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Risk-based Estimate of Effect of
Foodborne Diseases on Public
Health, Greece

Elissavet Gkogka, Martine W. Reij, Arie H. Havelaar, Marcel H. Zwietering, and Leon G.M. Gorris

The public health effect of iliness caused by foodborne
pathogens in Greece during 1996-2006 was quantified by
using publicly available surveillance data, hospital statistics,
and literature. Results were expressed as the incidence of
different disease outcomes and as disability-adjusted life
years (DALY), a health indicator combining illness and
death estimates into a single metric. It has been estimated
that each year =370,000 illnesses/million inhabitants are
likely caused because of eating contaminated food; 900
of these illnesses are severe and 3 fatal, corresponding to
896 DALY/million inhabitants. lll-defined intestinal infections
accounted for the greatest part of reported cases and 27%
of the DALY. Brucellosis, echinococcosis, salmonellosis,
and toxoplasmosis were found to be the most common
known causes of foodborne illnesses, being responsible
for 70% of the DALY. Overall, the DALY metric provided a
quantitative perspective on the impact of foodborne illness
that may be useful for prioritizing food safety management
targets.

To initiate and sustain efforts for prevention and
control of foodborne diseases, it is essential to
determine the extent and dimensions of the problem (1).
Accurate knowledge of disease incidence and severity
is invaluable to competent national authorities for use
in selecting appropriate management actions to reduce
the overall public health impact. However, much of the

Author affiliations: Wageningen University, Wageningen, the
Netherlands (E. Gkogka, M.W. Reij, M.H. Zwietering, L.G.M.
Gorris); Utrecht University, Utrecht, the Netherlands (A.H.
Havelaar); National Institute for Public Health and the Environment,
Bilthoven, the Netherlands (A.H. Havelaar); and Unilever Research
and Development, Shanghai, People’s Republic of China (L.G.M.
Gorris)
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information collated regarding foodborne illnesses by
different systems cannot be directly translated into policy
(2) for 3 main reasons. First, not all cases are reported
to health authorities, and estimates of underreporting
result in considerable uncertainty in burden of illness
studies, which limits the interpretation and analysis of
available information (3,4). Second, often only a fraction
of illnesses caused by food-related pathogens are actually
foodborne because transmission can also be through the
environment, direct contact with animals, or from person
to person (5). Third, foodborne illnesses may vary not only
in their incidence but also in their severity, resulting in
widely different clinical manifestations and potentially
involving long-term sequelae, although for their accurate
description and quantification a uniform health measure
would be needed (6).

To circumvent the latter issue, the World Health
Organization (WHO) recommends using disability-adjusted
life years (DALY) as a metric to express the public health
effects of foodborne diseases (2), and DALY is increasingly
used for a wide variety of illnesses (6-8). The aim of this
study was to test the feasibility of using publicly available
relevant data sources combined with the DALY metric
to quantify the annual impact of foodborne illnesses in a
country in a format useful for policy decisions. The country
selected was Greece. The study used available surveillance
data, hospital statistics from 1996 through 2006, and
literature. In an attempt to address the first 2 limitations
of the types of study mentioned above, we account in our
estimates for uncertainty caused by underreporting and food
attribution by using probability distributions to describe a
range of plausible values for these parameters. Results are
also expressed as cases in the general population, reported
or estimated severe cases, and deaths to enable comparisons
with similar studies in other countries.

1581
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Methods

The various steps taken to estimate the incidence and
impact of foodborne illness in Greece are shown in Figure
1. Reported cases of illnesses that may be transmitted
through food were for the larger part collected from the
Hellenic Statistical Authority (ELSTAT) (9) and the
Hellenic Center for Infectious Diseases Control (HCIDC)
(10). A limited number of data were obtained from WHO
disease surveillance reports where HCIDC was mentioned
to be the source (11,12) for better transparency and from
other literature when no other information was available
(13). The study included the period 1996-2006 for which
data were available from both national sources. ELSTAT
collects information regarding hospitalizations for patients
who have a duration of stay >1 day based on the Basic
Tabulation List (BTL) of the International Classification
of Diseases, 9th Revision. ELSTAT data are based on
sampling of hospitalized patients’ bulletins.

This sampling includes bulletins of deceased patients,
although these bulletins are not recorded separately.
Hospitalizations recorded by the ELSTAT are likely to
vary in their severity because the population in Greece had
free access to hospital centers where it was possible to be
treated even for minor health issues (14). HCIDC collects
information on notified cases from hospital microbiologic
laboratories and district health authorities (11) and also
performs active surveillance on the general incidence of
gastroenteritis through physicians’ reports (10). HCIDC
data can thus be representative of hospitalizations or visits
to physicians and are a mixture of laboratory-confirmed
and symptom-based notified cases. In the absence of a
study validating these 2 systems of collecting information
on disease incidence, we considered ELSTAT and HCIDC
data to be representative of reported (severe) cases of illness.
Corrections for undernotification or overnotification were
not made because this would require a country-specific
study that is not currently available. For the few illnesses
for which data were available from both systems, ELSTAT
data were preferred. For cryptosporidiosis, giardiasis, and
toxoplasmosis, cases were estimated indirectly taking
into account studies on prevalence of these parasites in
the general population (15,16). The mean and standard
deviation of reported and estimated cases for 1996-2006
were used to create normal distributions, which were
considered representative of the annual incidence of these
illnesses (17).

Deciding on a precise estimate of the proportion of
cases that can be attributed to food is complicated (5).
Because of differences in food production, consumption,
and the ecology of pathogens, the percentage of foodborne
transmission is expected to vary among countries and
constitutes a major area of uncertainty. To make an
adjustment for food attribution, PERT distributions were

1582

1. Data collection

Collecting data on 19 causes of iliness that may be
transmitted through food:

= Hellenic Statistical Authority

= Hellenic Center for Infectious Diseases Control

= WHO reporls and dalabases

= Scientific literature

2. Reported and estimated cases of illness

Reported incidence of iliness that may be transmitted
through food
Estimated incidence of illness that may be
transmitted through food for cryptosporidiosis,
glardiasis and toxoplasmosis

:

3. Adjustment for food attribution

Foodborne illness based on reported incidence
Foodborne illness based on estimated
incidenca of cryplosporidiosis,
giardiasis and toxoplasmosis

4. Adjustment for underreporting

Reportad or estimatad
cases caused by food

Underreported or
underestimated
casas causaed by food

: .

5. Estimating components of DALY formula

| YLL, YLD YLD |

6. Combining YLL and YLD components into DALY

| DALY |

Figure 1. Working scheme for estimating the incidence and
effects of foodborne iliness in Greece. For cryptosporidiosis and
giardiasis, because estimated cases are on the same level of the
surveillance pyramid as reported cases, the cases occurring in the
community (underestimated cases) were based on underreporting
factors suitable for these pathogens. In the case of toxoplasmosis,
disability-adjusted life years (DALY) are calculated only on the basis
of estimated cases which cover the entire population. WHO, World
Health Organization; YLL, years of life lost caused by premature
death in the population; YLD, years lived with disability for incident
cases of the health condition.

used as multipliers (18) (Table 1). Minimum and maximum
parameters of PERT distributions were based on a literature
search covering the range of potential values. Most likely
values were based on data most relevant to Greece and
Europe because endemicity of illnesses is often related to
specific regions (19,20).

Not all cases of foodborne illness are reported to
health authorities (3), and the degree of underreporting
varies greatly among diseases between countries or within
1 country in different periods (21). To make an adjustment
for underreporting, PERT distributions were used as
multipliers (18) and extremes were selected to cover the
full range of values found in literature. Most likely values
were set at the middle of this range to give equal weight to
extremes of each distribution (Table 1). We assumed that

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 17, No. 9, September 2011



Effect of Foodborne Diseases, Greece

Table 1. Parameters of the PERT distributions used to describe foodborne transmission, underreporting, and case-fatality rate for

foodborne ilinesses, Greece, 1996-2006*

Minimum, most likely, maximum+

lliness Food attribution, % Underreporting Case-fatality rate, %
Bacterial
Botulism 80, 100, 100 1.625, 1.8125, 2 3,10.15,17.3
Brucellosis 50, 84,100 2,10.85,19.7 09,2,5
Campylobacteriosis 30, 55, 80 7.6,274.8, 542 0.1, 0.1265, 0.153
Enterohemorrhagic Escherichia coli 40, 51, 90 2, 14.05, 26.1 0.25, 0.54, 0.83
Leptospirosis 1, 5,49 10, 15, 20 5,10, 15
Listeriosis 69, 99, 100 1.1,1.7,2.3 10, 30, 44
Salmonellosis 55, 95, 95 3.2,51.45,99.7 0.5, 0.701, 0.902
Shigellosis 8.2, 10, 31 3.4,18.35, 33.3 0.1,0.13,0.16
Typhoid and paratyphoid fever 55, 80, 95 2,7.65,13.3 0.4,0.95,1.5
Food poisoning 87, 100, 100 29.3, 185.65, 342 0, 0.025, 0.05
Parasitic
Amebiasis 10, 50, 100 9.2,9.6,10 0.1,0.2,0.3
Cryptosporidiosis 5.6,5.6,8 7.4,53,98.6 0.07, 0.335, 0.6
Echinococcosis 30, 30, 100 2,3,4 1,2.24,3
Giardiasis 5,10, 30 4.6,25.45,46.3 0, 0.05, 0.1
Toxoplasmosis 30, 50, 63 NA 3.3,3.75,4.8
Viral: acute hepatitis A 5,8, 11 2,5.55,9.1 0.3,1.35,24
Mixed/ill-defined causes
Other helminthiases 30, 90, 100 4.6,51.6,98.6 3.37%
Intestinal infections due to other specified microorganism 1,36, 70 2,402, 1,562 0.25%
lll-defined intestinal infections 1, 36, 50 2,402, 1,562 0.0045%

*NA, not applicable.

TMinimum, most likely (mean), and maximum parameters of each PERT distribution. More information, including an expanded version of this table, can
be found in the online Technical Appendix (www.cdc.gov/ElD/content/17/9/101766-Techapp.pdf).

fFor these illnesses, an average fixed value was used for the case-fatality rates estimated by using data from the World Health Organization Mortality
Database on the deaths and incidence data from the Hellenic Statistical Authority.

underreporting factors primarily represent underreported
cases of serious illnesses that result in physician visits,
and underreporting factors for gastrointestinal illnesses are
primarily associated with cases not resulting in physician
visits. Although in some studies an arbitrarily assigned
factor is used to cover for misdiagnosed or undiagnosed
hospitalizations and deaths (3,18), it was omitted in the
absence of specific data for Greece and underreported
cases caused by this phenomenon were considered to be
included in the “ill-defined intestinal infections” BTL code
as suggested by other authors (17). We also assumed that
all reported cases were diagnosed and coded correctly.
DALY values were calculated as DALY = YLL
+ YLD, where YLL are the years of life lost because
of premature death in the population and YLD are
the years lived with disability for incident cases of the
health condition (22). YLD was estimated for reported
or estimated cases and underreported cases, and YLL
was estimated based only on reported or estimated cases.
The rationale for this was that fatal cases contributing to
YLL occur at the top of the surveillance pyramid and,
if diagnosed, most likely are notified, particularly for
obligatory notifiable diseases such as most of the ones
examined here. Moreover, for illnesses contributing to
YLD such as gastrointestinal illnesses, underreported

cases not resulting in hospitalization are not expected to
have fatal outcomes. The sole exception was listeriosis,
in DALY values mainly accounted for through YLL (23),
because it has been under surveillance only since 2004.
Thus, even serious cases of this infection were expected
to be considerably undernotified in part of the period
under study because physicians and laboratories might not
immediately be aware of the new reporting requirements.
Therefore, to avoid underestimation of deaths, YLD for
listeriosis was estimated on the basis of reported and
underreported cases.

The individual components of the DALY formula are
estimated as follows: YLL = d x e, where d is the number
of deaths and e is the expected individual life span at the
age of death in years; YLD = n x t x w, where n is the
number of cases of a specific illness, t is its duration in
years and W is a weight factor (disability weight) that
reflects its severity on a scale from O (perfect health) to
1 (death) (22,24). In calculating YLL, the number of
deaths (d) was estimated by multiplying reported or
estimated cases caused by foodborne infection for each
illness with a PERT distribution describing a plausible
range of pathogen-specific case-fatality rates (18) on the
basis of literature data from other industrialized countries
(Table 1). Selected case-fatality rates were always from

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 17, No. 9, September 2011 1583
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the same level of the surveillance pyramid as reported for
estimated cases. For some generic BTL codes (e.g., “Other
helminthiases,” “Intestinal infections due to other specified
microorganism,” and “Ill-defined intestinal infections™),
the number of deaths was based on data from the WHO
Mortality Database (25).

