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ABSTRACT
Objectives Workplace absences due to illness can
disrupt usual operations and increase costs for
businesses. This study of sickness absence due to
influenza and influenza-related illness presents a unique
opportunity to characterise and measure the impact of
the 2009 (H1N1) pandemic, by comparing trends during
the pandemic to those of previous years, and adding this
information to that obtained by traditional
epidemiological surveillance systems.
Methods We compared the numbers of cases of
sickness absence due to illness caused by influenza and
influenza-related illness in 2007e2009, and in the first
3 months of 2010 in Catalonia (n¼811 940) using a time
series approach. Trends were examined by economic
activity, age and gender. The weekly endemic-epidemic
index (EEI) was calculated and its 95% CI obtained with
the delta method, with observed and expected cases
considered as independent random variables.
Results Influenza activity peaked earlier in 2009 and
yielded more cases than in previous years. Week 46 (in
November 2009) had the highest number of new cases
resulting in sickness absence (EEI 20.99; 95% CI 9.44 to
46.69). Women and the ‘education, health and other
social activities’ sector were the most affected.
Conclusions Results indicate that the new H1N1
pandemic had a significant impact on business, with
shifts in the timing of peak incidence, a doubling in the
number of cases, and changes in the distribution of
cases by economic activity sector and gender. Traditional
epidemiological surveillance systems could benefit from
the addition of information based on sickness absence
data.

INTRODUCTION
Infectious respiratory diseases are among the most
common illnesses, and viral respiratory infections,
including influenza, cause significant morbidity.1

Influenza cases appear sporadically, in epidemics or
in pandemics.2 Each year, seasonal flu (‘flu
epidemic’) occurs during the late autumn and
winter (from October to April and from May to
September in the northern and southern hemi-
spheres, respectively). It is estimated that 5e20%
of the population get the flu each year; in
a pandemic, this figure rises to over 30%.3

On 11 June 2009, theWHO4 5 declared a pandemic
of a new strain of the H1N1 virus. In Spain, the
Ministry of Health and Social Policy who, together
with the social security system manages wage

replacement and other benefits during periods of
absence from work, implemented several preventive
measures,6 7 and announced that people with
suspected influenza qualified for short-term sickness
absence and should remain at home.8 9 The
pandemic, therefore, is likely to have had an impor-
tant impact on business given its incidence in the
young adult population, disruption of usual business
operations and increased costs.10e13 This study of
sickness absence due to influenza and influenza-
related illness presents a unique opportunity to
characterise and measure this impact, by comparing
trends during the pandemic to those of previous
years, and adding this information to that obtained
by traditional epidemiological surveillance systems.
In this study, we examined incident cases of sickness
absence inCatalonia (Spain) due toflu and influenza-
related illnesses from 2007 to the end ofMarch 2010.

METHODS
Time series data were collected for cases of sickness
absence in the publicly insured working population
of Catalonia (3 157 979 persons in mid 2010).14 This
represents 99% of the employed population of
Catalonia, and 82% of its economically active
population, as registered by the Catalonian Statis-
tics Institute (Idescat).15 Over the 39-month study
period, a total of 3 701 072 episodes of sickness
absence were recorded; of these, 811 940 cases, or
21.9%, had a diagnosis of influenza and/or an
influenza-related illnesses.

1Department of Experimental
and Health Sciences, Center for
Research in Occupational Health
(CiSAL), Pompeu Fabra
University, Barcelona, Spain
2CIBER in Epidemiology and
Public Health, Barcelona, Spain
3Southwest Center for
Occupational and Environmental
Health, The University of Texas
School of Public Health,
Houston, Texas, USA
4Institut Català d’Avaluacions
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What this paper adds

< The emergence and spread of the 2009 H1N1 flu
pandemic caused unusual morbidity and differed
from previous influenza epidemics.

