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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.
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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.
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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
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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.
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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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Epidemiologic Modeling with
FluSurge for Pandemic (H1N1) 2009
Outbreak, Queensland, Australia

Philip R.A. Baker, Jiandong Sun, James Morris, and Amanda Dines

Atthe beginning of the pandemic (H1N1) 2009 outbreak,
we estimated the potential surge in demand for hospital-
based services in 4 Health Service Districts of Queensland,
Australia, using the FluSurge model. Modifications to the
model were made on the basis of emergent evidence
and results provided to local hospitals to inform resource
planning for the forthcoming pandemic. To evaluate the fit of
the model, a comparison between the model’s predictions
and actual hospitalizations was made. In early 2010, a
Web-based survey was undertaken to evaluate the model’s
usefulness. Predictions based on modified assumptions
arising from the new pandemic gained better fit than results
from the default model. The survey identified that the
modeling support was helpful and useful to service planning
for local hospitals. Our research illustrates an integrated
framework involving post hoc comparison and evaluation
for implementing epidemiologic modeling in response to a
public health emergency.

Inﬂuenza pandemics can result in substantial excess
illness and death (1,2). In the past century, 3 influenza
pandemics have occurred, commonly referred to as the 1918
Spanish flu, the 1957 Asian flu, and the 1968 Hong Kong
flu. It is estimated that 40—50 million persons died during
the 1918 pandemic, which is considered to be one of the
most severe disease events in history (1,2). The following 2
relatively mild pandemics caused approximately 2 million
(1957) and 1 million (1968) deaths, respectively (1,2).

It is widely foreseen that excess illness and deaths in
a future pandemic may place serious demands on and even
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exhaust the available hospital resources in a community.
For example, modeling studies consistently predict that
current intensive care unit (ICU) services in several
industrialized countries could be overwhelmed during a
future event of pandemic influenza (3-5). The prediction
of the expected impact of an emerging pandemic would
enable appropriate preparation to be made without
diversion of excess resources and thus have the potential
to reduce pandemic- and nonpandemic-related illness and
death.

Since April 2009, a new variant of influenza virus
A (HINI) initially discovered in Mexico and the United
States has caused a wave of pandemic influenza. On May
8, 2009, the first case of pandemic (HIN1) 2009 influenza
in Australia was confirmed in Queensland (6). During the
initial “Delay” and “Contain” phases of the Australian
Health Management Plan for Pandemic Influenza (7),
during April 26-June 22, 2009, a total of 593 laboratory-
confirmed cases were notified in Queensland. Among the
patients these cases represent, 16 hospitalizations and no
deaths were reported (8). However, the reported number
of cases, hospitalizations, and deaths may only represent a
small fraction of the true numbers because not all persons
who are infected seek medical care and have a specimen
collected. Further, not all specimens will have positive
results and be reported (9).

To assist hospital planners in their preparation
for pandemic (HIN1) 2009, at the emerging stage of
the pandemic in 2009, regional epidemiologists made
predictions of the potential need for general hospital
resources and ICU services for 4 Health Service Districts
in Queensland, Australia, by using the FluSurge model
developed by the Centers for Disease Control and
Prevention in the United States (10,11). A follow-up survey
was conducted in early 2010 to evaluate the application of
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these predictions. The aims of the studies were to describe
the modeling work, to explore the fitness of the predictions
to the actual hospital data, and to evaluate the application
and usefulness of the modeling to hospital planners.

Methods

Design

This article describes results from 2 studies. The
first study compared the model’s predictions to the actual
data for the largest district, Metro North. The modeling
techniques used to calculate these predictions are described.
The second study was a Web-based cross-sectional survey
among the hospital staff who had access to and used these
predictions in the response to the pandemic. The aim of this
survey was to examine how the projections were applied
and whether they were perceived as useful in planning.

Modeling was undertaken during May 29—June 29,
2009, when cases in Australia emerged. The Web-based
survey was conducted in May 2010.

