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ABSTRACT
Objective: To describe changes in reported influenza
activity associated with the 2009 H1N1 pandemic in
European countries and determine whether there is a
correlation between these changes and completeness
of national strategic pandemic preparedness.
Design: A retrospective correlational study.
Setting: Countries were included if their national
strategic plans had previously been analysed and if
weekly influenza-like illness (ILI) data from sentinel
networks between week 21, 2006 and week 20, 2010
were more than 50% complete.
Outcome measures: For each country we calculated
three outcomes: the percentage change in ILI peak
height during the pandemic relative to the prepandemic
mean; the timing of the ILI peak and the percentage
change in total cases relative to the prepandemic mean.
Correlations between these outcomes and completeness
of a country’s national strategic pandemic preparedness
plan were assessed using the Pearson product–moment
correlation coefficient.
Results: Nineteen countries were included. The ILI
peak occurred earlier than the mean seasonal peak in
17 countries. In 14 countries the pandemic peak was
higher than the seasonal peak, though the difference
was large only in Norway, the UK and Greece. Nine
countries experienced more total ILI cases during the
pandemic compared with the mean for prepandemic
years. Five countries experienced two distinct
pandemic peaks. There was no clear pattern of
correlation between overall completeness of national
strategic plans and pandemic influenza outcome
measures and no evidence of association between
these outcomes and components of pandemic plans
that might plausibly affect influenza outcomes (public
health interventions, vaccination, antiviral use, public
communication). Amongst the 17 countries with a
clear pandemic peak, only the correlation between
planning for essential services and change in total ILI
cases significantly differed from zero: correlation
coefficient (95% CI) 0.50 (0.02, 0.79).
Conclusions: The diversity of pandemic influenza
outcomes across Europe is not explained by the
marked variation in the completeness of pandemic
plans.

INTRODUCTION
The past few years have seen a growing
concern over the potential threat of a
human influenza pandemic, and while the

ARTICLE SUMMARY

Article focus
▪ Prior to the 2009 influenza pandemic, evaluation

of European national strategic pandemic plans
revealed wide differences. The H1N1 pandemic
declared on 11 June 2009 provided the first
opportunity to look for an association between
components of these plans and outcomes
related to pandemic influenza.

Key messages
▪ Analysis of influenza-like illness (ILI) activity

data from 19 countries revealed important
pan-European similarities in pandemic influenza
outcomes when compared with seasonal influ-
enza, but also highlighted major and unexpected
heterogeneities.

▪ The diversity of pandemic influenza outcomes
across Europe is not explained by the marked
variation in the completeness of pandemic plans.

▪ Future pandemic plans should consider how data
on implementation of planning components be
recorded and shared, and how formal assess-
ment of the effectiveness of planning compo-
nents and interventions can be made.

Strengths and limitations of this study
▪ By evaluating changes in ILI outcomes compared

with the prepandemic period it was possible to
adjust for wide national variation in ILI reporting
rates. Use of detailed prospective prepandemic
assessments of national pandemic plans avoided
potential biases which post hoc classifications
could have been vulnerable to.

▪ Because only data on pandemic plans and not
implementation of these plans are available at a
European level, this study can only address the
association between plans and outcomes, and
not between the implementation of these plans
and outcomes.
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H1N1 pandemic declared on 11 June 2009 was much
less severe than had been anticipated,1 the report of the
70 paediatric deaths related to H1N1pdm in England
highlights the importance of ensuring effective plans are
in place.2 The H1N1 influenza pandemic provided the
first opportunity to look for an association between
components of national pandemic strategies and
influenza-related outcomes. National and international
agencies are attempting to draw lessons from the experi-
ence of the H1N1 pandemic. For example, the WHO’s
Regional Office for Europe has reported preliminary
findings based on visits to seven countries, and con-
cluded that pandemic preparedness plans offer benefits
enabling countries to respond quickly.3 To date,
however, there has been no quantitative evaluation of
whether these plans translated into measurable effects
on influenza-related outcomes.4 5

In 2005, the WHO published a checklist to facilitate pre-
paredness planning to guide countries in the development
of national strategic pandemic plans, including measures
aimed at reducing transmission and mitigating the conse-
quences.6 Most European countries drafted national
strategic preparedness plans.7 In 2006, we reported our
evaluation of European national strategic plans and
showed wide differences in the completeness of plans in
relation to their inclusion of factors identified by WHO as
important.8 Few national strategic plans had been updated
since 2006 before the onset of the 2009 pandemic.9