Regarding the expected individual life span at the age
of death in years (e), the age of death was estimated on
the basis of data collected by the HCIDC and ELSTAT
on patients’ age in reported cases. When no explicit
information was available in these sources, which was the
case for 5 illnesses, age at time of death was assumed to

Table 2. Disability weights related to the diseases included in study of the effects of foodborne infections, Greece, 1996-2006

Disability weights

lliness Reported or estimated cases Underreported cases
Bacterial
Botulism
Moderate cases 0.600 0.600
Severe cases 0.906 0.906
Brucellosis 0.200 0.200
Campylobacteriosis 0.067
Gastroenteritis 0.393
Reactive arthritis 0.140
Guillain-Barré syndrome, first year* 0.250
Guillain-Barré syndrome, long-term sequelae 0.160
Inflammatory bowel disease 0.260
Irritable bowel syndrome 0.042
Enterohemorrhagic Escherichia coli 0.067
Watery diarrhea and hemorrhagic colitis 0.393
Hemolytic uremic syndrome and end-stage renal disease 1
Leptospirosis 0.920 0.096
Listeriosis I I
Salmonellosis 0.067
Gastroenteritis 0.393
Inflammatory bowel disease 0.260
Irritable bowel syndrome 0.042
Reactive arthritis 0.150
Shigellosis 0.220 0.096
Irritable bowel syndrome 0.042
Typhoid and paratyphoid fever 0.600 0.096
Food poisoning 0.220 0.067
Parasitic
Amebiasis 0.400 0.067
Cryptosporidiosis 0.393 0.067
Echinococcosis
Cured 0.200 0.200
Postsurgical conditions 0.239 0.239
Relapse 0.809 0.809
Undiagnosed 0.200 0.200
Giardiasis 0.393 0.067
Toxoplasmosis
Clinical symptoms in the first year of life§ 0.140 9
Asymptomatic at birth, chorioretinitis later in life 0.080 1
Viral: acute hepatitis A 0.500 0.500
Mixed/ill-defined causes
Other helminthiases 0.463 0.067
Intestinal infections caused by other specified microorganism 0.400 0.067
lll-defined intestinal infections 0.400 0.067

*For an explanation of this selection, see the online Technical Appendix (www.cdc.gov/EID/content/17/9/101766-Techapp.pdf).
tTFor hemolytic uremic syndrome (including end-stage renal disease as a sequela), it is estimated that every case corresponds to 1.05 years lived with

disability (24).

INot applicable for listeriosis because the high case-fatality rate (>95%) of the disability-adjusted life year estimates is composed of years of life lost (24)
that mainly determine the burden of the disease. Therefore, no years lived with disability were estimated.
§Clinical symptoms in the first year of life include chorioretinitis, intracranial calcifications, hydrocephalus, and central nervous system abnormalities that

lead to neurologic deficiencies such as mental retardation.

f[Toxoplasmosis cases are estimates for the entire population. Consequently, underreporting does not apply.
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be 40 years. To check the impact of this assumption on
the ranking of foodborne risks, we tested both extremes by
assuming 0 years as the age at death and by assuming YLL
to be 0. For “Other helminthiases,” data from the WHO
Mortality Database were used. General life expectancy
was based on the life table for Greece for 2000 (22). For
comparison, estimates were also made by using the WHO
standard West Level 26 life table (22).

In calculating YLD, duration of illness (t) was based
on data collected by ELSTAT and on literature regarding
serious and mild forms of each cause of illness. Different
disability weights (w) were used for each disease based
on the severity of its sequelae and whether estimated
cases likely reach the health system or not (Table 2).
All underreported cases were assumed to be mild or
self-limiting for gastroenteritis-related illnesses. For
serious, non—self-limiting diseases such as brucellosis
or echinococcosis that are not related to gastroenteritis,
nonreported cases were considered to be as severe as
reported or estimated cases.

All estimations were performed by using the @RISK
5.7 software (Palisade Corporation, Ithaca, NY, USA) as
an add-in in Microsoft Excel 2010 (Microsoft, Redmond,

Effect of Foodborne Diseases, Greece

WA, USA). Full details regarding estimations of DALY,
selection of input distributions and simulation settings can
be found in the online Technical Appendix (www.cdc.gov/
EID/content/17/9/101766-Techapp.pdf).

Results

Annual Incidence of Foodborne llinesses

For 1996-2006, we estimated 369,305 (95% credible
interval [Crl] 68,283-910,608) illnesses per million
inhabitants per year attributable to eating contaminated food,
at least 905 of which (95% Crl 499-1,340) are reported or
estimated to be severe and 3 fatal (95% Crl 2.0-4.8) (Table
3). Ill-defined intestinal infections accounted for most
(94%) cases (sum of reported/estimated and underreported
cases). Regarding reported/estimated cases, ill-defined
intestinal infections were responsible again for the greatest
part (72%), followed by salmonellosis (8.2%), brucellosis
(7.1%), food poisoning (4.0%), and echinococcosis
(2.7%). Most deaths (48%) were estimated to be caused
by brucellosis, although salmonellosis, echinococcosis,
listeriosis, and toxoplasmosis also contributed substantially
to deaths.

Table 3. Mean estimated incidence of total foodborne illnesses, reported/estimated ilinesses, and deaths attributed to food in Greece

per 1 million inhabitants, 1996—2006*

Incidence per million inhabitants

Total illnesses Reported/estimated ilinesses Deaths
llinesses Meant 95% Crlt Meant 95% Crlt Meant 95% Crlt
Bacterial
Botulism 0.13 0.011-0.28 0.066 0.056-0.15 0.0067 0.00052-0.017
Brucellosis 699 225-1,378 64 30-102 15 0.52-3.0
Campylobacteriosis 3,571 851-7,733 13 5.6-22 0.016 0.0069-0.029
EHEC 1.0 0.069-2.8 0.072 0.0058-0.17 0.00039  0.000030-0.00098
Leptospirosis 4.0 0.34-13 0.27 0.023-0.84 0.027 0.0022-0.087
Listeriosis 0.89 0.11-1.9 0.41 0.049-0.85 0.19 0.021-0.45
Salmonellosis 3,793 750-8,350 74 22-128 0.52 0.15-0.93
Shigellosis 25 1.1-77 1.4 0.068-3.8 0.0018 0.000088-0.0050
Typhoid and paratyphoid fever 37 3.3-92 4.8 0.47-10 0.046 0.0043-0.11
Food poisoning 6,636 450-17,569 36 2.8-80 0.0089 0.00055-0.025
Parasitic
Amebiasis 13 1.9-29 1.3 0.19-3.0 0.0026 0.00037-0.0064
Cryptosporidiosis 197 71-360 3.7 2.4-53 0.013 0.0050-0.022
Echinococcosis 72 29-140 24 10-45 0.52 0.19-1.0
Giardiasis 159 47-358 6.3 2.7-12 0.0031 0.00069-0.0074
Toxoplasmosis 3.4 2.5-4.1 3.2 2.4-4.0 0.12 0.090-0.16
Other helminthiases 137 22-322 2.7 0.56-5.1 0.089 0.019-0.17
Viral: hepatitis A 6.9 1.4-15 1.2 0.27-2.4 0.017 0.0031-0.038
Mixed/ill-defined causes
Intestinal infections caused by 7,394 354-25,558 14 1.2-36 0.035 0.031-0.091
other specified microorganism
lll-defined intestinal infections 346,558 45,985-886,276 655 256-1,082 0.030 0.012-0.049
Total of gastroenteritis 368,520 67,536-909,457 812 408-1,245 0.95 0.52-1.4
Total 369,305 68,283-910,608 905 499-1,340 3.1 2.0-4.8

*Values have been rounded to include significant digits and thus not all summations necessarily tally. Boldface indicates the top 5 contributors to each
estimate category. EHEC, enterohemorrhagic Escherichia coli; Crl, credible interval.

1These estimates correspond to the mean of the output distributions.
$95% Crl representative of the 2.5 and 97.5 percentiles.
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Public Health Impact of Foodborne llinesses
Expressed as DALY

Foodborne illnesses accounted for =896 DALY per
1 million inhabitants annually (95% Crl 470-1,461), of
which 14% were attributable to YLL and 86% to YLD (Table
4). As much as 34% of the estimated effects of foodborne
disease in Greece could be attributed to gastroenteritis-
related illnesses, and the remaining 66% was unevenly split
among 6 non—gastroenteritis-related illnesses (brucellosis,
echinococcosis, toxoplasmosis, leptospirosis, hepatitis
A, and botulism). Notwithstanding attendant uncertainty
(Figure 2), the most serious foodborne illness in Greece
was brucellosis, representing ~55% of the estimated
DALY and contributing greatly to illness (>88%). IlI-
defined intestinal infections were the second most serious
contributor to disease burden (=27% of DALY), followed
by echinococcosis (7.8%) and salmonellosis (4.6%) as
known causes of illness.

Discussion

The DALY metric provided a different view on
the effects of foodborne illnesses on public health in
comparison to incidence estimates (Table 5). Although
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Figure 2. Disability-adjusted life years (DALY) caused by different
foodborne diseases per million inhabitants in the course of an
average year in Greece, including uncertainty. Estimates are
presented on a logarithmic scale on the y-axis. Whiskers represent
95% credible intervals. EHEC, enterohemorrhagic Escherichia coli.

salmonellosis was captured as a major contributor by all
4 rankings, there was variation regarding other causes
of illness. Interestingly, diseases that have the highest
effect on public health either in terms of illness (ill-

Table 4. Estimates of YLL, YLD, and DALY caused by foodborne illnesses in an average year in Greece per 1 million inhabitants,

including plausible range attributable to uncertainty*

llinesses

Estimated YLL (95% Crl)t

Estimated YLD (95% Crl)  Estimated DALY (95% Crl)t

Bacterial
Botulism 0.27 (0.021-0.67)
Brucellosis 59 (21-121)
Campylobacteriosis 1.2 (0.51-2.1)

Enterohemorrhagic Escherichia coli

Leptospirosis 0.81 (0.066-2.7)

0.016 (0.0012-0.039)

0.0066 (0.00056-0.015)
434 (140-856)
3.9 (1.5-7.5)
0.039 (0.0031-0.091)
0.015 (0.0013-0.046)

0.28 (0.021-0.69)
493 (174-943)
5.14 (2.0-9.4)

0.054 (0.0043-0.13)

0.83 (0.067-2.7)

Listeriosis 4.1 (0.45-9.7) I 4.1(0.45-9.7)
Salmonellosis 31 (8.7-55) 10 (2.9-19) 41 (12-72)
Shigellosis 0.12 (0.060-0.34) 4.1 (0.0021-0.12) 0.16 (0.0081-0.46)
Typhoid and paratyphoid fever 2.3 (0.21-5.4) 0.17 (0.016-0.38) 2.4 (0.23-5.7)
Food poisoning 0.36 (0.022-0.98) 1.3 (0.088-3.3) 1.6 (0.12-4.1)
Parasitic
Amebiasis 0.079 (0.011-0.20) 0.013 (0.0019-0.030) 0.092 (0.013-0.22)
Cryptosporidiosis 0.50 (0.20-0.88) 0.20 (0.10-0.32) 0.69 (0.35-1.2)
Echinococcosis 16 (5.9-31) 54 (22-106) 70 (28-135)
Giardiasis 0.12 (0.028-0.29) 0.48 (0.18-0.99) 0.61 (0.24-1.2)
Toxoplasmosis 9.7 (7.0-13) 14 (10-17) 23 (17-29)
Other helminthiases 0.92 0.19-1.8) 0.17 (0.029-0.38) 1.1(0.23-2.1)
Viral: hepatitis A 1.1 (0.20-2.4) 0.089 (0.018-0.19) 1.2 (0.22-2.6)
Mixed/ill-defined causes
Intestinal infections caused by other 1.4 (0.12-3.6) 5.2 (0.26-18.0) 6.6 (0.45-21)
specified microorganism
lll-defined intestinal infections 1.2 (0.5-2.0) 243 (33-621) 245 (34-622)
Total of gastroenteritis§ 43 (20-68) 265 (55-643) 308 (94-687)

Total 130 (81-196)

767 (361-1,308) 896 (470-1,461)

*Values have been rounded to include significant digits and thus not all summations necessarily tally. Boldface indicates the top 5 contributors to each
estimate category. YLL, years of life lost; YLD, years lived with disability; DALY, disability-adjusted life years; Crl, credible interval.

195% Crl representative of the 2.5 and 97.5 percentiles.

