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SUMMARY

Several European countries have timely all-cause mortality monitoring. However, small changes in

mortality may not give rise to signals at the national level. Pooling data across countries may

overcome this, particularly if changes in mortality occur simultaneously. Additionally, pooling

may increase the power of monitoring populations with small numbers of expected deaths,

e.g. younger age groups or fertile women. Finally, pooled analyses may reveal patterns of

diseases across Europe. We describe a pooled analysis of all-cause mortality across 16 European

countries. Two approaches were explored. In the ‘summarized’ approach, data across countries

were summarized and analysed as one overall country. In the ‘stratified’ approach, heterogeneities

between countries were taken into account. Pooling using the ‘stratified’ approach was the most

appropriate as it reflects variations in mortality. Excess mortality was observed in all winter

seasons albeit slightly higher in 2008/09 than 2009/10 and 2010/11. In the 2008/09 season, excess

mortality was mainly in elderly adults. In 2009/10, when pandemic influenza A(H1N1) dominated,

excess mortality was mainly in children. The 2010/11 season reflected a similar pattern, although

increased mortality in children came later. These patterns were less clear in analyses based on data

from individual countries. We have demonstrated that with stratified pooling we can combine local

mortality monitoring systems and enhance monitoring of mortality across Europe.
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INTRODUCTION

Several European countries have systems for timely

monitoring of all-cause mortality. However, small but

sustained changes in number of deaths may not

give rise to signals in these national systems because

they are masked by random variations. Pooling data

across countries may decrease this variation – in the

case of an equal and simultaneous change in excess

number of deaths, pooling of data will increase the

signal-to-noise ratio with the square-root of the

times the number of deaths is increased. Thus, by

combining data from several countries, small simul-

taneous changes in excess mortality may become

visible. Pooling data across countries will also in-

crease the power of monitoring mortality in popu-

lation groups with an expected low number of

deaths, e.g. children or fertile women. Furthermore,

analyses at country level may not reveal spatial

patterns across Europe related to spread of diseases

between countries. The European mortality monitor-

ing project (EuroMOMO) has developed a common

algorithm which enables the operation of routine

public-health mortality-monitoring for detection

and measurement of unusual changes in the

number of deaths in a timely manner. When possible,

these changes are related to public-health threats

across Europe. The core of EuroMOMO is country-

specific monitoring of the number of death registra-

tions. These national/regional data are analysed at

the country level using the program package

A-MOMO [1]. The algorithm compares the observed

number of deaths with an estimated baseline number

of expected deaths at the national level. The

A-MOMO algorithm applies the Serfling method,

with spring and autumn as estimation reference

periods [1, 2].

Number of deaths from countries with different

numbers of inhabitants will not be directly compar-

able, and timely population figures are not available.

However, a standardized score (z score), showing how

many standard deviations the observed weekly num-

ber of deaths is above or below the national baseline,

will be comparable across countries and over time,

and can be applied in pooled analyses. The aim of the

present study was to examine if pooling of data

revealed European mortality patterns that went un-

noticed locally. Furthermore, we aimed to provide a

routine output describing both national and overall

European patterns of mortality and unexpected

changes in number of deaths.

Based on the algorithm used and the output pro-

vided by the locally run A-MOMO, we present

and discuss two approaches for combining data and

conducting pooled analyses. We apply the pooled

analyses based on weekly reporting to EuroMOMO

from 16 participating European countries, to illus-

trate differences between age groups and patterns

of mortality for the 2008/09 to 2010/11 seasons, in

particular looking at the influenza A(H1N1)pdm09

pandemic season in 2009/10.

METHODS

Data

Sixteen countries (Table 1) participated by collecting

national or regional data on number of weekly

death registrations, processing these locally by the

A-MOMO program package, and submitting weekly

outputs to the EuroMOMO project hub at Statens

Serum Institut (SSI), Denmark (Fig. 1). Data received

from each country by the EuroMOMO hub were

aggregated by week and by age groups (0–4, 5–14,

15–64,o65 years, and all ages). Data consisted of the

number of registered deaths and the estimated num-

ber of deaths adjusted for delay in registration to

compensate for deaths not registered yet. Data also

contained weekly information on expected number of

deaths (baseline), deviation from the baseline (delay

adjusted deaths – baseline), as well as the z score

expressing the relative deviation from the baseline

(see Appendix).

