found that external or internal travel restrictions
alone would delay spread by two to three weeks only if
more than 99% effective [16]. Reactive school and workPage 3 of 8
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place closures alone did not impact on overall AR, but
reduced peak AR by about 40%; antiviral treatment and
prophylaxis within the household reduced overall AR by
35% and peak AR by 45%.; while household quarantine
alone reduced overall AR by 10% and peak AR by 20%.
Combination antiviral treatment and prophylaxis, and
household quarantine reduced overall AR by 40% and
peak AR by 60%. Combination school and workplace closure, antiviral treatment and prophylaxis, and household
quarantine reduced overall AR by more than 60% and
peak AR by more than 80%. Combination antiviral treatment and prophylaxis, school closure and 20% pre-pandemic vaccination reduced overall AR by more than 60%
and peak AR by more than 75%. Combination antiviral
treatment and prophylaxis, household quarantine, school
and workplace closure, and effective border control
reduced overall AR by more than 70% and peak AR by
more than 90% [16].
Similarly, another individual-based stochastic simulation
model in Chicago evaluating the effects of antiviral treatment and prophylaxis, quarantine, isolation, school closure, community and workplace social distancing showed
that social distancing alone may reduce overall AR by 60%
for pandemic Ro of 1.9 but combination antiviral treatment and prophylaxis, quarantine, social distancing, and
school closure could reduce overall AR by more than 90%
for similar pandemic Ro of 1.9 [17].
Another study in France examined the effects of antiviral
treatment and household prophylaxis, vaccination,
household quarantine, school and workplace closure at
the individual and community level [20]. Treatment only
with anti-viral drugs did not affect AR substantially. Antiviral prophylaxis of 90% of household contacts reduced
AR by 50%. Vaccination of 70% of the population within
one day reduced AR by 80%. A combination of antiviral
treatment and prophylaxis, and household quarantine
reduced AR by 90% [20].
An Australian individual-based stochastic simulation
model assessed the effects of non-pharmacological pandemic mitigation measures of case isolation, school closure, workplace non-attendance and community contact
reduction [21]. For a pandemic with Ro of two, school
closures alone reduced AR by 20%, case isolation by 40%,
workplace non-attendance by 15%, and social distancing
by 25%. In contrast, combination of all these measures
reduced AR by more than 95% [21].
A deterministic compartment model using InfluSim based
on a small community of 100,000 population assessing
the effects of antiviral treatment, case isolation and social
distancing showed that case isolation and social distancing could reduce overall AR by 25%, and antiviral treatment alone by 20%, compared with a reduction of 40%
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with a combination of case isolation, social distancing
and antiviral treatment [18]. The triple combination strategy could delay the peak by one month compared with 10
days for the first two strategies [18].
Another study using a deterministic model with a stochastic simulation component based on Italy examined the
effects of household antiviral prophylaxis, pre-pandemic
vaccination, and social distancing via closure of all
schools, public offices and public meeting places [22]. In
a pandemic with an attack rate of 35%, vaccination alone
reduced AR by up to 10% even at vaccine efficacy levels of
70%; antiviral prophylaxis alone for even the entire pandemic duration reduced AR by up to 6% only; and social
distancing alone reduced AR by less than 1%. However, a
combination of all three measures reduced AR by up to
30% [22].
Intervention effectiveness with changes in Ro
The relative success of interventions depends on the transmissibility of the pandemic, which is commonly reflected
in the Ro. In an influenza pandemic with higher Ro, the
effectiveness of interventions is reduced and individual
interventions are commonly ineffective. However, across
most scenarios, combination strategies maintain some
effectiveness as shown clearly in the studies on containment by Longini [9] and Ferguson [10].