FDALY due to listeriosis are mainly determined by the YLL (23); therefore, no YLD were estimated.
§Gastroenteritis-related illnesses are considered to be all of the above except: botulism, brucellosis, leptospirosis, echinococcosis, hepatitis A, and

toxoplasmosis.
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Table 5. Ranking of the top 5 causes contributing to the effects of foodborne iliness in Greece as estimated on the basis of individual

incidence parameters and disability-adjusted life years, 1996—-2006

Incidence estimates

Rank All foodborne illnesses Reported/estimated illnesses Deaths Disability-adjusted life years

1 lll-defined intestinal infections lll-defined intestinal infections Brucellosis Brucellosis

2 Intestinal infections due to other Salmonellosis Salmonellosis lll-defined intestinal
specified causes infections

3 Food poisoning Brucellosis Echinococcosis Echinococcosis

4 Salmonellosis Food poisoning Listeriosis Salmonellosis

5 Campylobacteriosis Echinococcosis Toxoplasmosis Toxoplasmosis

defined intestinal infections), death (toxoplasmosis) or
both (brucellosis) are not identified in the ranking based
on a single individual incidence parameter, but they are
captured by DALY, which has the advantage of enabling
comparisons between different disease endpoints. For
instance, although toxoplasmosis is not among the 5
major contributors on the basis of the total incidence or
on reported/estimated cases, it is given more prominence
through using the DALY metric because this also accounts
for severe outcomes and sequelae of this disease. Although
self-limiting diseases may appear to be essential in terms
of incidence, on the basis of DALY they do not greatly
contribute to either illness or death. Therefore, use of the
DALY metric gives a different and risk-based perspective
of the influence of foodborne illnesses on the health of a
country’s population because it is estimated on the basis
of the diseases’ frequency (incidence) and severity (health
effect).

Most of the foodborne illness cases in Greece were
caused by ill-defined intestinal infections (Table 3). This
finding is consistent with results from similar studies in
other countries (3,17). Using the current Greek surveillance
system, we cannot attribute this burden to known causes
of gastroenteritis other than the ones included in this
study. Noroviruses could be the etiologic agents in a
large proportion of these ill-defined intestinal infections
because they have been considered the most likely agent
of foodborne illness caused by unknown agents (26) and
have been found in other studies to be a most common
cause of foodborne illness due to known agents (17,18).
Outbreak data found for these pathogens were scarce (27)
and therefore not included in this study. A considerable
part of this category might also have been caused by other
unknown agents of illness or known agents that have been
misdiagnosed. For instance, campylobacteriosis is expected
to be undiagnosed to a great extent in Greece because few
laboratories in the country have the ability to identify the
pathogen (10). This finding could partially explain the
high underreporting factor estimated for this illness for
Greece, based on the approach of Ekdahl and Giesecke (28)
compared with results for other Western countries (3,29).

Brucellosis was found to be the leading cause of
illness and death in Greece. Although its incidence showed

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 17, No. 9, September 2011

a reasonably consistent decline during the period of this
study, it still constitutes a serious public health problem
(Figure 3). The disease is most common in rural areas of the
country, and risk factors for its contraction are occupational
contact with animals and the consumption of unpasteurized
milk and milk products (30,31).

Echinococcosis was the second most notable foodborne
illness. This disease has been recognized as a serious health
problem in the country (32) and linked with contaminated
food (10,33). Echinococcosis caused by Echinococcus
granulosus (cystic echinococcosis) is the dominant form
in Greece (32), where the infection is hyperendemic (19).
Although its incidence has gradually decreased since 1984
as a result of a long anti-echinococcosis campaign and
general improvements in living and hygiene standards (32),
it still is a serious health risk for the population (Figure 3).

Salmonellosis was the third most serious foodborne
illness of known etiology in terms of public health
impact, and it also was the most prominent gastroenteritis-
related illness of identified cause (Table 3). This finding
is consistent with it being a noteworthy zoonosis, which
contributes to a high prevalence of gastrointestinal illness
in the European Union (34), and the most often reported
causative agent of outbreaks of an identified etiologic agent
worldwide (35).

After salmonellosis, congenital toxoplasmosis was
also a major contributor to the disease burden, although
in terms of incidence it is an uncommon illness with <4
cases per million inhabitants. The disease has not been
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Figure 3. Trends for the top 5 contributors to the burden of
foodborne diseases in Greece, 1996-2006. DALY, disability-
adjusted life years.
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recognized as a major foodborne illness in the country,
although its serious health consequences have been well
documented (36).

There are 4 major factors that add to the uncertainty in
our estimates that are not independent: 1) underreporting,
2) food attribution, 3) the quality of incidence data, and 4)
value choices in the DALY formula. Given the limited data
available for Greece, data from other countries have been
used to create multipliers for underreporting and foodborne
transmission (online Technical Appendix); these data were
of variable quality and representativeness. For instance,
in the case of campylobacteriosis and salmonellosis,
underreporting factors based on tourist studies (28,37) have
been included in the multipliers, which were higher than
underreporting factors from other Western countries for the
same pathogens (4,18). Such underreporting factors might
not be completely representative of the difference between
reported cases resulting in physician visits and cases in the
general population because these studies can be subject to
several biases (e.g., tourists differ from natives in exposure)
(28), although at the same time they cover for phenomena
such as undernotification and misdiagnosis of illnesses that
were beyond our intention. As a consequence of including
data derived by using different method approaches, the
plausible range of these multipliers was wide, which
resulted in DALY estimates with similarly wide credible
intervals (Figure 2). However, despite this limitation, our
estimates can still be used for risk ranking purposes.

Uncertainty is also an inherent property of incidence
data. Specifically, data for reported cases in Greece (and
elsewhere) rely on insufficiently detailed codes, there
is incomplete or lacking separate surveillance for many
foodborne pathogens, and a specific diagnosis is not given
for most episodes of enteric illness requiring hospitalization.
These factors result in the greater part of reported cases
of gastroenteritis being attributed to ill-defined causes.
As with other studies of this kind, assumptions had to be
made, notably considering the age of death. Although this
assumption did not change the 5 major foodborne risks,
it had considerable impact on the individual estimates.
We also had to assume that serious cases of illness that
have been reported because of a specific agent have been
diagnosed and coded correctly or notified to the appropriate
authorities. This assumption might not always be the case
because at least some of these illnesses are expected
to be part of the ill-defined illnesses. A correction for
misdiagnosis and undernotification cannot be included
for the reported illnesses until country specific data are
available. Assigning an arbitrary factor as in other studies
(3) introduces new uncertainties and, unlike incidence data
in the case of DALY, can affect the ranking of foodborne
risks. Thus, our estimates are based only on the illnesses
that the surveillance system in Greece currently exposes,
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and the estimates’ robustness can only be further improved
through improved surveillance.

As for uncertainty resulting from value choices in the
DALY formula itself, in the present study no age-weighting
or discounting were used because their combined use has
been criticized as attributing considerably fewer disease
impacts and effects to younger age groups (38), and
disability weights were carefully selected. For policy-
making purposes, ideally, disability weights should be
based on the opinion of the general public because they
should reflect preferences of the society being studied (21).
Conceivably, use of the DALY metric could help reduce a
considerable part of overall uncertainty by accounting for
sequelae, which are not normally taken into consideration
in studies focusing solely on incidence of foodborne illness
yet do constitute a substantial part of the overall effects
on a population. In our study, all well-defined sequelae
for which information existed in literature were used for
DALY -calculations, but our findings could be subject to
change when new insights become publicly available. For
instance, rates of posthospitalization morbidity related to
gastrointestinal illnesses have not been taken into account
in the absence of a specific study, although the duration of
illness can be longer than the actual hospital stay.

Finally, selection of life tables is another factor that
can influence the DALY estimates. When our estimates
could be based on West Level 26 life tables, total burden
of illness expressed as DALY increased by only 0.0042%,
although individual estimates for illnesses could differ by
up to 5.0% (results not shown).

Regarding the total incidence of foodborne illnesses,
our estimates were in the same range as the estimates for
Australia (Table 6), although somewhat higher because
the study by Hall et al. was restricted to gastroenteritis-
related foodborne illnesses (17). Our estimates of severe
reported or estimated cases are between the range of
hospitalization rates mentioned for different countries, and
the same is the case for our case-fatality rates. Our DALY
estimates were higher than estimates for the Netherlands
(7) or New Zealand (39), although our estimated overall
impact for gastrointestinal illnesses is still comparable to
the one from the Netherlands where brucellosis is not a
major foodborne risk.

Our finding that brucellosis, salmonellosis, echino-
coccosis, and toxoplasmosis together accounted for =70%
of annual DALY means that these diseases might be major
targets for policy making regarding appropriate food safety
management actions, especially because their causative
agents and likely transmission routes are generally known.
Overall, the approach may be of interest to competent
authorities in other countries requiring risk-based estimates
ranking the impact of foodborne pathogens on public health
to prioritize risk management actions.
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Table 6. Comparison of foodborne illness effects on public health in Greece with estimates from other countries®

Disease estimates per 1 million inhabitants

Country (reference) Target All illnessest Hospitalizations Deaths DALY
United States (3) All causes 270,057 1,155 18 NA
United States (18) Known 31,438 187 5 NA
agents (90% Crl 22,074-42,475) (90% Crl 132-253) (90% Crl 2-8)
United States (40) Unspecified 128,404 240 6 NA
agents (90% Crl 66,318-204,670) (90% Crl 33-526) (90% Crl 1-11)
England and Wales  All causes 26,161 406 9 NA
(29)
Australia (17) Gastro 281,250 766 4 NA
(95% Crl 208,333-359,375)  (95% Crl 594-922) (95% Crl 2-6)
The Netherlands (7) All 79,725-104,256 NA 1-12 184-613
causes
New Zealand (39) 6 agentst 128,421 NA NA 632
(95% Crl 34,801-330,075) (95% Crl 344—1,066)
Greece (this study) All causes 369,305 905 3.1 896
(95% Crl 68,283-910,608) (95% Crl 499-1,340)§ (95% Crl 2.0-4.8) (95% Crl 470-1,461)
Greece (this study)  Gastro only 368,520 812 0.95 308

(95% Crl 67,536-909,457)

(95% Crl 408-1,245)§ (95% Crl 0.52-1.4)

(95% Crl 94-687)

*Data have been normalized for population differences and are expressed per million inhabitants. DALY, disability-adjusted life years; NA, not available;

Crl, credible interval; gastro, gastroenteritis.
tCredible interval not available for all studies.

FThe study was limited to campylobacteriosis, salmonellosis, listeriosis, infection with Shiga toxin—producing Escherichia coli, yersiniosis, and infection

with norovirus.

§The reported/estimated cases of severe illness in this study can be considered to be approximately the same as hospitalizations.

Acknowledgments

We thank Unilever for sponsoring this research, and
the Hellenic Statistical Authority and the Hellenic Center of
Infectious Diseases Control for providing us with data necessary
for the completion of this study.

Ms Gkogka is a PhD student in the Laboratory of Food
Microbiology of Wageningen University. She is interested in
food safety management, risks caused by foodborne illnesses, and
approaches for assessing risk-based decision making.

References

1. FlintJA, van Duynhoven YT, Angulo JF, de Long MS, Braun P, Kirk
M, et al. Estimating the burden of acute gastroenteritis, foodborne dis-
ease, and pathogens commonly transmitted by food: an international
review. Clin Infect Dis. 2005;41:698—704. doi:10.1086/432064

2. World Health Organization. The global burden of foodborne disease:
taking stock and charting the way forward: WHO consultation to de-
velop a strategy to estimate the global burden of foodborne diseases,
Geneva, September 25-27, 2006 [cited 2010 Mar 26]. http:/www.
who.int/foodsafety/publications/foodborne _disease/fbd 2006.pdf

3. Mead PS, Slutsker L, Dietz V, McCaig FL, Breese SJ, Shapiro C, et
al. Food-related illness and death in the United States. Emerg Infect
Dis. 1999;5:607-25. doi:10.3201/eid0505.990502

4. Rocourt J, Moy G, Vierk K, Schlundt J. The present state of food-
borne disease in OECD countries. Geneva: World Health Organi-
zation; 2003 [cited 2010 Oct 20]. http://www.who.int/foodsafety/
publications/foodborne disease/en/OECD%20Final%20for%20
WEB.pdf

5. Havelaar AH, Galindo AV, Kurowicka D, Cooke RM. Attribution of
foodborne pathogens using structured expert elicitation. Foodborne
Pathog Dis. 2008;5:649—59. doi:10.1089/fpd.2008.0115

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 17, No. 9, September 2011

6.

10.

11.

12.

13.

14.

15.