Service Provision Area

Central Regional Services is 1 of 3 regional services
of Queensland Health that provide public health services
to 4 Health Service Districts, including Metro North (the
northern side of Brisbane, population 770,000), Sunshine
Coast-Wide Bay (SCWB, population 501,000), Central
Queensland (CQ, population 189,000), and Central
West (CW, population 12,000). Together these districts
account for 38% of Queensland’s population and 32% of
Queensland’s area. According to the remoteness structure
defined by the Australian Bureau of Statistics (12), most
of Metro North and SCWB are classified as major city or
inner regional (urban), and CQ and CW are mainly outer
regional or remote areas.

Modeling Tool

FluSurge (11) predicts the surge in demand for
hospital-based services during an influenza pandemic,
yielding estimates of the number of hospitalizations
(including ICU admissions) and deaths caused by a
pandemic in comparison to the existing hospital capacity.
Major assumptions of the FluSurge model include that
hospital admissions for pandemic influenza pose an
extra inconvenience to the current resources and that the
admissions are normally distributed over a given time
period of the pandemic. Prior to 2009, the model was
used to predict the demand for hospital-based services of
a future pandemic in the United States (3,10), England (4),
Mexico (13), and the Netherlands (14,15). More recently,
this tool was also used in the Australian state of Victoria for
the pandemic (HIN1) 2009 (16).
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Modeling with FluSurge for Pandemic, Australia

Data Sources

District and age-specific population data (estimated
resident population 2007 data from Australian Bureau of
Statistics, released August 19, 2008; cat. no. 3235.0) and
district-specific hospital resource data (for both public and
private hospitals) were used as model inputs. Resource
data for public hospitals were obtained from the Monthly
Activity Collection produced by the Health Statistics
Centre and verified by hospital managers. Private hospital
data were based upon licensed capacity of operational
status by designations, obtained from the Private Health
Unit. As Queensland data on ventilators were unavailable,
we used the proportion (53.3%) of available ventilators
among available ICU beds in New South Wales (Health
New South Wales, unpub. data) to estimate the number of
available ventilators in Queensland hospitals. To compare
modeling predictions with actual data, weekly numbers of
hospital admissions because of pandemic (HINT) 2009
by care type (general bed care, ICU admission and/or
ventilation) for each district were extracted from Epilog, a
Web-based application on which hospital-admitted patients
who were suspected of having pandemic (HINI1) 2009
were registered.

Postservice Survey

We conducted a postservice survey using a Web-based
survey tool, SurveyMonkey (17), seeking information on
1) users of the predictions (including position, role, and
district); 2) use of the predictions; 3) perceived usefulness of
the predictions; and 4) recommendations and suggestions.
Both closed and open-ended questions were used.

Thirty-one hospital planning staff from the 4 districts
who were involved in the pandemic response for their
district in June 2009 were approached; 16 (52%) responded
to the survey. Data analysis was conducted with 15
respondents (48%) as 1 questionnaire was incomplete.
Among the respondents, 6 (40%) were from Metro North,
4 (27%) from SCWB, 3 (20%) from CW, and 2 (13%)
from CQ. A large percentage of respondents (40%) held
nursing positions. Many other respondents were pandemic
planning directors and coordinators (13%), or infection
control officers (13%). All played a role in the district
pandemic (HIN1) 2009 planning and response.

Data Analysis

Modeling efforts were summarized, and the main
inputs and results of an example district (Metro North)
were presented in a descriptive manner. The rationale
and procedure of modifications to the default FluSurge
assumptions were also reported. Modeling predictions and
the actual data from the EpiLog were compared visually
by plotting.
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Responses to survey questions were presented in count
and percentages. Content analysis was used to examine the
open-ended questions and examples were provided.

Ethics Approval

Ethical approval was obtained from the Royal
Brisbane and Women’s Hospital Human Research
Committee for the survey. Participation in the survey
was voluntary. Anonymity, confidentially, and privacy
of participant responses and any personal details were
assured. All participants completed the consent section
before responding to the questionnaire.