In this paper we aim to test the hypothesis that the
completeness of national strategic plans for pandemic
preparedness as determined against WHO criteria is

significantly associated with public health benefit, using
data from the 2009 influenza pandemic. To do this we
compare the completeness scores from our 2006 analysis
against quantitative influenza surveillance data to
determine whether a correlation exists between the
completeness of a country’s national strategic pandemic
preparedness plan and observed influenza activity. We
focus only on influenza-related outcomes that allow
meaningful comparisons between countries.

METHODS
Data
Countries were included in the primary analysis if their
national strategic plans had previously been analysed
and if weekly influenza-like illness (ILI) data from senti-
nel networks between week 21, 2006 and week 20, 2010
were at least 50% complete. Nineteen countries met
these criteria (figure 1): 17 European Union (EU)
countries, and two non-EU countries (Norway and
Switzerland). The first 3 years’ data (2006–2009) repre-
sented three prepandemic influenza seasons and the
last year’s data (2009–2010) represented the pandemic
influenza period.
The ILI data for 17 of 19 countries were accessed

through the weekly electronic bulletin published by the
European Influenza Surveillance System,10 which can be
accessed publicly. Weekly ILI data from Italy were
accessed through the bulletin of the epidemiological
surveillance systems produced by the National Centre
of Epidemiology of the Italian National Institute of

Figure 1 Weekly influenza-like illness (ILI) cases per 100 000 for the pandemic year (weeks 21/2009 to 20/2010) (solid line),

and the mean of three prepandemic influenza seasons (weeks 21/2006 to 20/2009) (dotted line) in 19 countries in Europe. Stars

show the week number where the percentage of swabs from ILI cases which were laboratory-confirmed as being H1N1pdm

reached a maximum (excluding weeks with fewer than 10 swabs tested).
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Health.11 For France, the weekly ILI data were accessed
through Réseau Sentinelles France.12 Data for the UK
were derived as a population-weighted average of data
from England, Northern Ireland, Scotland and Wales.
We also obtained data from each country for the
number of weekly ILI cases laboratory tested for H1N1
pandemic and the number confirmed positive.10

However, laboratory testing data are not available in
many European countries. We therefore used them to
evaluate the validity of the more widely available ILI
data, rather than for the primary analysis.
Two clear outliers were identified (Lithuania and

Romania) where reported ILI rates in 2009–2010 were
much lower than rates from previous years, and ILI inci-
dence patterns differed markedly from those seen else-
where in Europe. As these differences were thought
likely to be due to anomalies in pandemic ILI surveil-
lance in these countries, we performed a sensitivity ana-
lysis that excluded these data points.
The score of national strategic plans was obtained for

each of the 19 countries. Higher scores represent
greater completeness of plans for factors identified by
the WHO as important.8 The score for each country was
categorised into 10 thematic areas. These components
corresponded to those used in the evaluation of plans:
planning and coordination; surveillance; diagnostic;
public health interventions; vaccine; antiviral; health
service response; maintenance of essential services; com-
munication and putting plans into action. Scores in
each area were expressed as percentages. Quantifiable
data and analyses of operational actions taken across
countries on the actualisation of plans during the pan-
demic would have offered insights beyond strategic
intentions but are unavailable to date.

Data analysis
For each country, we calculated the following pandemic
influenza outcomes: the percentage change in ILI peak
height during the pandemic relative to the mean ILI
peak height during the prepandemic period; the timing
of the ILI peak expressed both as weeks after the WHO
pandemic announcement (11 June 2009) and weeks
before the mean of the prepandemic seasonal peaks for
each country; and the percentage change in total ILI
cases in weeks where ILI data were recorded (irrespec-
tive of the number of peaks), relative to the mean for
prepandemic years. To ensure this outcome measure was
robust to changes in completeness of ILI reporting,
while calculating both pandemic and prepandemic ILI
cases, we excluded weeks where the country had no data
from either the pandemic or the prepandemic period.
The prepandemic period was defined as the period
before 11 June 2009. When there was more than one
peak in a given season or during the pandemic period,
we considered only the largest when considering peak
height and peak timing. We considered only relative
rather than absolute changes in peak height and total
cases because ILI reporting rates are known to vary