Input from the 16 countries was combined and used

for the pooled analyses.

Pooling data: methodological considerations

When pooling data the following were considered:

(1) Adjustment for delay in reporting. Since different

countries have different delays in the process of

registration of deaths and thus in the reporting

of deaths, no overall delay-adjustment is possible.

Using the delay-adjusted number of deaths from

each country creates a local delay-adjusted num-

ber of deaths overcoming the challenge of differ-

ent delays between countries.

(2) Calendar period included in the pooled analyses.

Pooled analyses are only feasible for weeks

where data from all countries is available simul-

taneously. Hence, the pooled data available for

estimation of a pooled historical baseline will be

Pooling European all-cause mortality 1997
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limited to the period where all countries were able

to provide data. This may cause a discrepancy

between local baselines and the pooled baseline,

as the local baselines will not be based on the

same historical calendar interval.

(3) Heterogeneity between countries. Countries may

have different patterns of mortality, e.g. larger

impact of winter mortality in Northern countries

or summer heatwave-associated mortality in

the Mediterranean countries. Variation in popu-

lation structure may also be different. Therefore,

mortality may not be homogeneous in pattern

(timing of the seasonal peak) and vary in size

across countries (amplitude of the seasonal

variation).

A straightforward approach for pooling data is

to regard all countries as a single ‘country’ by sum-

marizing the weekly number of delay-adjusted deaths

from the countries over the calendar period. These

data can then be analysed using the same procedures as

for each separate country by applying the A-MOMO

package, representing one overall ‘country’. This ap-

proach is designated the ‘summarized’ approach.

The advantage of the summarized approach is that

the same algorithm is applied for estimation of the

local baselines and for the pooled baseline. However,

a potential discrepancy between the local and the

pooled historical baseline [item (2), above] cannot be

circumvented using the summarized approach. Item

(3) (heterogeneity between countries) is also not ad-

dressed because the summarized approach implies

that all countries are regarded as one homogeneous

country. Furthermore, estimation reference periods

may be adjusted to local conditions ; i.e. they may

not be the same for all countries thereby creating a

discrepancy between the estimation reference periods

used locally and those used in the summarized ap-

proach.

Another approach is to use the locally estimated

baselines directly in a country-stratified pooled

analysis. This accounts for differences between coun-

tries like timing of peaks, historical calendar inter-

vals and estimation reference periods. This method is

designated the ‘stratified’ approach. It is done by

summarizing both local weekly number of delay-

adjusted deaths and expected number of deaths

(locally estimated baselines) for all countries. Assu-

ming statistical independence between the countries,

the variance of the summarized weekly deviations

from the baseline can be calculated directly from the

estimated variances of the national deviations

(see Appendix).

An advantage of the stratified approach is that the

pooled baseline will be a combination of the local

baselines. Hence, the stratified approach adjusts for

differences in mortality patterns across participating

countries, as well as different local historical periods

and estimation reference periods. A shortcoming of

this approach is the assumed independence between

countries. Further, the stratified approach is indepen-

dent of the locally used algorithms, i.e. the stratified

approach can be used also if the countries use different

local algorithms to estimate the local baselines.

The two approaches, ‘summarized’ and ‘stratified’,

were compared as described below, and the preferred

approach used for pooled analyses.