Results

Modeling for Planning

In the initial modeling stage (May 20-29, 2009)
predictions regarding the potential hospital load caused
by pandemic (HIN1) 2009 in the 4 districts, were made
by using FluSurge 2.0 (www.cdc.gov/flu/tools/flusurge).
Given that data regarding the current pandemic were
unavailable, we used assumptions derived from previous
pandemics in the United States, as recommended by the
authors of FluSurge (11) and other studies (4; Health New
South Wales, unpub. data). Assumptions included a 25%
attack rate and 12-week outbreak duration (Table).

Using the largest district, Metro North, as an example,
we found by initial modeling that a moderate pandemic
would result in a total of 2,840 hospital admissions (Table).
Peak hospital admission would likely occur at week 6 and
week 7 with 426 (range 166-571) admissions per week

(Figure 1). During the peak week of the pandemic, 9% of
available general beds and 83% of available ICU beds, in
both public and private hospitals, would be occupied by
patients with pandemic (HIN1) 2009 (Table). The model
also predicted that the need for ventilator capacity would
exceed the current availability by 17% (Table).

In early June, these results were then presented to those
involved in pandemic response and/or hospital planning.
However, it was evident through discussion that some
major assumptions of the initial model, such as the attack
rate, hospitalization rate, and proportions that require ICU
or ventilation care, needed revision in line with emerging
evidence. For example, although at that time Australia
was still in the early stage of responding, data emerging
from North America suggested that the new pandemic was
much less severe than originally expected. Specifically, it
appeared that the present attack rate and incidence of both
hospitalization and related death was lower than that used
in the model (18,19; Australian Government Department
of Health and Ageing, unpub. data). In addition, historic
seasonal influenza data for Queensland suggested that the
duration would be longer than 12 weeks (20). However, a
limitation of the initial model was that the FluSurge only
provided 3 options for the attack rate (15%, 25%, and
35%), 3 options for the duration (6, 8, and 12 weeks), and
an unadjustable hospitalization risk (11).

A modified model with more flexible inputs was then
developed to address these limitations. In this modified
model, the number of cases related to pandemic (HIN1)
2009 was estimated by total population multiplied by
the gross attack rate (same as the original FluSurge

Table. Modeling attempts for pandemic (H1N1) 2009, Metro North Health Service District, Queensland, Australia, 2009*

Variable FluSurge 2.0 Modified model

Parameter and assumption/source
Population 812,941 812,941
Gross attack rate 25% 15%
Hospitalization rate Default 0.5%
Duration of hospitalization 12 wk 14 wk
Proportion of patients needing ICU care 20% 10%
Proportion of patients needing ventilation 15% 7.5%
Average length of non-ICU hospitalization 5d 5d
Average length of ICU stay 10d 10d
Average length of ventilator usage 10d 10d

Available hospital resources

Private and public hospitals

Public hospitals only

Main output

Hospital admissions

Patients needing general beds only

Patients needing ICU care

ICU patients needing ventilator care

Bed demands/availability during peak week
General
ICU
Ventilator

2,840 (range 1,104-3,810) 610
- 549
- 61
- 46
9% 2%
83% 10%
117% 13%

*ICU, intensive care unit; —, not applicable.
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model). The number of hospital admissions was then
calculated by multiplying the number of cases by the gross
hospitalization rate. The modified model also assumed that
the total number of admissions would be allocated to each
day within the pandemic period according to a symmetric
distribution. The number of admissions and bed demands
by care type and time were estimated according to the
original FluSurge model methods. The main advantage of
the modified model was that any value of attack rate (0%—
100%), hospitalization rate, and duration could be accepted.
However, because a single hospitalization rate was used
instead of the default range in the original FluSurge model,
the modified model could no longer generate a confidence
interval. Nevertheless, the modifications were expedient
and addressed the planners’ concerns of unreasonable
default assumptions.

On the basis of the modified model, repeated analyses
were conducted in June 2009. We hypothesized a 15% attack
rate, 0.5% hospitalization rate (among infected persons),
and 14-week duration (Table). A series of sensitivity
analyses were also made by increasing or decreasing the
value of major assumptions within the model. The main
results under the base-case assumptions are presented in
the Table. At the peak week of hospitalization, the required
numbers of 3 types of beds were predicted to account for
2% general, 10% ICU, and 13% ventilator of the current
availabilities of public hospital resources (Table). The
modified assumptions and results, along with sensitivity
analyses were endorsed by Metro North planners and used
to inform resource planning.