< In Catalonia, the new H1N1 pandemic had
a significant impact on business, with shifts in
the timing of the peak incidence of cases of
sickness absence due to flu and influenza-
related illness, a doubling in the number of
cases, and changes in the distribution of these
cases by economic activity sector and gender.

< Traditional surveillance systems could benefit
from the addition of information on sickness
absence, as this reflects business-related
morbidity.
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Cases of sickness absence are initially certified by primary care
providers in the national health service and, in Catalonia, are
registered through the Catalonian Institute of Medical Evalua-
tions (Institut Català d’Ávaluacions Mèdiques, ICAM). De-
identified data were obtained on all incident cases from 1 January
2007 to 31 March 2010, and included diagnosis code (Interna-
tional Classification of Diseases, 9th Edition), start date of the
absence period, sex, age and economic activity (n¼11 sectors).

Two study periods were established: (1) the epidemic period
(1 January 2007e30 September 2009) and (2) the pandemic
period (1 October 2009e31 March 2010). The 1 October date
was selected because this is the official annual start date of the
Spanish national influenza surveillance program. The number of
new sickness absence episodes per week due to influenza (ICD-9
codes 487 and 488) and influenza+influenza-related illness
(codes 460e466, 480e486), as determined clinically by the
primary care provider, were counted in total and by economic
activity sector (n¼11), age and gender.

The endemic-epidemic index (EEI)16 17 in the ith week of the
pandemic period was calculated as the ratio between the
observed number of influenza (or influenza+influenza-related)
illness cases during the ith week of the pandemic period, and the
expected number of cases, taken as the median of the numbers
of cases during the same calendar week (eg, week 40) in the
epidemic period, where i¼1 (week 40 (2009)), 2 (week 41
(2009)),., 26 (week 13 (2010)). The corresponding 95% CIs
were calculated using the delta method,18 considering the
observed and expected number of cases as independent random
variables (see appendix 1 for more details about the calculation
of the EEI and its confidence interval).

Lastly, we attempted to predict the a priori expected weekly
number of influenza cases for the ith week of the pandemic
period (ie, had there not been this new outbreak), based on the

cases that had occurred between 1 January 2007 (week 1 (2007))
and 31 March 2009 (week 13 (2009)). For this, the expected
number of cases based on the median of the number of cases
during the ith week in the epidemic period was used. With this
prediction, we compared weekly influenza trends that appeared
with the new 2009 H1N1 pandemic to those that would have
been expected in the absence of the pandemic.
All analyses were performed separately for influenza and

for influenza+influenza-related illness as outcomes. We also
analysed trends by economic activity sector, age and sex, although
only the economic activity sector results for November 2009 are
presented. Data for domestic housekeeping and extraterritorial
agencies were excluded, as the numbers of cases were too small.
All analyses were performed using Microsoft Excel 2007.

RESULTS
Analyses were performed on a total of 157 447 influenza cases
and 811 940 cases of influenza+influenza-related illness; of
these, 50 220 (31.9%) and 159 600 (19.7%) cases of influenza and
influenza+influenza-related illnesses, respectively, occurred
during the pandemic period.
The economic activity sector with the greatest number of

registered cases in the epidemic period was ‘industrial
manufacturing and energy production’ (18.7%, n¼20 051 influ-
enza cases; 17.7%, n¼115 773 influenza+influenza-related
illnesses), and in the pandemic period, the ‘health, education and
other social activities’ sector (23.4%, n¼11 767 influenza cases;
23.0%, n¼36 631 influenza+influenza-related illnesses). Males
constituted a larger proportion of cases during the epidemic
period (53.9%, n¼57 761 influenza cases; 50.4%, n¼329 071
influenza+influenza-related illnesses), whereas cases were
more common among women during the pandemic period
(51.8%, n¼26 039 influenza cases; 54.2%, n¼86 564 influenza

Table 1 Distribution of cases of sickness absence due to influenza and influenza+influenza-related illness, 2007e2009 and 2010 (JanuaryeMarch)
in Catalonia