Havelaar AH, van Duynhoven YT, Nauta MJ, Bouwknegt M, Heuve-
link AE, De Wit GA, et al. Disease burden in The Netherlands due to
infections with Shiga toxin—producing Escherichia coli O157. Epi-
demiol Infect. 2004;132:467-84. doi:10.1017/S0950268804001979
National Institute for Public Health and the Environment. Our food
our health. Healthy diet and safe food in the Netherlands. 2006.
Report No 270555009 [cited 2010 Mar 26]. http://www.rivm.nl/
bibliotheek/rapporten/270555009.pdf

Melse JM, Essink-Bot ML, Kramers PG, Hoeymans N. A national
burden of disease calculation: Dutch disability-adjusted life years.
Am J Public Health. 2000;90:1241-7. doi:10.2105/AJPH.90.8.1241
Hellenic Statistical Authority. Pireaus: General Secretariat of the
National Statistical Service of Greece [cited 2010 Mar 25]. http://
www.statistics.gr

Center for Infectious Diseases Control. Marousi: Ministry of Health
and Welfare: Hellenic Center for Infectious Diseases Control [cited
2010 Mar 25]. http://www.keelpno.gr

World Health Organization. WHO Surveillance Programme for
Control of Foodborne Infections and Intoxications in Europe. 8th
Report 1999-2000. Country Reports: Greece. 1999-2000 [cited
2010 Mar 26]. http://www.bfr.bund.de/internet/8threport/CRs/gre.
pdf

World Health Organization. WHO Surveillance Programme for
Control of Foodborne Infections and Intoxications in Europe. 7th
Report. Country Reports: Greece 1993—-1998; 2003 [cited 2010 Mar
26]. http://www.bfr.bund.de/internet/7threport/CRs/GRE.pdf
Denny J, McLaughlin J. Human Listeria monocytogenes infections
in Europe—an opportunity for improved European surveillance.
Euro Surveill. 2008;13:8082.

Mossialos E, Allin S, Davaki K. Analysing the Greek health system:
a tale of fragmentation and inertia. Health Econ. 2005;14:S151-68.
doi:10.1002/hec.1033

Diza E, Frantzidou F, Souliou E, Arvanitidou M, Gioula G, Anto-
niadis A. Seroprevalence of Toxoplasma gondii in northern Greece
during the last 20 years. Clin Microbiol Infect. 2005;11:719-23.
doi:10.1111/5.1469-0691.2005.01193.x

1589



SYNOPSIS

16. Papazahariadou MG, Papadopoulos EG, Frydas SE, Mavrovouniotis ~ 30. Vorou R, Gkolfinapoulou K, Dougas G, Mellou K, Pierroutsakos IN,
C, Constantinidis TC, Antoniadou-Sotiriadou K, et al. Prevalence of Papadimitriou T. Local brucellosis outbreak on Thassos, Greece: a
gastrointestinal parasites in the Greek population: local people and preliminary report. Euro Surveill. 2008;13:pii:18910.
refugees. Annals of Gastroenterology. 2004;17:194-8. 31. Minas M, Minas A, Gourgulianis K, Stournara A. Epidemiological

17. Hall G, Kirk DM, Becker N, Gregory EJ, Unicomb L, Millard G, and clinical aspects of human brucellosis in central Greece. Jpn J
et al. Estimating foodborne gastroenteritis, Australia. Emerg Infect Infect Dis. 2007;60:362—-6.

Dis. 2005;11:1257-64. 32. Sotiraki S, Himonas C, Korkoliakou P. Hydatidosis-echinococco-

18. Scallan E, Hoekstra RM, Angulo FJ, Tauxe RV, Widdowson MA, sis in Greece. Acta Trop. 2003;85:197-201. doi:10.1016/S0001-
Roy SL, et al. Foodborne illness acquired in the United States— 706X(02)00273-5
major pathogens. Emerg Infect Dis. 2011;17:7-15. 33. Kardaras F, Kardara D, Tselikos D, Tsoukas A, Exadactylos N,

19. McManus DP, Zhang W, Li J, Bartley PB. Echinococcosis. Lancet. Anagnostopoulou M, et al. Fifteen year surveillance of echinococ-
2003;362:1295-304. doi:10.1016/S0140-6736(03)14573-4 cal heart disease from a referral hospital in Greece. Eur Heart J.

20. Pappas G, Papadimitriou P, Akritidis N, Christou L, Tsianos EV. The 1996;17:1265-70.
new global map of human brucellosis. Lancet Infect Dis. 2006;6:91— 34, ECDC. The first European communicable disease epidemiologi-
9. doi:10.1016/S1473-3099(06)70382-6 cal report. Stockholm: European Centre for Disease Prevention

21. Vijgen SMC, Mangen MJJ, Kortbeek LM, van Duijnhoven YTHP, and Control; 2007 [cited 2099 Jul 28]. http://www.ecdc.europa.
Havelaar AH. Disease burden and related costs of cryptosporidi- eu/en/publications/Publications/0706_SUR_First %20Annual
osis and giardiasis in the Netherlands. Bilthoven: National Institute Epidemiological Report 2007.pdf
for Public Health and the Environment, 2007 [cited 2010 May 14].  35. World Health Organization/Food and Agriculture Organization of
http://www.rivm.nl/bibliotheek/rapporten/330081001.pdf the United Nations. Risk assessments of Salmonella in eggs and

22. World Health Organization [cited 2009 Dec 12]. http:// www.who. broiler chickens. Geneva/Rome: The Organizations; 2002. ISSN
int 17265274 [cited 2009 Jul 29]. http://www.who.int/foodsafety/

23. Kemmeren JM, Mangen MJJ, van Duynhoven YTHP, Havelaar AH. publications/micro/en/salmonella.pdf
Priority setting of foodborne pathogens: disease burden and costs of ~ 36. Havelaar AH, Kemmeren JM, Kortbeek LM. Disease burden of
selected enteric pathogens. Bilthoven: National Institute for Public congenital toxoplasmosis. Clin Infect Dis. 2007;44:1467-74.
Health and the Environment; 2006. 330080001 [cited 2010 May 14]. doi:10.1086/517511
http://www.rivm.nl/bibliotheek/rapporten/330080001.pdf 37. de Jong B, Ekdahl K. The comparative burden of salmonellosis in

24. Van Lier EA, Havelaar AH. Disease burden of infectious diseases in the European Union member states, associated and candidate coun-
Europe: a pilot study. Bilthoven: National Institute for Public Health tries. BMC Public Health. 2006;6:4.
and the Environment. 2007. Report No 215011001 [cited 2010 Mar ~ 38. Arnesen T, Kapiriri L. Can the value choices in DALYs influ-
26]. http://www.rivm.nl/bibliotheek/rapporten/215011001.pdf ence global priority-setting? Health Policy. 2004;70:137-49.

25. World Health Organization. Mortality Database [cited 2009 Mar doi:10.1016/j.healthpol.2003.08.004
25]. http://www.who.int/whosis/mort/download/en/index.html 39. Lake RJ, Cressey JP, Campbell MD, Oakley E. Risk ranking for

26. McCabe-Sellers BJ, Beattie SE. Food safety: emerging trends in foodborne microbial hazards in New Zealand: burden of dis-
foodborne illness surveillance and prevention. J Am Diet Assoc. ease estimates. Risk Anal. 2010;30:743-52. doi:10.1111/j.1539-
2004;104:1708-17. doi:10.1016/j.jada.2004.08.028 6924.2009.01269.x

27. Vorou R, Dougas G, Gkolfinopoulou K, Mellou K. Gastroenteri- 40. Scallan E, Griffin PM, Angulo FJ, Tauxe RV, Hoekstra RM. Food-
tis outbreaks in Greece. The Open Infectious Diseases Journal. borne illness acquired in the United States—unspecified agents.
2009;3:99-105. doi:10.2174/1874279300903010099 Emerg Infect Dis. 2011;17:17-22.

28. Ekdahl K, Giesecke J. Travellers returning to Sweden as sentinels
for comparative disea_se i.nci-dencg in other European countrifzs, Address for correspondence: Elissavet Gkogka, Laboratory of Food
Campylobacter and Giardia infection as examples. Euro Surveill. ] . . . .
2004:9:6-9. Microbiology, Wageningen University, PO Box 8129, 6700 EV

29. Adak GK, Long SM, O’Brien SJ. Trends in indigenous food-  Wageningen, the Netherlands; email: elissavet.gkogka@wur.nl
borne disease and deaths, England and Wales: 1992 to 2000. Gut.
2002;51:832-41. doi:10.1136/gut.51.6.832

1 ?
Like our podcasts?
www.cdc.gov/ncidod/eid/subscrib.htm

1590 Emerging Infectious Diseases « www.cdc.gov/eid « Vol. 17, No. 9, September 2011



Estimating Effect of Antiviral Drug
Use during Pandemic (H1N1) 2009
Outbreak, United States
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From April 2009 through March 2010, during the
pandemic (H1N1) 2009 outbreak, =8.2 million prescriptions
for influenza neuraminidase-inhibiting antiviral drugs were
filled in the United States. We estimated the number of
hospitalizations likely averted due to use of these antiviral
medications. After adjusting for prescriptions that were
used for prophylaxis and personal stockpiles, as well
as for patients who did not complete their drug regimen,
we estimated the filled prescriptions prevented =8,400—
12,600 hospitalizations (on the basis of median values).
Approximately 60% of these prevented hospitalizations
were among adults 18-64 years of age, with the remainder
almost equally divided between children 0-17 years of age
and adults >65 years of age. Public health officials should
consider these estimates an indication of success of treating
patients during the 2009 pandemic and a warning of the
need for renewed planning to cope with the next pandemic.

From April 23, 2009, through April 10, 2010, it is
estimated that pandemic (HIN1) 2009 virus caused
~61 million cases of influenza (range 43—89 million cases),
~270,000 related hospitalizations (range 195,000-403,000
hospitalizations), and =12,500 deaths (range §,900—
18,300 deaths) in the United States (1). Even before the
impact was fully known, the Centers for Disease Control
and Prevention (CDC) recommended prompt empiric
treatment with influenza antiviral drugs, principally
the neuraminidase-inhibiting influenza antiviral drugs
oseltamivir and zanamivir, of persons with suspected or
confirmed influenza and who also met >1 of the following
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conditions: 1) illness that required hospitalization; 2)
progressive, severe, or complicated illness, regardless of
previous health status; and 3) risk for severe disease (e.g.,
patients with asthma, neurologic and neurodevelopmental
conditions; chronic lung or heart disease; blood, endocrine,
kidney, liver, and metabolic disorders; pregnancy; and
those who were old or young) (2). The primary goal of these
recommendations was to reduce the number and severity of
pandemic (HIN1) 2009 cases, especially hospitalizations.

We present estimates of the number of pandemic
(HIN1) 2009-related hospitalizations, by age group,
averted because of use of antiviral drugs given to treat
clinical cases of influenza. These results can be used by
public health policy makers to plan and prepare for the next
pandemic. For example, these estimates can be used to help
evaluate the policy option of replenishing state and federal
influenza antiviral drug stockpiles

Methods

We developed a spreadsheet-based model to
calculate the number of pandemic (HIN1) 2009-related
hospitalizations averted because of treatment with the
neuraminidase-inhibiting  influenza  antiviral  drugs
oseltamivir and zanamivir (online Technical Appendix,
www.cdc.gov/EID/content/17/9/110295-Techapp.htm).
The risk for hospitalization (and thus potential benefit from
antiviral drugs) differed by age groups (1). Therefore, we
estimated the reduced number of hospitalizations separately
for 3 groups: persons 0—17 years of age, 18—64 years of age,
and >65 years of age. We calculated the hospitalizations
averted by using the following general equation: no.
hospitalizations averted (by age group) = [no. prescriptions
written — estimated no. written for prophylaxis, stockpiling,
or incomplete adherence to drug regimen] x age group—
specific risk for hospitalizations caused by pandemic
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(HINT) 2009 x age group—specific effectiveness of drugs
in preventing hospitalizations.

Prescriptions Filled

We used the number of prescriptions filled for these
drugs for weeks ending April 24, 2009, through March
26, 2010 (Table 1), collected from the IMS Health (IMS)
Xponent proprietary prescription database (IMS Health,
Norwalk, CT, USA) (3). This database contains all retail
prescriptions filled from a representative sample of 35,000
(73%) of =50,000 US-based retail pharmacies, including
independent pharmacies, chain pharmacies, pharmacies
in discount outlets, pharmacies in food stores, mail order
pharmacies, and pharmacy benefit management companies.
IMS then proportionately extrapolates their data on the
basis of populations served by the included pharmacies to

provide weekly estimates of all prescriptions filled in the
United States for these drugs. The Xponent database does
not track prescriptions filled by in-hospital pharmacies.
Therefore, in-hospital prescriptions are not part of our
calculations.