Mortality in the 2008/09 to 2010/11 seasons

We applied the pooled analyses to the period from

week 27 (2008) to week 40 (2011). Mortality in this

time series is characterized by increased mortality in

the winter period, possibly related to several factors

including influenza, other seasonal infections and

extreme temperatures [3]. Cumulated deviation from

baseline number of deaths compared to expected

number of deaths (baseline) was estimated for each of

the seasons (week 27 to week 26 of the following year),

as well as for winter (week 40 to week 20 of the

Table 1. Participating countries

Country Population* (/1000)

Belgium 10.840
Denmark 5.535

England and Wales 55.240
Finland 5.351
France 64.716

Germany (Hessen) 6.073
Greece (Athens, Kerkyra,
Kavala, Keratsini)

1.079#

Hungary 10.014

Ireland 4.468
Malta 414
The Netherlands 16.575

Portugal 10.638
Scotland 5.222
Spain 45.989

Sweden 9.341
Switzerland 7.786
Total 259.28

* 1 January 2010.

# 1 January 2001.
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following year) and summer periods (weeks 21–39).

Age was analysed in groups (0–4, 5–14, 15–64, o65

years).

Mortality in season 2009/10 [influenza

A(H1N1)pdm09]

A specific objective of the EuroMOMO project was

to obtain estimates of mortality associated with the

2009 influenza A(H1N1)pdm09 pandemic [4]. In the

EuroMOMO routine output, weekly excess number

of deaths is expressed as the deviation from the ex-

pected number of deaths (baseline) over the pandemic

season [week 27 (2009) to week 27 (2010)]. This re-

flects the weekly calendar-time pattern during the

season, but not the cumulated excess number of

deaths through the season, reflected in the cumulated

deviations from the baseline. Cumulated deviation

includes any change, both positive and negative,

which occurred due to shifts in expected mortality

over time. However, the size of the cumulated devi-

ation from the baseline depends on the background

population size and does not reveal in itself if the de-

viation is minor or major. The cumulated deviation

relative to the cumulated expected number of deaths

quantifies the magnitude of the deviation without the

need to calculate specific mortality rates based on the

size of the population.

The pooled deviation of mortality from the ex-

pected mortality during the H1N1 pandemic was

investigated as: (1) the cumulated deviation from the

baseline, and (2) the relative cumulated deviation

from the baseline relative to the cumulated expected

number of deaths. This was done for the total pooled

dataset and separately for each pooled age group to

reveal differences in the effect of the pandemic be-

tween different age groups.

RESULTS

Data

Data from 16 countries (Table 1), locally processed by

the A-MOMO package were used, i.e. having differ-

ent historical estimations periods. Data were reported

in week 41 (2011), i.e. including data up to week 40

(2011). In the analyses, we used data up to and

including week 26 (2011), thereby excluding the

major part of uncertainty due to delay adjustment.

Information from all countries was available simul-

taneously for the consecutive weeks from week 27

(2008) up to and including week 26 (2011), i.e. cover-

ing the 2008/09 to 2010/11 seasons.

Method for pooling data

The pooled baseline was estimated using the sum-

marized approach based on the historical period

from week 27 (2008) to week 26 (2011) and was dif-

ferent from the pooled baseline using the stratified

National statistics
MOMO hub

SSI Denmark

EuroMOMO .eu

Pooled analysis

Comparative graphs
By country
Total, age group

Assessment forum
Map of z scores

Numbers, total, age group
z socres, total, age group

Partner institutes

National
results

EuroMOMO
input

MOMO restricted
website

Data setData sets

Graphs

Tables

A-MOMO pack

Fig. 1. Weekly procedures at national and European level.
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approach, based on locally estimated baselines using

different historical periods (Fig. 2, left panels), both in

trend and seasonal amplitude. Hence, the summarized

baseline did not correspond to the sum of the local

baselines, because it was not estimated on the same

historical periods as the locally estimated baselines,

but only on the calendar period where all countries

provided data. However, the stratified baseline cor-

responds to the sum of the locally estimated baselines,

expanding the amount and time-frame of data used in

the local estimations of baselines.

If the historical periods used to estimate the

local baselines and the local estimation reference per-

iods had been the same for all countries, then the

summarized and stratified approach would have been

the same (verified in simulation studies; data not

show).

As described above the summarized approach did

not account for the heterogeneities between local

mortality patterns and differences in estimations of

baseline. Hence, the stratified approach was preferred.