greatly across Europe (figure 1). We considered the
timing and size of the ILI peak, in addition to the total
number of ILI cases, because delaying the peak and
reducing its size would be expected to be associated with
public health benefit by providing more time to develop
and implement interventions and by reducing peak
demand on health services.
To assess correlation between the outcomes (changes

in peak height, peak timing and total cases) and the
aggregate and category-specific scores of the national
strategic plans the Pearson product–moment correlation
coefficient and associated 95% CIs were calculated for
each of the outcome-strategic planning combinations.
Both theoretical and empirical research suggests that

all three categories of outcomes (changes in peak
height, peak timing and cumulative ILI cases) are likely
to be affected by control measures that either alter virus
transmission, or reduce severity of symptoms in infected
hosts.13–17 Because all 10 pandemic preparedness cat-
egories could plausibly impact on virus transmission
or symptom severity under some circumstances, we con-
sidered correlations between all outcomes and all
category-specific scores. We note that although vaccine
deployment was after the peak, vaccination still has the
potential to affect total numbers of ILI cases, and for
completeness the vaccine planning component was
included in all analyses.

RESULTS
Although ILI reporting rates vary greatly across Europe,
clear patterns emerge when we compare 2009–2010 with
the prepandemic years (figures 1 and 2). The 2009 pan-
demic influenza occurred earlier than seasonal influ-
enza in all countries except Lithuania and Romania
(where no clear pandemic peaks are evident). In these
17 countries the pandemic peak preceded the seasonal
peak by a mean (SD) of 11.47 (4.37) weeks (range
6–24 weeks). Five countries (the UK, Norway, Slovakia,
France and Italy) experienced two distinct peaks. All of
the 17 countries with pandemic peaks except the Czech
Republic, Estonia and Slovakia had a higher peak in the
pandemic season than during previous years (mean
(SD) percentage change 98.38 (169.30)), though the
difference from the prepandemic period was large only
in Norway, the UK and Greece. Nine of these 17 coun-
tries experienced more total ILI cases during the pan-
demic compared with prepandemic years (mean (SD)
percentage change 22.29 (82.34)). In Norway and
Greece the changes were large, with total numbers of
cases increasing by 302% and 100%, respectively. In all
countries with major pandemic peaks except the UK
they occurred between weeks 40 and 48. The UK had its
major peak in week 29. Ireland, Norway and Sweden
also had minor peaks in ILI activity between weeks 24
and 36. In 14 countries, the percentage of laboratory-
tested swabs which were confirmed as H1N1pdm peaked
very close in time to the ILI peak, typically at 40–60%
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(figure 1). Exceptions were Poland, the UK and Sweden
which had anomalous spikes away from the ILI peak in the
percentage of tested swabs that were laboratory-confirmed,
but local maxima in the percentage laboratory-confirmed
very close to the ILI peaks (figure 3).
There was no clear pattern of correlation between

the national strategic plans and pandemic mitigation
(table 1). In particular, there was no evidence that
improved planning for public health interventions,
vaccination, antiviral use, communication or an
unweighted aggregate of planning components was
associated with reduced public health impact of pan-
demic influenza or delays in the peak timing. For the
most important outcome (total ILI cases) the primary
analysis of all 19 countries found no evidence of any
association between improved planning and reduced
ILI cases, and 95% CIs were inconsistent with moderate
or strong negative correlations. Across all 19 countries,
5 of 44 correlation coefficients had 95% CIs that did
not include zero (table 1). These corresponded to posi-
tive correlations between the change in total ILI cases
and three planning scores: health service responses;
essential services and the aggregate score. Positive cor-
relations between essential services planning and the
change in ILI peak height and between the operational
component of the planning score and one measure of
pandemic peak timing was also found. In all five cases
these suggested that improved planning was associated
with a worse outcome: higher or earlier peaks or more
cases. Excluding Lithuania and Romania had a large
effect on some of the correlations between planning
components and the change in ILI outcomes. In some
cases these correlations changed sign, but only the cor-
relation between essential services planning and change
in ILI outcomes had 95% CIs that did not include
zero. Visual inspection of the scatter plots showed no
evidence of a non-linear relationship between planning
scores and ILI outcomes (see online supplementary,
figures S1–S4).