The IMS Xponent database captures all filled
prescriptions related to influenza antiviral drugs within
its sample pharmacies. However, it does not identify
the source of the drugs. During 2009, there were 2
main potential supplies for the antiviral drugs—the
regular commercial supply system and state and federal
government-maintained drug stockpiles. The IMS
database does not track medications dispensed from
public domains, such as public health departments.
Furthermore, the federal and state stockpiles of antiviral
drugs were meant to supplement the commercial supply

Table 1. Number of pandemic (H1N1) 2009 cases versus number of influenza antiviral prescriptions filled during pandemic (H1N1)

2009 outbreak, United States, April 24, 2009—March 26, 2010*

Filled influenza antiviral prescriptions

Weekt Mid-level estimate of casest Oseltamivir Zanamivir Total
2009 Apr—Jul 3,052,768 1,243,827 69,513 1,313,340
2009 Aug 1,605,760 342,386 11,645 354,031
35 626,256 146,282 5,097 151,379
36 1,675,630 234,211 7171 241,382
37 1,302,846 265,626 7,892 273,518
38 1,508,514 331,060 8,735 339,795
39 2,319,691 383,759 9,981 393,740
40 4,461,542 435,546 11,625 447 171
41 6,549,205 471,323 11,226 482,549
42 7,120,298 527,362 11,218 538,580
43 6,297,210 671,741 12,046 683,787
44 5,899,647 640,887 9,306 650,193
45 5,013,181 537,781 6,338 544,119
46 3,350,286 386,569 4,863 391,432
47 1,767,166 273,092 3,039 276,131
48 1,020,606 152,482 1,857 154,339
49 804,901 133,998 1,782 135,780
50 646,358 99,565 1,348 100,913
51 612,204 88,718 1,338 90,056
52 619,080 64,807 1,010 65,817
1 418,803 56,569 1,009 57,578
2 520,390 50,642 981 51,651
3 516,958 50,326 1,057 51,307
4 356,400 44,770 1,048 45,827
5 493,448 43,757 1,211 44,805
6 322,623 42,474 1,251 43,685
7 312,327 43,809 1,228 45,060
8 281,986 47,146 1,487 48,374
9 245,707 48,671 1,494 50,158
10 288,215 47,261 1,587 48,755
11 225,448 33,867 1,043 34,910
12 312,575 26,072 730 26,802
Total 60,548,030 7,966,386 211,156 8,177,542

*IMS Health Xponent database (3) includes 57,544 oseltamivir prescriptions and 877 zanamivir prescriptions for week 53. Because the Centers for
Disease Control and Prevention only reports 52 weeks for 2009, we removed week 53 from the IMS data set (IMS Health, Norwalk, CT, USA).
TEstimates of cases for April-August 2009 are not available on a weekly basis.

Mid-level weekly cases estimated from (1) and www.cdc.gov/h1n1flu/estimates_2009_h1n1.htm.
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chain in times of drug shortages anticipated to occur
during a pandemic emergency.

As of August 2010, the estimated total amount of
antiviral drugs managed by states throughout the pandemic
was 38 million treatment regimens. This estimate includes
antiviral drugs purchased by states (26 million treatment
regimens) plus =12 million treatment regimens distributed
early in the pandemic to states from the CDC Strategic
National Stockpile (SNS). Preliminary reports from state
public health departments to the CDC show that most SNS
product was either retained by the health departments or
deployed at the local level (to dispensing sites such as drug
stores and health departments). Sites received directions
that the SNS-provided supplies were to be dispensed if
commercial supplies could not keep up with demand or
used to treat uninsured or underinsured persons who could
otherwise not afford treatment. Preliminary data reported
to CDC through SNS show that minimum quantities
of stockpiled antiviral drugs were actually dispensed
to patients. Because the commercial supply chain for
antiviral drugs remained relatively robust, most states did
not need to use stockpiled antiviral drugs. Therefore, we
did not include any estimates of impact on antiviral drugs
dispensed from these government stockpiles.

Prescriptions by Age Group
IMS collects for filled prescriptions deidentified data
regarding age of patient from the pharmacy systems. We

Effect of Antiviral Drug Use during Pandemic

thus divided the total number of prescriptions given into 3
age groups (0—17 years, 18-64 years, >65 years) by using
age-specific data from IMS that covered prescriptions
written for oseltamivir from October 9, 2009, through
March 26, 2010. The percentages were as follows: 0—17
years, 38.6%; 18—64 years, 53.4%; >65 years, 5.3% (Table
2). Note that =3% of prescriptions filled during this period
did not have the age of the patient recorded. Therefore, we
did not include those prescriptions in our analysis.

Prescriptions over Time

We plotted the total number of prescriptions filled per
week, from the IMS database, against the weekly number
of estimated pandemic cases for April 24, 2009, through
March 26, 2010. Estimates of cases for April through
the end of July 2009 are not available on a weekly basis.
Thus, all cases were combined into a single estimate for
that period (1). We combined for the same period all filled
prescriptions and directly compared cases and prescriptions.
A notable divergence in the correlation between plots
of cases and prescriptions over time would indicate the
possibility of prescriptions being filled for reasons other
than the immediate treatment of influenza-related illness
(e.g., stockpiling or use for prophylaxis).

Percentage of Prescriptions Written for Prophylaxis
We assumed in the absence of any data that 10% of
all prescriptions for these antiviral drugs were written for

Table 2. Input values used to estimate influenza antiviral drug—related reduction in hospitalizations during pandemic (H1N1) 2009

outbreak in the United States, April 24, 2009-March 26, 2010

Input Initial value Sources
Distribution of prescriptions by patient age group, y* IMS Health Xponent database (3)
0-17 38.6%
18-64 53.4%
>65 5.3%
Prescriptions filled for prophylaxist 10% Assumption: Some prescriptions were written
to prevent infection and disease without
presentation of symptoms.
Prescriptions for patients who failed to adhere to drug 20% Assumption: Not all patients will adhere with

regimen or used for personal stockpiles

the drug regimen as prescribed. Also, some
prescriptions were for personal stockpiles

Antiviral drug effectiveness against hospitalization, by age group, yf Literature review (see Table 3)

0-17 22%—-32%
18-64 34%-50%
>65 30%-50%

Median (range) risk for hospitalization, given pandemic (H1N1) 2009—related illness, Reed et al. (4)

by age group, y§

0-17 0.0038 (0.00314-0.00428)
18-64 0.00496 (0.0041-0.00558)
>65 0.0155 (0.0128-0.0174)

*Age group—based distribution of prescriptions based on IMS (IMS Health, Norwalk, CT, USA) that covered prescriptions written for oseltamivir (only) from
October 9, 2009, through March 26, 2010.

1These inputs were subjected to sensitivity analyses (see Table 4).

fEffectiveness estimate assumes that the patient follows the drug regimen, i.e., these estimates do not allow for those who do not take the complete
course. Failure to follow prescribed drug regimen was assumed to have 0% effect on reducing risk of hospitalization. This assumption was accounted for
in a separate input.

§Risk of per-person hospitalization, given symptomatic illness caused by pandemic (H1N1) 2009 virus.
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prophylaxis. This assumption was subject to sensitivity
analyses (described below). We further assumed that such
prescriptions essentially had no impact on reduction of
hospitalizations (Table 2).

Adherence to Drug Regimen and Stockpiling

We also assumed that a total of 20% of all prescriptions
were for either personal stockpiles (i.e., not written for
a clinically ill patient at time of prescription) or patients

who did not sufficiently follow the recommended drug
regimen so that the prescription had no impact on risk of
hospitalization caused by nonadherence (Table 2). A study
conducted in the United Kingdom during the (HINI)
2009 pandemic found that 76%—-80% of the patients did
complete the full course of prescribed antiviral drugs (5).
Another study among schoolchildren in London, UK, that
examined adherence among those offered oseltamivir for
prophylaxis found that 89% actually took >1 dose and 66%

Table 3. Literature review of effectiveness of neuraminidase inhibitors in preventing influenza-related hospitalizations*

Reduction in
hospitalization point

Drug Study type Population estimate (95% Cl)  Reference
Zanamivir Randomized, double-blind, 455 patients residing in Australia, New NA (14)
placebo-controlled trial Zealand, and South Africa age >12 y with
influenza-like symptoms of <36 hours’ duration
Oseltamivir Open-label, multicenter 1,426 patients (age range 12-70 y) seeking NA (15)
international study treatment <48 h after onset of influenza
symptoms
Oseltamivir Retrospective cohort analysis The oseltamivir and untreated control groups 22%; (8);
each included 36,751 eligible patients HR 0.78 (0.67-0.91) claims data
Oseltamivir Retrospective cohort study Oseltamivir and untreated propensity matched 30% any cause; (9);
control groups each included 45,751 eligible  OR 0.71 (0.62-0.83) insurance
patients claims data
Zanamivir Randomized, double-blind 417 adults with influenza-like illness of NA (16)
studies in 38 centers in North <48 hours' duration were randomly assigned
America and 32 centers in to 1 of 3 treatments
Europe during the 1994-95
influenza season
Amantadine/ Two randomized, double-blind, ~80 patients with laboratory-documented NA (13)
rimantadine placebo-controlled trials influenza A virus (H3N2) illness <2 days'
duration
Oseltamivir Combined analysis of 10 3,564 persons (age range 13-97 y) with 59% any cause (7)
prospective, placebo controlled, influenza-like illness enrolled in 10 placebo- reduction; 50%
double-blind trials controlled, double-blind trials of oseltamivir influenza, at risk
treatment patients
Zanamivir Retrospective pooled analysis of 2,751 patients were recruited; of these, NA (17)
data; all studies were 321 (12%) were considered high risk
randomized, double-blind, and and 154 were randomized to receive
placebo-controlled with 21-28 zanamivir
day follow-up
Zanamivir Randomized, double-blind, 356 patients age >12 y were recruited within NA (12)
placebo-controlled trial in primary 2 d of onset of typical influenza symptoms
care and hospital clinics
Zanamivir Pooled analyses of secondary NA (18)
endpoints
Oseltamivir Randomized controlled trial 726 healthy nonimmunized adults with febrile NA (19)
influenza-like illness of <36 hours’ duration
Oseltamivir Retrospective cohort study 9,090 patients with diabetes and influenza 30% any cause; (20);
RR 0.70 (0.52-0.94) insurance
claims data
Oseltamivir Retrospective cohort study The oseltamivir and untreated control groups 38%; (11);
each included 36,751 eligible patients, 50% RR 0.62 (0.52-0.74) insurance
with a claim for oseltamivir, 50% without claims data
Oseltamivir Double-blind, stratified, Healthy adults (age range 18-65 y) who NA (20)
randomized, placebo-controlled, sought treatment <36 h after onset of
multicenter trial influenza symptoms
Oseltamivir Randomized, double blind, Children age 1-12 y with fever (>100°F NA (21)

placebo-controlled study

[>38°C]) and a history of cough or coryza
<48 hours’ duration

*Cl, confidence interval; NA, not applicable; HR, hazard ratio; OR, odds ratio; RR, relative risk.

1594

Emerging Infectious Diseases * www.cdc.gov/eid ¢ Vol. 17, No. 9, September 2011



of this group completed (or said they would complete)
a full 10-day prophylaxis course (6). One of the drug
effectiveness studies that we reviewed (discussed below)
and used for model input values asked patients to self-
record adherence; it found that =90% of enrolled patients
were fully compliant (7). Our assumption that 20% of
prescriptions were for either stockpiling or nonadherence
was subject to sensitivity analyses (described below).

This allowance for nonadherence also acts as a proxy
for those who may have started the treatment too late. To
maximize drug effectiveness in alleviating the duration of
symptoms, it is recommended that antiviral drug treatment
start <48 hours after onset of clinical symptoms (2).

Risk for Hospitalization Given Clinical
Case of Pandemic (H1N1) 2009

We used the risk for hospitalization by age group, given
clinical illness caused by pandemic (HINI) 2009, from
Reed et al. (4) (Table 2). We identified 17 published studies
that evaluated the effectiveness of neuraminidase inhibitors
given influenza-induced clinical illness (7,8-21; Table 3).
Although many studies were random placebo-controlled
trials, the studies did not use hospitalizations averted as a
measured endpoint (13,15-17). We identified only 4 studies
that specifically evaluated the impact of the antiviral drugs
on risk for hospitalization, given clinical illness. One study
provided an estimate of 50% reduction in the probability of
influenza-specific hospitalizations (no confidence interval
was published) (7). Three retrospective studies, using health
insurance claims data, reported effectiveness in reducing
hospitalizations (any cause) that ranged from 22% to 59%,
with some variation by age (8-10). For each age group, we
used lower and upper estimates of effectiveness, from a
lower estimate of 22% reduction for children 0—17 years to
an upper estimate of 50% for adults (Table 2).