Pooled analyses

The stratified approach was used to calculate the

pooled delay-adjusted and expected number of deaths

for all ages (Fig. 3, top panel) and age groups (Fig. 3).

Pooled z scores for all ages, together with country-

specific z scores, are shown in Figure 4 (bottom panel)

and for age groups in Figure 5.

The pooled z score does not express a ‘mean’ z

score, i.e. staying more or less in the middle of the

country-specific z scores (Fig. 3, bottom panel). It

follows and emphasizes coinciding tendencies in

the country-specific z scores; e.g. during the 2008/09

winter season. Over all three seasons, the pooled z

score was above 3 in 10% of the weeks, while for

single countries it ranged between 1% and 7%. For
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Fig. 2. Comparing the two approaches : summarized (black lines) and stratified (red lines). Green lines=registered ;
dashed lines=2 z-score deviation.
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seasons 2008/09, 2009/10, 2010/11, respectively :

pooled 12% countries (0–9%), pooled 9% countries

(0–6%), and pooled 8% countries (0–7%).

A graph that shows the pooled z score and country-

specific z scores together will depict the pooled signal

and indicate if this signal is due to a general trend (all

the country-specific z scores will be increased) or due

to an increase in some countries only (the country-

specific z scores will mainly be around zero, but with

increased z scores for the countries with increased

mortality).

Age pattern in mortality

Generally, there was a declining trend over calendar

period in the number of deaths for persons aged <65

years, and a stable number of deaths for those

aged o65 years (Fig. 4). There was no recognizable

seasonal pattern in the number of deaths in children,

but as age increased a seasonal pattern became in-

creasingly prominent. With increasing age, a pattern

of increasing excess mortality in the winter season

emerged, a pattern also seen in the country-specific

analyses (data not shown).

Comparing deviations from the baseline across

countries by z scores (Fig. 5) showed an increasing

fluctuation with age especially associated with the

winter season, but also with summer heatwaves. This

pattern was also seen for the nominal excess number

of deaths.

Excess mortality in the 2008/09 to 2010/11 seasons

Over the 2008/09 season, the countries saw a total

cumulated deviation in mortality from the baseline of

2.7% [95% confidence interval (CI) 2.4–3.0], ranging

from 0% to 4%between countries. This deviation was

mainly seen in the elderly (Table 2). In the 2009/10 and
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2010/11 seasons, the cumulated deviation from the

expected number of deaths was lower than in 2008/09,

but still significantly higher. Overall, similar patterns

were seen in all three winter periods (Table 3).

However, in the 2009/10 and 2010/11 pandemic and

post-pandemic seasons, increased cumulated deviation

from the expected number of deaths was seenmainly in

children (aged 5–14 years), but not in the elderly.
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Fig. 4. Pooled delay-adjusted (- - -) and expected (–––) number of deaths by age group using the stratified approach.
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The summer of 2009 showed no excess number of

deaths, but summer 2010 showed a 1.6% (95% CI

1.1–2.1) increase compared to the baseline (Table 4).

This increase was mainly in the elderly and was

probably associated with the extremely hot summer,

especially in southern European countries.
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Mortality in the 2009/10 A(H1N1)pdm09 season

Absolute cumulative, as well as, relative (%) cumu-

lated deviation from the baseline during the 2009/10

influenza A(H1N1)pdm09 season together with

the preceding and following season are shown in

Figure 6.

For children aged <5 years, the cumulated devi-

ation during the pandemic increased slightly above

the level of mortality in the preceding and following

season (during autumn and winter), but ended at the

same level as the others at the end of the season.

For children aged 5–14 years, the deviation in-

creased through autumn 2009 to 17% (95% CI

10–24) in week 49 (2009). Then it slowly declined to

7% (95% CI 3–12) at the end of the 2009/10 season.

For the 2010/11 season, cumulated deviation from the

expected excess summed to the same level as cumu-

lated excess during the 2009/10 season, but the in-

crease was less pronounced and started later in the

season.