DISCUSSION
Analysis of ILI activity data from 19 countries revealed
important pan-European similarities in pandemic influ-
enza outcomes when compared with seasonal influenza,
but also highlighted major and unexpected heterogene-
ities. In particular, Norway, the UK and Greece experi-
enced increases in total cases compared with
prepandemic years that were much larger than those
seen elsewhere. In the UK this occurred despite the
introduction of the National Pandemic Flu Service in
July 2009 and recommendations for most patients with
influenza-like illness not to consult their general practi-
tioners, a policy that is likely to have resulted in an
anomalously low number of reported ILI cases in the
second wave.
We found no evidence that the increased impact of

the 2009–2010 pandemic in some countries relative to
prepandemic years could be explained by shortcomings
in national strategic pandemic plans, nor that a reduced
impact could be explained by greater completeness of
plans. This was true for aggregate measures of planning,
specific planning activities that might plausibly be
expected to impact a pandemic, and also for less plaus-
ible associations. Where evidence of associations were
found, in all cases these pointed to improved planning
being associated with worse ILI outcomes. While causal
mechanisms for such relationships cannot definitively be
ruled out, they are not highly plausible. With 88 tests for
correlations we would expect between four and five to
show significant associations at the 5% level by chance
alone. The five significant associations we found are
therefore fully consistent with chance.
The introduction of measures that reduce influenza

transmission can, however, under some circumstances,
lead to earlier peaks and increasing the effectiveness of
transient social-distancing measures can sometimes para-
doxically lead to increases in total case numbers.16

However, if such mechanisms were operating positive
correlations between the change in ILI cases and the

Figure 2 Three influenza-like

illness outcomes: changes in

peak height and total cases

(relative to the three prepandemic

seasons) and peak timing (time

from the WHO pandemic

announcement on 11 June 2009).
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pandemic planning components public health interventions
and antiviral use planning might be expected. In both
cases we found only weak and non-significant associa-
tions, and these only in the 19-country analysis. When
the anomalous ILI data from Lithuania and Romania
were removed only planning for essential services was found
to be significantly associated with influenza outcomes.
Since this category would only be likely to affect ILI out-
comes in a severe pandemic for which morbidity and
mortality were large enough to threaten the mainten-
ance of essential services, this association seems very
unlikely to reflect a causal link. Moreover, our analysis
suggests that less complete planning for essential ser-
vices was associated with public health benefit.
Another possible explanation for the correlations is

that countries varied in their propensity to identify pan-
demic ILI cases relative to seasonal cases. While our ana-
lysis allows for national variation in ILI surveillance
coverage, this variation is assumed to be constant over
time. A greater likelihood of detecting ILI cases in pan-
demic relative to non-pandemic years in well-prepared
countries could plausibly account for some of the
associations seen. This could happen, for example, if
countries with improved public communication systems
encouraged possible cases to seek medical attention.
While these findings do not preclude important

beneficial effects of planning activities on influenza
outcomes, they do indicate that the marked variation
in completeness of pandemic plans across Europe is
unable to explain most of the diversity in pandemic
outcomes. In particular, no evidence was found that
improved planning was associated with reductions in ILI

cases, reduction in the ILI peak height, or delays in the
pandemic peak. Given the body of theoretical and
empirical evidence that a number of planning compo-
nents, if implemented, can substantially reduce transmis-
sion,17–20 and the large variation in these planning
components across the 17 countries, these results are
surprising. However, they hold true both when planning
scores are considered in aggregate and also when
themes that plausibly impact directly on transmission are
analysed. There are a number of possible explanations:
first, effective components of pandemic plans may not
have been implemented; second, components of pan-
demic plans may have been implemented but could
have been less effective than theoretical studies sug-
gested; third, it is possible that country-wide variation in
pandemic outcomes was dominated by factors unrelated
to control measures such as demographics and prior
immunity. It is also possible that the summary measure
of planning completeness we have used fails to reflect
important heterogeneities in the effectiveness of specific
components. A measure of planning completeness that
gives higher weights to more effective components may
have yielded different results. Assigning such weights,
however, would be problematic.
Our study has some limitations. First, we could retrieve

sufficient data from only 19 countries including only 17
of the 27 EU member states. Second, correlation is not
causation and, equally, lack of correlation is not lack of
causation. A causal link between pandemic planning and
H1N1pdm outcomes is possible, but may be masked by
variation in environmental, demographic, behavioural
and genetic factors that might have had larger