Calculating Ranges and Sensitivity Analyses

For each level of antiviral effectiveness (lower, upper),
and for each age group, we calculated the median and lower
and upper estimates of hospitalizations averted. We also
conducted sensitivity analyses by altering from 0% to
30% the assumed percentages of prescriptions written for
prophylaxis, personal stockpiles, and patients who did not
adhere to the drug regimen.

Results

Pandemic influenza vaccine became available in week
40 of 2009 (near the peak of cases). We hypothesized that
before this date is when doctors would have been most
likely to try to protect patients by prescribing prophylactic
courses of antiviral drugs. However, the plot of the
prescription data against estimated cases over time shows
a close correlation between the occurrence of pandemic
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(HINT) 2009 clinical cases and filled prescriptions (Table
1; Figure). This comparison suggests that antiviral drugs
were mostly prescribed to treat the occurrence of clinical
cases of pandemic (HIN1) 2009.

The total number of prescriptions filled before
adjustments was 8.2 million (Table 1). After removing
the prescriptions presumed filled for prophylaxis and
for patients who failed to adhere to the drug regimen
or had prescriptions filled for personal stockpiles, 5.7
million prescriptions were filled that may have reduced
hospitalizations (Table 4). Most (97%) were filled for
oseltamivir, and =55% of all prescriptions filled were for
persons 18-64 years of age, and =40% were filled for
children 0—17 years of age.

We estimated that the median number of
hospitalizations averted ranged from 8,427 (lower 6,961;
upper 9,479) to 12,641 (lower 10,442; upper 14,219)
(Table 5). Approximately 60% of averted hospitalizations
were among persons 18—64 years old. The estimated
hospitalizations averted in children and adults >65 years
of age (Table 5) were similar. Although adults >65
years of age received only =5% of filled prescriptions
(Table 4), these prescriptions had a relatively substantial
impact in averting hospitalizations because the risk for
hospitalization is higher in this age group than the other
risk groups (Table 2).

Doubling the assumed percentages of filled
prescriptions for prophylaxis and personal stockpiles/
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5 4 - 500

400

No. cases, millions
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Figure. Number of estimated influenza cases and filled prescriptions
for influenza antiviral drugs during pandemic (H1N1) 2009 in the
United States, September 2009—-March 2010. The estimates of
cases for April-August 2009 are not available on a weekly basis.
During April 12—July 23, 2009, there were 3.1 million cases and
1.3 million prescriptions filled for influenza antiviral drugs. For the
month of August 2009, there were 1.6 million cases and 354,000
prescriptions filled for influenza antiviral drugs. Estimates of cases
from Shrestha et al. (1); number of prescriptions filled from the IMS
Health Xponent database (3).
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Table 4. Estimated number of influenza antiviral drugs prescribed for treatment, after adjusting for prescriptions for prophylaxis,
nonadherence, and personal stockpiling, pandemic (H1N1) 2009 outbreak, United States

No. prescriptions, by patient age groupt

Influenza antiviral drug* 017y 18-64 y >65y Total
Oseltamivir 2,152,915 2,979,711 297,700 5,430,326
Zanamivir 57,065 78,980 7,891 143,936
Subtotalt 2,209,980 3,058,690 305,591 5,574,262

*These antiviral drugs were prescribed in a variety of forms (e.g., capsules, tablets, syrup, and inhaled powder). The estimated numbers came from the
IMS database (3), which records ~73% of all prescriptions filled by >50,000 US-based retail pharmacies. IMS then proportionately extrapolates their data,
based on populations served by pharmacies, to provide weekly estimates of all prescriptions filled in the U.S. for these drugs. The IMS Health Xponent
database does not cover in-hospital prescriptions.

tThese subtotals, by age group, are the estimates of prescriptions filled to treat pandemic (H1N1) 2009—related clinical illness, after removing the
prescriptions filled for prophylaxis and for patients who failed to adhere to drug regimen or prescriptions filled for personal stockpiles (see Table 1). The
total number of prescriptions filled, before adjustments, was 8,177,542 (Table 1). Note that ~3% of prescriptions filled during this period did not have age
of patient recorded, and we omitted those prescriptions from our calculations.

FThese subtotals, by age group, were the estimates used to calculate the hospitalizations averted as shown in Table 5.

nonadherence from 30% to 60% (i.e., a 100% increase)
produced only a 40% reduction in median hospitalizations
averted, from ~12,600 to 7,200 (Table 6). Thus, the major
factors influencing hospitalizations averted were total
prescriptions filled and (assumed) effectiveness of the
drugs in preventing hospitalizations.

Discussion

The close correlation between estimated pandemic
influenza cases and filled prescriptions (Figure) can be
used as evidence that antiviral drugs were mostly used to
treat those who were clinically ill (i.e., recommendations
regarding use were essentially followed). Restricting
the use of antiviral drugs to treating the clinically ill
meant that preventing clinical cases from deteriorating
into severe cases requiring hospitalizations was likely to
have been among the major effects of antiviral drug use.
By our estimates, this strategy worked; =~8,000—13,000
hospitalizations were averted (Table 5). This reduction
is equivalent to =4-5% of the total estimated pandemic
(HINT) 2009-related hospitalizations (1).

We found no other studies with which to compare our
methods and results. We compared the accuracy of the
IMS database using unpublished data from the Behavioral
Risk Factor Surveillance System (BRFSS), conducted in
49 states (excluding Vermont, the District of Columbia,
and Puerto Rico). From September 1, 2009, through March
31, 2010, adults (>18 years old) responding to the BRFSS
telephone survey were asked whether they had influenza-
like illness (ILI) (defined as having had a fever with cough
or sore throat) in the month preceding the interview. They
were also asked if they sought medical care for their ILI

condition and if they were prescribed antiviral drugs to
treat their illnesses. Extrapolating the results to the national
level in the period covered by the survey, we found that
=54 million adults reported having ILI symptoms. Of
those who reported having ILI and sought medical care,
4.1 million adults reported they were prescribed influenza
antiviral drugs (oseltamivir or zanamivir) during August
2009-March 2010. The IMS database recorded 6.86
million prescriptions in the same period (Table 1); =40%
for those 0—17 years of age (Table 2), leaving ~4.1 million
filled prescriptions for adults. This estimate is close to the
number recorded by the BRFSS survey and further supports
the idea that few prescriptions were for prophylaxis or
personal stockpiles.

There are many limitations to this study; the biggest is
the uncertainty regarding the effectiveness of the drugs in
preventing hospitalizations. The effectiveness of the drugs
in reducing risk for hospitalization caused by pandemic
(HIN1) 2009 may vary considerably from estimates
reported for nonpandemic strains of influenza virus. The
data are also limited in that we cannot verify if those
persons who filled a prescription were actually clinically
ill from pandemic (HIN1) 2009 or to what extent they
adhered to the drug regimen. We addressed this issue by
allowing a wide range in drug effectiveness and a relatively
large percentage of prescriptions filled for conditions other
than direct treatment of pandemic (HIN1) 2009.

We were unable, because the available literature did
not contain sufficiently reliable estimates of effectiveness
of antiviral drugs against death, to estimate the number of
deaths averted by treatment with antiviral drugs. Shrestha
et al. (1) estimated that deaths caused by pandemic (HIN1)

Table 5. Estimates of hospitalizations averted, by age group, assuming lower and upper estimates of influenza antiviral drug

effectiveness, United States, 2009-2010*

Drug effectiveness

No. hospitalizations averted, by patient age group, y, median (range)

estimate 0-17 18-64 >65 Total
Lower 1,848 (1,527-2,081) 5,158 (4,264-5,803) 1,421 (1,171-1,595) 8,427 (6,961-9,479)
Upper 2,687 (2,221-3,027) 7,586 (6,270-8,534) 2,368 (1,951-2,659) 12,641 (10,442-14,219)

*Estimates of antiviral drug effectiveness are shown Table 2 (source, Table 1). Lower, median, and upper estimates are generated by using the range of
age-specific probabilities of hospitalization, given influenza-related clinical illness (Table 2).
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Table 6. Sensitivity analysis, altering the assumed percentage of prescriptions written for prophylaxis, nonadherence to drug regimen,

and stockpiling, United States 2009-2010*

% Prescriptions % Prescriptions resulting

Net no. prescriptions

written for in nonadherence + used to treat clinically _Median no. hospitalizations averted, by patient age group, yt
prophylaxis stockpiling diagnosed influenza 0-17 18-64 >65 Total

0 0 8,177,542 3,839 10,837 3,383 18,059
10 10 6,542,034 3,071 8,669 2,707 14,447
>10 >20 5,724,279 2,687 7,586 2,368 12,641

20 20 4,906,525 2,303 6,502 2,030 10,835
20 30 4,088,771 1,920 5,418 1,692 9,030

30 30 3,271,017 1,536 4,335 1,353 7,224

*Baseline data used displays 10% for prophylaxis and 20% for personal stockpiling and non-adherence. This baseline assumption was used to generate

results in Table 5.

TResults of sensitivity analysis were calculated by using the upper median estimates of antiviral effectiveness in preventing hospitalization among the

clinically ill (Tables 1, 2).

2009 were equivalent to 1.5% of children’s hospitalizations
and 6% of hospitalizations for persons of all other ages.
Assuming that hospitalizations averted generate similar
percentages of deaths averted, then the use of antiviral
drugs prevented 2740 deaths in children 0—17 years of
age and 395-597 deaths in adults of all ages (using median
values of hospitalizations averted; Table 4).

If during the next pandemic there is a desire to produce
better quality estimates (perhaps even produce estimates
at regular intervals during the event), then additional data
collection systems must be developed to overcome some of
these limitations. For example, measuring the number of
prescriptions filled for prophylaxis or personal stockpiles
or degree of adherence can only reliably be conducted by
interviewing patients and physicians. Improving estimates
of impact of filled prescriptions in reducing adverse health
outcomes during an event will require a large case—control
study. Policy makers will have to determine if the value
of such information warrants the investment in such data
collection systems.

Our results also highlight how the use of influenza
antiviral drugs during a pandemic is likely to be
beneficial, notably through a presumed reduction in the
demand for hospital-based resources. Reduced demand
will also reduce costs of hospitalizations. Assuming a
cost per influenza-related hospitalization of US$5,000—
$7,000 per patient admitted (adjusted to 2009 dollars)
(22-26), averted hospitalizations saved ~$42 million to
$88 million (based on median values of hospitalizations
averted; Table 4). A detailed cost-effectiveness analysis,
including an in-depth consideration of the costs of
hospitalizing pandemic (HIN1) 2009 patients, is the
subject of a separate analysis.

If the next influenza pandemic causes greater numbers
of severe cases and hospitalizations than in 2009, there may
be an increased demand for antiviral drugs for treatment
and prophylaxis. Such increased demand could overwhelm
the existing commercial distribution chains. Therefore,
public health officials should consider these estimates as

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 17, No. 9, September 2011

an indication of success of treating patients during the 2009
pandemic and a warning for the need for renewed planning
to cope with the next pandemic.
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Intrahousehold Transmission of
Pandemic (H1N1) 2009 Virus,
Victoria, Australia

Caroline van Gemert, Margaret Hellard, Emma S. McBryde, James Fielding, Tim Spelman,
Nasra Higgins, Rosemary Lester, Hassan Vally,! and Isabel Bergeri

To examine intrahousehold secondary transmission
of pandemic (H1N1) 2009 virus in households in Victoria,
Australia, we conducted a retrospective cross-sectional
study in late 2009. We randomly selected case-patients
reported during May—June 2009 and their household
contacts. Information collected included household
characteristics, use of prevention and control measures,
and signs and symptoms. Secondary cases were defined
as influenza-like illness in household contacts within the
specified period. Secondary transmission was identified
for 18 of 122 susceptible household contacts. To identify
independent predictors of secondary transmission,
we developed a model. Risk factors were concurrent
quarantine with the household index case-patient, and a
protective factor was antiviral prophylaxis. These findings
show that timely provision of antiviral prophylaxis to
household contacts, particularly when household members
are concurrently quarantined during implementation of
pandemic management strategies, delays or contains
community transmission of pandemic (H1N1) 2009 virus.

Households play a major role in secondary transmission
of pandemic influenza. Modeling estimates that
household transmission has accounted for 25%—40% of all
pandemic (HIN1)2009 cases (1,2). Although understanding
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the effect of individual-level and household-level factors
on secondary transmission of pandemic (HIN1) 2009
is paramount to informing population-level prevention
strategies, few studies have evaluated household-level risk
factors (3-8).