Epidemic period (1 January 2007e30 September 2009) Pandemic period (1 October 2009e31 March 2010)

Influenza
Influenza+influenza-
related illness Influenza

Influenza+influenza-
related illness

Cases % Cases % Cases % Cases %

Age at onset of absence episode (years)

<25 13 756 12.8 108 938 16.7 6295 12.5 20 487 12.8

25e34 37 439 34.9 235 194 36.1 16 935 33.7 55 109 34.5

35e44 29 133 27.2 165 115 25.3 15 368 30.6 45 499 28.5

45e54 18 716 17.5 95 198 14.6 8682 17.3 26 680 16.7

55e64 8039 7.5 46 754 7.2 2890 5.8 11 574 7.3

>64 144 0.1 1141 0.2 50 0.1 251 0.2

Economic activity sector

Commercial/vehicle repair 16 026 14.9 102 173 15.7 8221 16.4 26 194 16.4

Construction 7895 7.4 48 410 7.4 3386 6.7 10 152 6.4

Domestic housekeeping 207 0.2 993 0.2 323 0.6 877 0.5

Extraterritorial agencies 54 0.1 462 0.1 4 0.0 17 0.0

Finance, real estate and services 14 318 13.4 92 165 14.1 7038 14.0 23 481 14.7

Government 9169 8.6 54 218 8.3 3029 6.0 10 577 6.6

Health, education and other social activities 8542 8.0 53 398 8.2 11 767 23.4 36 631 23.0

Hotel and restaurant businesses 3062 2.9 20 431 3.1 1878 3.7 5722 3.6

Manufacturing industry and energy production 20 051 18.7 115 773 17.7 7562 15.1 23 569 14.8

Agriculture, mining, fishing 946 0.9 4948 0.8 331 0.7 973 0.6

Transportation/communication 5386 5.0 33 247 5.1 3504 7.0 11 140 7.0

Not known 21 571 20.1 126 122 19.3 3177 6.3 10 267 6.4

Gender

Female 49 466 46.1 323 269 49.6 26 039 51.8 86 564 54.2

Male 57 761 53.9 329 071 50.4 24 181 48.2 73 036 45.8

Total 107 227 100.0 652 340 100.0 50 220 100.0 159 600 100.0
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+influenza-related illnesses). In both periods, the 25e34-year-
old age group had the largest proportion of cases (table 1).

The EEIs for the weekly distribution of sickness absences were
highest in November 2009 (weeks 44e47 (2009)) for both
influenza and influenza+influenza-related illness, peaking in
week 46 (EEI46 20.99, 95% CI 9.44 to 46.69). Weekly EEI were
statistically significant from October 2009 through the first 2
weeks in December 2009 (table 2).

By economic activity sector, there was also a higher than
expected number of cases in November (2009), peaking during
week 45 for the ‘health, education and other social activities’
sector (EEI45 114.25, 95% CI 95.51 to 136.67). In this same
month, most other economic activity sectors had their highest
EEI during week 46. And weekly EEI for all economic activity
sectors were statistically significant in November 2009 (table 3).

Figure 1 summarises the time series results for cases of influ-
enza. In the epidemic period, influenza cases tended to cluster in
January of each year (weeks 1e5 (2007, 2008 and 2009)), but
during the 2009 H1N1 pandemic, this shifted to November
(weeks 44e47 (2009)), and there were significantly more cases in
2009 compared to previous years. This same figure shows that,
in the absence of the 2009 H1N1 outbreak, the a priori expected
cases of influenza would also have clustered in January (2010)
and would have been similar in number to those in the epidemic
period. The predicted peak number of influenza cases occurs in
week 4 (2010) (3801 cases), instead of the 9645 cases that
actually occurred in week 46 (2009) of the pandemic. We found
a difference of 5844 cases of sickness absence due to influenza
between the observed and the expected weeks of peak influenza
activity observed as shown by the respective ‘epidemic curves’ in

figure 1. The results with stratification by sex, age and economic
activity sector, showed a similar pattern to that in figure 1 with
clusters in January of each year during the epidemic period and
the expected cases during the pandemic period clustering in
November (data not shown).