A stochastic agent-based discrete-time simulation model
in the United States examining the effect of antiviral
prophylaxis, vaccination, school closure and travel restriction found that for a pandemic influenza virus with Ro of
2.4, unlimited antiviral prophylaxis and best vaccination
program may reduce cases by 64% and 34% respectively,
while school closure within seven days of pandemic onset
may reduce cases by 14%, social distancing within seven
days by 6%, and travel restrictions exceeding 90% was
ineffective [19]. However, a combination strategy of all of
these measures may reduce cases by 99.8% [19]. The effectiveness of any strategy in delaying the pandemic or reducing the AR is highly dependent on the Ro. For example, for
a pandemic with Ro of 1.6, individual strategies of prophylaxis, vaccination, or school closures had very high effectiveness [19]. However, once the Ro increased beyond 2.0
(which is similar to the Ro for the 1918 pandemic), individual strategies were much less effective, whereas combination strategies still maintained effectiveness across a
range of Ro.
An individual-based model in Italy assessing the effects of
household, school and workplace antiviral prophylaxis,
vaccination, international air travel restriction, social distancing via school closure and closure of some public
offices showed that without any interventions, importation of pandemic influenza would occur 37 to 77 days
after the first case elsewhere in the world. Air travel restricPage 4 of 8
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tion would delay introduction by one week to one month.
For a pandemic with Ro of 1.7, travel restriction and social
distancing did not affect overall AR, household prophylaxis reduced AR by 50%, and vaccination reduced AR by
0 to 40%. A combination of antiviral prophylaxis, social
distancing, vaccination, and travel restriction reduced AR
by more than 90% [23]. For a pandemic with Ro of 2.0,
travel restriction in fact increased overall AR by 1% and
peak AR by 20%. Household prophylaxis reduced AR by
35%, while vaccination reduced AR by 0 to 30%. A combination of antiviral prophylaxis, social distancing, vaccination, and travel restriction reduced AR by 80%.
Disadvantages of individual measures
An individual-based stochastic model in Hong Kong looking at the effects of antiviral prophylaxis, case isolation
and household quarantine reported that in a pandemic
with Ro of 1.8 and AR of 74%, household quarantine
could reduce AR to 49%; household quarantine and isolation to 43%; household quarantine with anti-viral prophylaxis to 44%; household quarantine, isolation and antiviral prophylaxis to 40% which was recommended.
Although adding contact tracing and quarantine of all
contacts to the latter combination strategy reduced AR to
34%, the number of people under quarantine would be
excessive. Therefore, contact tracing was not recommended [24].