The Australian Health Management Plan for Pandemic
Influenza (AHMPPI), revised in 2008, provides a framework
for preparedness and response to pandemic influenza (9).
The emergence and magnitude of pandemic (HIN1) 2009
in Melbourne, Australia (10-15), coupled with intensive
follow-up and case identification data collected during the
delay and contain phases of the AHMPPI (16), presented
a unique opportunity to characterize intrahousehold
transmission during a period of community transmission.
Introduction of a suite of prevention and control measures
in accordance with AHMPPI also provided an opportunity
to measure the effects of these interventions on pandemic
(HINT) 2009 virus transmission.

We therefore conducted a retrospective cross-
sectional study of index case-patients and their household
contacts in Melbourne (population >3.5 million), Australia
(17). We examined transmission of pandemic (HINTI)
2009 in households, identified possible risk factors for
intrahousehold secondary transmission, and assessed the
effects of prevention and control measures introduced to
limit transmission.

Methods

Participants
The sample population consisted of all persons with
confirmed cases of pandemic (HIN1) 2009 reported to the

'Current affiliation: La Trobe University, Melbourne, Victoria,
Australia.
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Victorian Department of Health (VDOH) during the delay
and contain phases of AHMPPI (May 18—June 3, 2009)
from 2 neighboring municipal regions in Melbourne with
high numbers of pandemic (HIN1) 2009 notifications.
To ensure that only the first reported case in a household
could be randomly selected, we flagged households with
>1 confirmed case. The index case-patient and household
contacts were then recruited by mail and telephone (up to
5 calls were attempted). Of those who could be contacted,
we assessed the household’s eligibility according to the
Australian Bureau of Statistics definition of a family
(households of >2 persons residing together, including at
least 1 person <18 years of age, related by blood, marriage,
de facto, adoption, or fostering) (18).

Data Collection

During November 18-December 21, 2009, inter-
viewers administered questionnaires to index case-patients
and their household contacts. Data collected included
demographics, case details, and prevention and control
measures used. Participants indicated dates of symptom
onset and prevention and control measures used in a
retrospective diary of the period of interest (May 11—
June 14, 2009). Interpreters were used as requested or
needed. A parent or guardian was also interviewed when
a participant was <18 years of age. If a household member
was not available, a parent, guardian, or partner provided
information. Written informed consent was obtained for
all participants; parents or legal guardians provided written
informed consent for participants <18 years of age.

Definitions

Index case-patients were defined as patients with the
first laboratory-confirmed case of pandemic (HIN1) 2009
in a household reported to the VDOH. Household contacts
were defined as persons residing in the same household at
the time of the index case-patient’s symptom onset.

Cultural and linguistic diversity was defined as
speaking English only or speaking languages other than
English in the home. The latter category included those
households in which English was a second language.

A secondary case-patient was defined as a household
contact who met the case definition for having an influenza-
like illness (ILI), defined as self-described fever plus chills
and/or respiratory tract signs or symptoms such as cough,
sore throat, or shortness of breath with onset 1-9 days after
onset for the index case-patient. This interval was based
on a serial interval (the number of days between symptom
onset in the index case-patient and household contacts) of
up to 9 days to identify secondary cases, given that shedding
of seasonal influenza virus rarely lasts >8 days (7,19) and
a median incubation period for seasonal influenza of ~1.4
days (7,20). Secondary cases were not required to be
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laboratory confirmed. Household contacts who met our
definition for having ILI but who reported symptom onset
on the same day as or before that of the index case-patient
were not considered to be at risk for secondary transmission
and were not included in analysis for exposures associated
with secondary transmission.

Use of antiviral drugs (treatment or prophylaxis)
was self-reported. VDOH provided antiviral treatment to
those who met the case definition (confirmed or suspected
case) and whose symptom onset was within 48 hours and
provided antiviral prophylaxis to household contacts.
Quarantine was self-reported and defined as separation and
restriction of movement of case-patients and contacts in
their homes (21). During the contain phase, patients with
confirmed cases were advised to quarantine themselves for
7 days after symptom onset, and contacts were advised to
quarantine themselves at home for 7 days after the most
recent exposure to an infectious case-patient. A case-patient
was considered infectious for 7 days after symptom onset
or until acute respiratory symptoms resolved, whichever
was longer (21).

Analysis

Chi-square tests were used to determine differences in
clinical signs and use of prevention and control measures
between index case-patients and household contacts. The
Fisher exact test statistic, used to determine nonrandom
associations between 2 categorical variables, was used when
the expected value was <6. Secondary attack rates (SARs)
were calculated by dividing the number of secondary cases
by the total number of susceptible household contacts.
We stratified SARs for several potential predictors,
including individual-level factors, prevention and control
measures, and household-level factors. Potential predictors
included gender, age group (04, 5-19, 20-49, >50
years), relationship to index case-patient (parent/child,
sibling, partner, other family member, or other), use of
antiviral drugs (treatment or prophylaxis), number of
days quarantined with index case-patient, household size
(2-3, 4-5, >6 persons), number of children living in the
household (1, 2, >3 children), and cultural and linguistic
diversity (English only spoken at home and English and/or
other languages spoken at home).

Unadjusted logistic regression was used to identify
significant candidate predictors (p<0.05) for inclusion in
the final adjusted model. The final model used reverse
stepwise selection procedures in which all significant
predictors of secondary transmission were included
in the initial model and removed sequentially until
only significant predictors (p<0.05) remained. We
accounted for household clustering in the unadjusted and
adjusted logistic regression models; that is, we adjusted
for dependency of all potential predictors based on
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membership in the same household by using a generalized
estimated equation with robust error estimates, assuming
conditional independence within each family (i.e., within
the family, each member had independent probability of
becoming a case-patient). Goodness of fit for both models
was assessed by using the Hosmer—Lemeshow test to 0.05
significance. Statistical analyses were conducted by using
Stata version 10 (StataCorp LP, College Station, TX,
USA). To indicate precision of the measurement, we have
reported 3 significant (i.e., nonzero) figures.

Ethical Considerations

Participants were reimbursed with $A30. Ethical
approval was obtained from the Alfred Hospital Ethics
Committee and Australian National University Ethics
Committee.

Results

Participation and Response Rates

Data extracted on October 20, 2009, contained
records for 857 confirmed cases of pandemic (HINT1)
2009, representing 772 households, reported on or
before June 3, 2009, including a total of 181 cases for
persons residing in the selected municipalities. We then
randomly selected 72 case-patients to participate in this
study, of which 12 refused, 21 could not be contacted,
and 3 did not meet eligibility requirements; the remaining
36 index case-patients and their 131 household contacts
participated. Participating and nonparticipating index
case-patients were similar in age and student status;
however, more nonparticipating (n = 4) than participating
(n = 2) index case-patients required an interpreter.
Among the 36 households that participated in the study,
32 (88.9%) persons were interviewed face to face and 4
(11.1%) were interviewed by telephone. Interpreters were
used for interviews in 2 households.

Participant Characteristics

The analysis included 36 index case-patients and
131 household contacts (Table 1). The age range of index
case-patients was 6—47 years; that of houschold contacts
was 1-74 years. The number of persons living in each
household was 2—14, median 4.5 persons. The number of
children living in each household was 1-7; most (75.0%)
households had 1-2 children. In half of the households (n
= 18), a language other than English was spoken at home.

Prevention and Control Measures

Antiviral treatment was taken by 30.6% of index case-
patients and 4.58% of all household contacts (Table 2). Just
under half (45.8%) of all household contacts reported taking
antiviral prophylaxis; and among those who did, 1 person
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reported subsequent symptoms consistent with ILI. The
proportion of index case-patients and household contacts
who reported being quarantined differed significantly
(88.9% and 69.5%, respectively, p = 0.013).

The median number of days to initiate quarantine was
3 days for index case-patients and 4 days for household
contacts. Greater than half (61.1%) of household contacts
reported concurrent quarantine with the index case-patient
for at least 1 day; the range of concurrent quarantine was
1-15 days, median 4 days.

The median number of days before antiviral treatment
was initiated for index -case-patients and household
contacts was 2 days (Figure 1). The median number of days
before antiviral prophylaxis was initiated among household
contacts was 6 days.

Clinical Features

Among 131 household contacts, 122 (93.1%) were
considered to be at risk for secondary transmission. Among
these, 18 reported symptoms consistent with ILI within
1-9 days of symptom onset for the index case-patient and
were thus considered secondary case-patients (Figure 2).
Household contacts who reported symptom onset before
the index case-patient (n = 5), on the same day as the index
case-patient (n = 4), or >9 days after onset of symptoms
in the index case-patient (n = 3) were not considered to be
secondary case-patients and were not included in analyses.
The serial interval for secondary cases included in the
analysis was 1-9 days, median 2 days.

With the exception of vomiting, clinical features
reported by index and secondary case-patients did not differ
significantly (range p = 0.275-0.667, Table 3). The most
frequent duration of symptoms for index and secondary
case-patients was 4—6 days; 31.3% and 37.0% of index and
secondary case-patients, respectively, reported symptom
duration within this range. Approximately three fourths
(77.8%) of secondary case-patients sought medical care
(p = 0.01). Prevention or control measures used by index
case-patients and secondary case-patients did not differ
significantly (quarantine p = 0.429, antiviral prophylaxis p
=0.429, antiviral treatment p = 0.095)

Secondary Transmission

The overall SAR in this study was 14.8% (95%
confidence interval [CI] 8.90%—22.3%, Table 4). The SAR
varied when stratified for different individual-level and
household-level factors. In unadjusted analysis, predictors
of intrahousehold secondary transmission were being
female, concurrent quarantine with the index case-patient,
and use of antiviral prophylaxis (Table 5). We did not find
a significant association between secondary case-patients
and age group, relationship to the index case, household
size, number of children living in the household, or cultural
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Table 1. Characteristics of pandemic (H1N1) 2009 case-patients and household contacts, Victoria, Australia, May 18—June 3, 2009*

No. (%) index case-patients,

No. (%) household contacts,

Characteristic n =36 n=131 p value
Individual level
Sex
M 25 (69.4) 69 (52.7) 0.07
F 11 (30.6) 62 (47.3)
Age, y
0-4 0 13 (9.92) <0.001
5-19 31(86.1) 40 (30.5)
20-49 5(13.9) 68 (561.9)
>50 0 10 (7.63)
Household level NA NA
No. persons
2-3 5(13.9)
4-5 22 (61.1)
>6 9 (25.0)
No. children NA NA
1 12 (33.3)
2 15 (41.7)
>3 9 (25.0)
Cultural and linguistic diversity NA NA
English only spoken at home 18 (50.0)
English and/or other language(s) spoken at home 18 (50.0)

*NA, not applicable.

and linguistic diversity. In the adjusted analysis, p value for
gender decreased from 0.037 to 0.83 and was thus removed
from the final model. In the final model, the odds of a
household contact who was concurrently quarantined with
the index case-patient becoming a secondary case-patient
increased for each additional day (adjusted odds ratio 1.25,
95% CI 1.06—1.47), and the odds of secondary transmission
among household contacts who reported use of antiviral
prophylaxis decreased (adjusted odds ratio 0.042, 95% CI
0.004-0.434). We did not identify a significant interaction
term to include in the multivariate model.

Discussion

This study fully characterizes transmission of
pandemic (HIN1) 2009 in households in Australia during
implementation of pandemic management strategies to
delay or contain community transmission. The findings
are relevant for prevention and control strategies used
at the household level indicated in the AHMPPI and for

international pandemic influenza planning. Overall, 14.8%
of susceptible household contacts became secondary case-
patients, assumed to have been infected by the index case-
patient. The SAR for ILI observed in this study is within
the range of reported SARs for ILI used as a proxy for
pandemic (HINI) 2009 in similar international studies,
which were 3.7%— 45% (4-8,22-27).

The odds of seeking medical care were lower for
secondary than for index case-patients. Although this
finding was expected because of the case ascertainment
methods used, other factors involved with health care—
seeking behavior should be considered. For example,
household contacts may have not sought care because
VDOH provided antiviral treatment and prophylaxis
to household contacts without requiring evidence of
laboratory-confirmed disease. Furthermore, symptomatic
household contacts may have reasonably assumed that
they were infected with pandemic (HIN1) 2009 given
their proximity to a confirmed case-patient and may not

Table 2. Prevention and control measures used by pandemic (H1N1) 2009 case-patients and household contacts, Victoria, Australia,

May 18-June 3, 2009*

No. (%) index case-patients,

No. (%) household contacts,

Reported measure n =36 n=131 p valuet
Antiviral
Treatment 11 (30.6) 6 (4.58) <0.001
Prophylaxis 0 60 (45.8) <0.001
Quarantine duration, d
>1 32 (88.9) 91 (69.5) 0.013
>1 with index case-patient NA 80 (61.1)

*NA, not applicable.
tFisher exact test statistic used when expected value <6.