In the pandemic season, the cumulated deviation

from the baseline in the 15–64 years age group was the

same as during the preceding and following seasons.

Table 2. Seasonal percentage cumulated deviation from the expected number of deaths

Season* … 2008/09 2009/10 2010/11
Age group
(years)

Pooled# (95% CI)
[min/max] over countries

Pooled# (95% CI)
[min/max] over countries

Pooled# (95% CI)
[min/max] over countries

0–4 0.87 (x0.96 to 2.71) 1.55 (x0.30 to 3.41) 0.27 (x1.65 to 2.20)
[x5.26/2.21] [x9.52/2.95] [x6.96/0.95]

5–14 0.53 (x3.66 to 4.78) 7.24 (2.88 to 11.7) 7.35 (2.79 to 12.0)

[x8.59/17.8] [5.38/21.7] [1.41/24.8]
15–64 1.02 (0.61 to 1.42) 1.11 (0.70 to 1.51) 0.45 (0.04 to 0.86)
o65 [0.22/3.59] [0.60/3.34] [x0.05/3.39]

3.02 (2.67 to 3.36) 1.11 (0.77 to 1.46) 1.60 (1.25 to 1.95)

[x0.07/5.11] [x1.19/4.05] [1.10/5.98]
All$ 2.67 (2.35 to 2.98) 1.22 (0.92 to 1.53) 1.43 (1.11 to 1.74)

[x0.02/4.47] [x0.78/3.93] [0.98/5.52]

CI, Confidence interval.

* Week 27 up to and including week 26 of the following year.
# Adjusted for heterogeneity between countries.
$ Adjusted for age and heterogeneity between countries.

Table 3. Winter percentage cumulated deviation from the expected number of deaths

Winter* … 2008/09 2009/10 2010/11
Age group

(years)

Pooled# (95% CI)

[min/max] over countries

Pooled# (95% CI)

[min/max] over countries

Pooled# (95% CI)

[min/max] over countries

0–4 2.09 (x0.22 to 4.41) 2.74 (0.42 to 5.08) 1.87 (x0.55 to 4.32)
[x2.88/4.45] [2.74/5.48] [x1.42/8.96]

5–14 x0.21 (x5.46 to 5.13) 6.82 (1.38 to 12.4) 8.83 (2.58 to 14.2)

[x12.5/9.39] [x12.3/24.6] [x17.0/11.2]
15–64 1.17 (0.66 to 1.69) 1.31 (0.80 to 1.81) 0.81 (0.29 to 1.34)

[x0.62/2.30] [x0.57/2.88] [x0.51/3.15]

o65 4.61 (4.17 to 5.05) 1.67 (1.25 to 2.10) 1.82 (1.38 to 2.26)
[x0.18/8.03] [x1.90/2.41] [0.44/4.17]

All$ 4.01 (3.62–4.40) 1.74 (1.36 to 2.12) 1.70 (1.31 to 2.09)

[x0.28/6.97] [x1.60/2.51] [0.35/4.05]

CI, Confidence interval.
* Week 40 up to and including week 20 of the following year.
# Adjusted for heterogeneity between countries.

$ Adjusted for age and heterogeneity between countries.
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Mortality for persons aged o65 years in 2009/10

was below mortality for the preceding season, but the

same as for the following season.

As the major part of the observed deaths occurred

in the elderly and none of the younger age groups had

very high nominal deviations from the baseline, the

total deviation over all age groups followed the

pattern of the elderly in the previous and preceding

seasons.

DISCUSSION

Timely monitoring of mortality is important for

public health for many reasons, including the assess-

ment of the impact of severe public-health threats

such as epidemics and environmental incidents

such as heatwaves. Furthermore, detection of unex-

plained changes in mortality should be investigated.

Existing national mortality surveillance systems are

often limited by small numbers of deaths in specific

subgroups. Additionally, a variety of national ana-

lytical approaches are not suited to detect trends

across different countries. To overcome these limita-

tions, we combined data and applied pooled analyses

of all-cause mortality across 16 European countries.