Another study examining the effects of antiviral treatment
and prophylaxis, home quarantine and social distancing
based on a community of a million population with the
assumption that pandemic influenza was introduced by
an undetected airline passenger, found that if a pandemic
Ro was 3.0, individual interventions would result in
increased transmission while combination measures may
break community transmission [25]. This was similarly
shown by Ciofi and colleagues for a pandemic with Ro of
2.0 [23].
A deterministic compartmental model evaluating the
effects of antiviral treatment and prophylaxis, vaccination,
case isolation and air traffic reduction globally demonstrated that individual strategies such as case isolation and
air travel restrictions may result in higher peak AR even
though overall AR could be reduced [26].
A study in Taiwan evaluated the effects of enhanced ventilation, use of respiratory mask and vaccination on pandemic influenza transmission in a school [27].
Vaccination alone of 80% of children was effective in preventing the spread of the virus but this was only if a suitable vaccine was available, which is often not the situation.
A combination of masks and ventilation, or a combination of vaccination and masks achieved similar effectiveness [27].
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Discussion
Many modeling studies were performed as a result of
H5N1 influenza threat and an impending pandemic, but
all have used parameters based on historical pandemics
and existing studies on the influenza transmission. In
addition, these studies provided sensitivity analyses across
a wide range of influenza parameters. As such, they are
directly relevant to the 2009 influenza pandemic which
has an Ro of between 1.2 to 1.6 [28], similar to the 1957
and 1968 influenza pandemic [16], and for future pandemics. At the same time, the 2009 influenza pandemic
provides the opportunity to study unknown variables to
validate and refine these models.
All of these modeling studies in various settings, and
using different models and assumptions, consistently
show that combination strategies are more effective compared to individual strategies. Given the lack of good
experimental, observation or controlled studies on these
strategies, and the difficulties of performing trials during a
pandemic, it is difficult for policy makers to know the
effectiveness of their policies. These modeling studies provide policy makers with a suggestion of the effectiveness
of different combination strategies. At the same time, new
models will have to be developed using local data to provide realistic outcomes for local settings. The diverse
methodology available from these studies provides sufficient information for countries to build and validate their
results locally.
Although the use of individual-based and other stochastic
models provide better data resolution, deterministic models mentioned in this review show similar outcomes
[18,22,23,27]. These deterministic or simple stochastic
compartmental models are much easier to build and may
provide rapid results for policy making. This is especially
true in countries where the vast amounts of data required
for individual-based and complex stochastic models may
not be available compared with high-income countries
where most sophisticated models were built.
The use of combination strategies necessitates the availability of resources and feasibility for each individual component. For example, stockpiling of pharmaceutical
agents is an integral part of preparedness plans and currently widely adopted in well-resourced countries. The
increase in anti-viral drug resistance underscores the
importance of combination drug use and provides policy
makers with recommendations for their stockpiles [15].
Combination stockpiles of sufficient amounts of different
antiviral drugs such as oseltamivir, zanamivir and adamantanes will allow for early combination chemotherapy
or sequential multidrug therapy which was modeled to be
effective against antiviral resistance when a small secondary stockpile was used to augment a primary stockpile
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[15]. The United States Federal stockpile is composed of
80% oseltamivir and 20% zanamivir, and several million
doses of rimantadine from previous stockpiles [29]. The
United Kingdom has purchased additional antiviral drugs
to ensure it has a total stockpile for 50% of its population,
comprising 68% oseltamivir and 32% zanamivir [30].
Bacterial pneumonia results in substantial morbidity and
mortality among pandemic influenza cases [31,32]. Antibiotics should therefore be considered for stockpiling
[31]. Stockpiles should take into account common locally
circulating bacteria, and recommended amounts range
from 10 to 25% of the population [33]. In contrast to antiviral drugs that are not widely used, antibiotics can be part
of a rolling stockpile which ensures sufficient stockpiles
without expiry issues. Vaccination against bacterial infections should likewise be considered.
From the effectiveness of combination strategies in reducing global spread of influenza or resistant viruses [12-15],
resource-rich countries should consider redistributing
their resources for the greater global benefit and their own
benefit if they have yet to be affected by the pandemic.
Controlling local outbreaks through combination strategies can reduce global spread, and countries affected early
during the pandemic should be provided with assistance
[13].
Vaccines are part of many combination strategies and
modeling has shown that introduction of a vaccine four
months after the pandemic virus has arrived has limited
effectiveness, while stockpiling prototype pandemic vaccines could reduce overall AR [16]. Therefore countries
were stockpiling H5N1 vaccines as candidate pandemic
vaccines [34,35]. However, if the pandemic influenza
virus is totally different from the vaccine virus, the vaccines would be of negligible effectiveness. Investments are
needed to develop new vaccines with greater cross-protection against conserved viral regions; vaccine libraries to
quickly produce candidate vaccines; better adjuvants and
antigen-sparing strategies to increase production capacity;
and modes of administration for improved immunogenicity and cross- protection [36,37].
Although some individual strategies may seem very effective, they may not be feasible and models assist policy
makers in avoiding potentially disastrous decisions.
Social distancing has been widely used in epidemics [7]
but their impact remains unclear and highly dependent
on disease severity, transmission, and risk groups affected.
Local interventions such as school closures may be effective if done early, decisively, and for prolonged periods
[20,38-40]. A United Kingdom model based on a 1957like pandemic showed more than 20% case reduction if
the Ro were low (<2) and schools were closed early, but
less than 10% case reduction in pandemics with high Ro
[38]. A French study showed that prolonged closure and
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limiting contact among children outside school may
reduce cases by 17% and peak AR by 45% [39]. However,
school closures and limiting social contact may be socioeconomically difficult to achieve. Another study found
that total closure of schools and workplaces reduced AR
by 95%. However, the socio-economic impact would be
unimaginable [20]. Similarly, most modeling studies
found that travel restrictions alone did not impact overall
AR [13,16,19,23]. Reducing air travel has been modeled
to be effective in delaying pandemic spread if nearly 100%
reduction can be achieved [13,16], and will be difficult if
not impossible to achieve [41]. If used alone, local epidemic severity may increase because restriction-induced
travel delays can push local outbreaks into high epidemic
season [14].
Although combination strategies are more effective than
individual measures, not all combination strategies may
be feasible. Active surveillance, isolation of cases, and
quarantine of close contacts are important interventions
during epicenter containment. These interventions may
reduce the Ro of the disease to below one and contain the
outbreak. However, it is often difficult to ensure total
compliance with these measures and if used alone, will
result in missed cases due to surveillance failures, isolation facility exposures, and quarantine failures as shown
in the SARS experience [42]. A Hong Kong modeling study
found that although contact tracing and quarantine of all
contacts was effective, it was not feasible because the
number of people under quarantine would be excessive
[24]. Therefore combination strategies enable policy makers to leverage on the effectiveness of some measures and
reduce potential negative impact of others.
For combination strategies to work, they have to be tailored for each scenario at organizational, community,
national, and international levels. To facilitate integration
of interventions into effective combination strategies,
more evidence is needed through targeted research, for
example, the effectiveness of non-pharmaceutical interventions (e.g. personnel cohorting, school closures or
reduction in air travel). In the absence of definitive studies, mathematical modeling studies provide an effective
means of assessing the effectiveness of these strategies.
A limitation of this study is the restriction of our searches
to the PubMed database. While we have made attempts to
include additional articles from snowball searches, there
is the potential for other published or unpublished studies to be missed from other databases and private sources.
Other intrinsic limitations of modeling studies exist, and
include the fact that they are based on theoretical epidemiology and not fully based on clinical or epidemiological evidence. For example, widespread use of pandemic
vaccines raises safety concerns, and widespread use of
antiviral drugs raises concern for antiviral resistance. Viral
Page 6 of 8
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transmission during treatment with anti-viral drugs is also
not well understood. It is therefore important to perform
clinical and epidemiological studies during pandemic or
seasonal influenza to understand the effectiveness and
impact of these interventions. Models are also highly
dependent on the assumptions and input variables, and
are specific for a local context. However, if these limitations are understood by decision makers, modeling provides a reflection of the possible outcomes, helps to
delineate possible strategies for inclusion, and avoids
costly errors.