Figure 3 Weely percentage of swabs from influenza-like illness cases which were laboratory-confirmed as being H1N1pdm

(excluding weeks with fewer than 10 swabs tested).
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impacts.2 21 22 These merit further investigation. Second,
we analysed ILI data rather than laboratory-confirmed
H1N1 pandemic cases because the quantity of laboratory-
confirmed cases was insufficient to enable meaningful
comparisons. Standardised data on related outcomes
such as severe pneumonia and attributable mortality are
not available across European countries. Although ILI is
an imperfect outcome that may be affected by changing
patterns of healthcare-seeking behaviour, and case defini-
tions vary across Europe,23 we found that in most coun-
tries it peaked at the same time as the proportion of ILI
cases that were laboratory-confirmed, a result consistent
with prepandemic findings. This provides reassurance
that ILI peaks are not simply artefacts of the surveillance
system. Additionally, to enable meaningful between-
country comparisons robust to the vagaries of national
ILI reporting, we considered only summary measures
relating to peak timing, or changes in ILI outcomes rela-
tive to prepandemic years. This should largely prevent

distortions attributable to marked country-level variation
in ILI reporting systems. Finally, we considered only pan-
demic plans and not implementation and therefore our
analysis only addresses the stated research question which
concerns the relationship between plans and outcomes.
It is currently unclear how a documented intention to
implement control measures is translated into practice
and in the absence of such detailed implementation data
we cannot address important questions concerning the
relationship between plans and implementation, and
implementation and outcomes. Evaluating the imple-
mentation of pandemic plans is an important area for
future research, one that others are attempting,3 and it
will be important to evaluate both effectiveness and cost-
effectiveness of specific components of pandemic plans,
such as antiviral use,24 vaccination25 and social distancing
measure.16 Model-based analyses may help in this matter
and also enable us to begin to make quantitative assess-
ments of the importance of contact patterns (and

Table 1 Pearson’s product–moment correlation coefficients (95% CIs) for categories of pandemic preparedness and three

influenza-like illness (ILI) outcomes*

Change in ILI peak

height relative to

prepandemic period

Change in total ILI

cases relative to

prepandemic period

Timing of pandemic

peak 1 (weeks since

WHO pandemic

announcement)

Timing of pandemic

peak 2 (weeks before

mean week of the

prepandemic peak)

Aggregate

planning score

0.17 (−0.34 to 0.60) 0.12 (−0.38 to 0.57) −0.34 (−0.70 to 0.17) 0.43 (−0.06 to 0.76)

0.24 (−0.24 to 0.63) 0.49 (0.05 to 0.77) −0.37 (−0.71 to 0.10) 0.32 (−0.15 to 0.68)

Planning and

coordination

0.25 (−0.26 to 0.65) 0.18 (−0.33 to 0.61) −0.24 (−0.64 to 0.28) 0.44 (−0.05 to 0.76)

0.22 (−0.26 to 0.61) 0.37 (−0.10 to 0.70) −0.30 (−0.67 to 0.17) 0.19 (−0.29 to 0.59)

Surveillance −0.13 (−0.58 to 0.37) −0.15 (−0.59 to 0.36) −0.17 (−0.60 to 0.34) 0.35 (−0.16 to 0.71)

−0.02 (−0.47 to 0.44) 0.35 (−0.12 to 0.70) −0.28 (−0.65 to 0.20) 0.13 (−0.34 to 0.56)

Diagnostic −0.04 (−0.51 to 0.45) −0.21 (−0.63 to 0.30) 0.08 (−0.42 to 0.54) 0.08 (−0.42 to 0.54)

−0.11 (−0.54 to 0.36) 0.31 (−0.17 to 0.67) −0.06 (−0.50 to 0.41) −0.01 (−0.46 to 0.45)

Public health

interventions

−0.05 (−0.52 to 0.44) −0.17 (−0.60 to 0.34) 0.00 (−0.48 to 0.48) −0.02 (−0.50 to 0.46)