This approach has an added value because it may

reveal changes that may have gone unnoticed in

country-specific surveillance, it can provide a picture

of the general developments in mortality across

Europe, and it may be able to reveal spatial-temporal

patterns. Two approaches for combining locally es-

timated data were investigated. The stratified ap-

proach was preferred because it corresponds to the

locally estimated baselines, taking into account

different historical periods used in the estimation of

local baselines and heterogeneity between countries

in pattern and variation. A shortcoming of the

stratified approach is the assumed independence be-

tween countries. Infectious diseases, for example, can

spread from country to country where the correlation

between bordering countries may be positive, i.e.

changing in the same direction. Positive correlation

will increase the variance, which again will imply

lower z scores. On the other hand, if an illness moves

across countries then the number of deaths as-

sociated with the illness might be decreasing in the

‘hosting’ country and increasing in the ‘receiving’

country (negative correlation). However, there was

no indication of this in our time series, which was

limited to three seasons. The correlation may tend to

be positive and the assumption about independence

implies that the pooled z scores may be slightly

overestimated.

The pooled z scores calculated follow the country-

specific z scores (Figs 3 and 5) and emphasize

simultaneous trends across countries, and can be

interpreted as an indicator of overall changes in

mortality across countries. However, interpretation

should be conducted together with the country-

specific z scores because country-specific peaks will

reveal if a pooled signal is a general signal or due to a

few countries. Pooled analyses will only indicate an

overall change in mortality. The cause of this change

must be analysed in combination with viruses circu-

lating, environmental factors and/or other factors

that may influence all-cause mortality.

Table 4. Summer percentage deviation from the expected number of deaths

Summer* … 2009 2010
Age group
(years)

Pooled# (95% CI)
[min/max] over countries

Pooled# (95% CI)
[min/max] over countries

0–4 x0.59 (x3.63 to 2.47) x1.54 (x4.64 to 1.59)
[x2.19/1.63] [x2.30/0.15]

5–14 6.28 (x0.86 to 13.6) 2.99 (x4.29 to 10.5)

[x4.12/11.1] [x13.4/5.56]
15–64 0.64 (–0.02 to 1.30) 0.42 (x0.24 to 1.09)

[x0.25/1.25] [x0.14/1.45]
o65 x0.89 (x1.46 to 0.32) 1.79 (1.22 to 2.37)

[–1.45/0.25] [0.53/3.14]
All$ x0.53 (x1.04 to 0.02) 1.63 (1.12 to 2.14)

[x1.13/x0.43] [0.51/2.93]

* Week 21 up to and including week 39.

# Adjusted for heterogeneity between countries.
$ Adjusted for age and heterogeneity between countries.
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The time series of number of deaths and z scores

(Figs 4 and 5) shows a high peak in early 2009 con-

sistent with the 2008/09 influenza season, which in

Europe was more intense than the previous season

and dominated by influenza A(H3N2). Excess deaths

were primarily observed in the elderly. By contrast,

only modest excess mortality was seen in the 2009/10

season with the influenza A(H1N1)pdm09. There

was, however, a small peak in deaths around

December/January 2009 in the elderly, and in

February 2010 a peak probably associated with a cold

snap. Increased mortality primarily in the elderly was

observed in summer 2010, coinciding with heatwaves

experienced by many European countries.

Estimated baselines of expected deaths showed

a declining trend over calendar time in number of

deaths for persons aged <65 years, and a stable

number of deaths for those aged o65 years (Fig. 4).

This may be ascribed to the generally ageing popula-

tions in many Europe countries, i.e. decreasing

number of persons aged <65 years. Assuming the

same mortality implies that the number of deaths will

decline in the younger age groups.

The z scores for children were mainly stable over

calendar time (Fig. 5), i.e. unaffected by seasonal

factors affecting mortality in the elderly. For adults

and the elderly, a significant seasonal pattern of in-

creased winter mortality emerged with age, probably

due to an increasing age-associated vulnerability to

influenza and other seasonal illnesses or influences.