Conclusion
Modeling studies show that combination strategies
increase the effectiveness of individual strategies, guard
against individual failures, and may reduce socio-economic impact. In the initial phases of an influenza pandemic, combination strategies provide the opportunity to
contain the novel virus or delay its spread, allowing unaffected areas within a country and other countries to activate preventive strategies. During a pandemic,
combination strategies allow for different strategies to
have synergistic effect in reducing the impact of pandemic
influenza, and the socio-economic impact of individual
interventions. Finally, combination strategies protect
against failure of individual interventions and should be
considered in preparedness plans.
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Anti-viral prophylaxis - Administration of anti-viral drugs
to well contacts to prevent influenza infection. Prophylaxis here refers to post-exposure prophylaxis in a circumscribed area (household, school, workplace, geographical
area).
Vaccination - Administration of an influenza vaccine to
prevent influenza infections.
Quarantine - Segregation of well individuals exposed to
influenza to prevent spread. Area quarantine is segregation of a geographical area with influenza cases within.
Household quarantine is segregation of the household
where a case has occurred.
Travel restrictions - Reduction in travel (air or border
travel) by a quantum mentioned in the text.
Social distancing - Reduction in contact through strategies
such as school and workplace closures, travel reductions,
reduction in mass gatherings, behavioral changes in
reducing contact, as mentioned in the text.
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Table S1. Combination strategy modeling studies to reduce the pandemic
spread.
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Description of key variables used in the models
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Acknowledgements
We would like to thank Professor Fred Hayden, University of Virginia, for
his critical review of earlier drafts of this paper, and Associate Professor
Yee-Sin Leo, Tan Tock Seng Hospital, Singapore for her review of the later
drafts.

References
1.

2.

Wang H, Feng Z, Shu Y, Yu H, Zhou L, Zu R, Huai Y, Dong J, Bao C,
Wen L, Wang H, Yang P, Zhao W, Dong L, Zhou M, Liao Q, Yang H,
Wang M, Lu X, Shi Z, Wang W, Gu L, Zhu F, Li Q, Yin W, Yang W,
Li D, Uyeki TM, Wang Y: Probable limited person-to-person
transmission of highly pathogenic avian influenza A (H5N1)
virus in China. Lancet 2008, 371:1427-1434.
World Health Organization: Statement by WHO Director-General, Dr Margaret Chan. 2009 [http://www.who.int/mediacentre/
news/statements/2009/h1n1_20090429/en/index.html]. Accessed 5
May 2009

Page 7 of 8
(page number not for citation purposes)

BMC Medicine 2009, 7:76

3.

4.

5.
6.
7.
8.
9.
10.

11.

12.
13.
14.
15.

16.
17.

18.

19.
20.

21.

22.
23.