DISCUSSION
The study of sickness absence is complex, as absence is influ-
enced by numerous factors, both clinical and socioeconomic. In
addition to being an integrated indicator of health, sickness
absence statistics also reflect economic and social burdens,
due to the interplay of case incidence with other social-level
conditions.19

In this study, we measured the impact of the new flu on
sickness absence to provide data that supplement traditional
epidemiological surveillance systems. The emergence and spread
of the 2009 H1N1 flu pandemic resulted in unusual morbidity
from a scientific point of view.20 21 Our results indicate that in
Catalonia there were important differences in the number of new
sickness absence episodes due to influenza and related illnesses, as
compared to trends in previous years. These differences consisted
of shifts in the timing of peak incidence, a doubling in the
number of cases, and changes in the distribution of cases by
economic activity sector and gender. Overall, the findings suggest
that the patterns of sickness absence due to influenza are likely
to have had important socioeconomic consequences for society.
The incidence and temporal patterns observed in our sickness

absence database mirror the patterns of the pandemic detected
by the usual influenza surveillance systems in both Catalonia
and Spain22 23 and a preliminary study of sickness absence in

Table 2 Weekly distribution of cases of sickness absence episodes due to influenza and influenza + influenza-related illness, 2007e2009 and 2010
(JanuaryeMarch) in Catalonia

Week

Influenza Influenza + influenza-related illness

Epidemic period Pandemic period Epidemic period Pandemic period

1 January 2007e30 September 2009 1 October 2009e31 March 2010 1 January 2007e30 September 2009 1 October 2009e31 March 2010

Maximum Minimum Median Cases EEI (95% CI) Maximum Minimum Median Cases EEI (95% CI)

October 40 309 275 292 1376 4.71 (3.98 to 5.58) 5992 4609 5300.5 5935 1.12 (0.78 to 1.61)

41 308 208 258 1095 4.24 (2.47 to 7.29) 5544 3301 4422.5 4562 1.03 (0.51 to 2.08)

42 397 233 315 1896 6.02 (2.92 to 12.40) 5145 4193 4669 7534 1.61 (1.22 to 2.14)

43 433 234 333.5 2552 7.65 (3.34 to 17.51) 5301 3554 4427.5 7685 1.74 (1.00 to 3.00)

November 44 296 276 286 4906 17.15 (15.51 to 18.97) 3911 3263 3587 11221 3.13 (2.43 to 4.02)

45 480 301 390.5 7439 19.05 (10.09 to 35.97) 5884 4438 5161 14911 2.89 (1.96 to 4.26)

46 592 327 459.5 9645 20.99 (9.44 to 46.69) 6049 4669 5359 16780 3.13 (2.19 to 4.48)

47 679 343 511 7061 13.82 (5.55 to 34.38) 6528 5008 5768 12864 2.23 (1.55 to 3.21)

48 636 446 541 4070 7.52 (4.62 to 12.25) 6008 5162 5585 9056 1.62 (1.31 to 2.00)

December 49 422 314 368 1829 4.97 (3.30 to 7.48) 3805 3514 3659.5 4946 1.35 (1.21 to 1.51)

50 993 805 899 2066 2.30 (1.71 to 3.08) 7682 6731 7206.5 6682 0.93 (0.77 to 1.12)

51 1585 862 1223.5 1067 0.87 (0.38 to 1.98) 8803 5410 7106.5 4528 0.64 (0.33 to 1.24)

52 1140 1106 1123 399 0.36 (0.32 to 0.40) 5161 4459 4810 2264 0.47 (0.38 to 0.58)

January 1 4460 1958 2264 720 0.32 (0.13 to 0.80) 16790 8041 8650 4299 0.50 (0.21 to 1.17)