Our findings suggest that the 2009/10 influenza

A(H1N1)pdm09 pandemic had virtually no effect on

overall mortality, especially compared to the preced-

ing and following seasons. An early increased number

of deaths were observed in children aged 5–14 years,

as has previously been reported [4]. This is plausible
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because the A(H1N1)pdm09 virus shares similarities

with H1N1 viruses circulating before the 1957 pan-

demic [5]. Hence, persons in their mid-50 s and above

had some cross-immunity and were relatively spared

[5, 6]. Children had no such cross-immunity and vac-

cination against the pandemic virus in many countries

first became available at the peak of the influenza

period or just after. Hence, vulnerable children were

unprotected at the start and this may be why excess

numbers of deaths were observed early in the season.

Further, the late availability of vaccines may have

reduced the intended vaccination coverage and been

the reason for the relatively high child mortality in the

following 2010/11 season.

Conclusions and recommendations

We have shown that it is possible to monitor

European mortality in pooled analyses based only on

number of deaths.

For the pooled analyses to be a useful tool in pub-

lic-health surveillance, it is important that as many

countries as possible participate every week.

Pooled analyses are influenced mostly by countries

with the most inhabitants, i.e. having the largest

number of deaths. This implies that extreme excess

mortality in smaller countries may go unnoticed or

that an excess number of deaths in large countries

indicates the same for the whole of Europe, even

though it is only observed locally. Therefore, it is im-

portant that changes in mortality according to the

pooled analyses are interpreted in combination with

country-specific analyses. Hence, we recommend

using the pooled analysis shown in Figure 3, where

the pooled z score is supplemented with the country-

specific z scores.

Analyses of changes in mortality, country-specific

or pooled, indicate changes in mortality, but will not

reveal the cause. Hence, the cause of a changes

in mortality must be analysed in combination with

viruses circulating, environmental factors and others

factors that may influence mortality.

Pooled analyses may reveal changes in number

of deaths that would have gone unnoticed in separate

country analyses. Hence, timely pooled analyses can

be a valuable tool in public-health surveillance, es-

pecially for smaller or vulnerable groups, like infants,

young children or women of fertile age.
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APPENDIX

The pooled weekly delay-adjusted number of deaths is found as the sum of weekly local delay-adjusted

(nbc) number of deaths over all countries for each week where all countries have data simultaneously:

nbcpooled=
X

nbci:

Summarized approach

In the summarized approach, the weekly expected number of deaths (baseline) and z scores were estimated

using the A-MOMO algorithm [8] over the historical period where all countries had data simultaneously and

using the ‘standard’ weeks for estimation in spring and autumn (spring: 14 f week f25; autumn: 37 f week

f 44), i.e. not taking into account potential differences in locally defined estimation periods, nor the different

historical periods used locally.

Stratified approach

In the stratified approach the pooled weekly expected number of deaths (baseline) was estimated as the sum

of the weekly expected number of deaths (pnb), estimated by the locally run A-MOMO algorithm [8] over all

countries for each week where all countries have data simultaneously. Hence, the estimated baseline is a sum of

the country-specific pattern in mortality taking into account the different historical and estimation periods used

to estimate the local baselines :

pnbpooled=
X

pnbi:

Residual variance and z score

In the local estimations of baselines a 2/3 power transformation was used to account for skewness

in the distributions [1, 7]. Generally, with a power transformation of c an approximation to the variance

of the transformed residuals (nbcc – pnbc) was calculated using the delta method: Var(f(X)) B (f(E(X))2 .