World Health Organization: WHO checklist for influenza pandemic preparedness planning. 2005 [http://www.who.int/csr/
resources/publications/influenza/WHO_CDS_CSR_GIP_2005_4/en/
index.html]. Accessed on 24 December 2008
Ortu G, Mounier-Jack S, Coker R: Pandemic influenza preparedness in Africa is a profound challenge for an already distressed region: analysis of national preparedness plans.
Health Policy Plan 2008, 23:161-169.
Coker R, Mounier-Jack S: Pandemic influenza preparedness in
the Asia-Pacific region. Lancet 2006, 368:886-889.
Mounier-Jack S, Coker RJ: How prepared is Europe for pandemic influenza? Analysis of national plans. Lancet 2006,
367:1405-1411.
Bell DM, World Health Organization Writing Group: Non-pharmaceutical interventions for pandemic influenza, national and
community measures. Emerg Infect Dis 2006, 12:88-94.
Bell DM, World Health Organization Writing Group: Non-pharmaceutical interventions for pandemic influenza, international
measures. Emerg Infect Dis 2006, 12:81-87.
Longini IM Jr, Nizam A, Xu S, Ungchusak K, Hanshaoworakul W,
Cummings DA, Halloran ME: Containing pandemic influenza at
the source. Science 2005, 309:1083-1087.
Ferguson NM, Cummings DA, Cauchemez S, Fraser C, Riley S, Meeyai
A, Iamsirithaworn S, Burke DS: Strategies for containing an
emerging influenza pandemic in Southeast Asia. Nature 2005,
437:209-14.
Nuño M, Chowell G, Gumel AB: Assessing the role of basic control measures, antivirals and vaccine in curtailing pandemic
influenza: scenarios for the US, UK and the Netherlands. J R
Soc Interface 2007, 4:505-521.
Colizza V, Barrat A, Barthelemy M, Valleron AJ, Vespignani A: Modeling the worldwide spread of pandemic influenza: baseline
case and containment interventions. PLOS Med 2007, 4:e13.
Cooper BS, Pitman RJ, Edmunds WJ, Gay NJ: Delaying the international spread of pandemic influenza. PLOS Med 2006, 3:e212.
Epstein JM, Goedecke DM, Yu F, Morris RJ, Wagener DK, Bobashev
GV: Controlling pandemic flu: the value of international air
travel restrictions. PLOS One 2007, 2:e401.
Wu JT, Leung GM, Lipsitch M, Cooper BS, Riley S: Hedging against
antiviral resistance during the next influenza pandemic using
small stockpiles of an alternative chemotherapy. PLOS Med
2009, 6:e1000085.
Ferguson NM, Cummings DA, Fraser C, Cajka JC, Cooley PC, Burke
DS: Strategies for mitigating an influenza pandemic. Nature
2006, 442:448-452.
Halloran ME, Ferguson NM, Eubank S, Longini IM Jr, Cummings DA,
Lewis B, Xu S, Fraser C, Vullikanti A, Germann TC, Wagener D,
Beckman R, Kadau K, Barrett C, Macken CA, Burke DS, Cooley P:
Modeling targeted layered containment of an influenza pandemic in the United States. Proc Natl Acad Sci USA 2008,
105:4639-4644.
Duerr HP, Brockmann SO, Piechotowski I, Schwehm M, Eichner M:
Influenza pandemic intervention planning using InfluSim:
pharmaceutical and non-pharmaceutical interventions. BMC
Infect Dis 2007, 7:76.
Germann TC, Kadau K, Longini IM Jr, Macken CA: Mitigation strategies for pandemic influenza in the United States. Proc Natl
Acad Sci USA 2006, 103:5935-5940.
Carrat F, Luong J, Lao H, Sallé AV, Lajaunie C, Wackernagel H: A
'small-world-like' model for comparing interventions aimed
at preventing and controlling influenza pandemics. BMC Med
2006, 4:26.
Milne GJ, Kelso JK, Kelly HA, Huband ST, McVernon J: A small community model for the transmission of infectious diseases:
comparison of school closure as an intervention in individualbased models of an influenza pandemic. PLoS One 2008,
3:e4005.
Rizzo C, Lunelli A, Pugliese A, Bella A, Manfredi P, Tomba GS, Iannelli
M, Degli Atti ML: Scenarios of diffusion and control of an influenza pandemic in Italy. Epidemiol Infect 2008, 136:1650-1657.
Ciofi degli Atti ML, Merler S, Rizzo C, Ajelli M, Massari M, Manfredi P,
Furlanello C, Scalia Tomba G, Iannelli M: Mitigation measures for
pandemic influenza in Italy: an individual based model considering different scenarios. PLoS One 2008, 3:e1790.

http://www.biomedcentral.com/1741-7015/7/76

24.
25.
26.
27.
28.

29.

30.
31.
32.

33.
34.