2 4683 3149 3801 834 0.22 (0.15 to 0.33) 13241 11918 12947 5873 0.45 (0.41 to 0.51)

3 4025 2338 3303 542 0.16 (0.10 to 0.28) 11504 8781 11391 4089 0.36 (0.27 to 0.48)

4 4123 1751 3417 473 0.14 (0.06 to 0.30) 12210 7477 10360 3931 0.38 (0.24 to 0.61)

5 5313 1602 2383 401 0.17 (0.05 to 0.58) 13978 7832 8182 4098 0.50 (0.25 to 0.99)

February 6 4674 1540 1770 350 0.20 (0.05 to 0.72) 12451 6445 8718 4030 0.46 (0.24 to 0.88)

7 3048 1150 1811 338 0.19 (0.07 to 0.48) 9142 5728 9103 4295 0.47 (0.29 to 0.76)

8 2011 879 1545 259 0.17 (0.08 to 0.36) 8653 5304 7355 3693 0.50 (0.31 to 0.80)

9 1282 806 1125 201 0.18 (0.11 to 0.28) 7022 5629 5642 3408 0.60 (0.47 to 0.78)

March 10 934 663 931 248 0.27 (0.18 to 0.39) 7029 4973 5332 4091 0.77 (0.53 to 1.11)

11 761 462 636 200 0.31 (0.19 to 0.52) 5488 4549 5035 3718 0.74 (0.61 to 0.89)

12 764 156 354 164 0.46 (0.11 to 1.95) 5766 1851 4272 3344 0.78 (0.29 to 2.08)

13 841 346 561 61 0.11 (0.05 to 0.26) 6953 4254 5669 1637 0.29 (0.18 to 0.46)

Endemic-epidemic indices (EEI) and corresponding 95% CIs during the epidemic and pandemic periods are shown.
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Catalonia.24 While this validates our results to a certain extent,
our findings go beyond traditional sentinel case-based and other
public health influenza surveillance systems by also providing
useful information on business-related morbidity.

We also found that the ‘health, education and other social
activities’ sector had the largest number of cases during the
pandemic, with a maximum EEI of 114.25 in week 45
(November 2009), a clear departure from previous years when
the manufacturing and energy production sectors had the largest
proportion of cases. One possible explanation for this finding
could be that, although it was not known whether the
pandemic would differentially affect industry, certain sectors,
either due to a perceived higher risk of exposure to infectious
cases or a greater risk of illness spreading to colleagues and/or
clients (eg, in schools and healthcare settings), attracted greater
attention from the media and public health agencies. This, in
turn, led to the development of specific guidelines and recom-
mendations in order to better protect workers and reduce the
spread of disease,25 26 increasing the coverage of vaccination
programs, which were historically low among teachers and
healthcare workers.27 28

The greater incidence and absolute counts of sickness absence
observed during the pandemic period are most likely due to the

high virulence of the new strain of virus and/or the effect of the
preventive measures recommended by health authorities, which
generally favoured workers staying at home if suspected of
having flu. Moreover, some sickness absence may have resulted
from healthy working family members caring for a dependent
with flu. The change in the distribution of sickness absence by
gender, with women making up a greater proportion of cases
during the pandemic period, could be explained in part by
their greater presence in the health and education workforce
compared to the manufacturing sector. In 2009, women made up
72% and 65% of the health and education sectors, respectively.29

Moreover, previous studies suggest that women are more likely
to stay at home to care for a dependent family member who is
ill.30 Unfortunately, we were unable to estimate the incidence of
sickness absence in the total worker population by gender and
economic activity due to inability to link our data with weekly
counts of the employed workforce in Catalonia.
In Spain, wage replacement during temporary sickness

absence is based on worker pay grade, and covered by the
company between the 4th and 15th days of an episode. After the
15th day, wages are covered either by the social security
system or an insurance company.31 During the 2009 H1N1
outbreak, the Spanish Ministry of Health and Social Policy