−0.03 (−0.48 to 0.43) 0.30 (−0.18 to 0.66) −0.07 (−0.51 to 0.39) 0.10 (−0.37 to 0.53)

Vaccines 0.17 (−0.34 to 0.60) 0.21 (−0.30 to 0.63) −0.40 (−0.74 to 0.10) 0.42 (−0.08 to 0.75)

0.24 (−0.24 to 0.62) 0.3 (−0.15 to 0.68) −0.45 (−0.75 to 0.01) 0.18 (−0.30 to 0.59)

Antiviral drugs 0.26 (−0.26 to 0.66) 0.15 (−0.35 to 0.59) −0.12 (−0.57 to 0.38) 0.32 (−0.19 to 0.70)

0.24 (−0.24 to 0.61) 0.39 (−0.08 to 0.71) −0.15 (−0.57 to 0.32) 0.28 (−0.19 to 0.65)

Health service

response

0.15 (−0.26 to 0.66) 0.13 (−0.37 to 0.57) −0.30 (−0.68 to 0.21) 0.45 (−0.04 to 0.76)

0.24 (−0.24 to 0.63) 0.56 (0.14 to 0.81) −0.37 (−0.71 to 0.10) 0.26 (−0.22 to 0.64)

Essential

services

0.47 (−0.01 to 0.78) 0.50 (0.02 to 0.79) −0.36 (−0.71 to 0.15) 0.27 (−0.24 to 0.66)

0.57 (0.15 to 0.81) 0.48 (0.03 to 0.77) −0.31 (−0.67 to 0.17) 0.38 (−0.09 to 0.71)

Communication 0.04 (−0.45 to 0.51) −0.02 (−0.49 to 0.47) −0.34 (−0.71 to 0.17) 0.18 (−0.33 to 0.61)

0.13 (−0.34 to 0.55) 0.35 (−0.12 to 0.70) −0.32 (−0.67 to 0.16) 0.32 (−0.15 to 0.68)

Operational

(putting plans

into action)

0.22 (−0.29 to 0.63) 0.25 (−0.26 to 0.65) −0.45 (−0.77 to 0.04) 0.45 (−0.04 to 0.76)

0.36 (−0.11 to 0.70) 0.40 (−0.07 to 0.72) −0.38 (−0.71 to 0.08) 0.49 (0.05 to 0.77)

Negative correlations for the first two columns in table would indicate that better planning is associated with reduced pandemic impact, while
positive correlations in the third and fourth columns would indicate that better planning is associated with delayed peak timing. Correlations
significant at the 5% level are shown in italics.
*The first row of each cell represents the analysis including only 17 countries and the second row additionally includes Lithuania and
Romania.
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the effect of school closure on these), and atmospheric
conditions.26–28 Model-based analysis may also help over-
come deficiencies in surveillance data: two reconstruc-
tions of the pandemic within the UK suggested a very
different pattern to that seen in the crude ILI data
(figure 1), and suggested that the second peak was com-
parable in size to the first.27 28 However, a sensitivity ana-
lysis (data not shown) found that our overall conclusions
would not have changed had we considered the second
UK peak to be the major one.
Drawing lessons from the 2009 influenza pandemic is

challenging and likely to be the subject of research for
years to come. One seems clear, however: for lessons to
be drawn through comparative analyses across countries,
surveillance data need to be robust, timely and system-
atic. Our research highlights the lack of complete or
consistent influenza surveillance data across Europe,29

and the absence of in-built mechanisms for evaluating
the effectiveness or otherwise of pandemic plans. Given
that interventions have the potential to make outcomes
worse as well as better, and that responses to previous
pandemics appear to have been far from optimal,17 this
is concerning. A pandemic surveillance model that com-
bines surveillance for non-specific syndromes (such as
ILI) with consistent laboratory testing for a subset of
cases has been advocated.30 As well as conserving
resources when surveillance systems are under consider-
able stress, this has the potential to facilitate comparative
analyses and provide greater lesson-learning
opportunities.
Finally, to help ensure the international response to

future pandemics has a sound evidence base that effect-
ively draws upon past experience, we suggest that future
pandemic plans should consider how data on implemen-
tation of planning components can be recorded and
shared, and how formal assessments of the effectiveness
of interventions can be made.
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