Comparisons with Actual Data

We determined that, according to the number of
hospital admissions, the 2009 outbreak of pandemic (HIN1)
2009 in Metro North started with week 25. During a 14-
week period (weeks 25-38), a total of 308 patients with
confirmed or probable pandemic (HIN1) 2009 influenza
were hospitalized in Metro North hospitals. The majority
(92.3%) were admitted into public hospitals. Seventy-four
(21.1%) patients were cared for in an ICU, and 42 (13.6%)
were treated with mechanical ventilation.

Compared with actual data above, the original
FluSurge model (Figure 1; Table) largely overpredicted
the effects on hospital-based services. This supported the
appropriateness of modifying the assumptions as proposed.
The comparison between predictions of the total and ICU
admissions based on the modified model and the actual data
are shown in Figure 2. This figure shows that the predicted
and actual hospitalizations mapped fairly closely for the
first 6 weeks of the pandemic, after which there was a rapid
drop. Of particular interest to hospital managers was that
the actual number of ICU admissions for each week fitted
reasonably well to the modeling line (Figure 2).

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

Modeling with FluSurge for Pandemic, Australia

700
600
500
400
300
200
100

0

——Most likely
Minimum
——Maximum

No. admissions

25 26 27 28 29 30 31 32 33 34 35 36
Week of outbreak

Figure 1. Predicted hospital admissions during an influenza

pandemic with 25% attack rate and 12-week duration in Metro

North Health Service District, Queensland, Australia, estimated by
using FluSurge 2.0.

Follow-up Survey among Users

Twelve (80%) respondents reported they had used
the epidemiologists’ modeling results to inform pandemic
response in their districts. Two broad types of use were
identified: specific use in bed planning and general use to
enhance awareness about the pandemic. Participants from
larger districts (Metro North and SCWB) tended to use the
results for preparation purposes in bed use, service demand,
and staffing. The districts with smaller populations used the
models to enhance general awareness of the pandemic.

Four (36%) of 11 respondents believed the predictions
had made a change in the pandemic response, 6 (55%)
stated no change was induced, and 1 (9%) was not sure. The
changes seemed subjective and indirect, derived mainly
from better understanding and more confidence among
the planners themselves, which in turn would benefit the
health system and society. One respondent described how
the modeling provided a robust indication of the impact on
hospital resources that facilitated changes of work patterns,
transfer of patients, and the delay of elective survey. The
curve helped identify outbreak progress and when the peak
had passed. However, the perceived changes only occurred
in the 2 districts with larger populations, most notably
Metro North where most of the epidemiologic support was
provided. Respondents from the 2 smaller districts did not
report any change attributed to the modeling.

All respondents (n = 11) agreed that the predictions
were useful to some extent. Four persons considered the
predictions to be “quite useful or very useful”; all were
from Metro North or SCWB. Participants from the smaller
districts (CQ and CW) only considered the modeling to be
little to moderately useful.

Similarly, all respondents (n = 14) stated that the
communication (e.g., meetings, telephone calls, and emails)
between epidemiologists and districts during the pandemic
was important to some extent. Nine rated communication
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Figure 2. Modeled numbers of total and intensive care unit (ICU)
admissions caused by a hypothesized 14-week influenza outbreak
in Metro North Health Service District, Queensland, Australia.
This model uses assumptions of a 15% attack rate and 0.5%
hospitalization rate compared to actual data.

as “quite important” or “very important”; 8§ were from the
2 larger districts. All respondents (n = 14) agreed that it
is helpful to make some predictions before or at the early
stage of a pandemic. Most (11/14) believed it was “quite
helpful” or “very helpful”; 9 of these respondents were
from the larger districts.

Most (13/14) stated that they would recommend
predictive modeling be used in future pandemic responses.
The modeling assisted hospital planning and enhanced
confidence. One respondent identified the role of having
trust in the predictions by understanding the assumptions
used by the epidemiologists, and that this trust empowered
more sophisticated planning and action to manage the
excess demand.