1602

Emerging Infectious Diseases * www.cdc.gov/eid « Vol.

17, No. 9, September 2011



(5]
o

=)
=]

-
o

-
o

o

No. index case-patients or household contacts

. !

0 1 2 3 4 5 6 7 8 g 10
No. days after symptom onset in index case-patient
mm Quarantine: index case-patient

= Antiviral treatment: index case-patient
——Antiviral prophylaxis: household contact

3 Quarantine: household contact
= Antiviral treatment: household contact

Figure 1. Timeliness of quarantine initiation and administration
of antiviral (treatment and prophylaxis) by pandemic (H1N1)
2009 index case-patients and household contacts after onset
of symptoms in the index case-patients, Melbourne, Victoria,
Australia, May 18—June 3, 2009.

have considered confirmation necessary. The differences
in health care-seeking behavior have implications for
the pandemic influenza response, particularly during the
phases of the AHMPPI when emphasis is on active case
finding and slowing community transmission. This finding
highlights the need for timely household-level, rather than
individual-level, provision of treatment and prevention
strategies by health care professionals, at the point of care
of the index case-patient.

Several individual-level and household-level factors
influenced the SAR and the odds of secondary transmission
within households. The odds of becoming a secondary
case-patient were almost 3x greater for female than male
contacts, possibly because more women assume caregiver
roles and therefore having a greater likelihood of exposure.
This explanation is supported by France et al. (4), who
reported that providing care to a case-patient was associated
with a higher risk for ILI among parents. A study with
greater power may be able to demonstrate this association
in adjusted analyses. Other studies have also reported
findings that older age was protective against secondary
transmission of pandemic (HIN1) 2009, possibly as a result
of prior immunity in older age groups (4,5). Although a
decreasing trend of secondary transmission was observed
for participants 5-19 years to 20—49 years of age, the size
of this study was insufficiently powered to demonstrate
a significant association between age group and rate of
secondary transmission.

Our finding that antiviral prophylaxis reduced the odds
of secondary transmission by 95% among at-risk household
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contacts was greater than that reported by France et al.,
who reported a 68% reduction in risk (4). Although this
finding highlights the potential for antiviral prophylaxis to
prevent secondary transmission, it should be considered
along with the finding that initiation of antiviral treatment
and prophylaxis for index case-patients and household
contacts was considerably delayed. Current evidence
highlights that rapid implementation of prevention
measures such as antiviral prophylaxis is critical for control
of pandemic influenza as soon as community transmission
is identified; our findings identify an area for improvement
in the implementation of pandemic influenza management
plans. For example, the need for timely use of antiviral
prophylaxis was demonstrated by Donnelly et al., who
found that only 18% of pandemic influenza transmission
events take place >2 days after onset of symptoms in case-
patients (28). Ghani et al. also demonstrated this need when
they reported a 3-fold increase in odds of intrahousehold
secondary transmission in households that did not receive
antiviral prophylaxis within 3 days of index case-patient
symptom onset (2). Similarly, Goldstein et al. report
that early antiviral treatment (on the day of or day after
symptom onset) reduced the odds of household secondary
transmission by 42% (29).

The issue of timeliness was also identified with regard
to initiation of quarantine. We identified a considerable
delay between onset of symptoms in the index case-patient
and initiation of quarantine for index case-patients and
household contacts, thus prolonging community exposure
to pandemic (HIN1) 2009. Quarantine of case-patients
and close contacts is considered an essential strategy for
mitigating community transmission of pandemic influenza
(9); however, to reduce the rate of community transmission,
case-patients need to be quarantined as early as possible
during their infectious period.

Although quarantine has been demonstrated to be
effective at reducing community attack rates in pandemic
influenza modeling studies, it has been hypothesized

8

7

No. secondary case-patients

| ] ]

1 2 3 4 5 6 7 8 9
No. days after symptom onset in index case-patient
Figure 2. Serial interval for symptom onset in pandemic (H1N1)

2009 index case-patient to symptom onset in secondary case-
patients, Melbourne, Victoria, Australia, May 18—June 3, 2009.
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Table 3. Clinical features for pandemic (H1N1) 2009 case-patients and household contacts, Victoria, Australia, May 18—June 3, 2009

No. (%) index case-patients,

No. (%) secondary case-patients,

Feature n =36 n=18 p value*
Sign or symptom
Fever 35(97.2) 18 (100) 0.67
Chills 17 (47.2) 8 (44.4) 0.54
Headache 25 (69.4) 13 (72.2) 0.55
Muscle pain 20 (55.6) 8 (44.4) 0.32
Joint pain 15 (41.7) 7 (38.9) 0.54
Fatigue 30 (83.3) 16 (88.9) 0.46
Diarrhea 8(22.2) 2(11.1) 0.28
Vomiting 16 (44.4) 2(11.1) 0.01
Upper respiratory tract symptoms 32 (88.9) 17 (94.4) 0.45
Sign or symptom duration, d
1-3 9 (25.0) 2(11.2) 0.49
4-6 13 (36.1) 9 (50.0)
7-9 9(25.1) 3(16.7)
>10 5(13.8) 4(22.2)
Any medical care received 36 (100) 14 (77.8) 0.01
Reported prevention and control measures taken
Quarantine 32 (88.9) 15 (83.3) 0.43
Antiviral prophylaxis 0 1 (5.56) 0.43
Antiviral treatment 11 (33.3) 2(11.1) 0.10

*Fisher exact test statistic used when expected value was <6.

that the subsequent increase in contact rates between
household members during quarantine may increase
intrahousehold transmission (30). We found evidence
supporting this hypothesis, demonstrating that the odds
of secondary transmission increased >20% for each
additional day of quarantine with the index case-patient.
Similar effects of quarantine on intrahousehold secondary
attack rates have not been reported for pandemic (HIN1)
2009; however, a study of university students in the
People’s Republic of China found an increased attack
rate among contacts who shared a room or bathroom with
confirmed pandemic (HIN1) 2009 case-patients (31),
and a study in New York reported increased risk between
siblings who interacted closely with the index case-patient
(4). Thus, to prevent community transmission, effective
communication to confirmed case-patients as well as
their household contacts to ensure timely implementation
of quarantine measures is needed. This finding should
be considered along with previously discussed public
health implications, including the recommendation for
implementation of prevention and control measures at the
household level rather than the individual level to ensure
that messages reach household contacts. Furthermore, to
counter the increased risk associated with quarantine with
the index case-patient, quarantine should be implemented
concurrently with distribution of antiviral prophylaxis to
household contacts.

The influence of cultural and linguistic diversity on
secondary transmission served as a proxy for a range of
social and environmental determinants of intrahousehold
transmission of pandemic (HIN1) 2009 transmission,
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including recognition and wunderstanding of health
promotion messages and access to antiviral treatment
and prophylaxis during the containment stages of the
AHMPPI. A key finding was a higher SAR among persons
who spoke languages other than English at home. This
finding suggests that control and prevention measures
were not effectively communicated, comprehended, and
adhered to by a major community subset in Victoria.
Although a higher SAR was observed among persons
who spoke languages other than English at home, the
study had insufficient power to provide evidence for the
relative contribution of cultural and linguistic diversity on
secondary transmission. Nonetheless, the potential issues
associated with effective communication, comprehension,
and adherence to prevention and control measures by
cultural and linguistically diverse communities suggest
that further work should explore the social and cultural
determinants of pandemic (HIN1) 2009.

This study has some limitations. First, it was subject to
recall bias, which we attempted to reduce by using tools to
improve accurate recall of illness (such as case notification
information from VDOH and calendars of major events that
occurred during the period of interest). Second, information
bias may have been introduced by household members who
provided information for household contacts not available
at the time of interview. This bias occurred during a few
interviews; however, any information bias is likely to
underestimate the true association between exposures and
pandemic (HINT) 2009. Third, ILI was used as an indicator
for pandemic (HIN1) 2009, and thus some misclassification
may have occurred. However, because sentinel surveillance
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indicated that most respiratory infections during the same
period were pandemic (HIN1) 2009, misclassification was
probably minimal (32). Fourth, recruitment of households
on the basis of the confirmed status of 1 household member
may introduce selection bias; however, during the study
period, rates of testing of persons with mild to severe
illness were high, and thus household contacts should be
representative of influenza infections in the community.
Fifth, the sample size was small; nonetheless, we identified
several factors significantly associated with secondary
transmission of pandemic (HIN1) 2009. Sixth, some ILI
might be community acquired and therefore overestimate
the rate of secondary transmission; we attempted to mitigate
any overestimation by excluding concurrent primary cases
and household contacts who reported symptom onset
before that of the index case-patient.

Our study findings can aid the continued development
of future pandemic influenza preparedness plans in
Australia and internationally. In particular, the provision
of treatment and prevention strategies at the household
level, rather than at the individual level alone at the point
of care of the index case-patient, should be considered.
The need for engagement at the household rather than

Intrahousehold Transmission of Pandemic (H1N1) 2009

the individual level is further emphasized by the benefit
of timely provision of antiviral prophylaxis to household
contacts, particularly when household contacts are
quarantined concurrently with the index case-patient. The
integration of these practical findings in the development
of pandemic influenza preparedness plans in Australia
and internationally can help reduce the potential for
intrahousehold transmission of influenza during future
pandemics.
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Table 4. Secondary attack rates for susceptible household contacts of index case-patients with pandemic (H1N1) 2009, Victoria,

Australia, May 18—June 3, 2009*

Total no. household

No. with influenza- ~ Secondary attack rate, %

Variable contacts like illness (95% ClI)
Individual-level associations
Sex
M 58 5 8.62 (1.08-14.4)
F 64 13 20.3 (11.3-32.2)
Age, y
0-4 11 1 9.09 (0.230—41.3)
5-19 35 6 17.1 (6.50-33.6)
20-49 66 10 15.2 (7.51-26.1)
>50 10 1 10.0 (0.25-44.5)
Relationship to index case-patient
Parent/child/partner 65 10 15.4 (7.63-26.5)
Sibling 44 8 18.2 (8.19-32.7)
Other family member 13 0 0 (0-24.7)
Prevention and control measures reported
Antiviral prophylaxis 57 1 1.8 (0.04-9.39)
Quarantined >1 d with index case-patient 73 15 20.5 (12.0-31.6)
Household-level associations
No. persons
2-3 7 2 28.6 (3.67-71.0)
4-5 75 10 13.3 (6.58-23.2)
>6 40 6 15.0 (5.71-29.8)
No. children
1 31 6 19.4 (7.45-37.5)
2 47 7 14.9 (6.20-28.3)
>3 44 5 11.4 (3.79-24.6)
Cultural and linguistic diversity
Only English spoken at home 53 5 9.4 (3.13-20.7)
English and/or other language(s) spoken at home 69 13 18.8 (10.4-30.1)

*Cl, confidence interval.
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Table 5. Unadjusted associations with secondary transmission
for pandemic (H1N1) 2009, Victoria, Australia, May 18—June 3,
2009*

Variable OR (95% CI) p value
Individual level
Sex
M 1.00
F 2.70 (1.060-6.860)  0.037
Age, y
0-4 1.00
5-19 2.06 (0.179-23.90) 0.560
20-49 1.79 (0.228-14.00) 0.581
>50 1.11 (0.529-23.30) 0.946
Relationship to index case-patient
Parent/child/partner 1.00
Sibling 1.22 (0.562-2.660) 0.613
Other family member 1
Reported prevention and control measures
Antiviral prophylaxist 0.05 (0.006-0.429) 0.006
Quarantined for >1 d 1.22 (1.03-1.44) 0.019
with index case-patient§
Household level
No. persons
2-3 1.00
4-5 0.385 (0.035-4.280) 0.437
>6 0.441 (0.024-8.070)  0.581
No. children
1 1.00
2 0.729 (0.163-3.260) 0.679
>3 0.534 (0.05-5.74) 0.605
Cultural and linguistic diversity
Only English spoken at 1.00
home
English and/or other 2.23 (0.448-11.100) 0.328

language(s) spoken at

home
*Backwards stepwise selection procedures were used to develop the final
adjusted model whereby predictors (p>0.05) were removed sequentially
until only significant predictors (p<0.05) remained. Gender was not
significant in the adjusted model (p = 0.83) and was thus removed.
Goodness of fit for both models was assessed by using the Hosmer and
Lemeshow test to 0.05 significance. Goodness of fit for the final model
was 0.2. OR, odds ratio; Cl, confidence interval.
TNo secondary cases occurred in this group, and this level is not included
in the unadjusted model.
FAdjusted OR 0.042 (95% CI 0.004-0.434); p = 0.008.
§Logistic regression using number of days quarantined with index case-
patient as continuous exposure. Adjusted OR 1.25 (95% CI 1.06-1.47); p
= 0.008.
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