35.

36.
37.
38.
39.
40.
41.
42.

Wu JT, Riley S, Fraser C, Leung GM: Reducing the impact of the
next influenza pandemic using household-based public
health interventions. PLOS Med 2006, 3:e361.
Roberts MG, Baker M, Jennings LC, Sertsou G, Wilson N: A model
for the spread and control of pandemic influenza in an isolated geographical region. J R Soc Interface 2007, 4:325-330.
Flahault A, Vergu E, Coudeville L, Grais RF: Strategies for containing a global influenza pandemic. Vaccine 2006, 24:6751-6755.
Chen SC, Liao CM: Modelling control measures to reduce the
impact of pandemic influenza among schoolchildren. Epidemiol Infect 2008, 136:1035-1045.
Fraser C, Donnelly CA, Cauchemez S, Hanage WP, Van Kerkhove
MD, Hollingsworth TD, Griffin J, Baggaley RF, Jenkins HE, Lyons EJ,
Jombart T, Hinsley WR, Grassly NC, Balloux F, Ghani AC, Ferguson
NM, Rambaut A, Pybus OG, Lopez-Gatell H, Alpuche-Aranda CM,
Chapela IB, Zavala EP, Guevara DM, Checchi F, Garcia E, Hugonnet S,
Roth C, WHO Rapid Pandemic Assessment Collaboration: Pandemic potential of a strain of influenza A (H1N1): early findings. Science 2009, 324:1557-1561.
U.S. Department of Health and Human Services: Guidance on Antiviral Drug Use during an Influenza Pandemic.
[http://
www.pandemicflu.gov/vaccine/antiviral_use.pdf]. Accessed 2 February 2009
BBC News: Second flu drug in pandemic plans.
[http://
news.bbc.co.uk/1/hi/health/7857824.stm]. Accessed 2 February 2009
Brundage JF: Interactions between influenza and bacterial respiratory pathogens: implications for pandemic preparedness. Lancet Infect Dis 2006, 6:303-312.
Morens DM, Taubenberger JK, Fauci AS: Predominant role of bacterial pneumonia as a cause of death in pandemic influenza:
implications for pandemic influenza preparedness. J Infect Dis
2008, 198:962-970.
Gupta RK, George R, Nguyen-Van-Tam JS: Bacterial pneumonia
and pandemic influenza planning. Emerg Infect Dis 2008,
14:1187-1192.
Leroux-Roels I, Bernhard R, Gérard P, Dramé M, Hanon E, LerouxRoels G: Broad Clade 2 cross-reactive immunity induced by
an adjuvanted clade 1 rH5N1 pandemic influenza vaccine.
PLOS One 2008, 3:e1665.
Leroux-Roels I, Borkowski A, Vanwolleghem T, Dramé M, Clement
F, Hons E, Devaster JM, Leroux-Roels G: Antigen sparing and
cross-reactive immunity with an adjuvanted rH5N1 prototype pandemic influenza vaccine: a randomised controlled
trial. Lancet 2007, 370:580-589.
Leroux-Roels I, Leroux-Roels G: Current status and progress of
prepandemic and pandemic influenza vaccine development.
Expert Rev Vaccines 2009, 8:401-423.
Monto AS, Ohmit SE: Seasonal influenza vaccines: evolutions
and future trends. Expert Rev Vaccines 2009, 8:383-389.
Vynnycky E, Edmunds WJ: Analyses of the 1957 (Asian) influenza pandemic in the United Kingdom and the impact of
school closures. Epidemiol Infect 2008, 136:166-179.
Cauchemez S, Valleron AJ, Boëlle PY, Flahault A, Ferguson NM: Estimating the impact of school closure on influenza transmission from Sentinel data. Nature 2008, 452:750-754.
Glass K, Barnes B: How much would closing schools reduce
transmission during an influenza pandemic? Epidemiology 2007,
18:623-628.
Wood JG, Zamani N, MacIntyre CR, Beckert NG: Effects of internal border control on spread of pandemic influenza. Emerg
Infect Dis 2007, 13:1038-1045.
Bell DM: World Health Organization Working Group on prevention of international and community transmission of
SARS. Public health interventions and SARS spread, 2003.
Emerg Infect Dis 2004, 10:1900-1906.

Pre-publication history
The pre-publication history for this paper can be accessed
here:
http://www.biomedcentral.com/1741-7015/7/76/prepub

Page 8 of 8
(page number not for citation purposes)