Var(X) :

Var(nbcc � pnbc)=Var(nbcc)+Var(pnbc)

� (cE(nbc)cx1)2 Var(nbc)+(cE(pnb)cx1)2 Var(pnb),

where E(nbc)=pnb and E(pnb)=pnb. Hence,

Var(nbccxpnbc) � (cpnbcx1)2 Var (nbc)+(cpnbcx1)2 Var (pnb)

= (cpnbcx1)2 (Var(nbc)+Var (pnb))

=(cpnbcx1)2 Var(nbcxpnb):

9>=
>; ð1Þ

Hence the relationship between the residual variance Var(nbc – pnb) and the c-transformed residual variance

will be:

Var(nbcxpnb) � Var(nbcc � pnbc)=(cpnbcx1)2:

Assuming independence between the pooled countries the pooled residual variance will be:

Var
X

nbci �
X

pnbi

� �
=
X

Var(nbcixpnbi)

=
X

Var(nbccxpnbc)=(cpnb
cx1
i )2:
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Using equation (1) with nbc=gnbci and pnb=gpnbi to have the pooled c-transformed residual variance:

Var
X

nbci

� �c
x

X
pnbi

� �c� �
= c

X
pnbi

� �cx1
� �2

Var
X

nbci �
X

pnbi

� �

= c
X

pnbi

� �cx1
� �2X

Var nbc
c
i � pnb

c
ið Þ= cpnb

cx1
i

� �2
:

The local power-transformed residual variances are not included in the A-MOMO output received from the

countries, but can be calculated by inverting the formula for the local z score, as this as well as pnb and nbc are

included in local data:

Var(nbccxpnbc)=((nbccxpnbc)=z score)2:

The pooled residual variance of the power-transformed deviation from the pooled baseline then becomes :

Var
X

nbc
� �c

x
X

pnb
� �c� �

� c
X

pnbi

� �cx1
� �2X

Var nbc
c
i xpnb

c
ið Þ cpnb

cx1
i

� �2
= c

X
pnbi

� �cx1
� �2X

nbc
c
i xpnb

c
ið Þ= z scoreið Þ2= c pnb

cx1
i

� �2
:

and the pooled z scores become:

z score=
X

nbc
� �c

x
X

pnb
� �c� �

=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var

X
nbc

� �c X
pnb

� �c� �r

�
X

nbc
� �c

x
X

pnb
� �c� �

=

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
c
X

pnbi

� �cx1
� �2X

nbc
c
i xpnb

c
ið Þ=z scoreið Þ2= cpnb

cx1
i

� �2
:

s

The 100*(1xa) percentage prediction intervals for the pooled weekly baseline gpnbi can be calculated by:

X
pnbi

� �c
tza

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Var

X
nbci

� �c
x

X
pnbi

� �c� �r" #1=c

=
X

pnbi

� �c
tza

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
c
X

nbci

� �cx1
� �2X

pnb
c
i xpnb

c
ið Þ=z scoreið Þ2= cpnb

cx1
i

� �2s2
4

3
5

1=c

;

where za is the 100*(1 – a/2) percentile of the standard normal distribution.

Cumulated deviation from the baseline

The cumulated deviation from the baseline over W weeks is :

XW
(nbcjxpnbj)=

XW
nbcjx

XW
pnbj:

Assuming independence between weeks, i.e. no autocorrelation, then the same methods as used in the stratified

analyses can be used. Hence, the c power-transformed residual variance of the cumulated deviation from the

baseline over a calendar period of W weeks can be calculated in the same manner. The 100*(1 – a) percentage

confidence interval around the expected deviation from the baseline, which in mean will be 0, will then be:

tza

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
c
X

pnbj

� �cx1
� �2X

nbc
c
j xpnb

c
i

� �
=z scorej

� �2
= cpnb

cx1
j

� �2

s2
4

3
5

1=c

and around the observed cumulated deviation from the baseline :

XW
nbcj

 !c

t za

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
c
X

pnbj

� �cx1
� �2X

nbc
c
i xpnb

c
j

� �
=z scorej

� �2
= cpnb

cx1
j

� �2

s2
4

3
5

1=c

x
XW

pnbj,
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where gW is summing from week 1 to week W and za is the 100*(1 – a/2) percentile of the standard normal

distribution.

Note that the following formulas will both be wrong and give too small confidence intervals (verified in simu-

lations) :
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:

In the stratified pooled analyses nbcj and pnbj will be the sums over all countries (nbcj=gnbci and pnbj=gpnbi)

and z scorej the pooled z score.
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