Discussion

We have illustrated a practical framework for
epidemiologic modeling in response to a public health
emergency, such as a pandemic of infectious disease. The
framework could be described as 4 consecutive steps:
need identification, modeling and presentation, field
use of predictions, and evaluation. This project directly
translated existing and emerging knowledge into practice
and combined 2 studies to “tell a whole story.”

Although models such as FluSurge are readily available
and simple to use, our experience suggests modification is
required. When we used modified assumptions on the basis
of emergent information on the novel pandemic influenza,
more reasonable predictions resulted than when we used
default assumptions derived from previous pandemics.
Although many modeling studies have been conducted
using similar tools (3,4,10,13-15), none of them have been
subsequently tested by using actual data and evaluated in
terms of the usefulness in practice. Similar to our initial
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modeling using the default FluSurge model, most of these
studies substantially overestimated the impact of the new
pandemic compared to the actual 2009 situation. Lack of
communication with users and relying only on historical
data may contribute to this problem. The interest of users
and their involvement appears to be essential for successful
epidemiologic modeling.

The post hoc survey is unique to this study. Results
indicate that the modeling and associated support by
epidemiologists were well received overall. However, the
perceived usefulness of the modeling was more notable for
the larger districts than for the smaller districts. We speculate
that this occurs because there are larger uncertainties
regarding modeling and relatively lower consequences in a
small population. Although we did not attempt to measure
any direct benefits to the communities, the survey data and
ad hoc comments received shows that the modeling and
consultation services provided by the epidemiologists were
used to manage hospital services confidently.

Although they fitted better, the modified projections
seemed to still overestimate the impact, especially the
total number of hospitalizations (Figure 2). The main
reason is that our assumption of hospitalization rate in
general population (15% attack rate % 0.5% hospitalization
rate = 75/100,000 persons) is far higher than the actual
rate in Metro North (308/770,000 = 40/100,000 persons)
and the rate in Australia (23/100,000 persons) (21). The
pandemic (HIN1) 2009 outbreak turned out to be shorter
than observed in seasonal influenza (20). One plausible
explanation is that Metro North is a metropolitan area and
disease transmission there may be more intense than in the
whole state, which covers a considerable rural population.

It is unknown whether the awareness of the modeling
results might have resulted in changes in admission policy
and subsequently affected the number of admissions. In this
paper we only presented Metro North data as an example
to demonstrate our modeling work. For SCWB district with
similar number of residents to the Metro North district,
similar results were observed (data not shown). However,
for the other 2 small districts, the projections were far more
serious than the actual events. This, in accordance with the
survey data, indicates that the modeling work for small
populations is more difficult and less useful.

There are some limitations to the modeling. First, we
assumed a normal distribution of patients over a given
period, but the epidemic curve is not symmetric (22). The
curve usually increases quickly, almost exponentially,
and then declines with a long tail after the peak. Second,
estimates were made on the basis of the population in
these Health Service Districts. The actual number of
hospitalizations, however, was obtained from all hospitals
within this area rather than all episodes occurring in the
whole population. In other words, patient flow was not taken
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into account in the comparisons. Nevertheless, parallel
data obtained from the Queensland Hospital Admitted
Patient Data Collection (which records information about
episodes of hospital care for all Queensland hospitals)
showed that assumptions of patient flows were reasonable
and consistent because the net effect was similar. Third,
the ventilator capacity was not exactly measured but
estimated on the basis of data from another state (17), and
ICU staff, surge capacity of staff, and absenteeism during a
pandemic were not taken into consideration. Furthermore,
some major assumptions, such as expected attack rate and
hospitalization rate, were somewhat arbitrary. Additionally,
many factors that may affect the probability of hospital
admission (23), such as obesity, pregnancy, and proportion
of Indigenous population, were not included in the model.
The above limitations would have certain negative effect
on the accuracy of the predictions. However, we relied on
the best information available at the time. In addition, a
series of sensitivity analyses were attached to the base-
case estimation. We perceive that the process integrating
communication—feedback—presentation is of high value,
even higher than the results themselves. The evaluation
survey revealed many planners took the opportunity
to understand modeling processes and enhance their
understanding of the new pandemic.