Table 3 Weekly distribution of cases of sickness absence episodes due to influenza and
influenza-related illness, November 2009 in Catalonia (pandemic period)

Economic
activity

Week

44 (2009) 45 (2009) 46 (2009) 47 (2009) 48 (2009)

Commercial/vehicle repair

n 810 1192 1520 1146 681

EEI 14.21 19.87 24.13 16.37 8.96

95% CI (11.38 to 18.07) (9.47 to 41.70) (10.69 to 55.33) (8.19 to 33.22) (7.60 to 10.56)

Construction

n 326 472 641 503 288

EEI 16.30 12.42 15.63 11.98 6.13

95% CI (11.53 to 24.24) (6.67 to 23.74) (8.22 to 30.46) (5.98 to 24.57) (2.91 to 13.16)

Finance, real estate and services

n 648 1050 1348 955 519

EEI 13.79 16.94 20.42 11.79 6.25

95% CI (11.78 to 16.48) (11.58 to 25.16) (14.31 to 29.61) (5.35 to 25.97) (4.15 to 9.42)

Government

n 264 488 569 411 259

EEI 11.00 16.27 11.85 9.79 4.54

95% CI (3.86 to 31.32) (10.74 to 25.48) (6.62 to 21.24) (8.88 to 10.78) (3.56 to 5.90)

Health, education and other social activities

n 1224 1828 2427 1682 930

EEI 76.50 114.25 89.89 48.06 22.68

95% CI (53.86 to 108.67) (95.51 to 136.67) (53.72 to 150.42) (36.65 to 64.85) (20.34 to 25.92)

Hotel and restaurant businesses

n 178 292 358 260 144

EEI 16.18 24.33 19.89 26.00 9.00

95% CI (13.97 to 18.74) (18.80 to 31.49) (14.37 to 27.53) (11.22 to 60.25) (5.77 to 14.95)

Manufacturing industry and energy production

n 716 1110 1430 1084 683

EEI 14.61 14.42 14.74 10.23 6.70

95% CI (10.11 to 21.56) (8.25 to 25.52) (5.42 to 40.13) (3.68 to 28.40) (3.38 to 13.26)

Agriculture, mining, fishing

n 18 46 57 53 29

EEI 9.00 9.20 22.80 11.78 4.46

95% CI (5.67 to 14.28) (4.92 to 17.19) (12.36 to 42.05) (2.47 to 56.23) (2.93 to 6.80)

Transportation/communication

n 389 474 666 454 279

EEI 21.61 29.63 30.27 18.16 11.16

95% CI (19.57 to 23.87) (19.38 to 48.25) (11.74 to 81.71) (5.63 to 61.00) (5.68 to 21.93)

Endemic-epidemic indices (EEI) and corresponding 95% CIs during the epidemic and pandemic periods are shown.
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accepted the argument that influenza A virus is typically elim-
inated from respiratory secretions within 7 days,9 so wage
replacement for sickness absence (typically, 60% of base pay)
during this period would primarily have been the responsibility
of the company.32 The indirect costs related to medical expenses,
decreased productivity and worker illness would have to be
added to the costs to companies, the social security system
and insurance companies. Unfortunately, we did not have
information on duration of individual sickness absence
episodes or on actual individual worker base pay, both of
which would have allowed total direct costs to be estimated.

The main limitation of this study was the inability to ascer-
tain the medical diagnosis that resulted in sickness absence
which, in the case of influenza, is usually not confirmed
microbiologically. Even during the 2009 H1N1 pandemic, diag-
noses were not usually serologically based because of high cost;
instead, this level of diagnostic evaluation was limited to
essential physicians in the Catalonian national health service.33

Hence, we were unable to distinguish 2009 cases due to H1N1
from those due to other strains during the pandemic period,
although as shown by the influenza surveillance systems in
Spain and Catalonia, during the autumn of 2009, over 90% of
laboratory confirmed cases were due to the new influenza virus
A (H1N1).23 34 This does not lessen the value of our study,
however, because the main objective was to assess the impact of
a new influenza strain on a working population, and whether
this impact differed from that of previous years. Regardless of
whether some cases were incorrectly diagnosed as influenza,
either during the pandemic or in previous years, the social

security system handled them as de facto influenza cases, as
determination of sickness absence is based on the primary care
physician’s diagnosis.
We should also note that, in addition to the number of new

cases, the duration of the sickness absence period contributes
to the impact of the pandemic, especially as this duration may
have been longer than usual given recommendations from the
local health authorities (which varied over the course of the
pandemic), particularly for certain economic activity sectors,
such as healthcare and education.
In summary, the 2009 H1N1 pandemic differed from recent

influenza epidemics, as shown by an increase in the number of
cases resulting in sickness absences, earlier peaking of the case
burden, and a differential impact on certain sectors of the
economy and women. Traditional epidemiological surveillance
systems could benefit from the addition of information based on
sickness absence data, as this reflects the impact on business.
Continued epidemiological surveillance of sickness absence is
necessary to determine whether this trend has continued or
returned to pre-pandemic patterns. It would also be important
to assess the effectiveness of vaccination programs, targeting
those populations that appear to have differentially been
affected by the influenza pandemic.
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d’Avaluacions Mèdiques.
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Figure 1 Temporal series of cases of sickness absence due to influenza, 2007e2009 and 2010 (JanuaryeMarch) in Catalonia and prediction for the
period between week 13 (2009) and week 13 (2010).
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APPENDIX 1
Let Oi represent the observed number of influenza (or influenza+influenza-related)
illness cases during the ith week of the pandemic period, and Ei be the expected
number of cases, taken as the median of the numbers of cases during the same
calendar week (eg, week 40) in the epidemic period, where i¼1 (week 40 (2009)), 2
(week 41 (2009)),., 26 (week 13 (2010)). The weekly endemic-epidemic index
(EEI)16 17 for the ith week is given by

EEIi ¼ Oi=Ei:

To obtain the corresponding 95% CI, we computed the variance of log(Oi/Ei) using
the delta method,18 considering Oi and Ei as independent random variables. Specifi-
cally, we consider
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We assume that Oi follows a Poisson distribution with E(Oi)¼mi wherem̂i ¼ Oi.

We also assume that E(Ei)¼si and VarðEiÞ ¼ s2
i with ŝi ¼ X
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j¼ 1 Xij=n and Xij are

the observed cases in the ith week for the epidemic period, where j¼1,., n, with
n¼2 or n¼3 depending on the number of observations in the epidemic period.
Specifically, n¼2 for weeks 40e52 and n¼3 for weeks 1e13. Applying these
assumptions in equation (A.1) we obtain
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and the 95% CI for EEIi is computed by
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Example. To demonstrate the applicability of the proposed confidence interval, we

compare it with an alternative approach that considers Ei not random quantities. In
this case, we consider that Oi follows a Poisson distribution with E(Oi)¼mi¼liEi.

To compare the two approaches, we use data for cases of influenza+influenza-
related illnesses for the 12th week. In this case, X12$1¼5766, X12$2¼1851 and
X12$3¼4272 for the epidemic period and O12¼3344 for the pandemic period. The
resulting EEI12 is 0.78, which is based on an expected number of cases, E12, that is
equal to the median of three observations in the epidemic period that range widely
from 1851 to 5766. This large variation in the epidemic period is accounted for more
appropriately with the delta method, which considers both Oi and Ei to be random,
whereas the Poisson approach considers Ei to be fixed: the resulting 95% CI for EEI12
is appropriately wider when the former is compared to the latter. Specifically, the CIs
obtained using the Poisson approach and the delta method were (0.76 to 0.81) and
(0.29 to 2.08), respectively, and the statistical test at the 5% level would lead to
opposite conclusions.
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