Another limitation is that only visualization was used
to compare projected to actual data, rather than more
sophisticated statistical tests. The low response rate (52%)
and the small number of respondents (n = 15) may also
bias the findings from the survey because nonresponders’
views may differ from responders and thus reduce the
representativeness of the sample. Although difficult to
assess, the role stated by the participants appears to indicate
that key informants from each Health Service District are
represented in the survey. The survey is also limited in
that several months had passed between when the models
had first been applied and when the survey was conducted.
Consequently, the survey relied on recall and reflection,
both of which can be subject to bias.

Given the above limitations, the net robustness of the
model and evaluation are less than ideal, and the predictions
and modifications cannot be immediately extrapolated
to other areas or outbreaks. Despite these limitations, we
firmly believe the principles of modeling and partnerships
shown here are valuable for epidemiologists and policy
makers in practice and research. It is hoped that the
framework illustrated in this study may serve as a general
model for epidemiologists who provide epidemiologic
services in a public health unit context.
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Differential Effects of Pandemic
(H1N1) 2009 on Remote and
Indigenous Groups, Northern

Territory, Australia, 2009

James McCracken Trauer, Karen Louise Laurie, Joseph McDonnell, Anne Kelso,
and Peter Gregory Markey

Pandemic (H1N1) 2009 influenza spread through the
Northern Territory, Australia, during June—August 2009. We
performed 2 cross-sectional serologic surveys on specimens
from Northern Territory residents, with 445 specimens
obtained prepandemic and 1,689 specimens postpandemic.
Antibody titers were determined by hemagglutination
inhibition against reference virus A/California/7/2009 on
serum samples collected opportunistically from outpatients.
All specimens had data for patients’ gender, age, and
address, with patients’ indigenous status determined for
94.1%. Protective immunity (titer >40) was present in 7.6%
(95% confidence interval [Cl] 5.2%-10.1%) of prepandemic
specimens and 19.5% (95% Cl 17.6%-21.4%) of
postpandemic specimens, giving a population-standardized
attack rate of 14.9% (95% CI 11.0%—18.9%). Prepandemic
proportion of immune persons was greater with increasing
age but did not differ by other demographic characteristics.
Postpandemic proportion of immune persons was greater in
younger groups and around double in indigenous persons.
Postpandemic proportion immune was geographically
heterogeneous, particularly among remote-living and
indigenous groups.

l l nderstanding the epidemiology of pandemic influenza
is essential in directing public health responses, not
only to the current pandemic, but also for recurrent waves of
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the same virus and future influenza pandemics. Knowledge
of the distribution of protective immunity enables prediction
of groups susceptible to reemergence of the virus and thus
helps to improve efficacy of vaccine programs. Influenza
has uneven effects across demographic and geographic
groups, which may contribute to the increases in illness and
death sometimes seen with subsequent waves (1,2). There
is an emerging understanding of the effects of the outbreak
of pandemic (HIN1) 2009 on indigenous populations, but
little is known of the virus’s effect on remote and socio-
economically disadvantaged groups.

Direct serologic measures of population immunity
are useful in assessing the effect of pandemic influenza,
as case or surveillance-based measures of incidence of
infection are dependent on recognition of symptoms, use
of health services, and subsequent testing (3). In remote
and ethnically diverse populations, the differential effect of
these factors may be particularly marked.

The Northern Territory (NT) is a jurisdiction unique
for its large area of 1.35 million km? (twice that of Texas)
relative to its population of 225,000, of whom 30% are
indigenous. The climate ranges from desert and semi-arid
in central Australia to tropical in the northern “Top End”
where the capital, Darwin, is located. There are also several
smaller urban centers and many small, remote indigenous
communities of 300-2,000 that may be >2 h flight from
the nearest hospital. Indigenous Australians of the NT
have considerably poorer health than the nonindigenous
majority, with a life-expectancy gap of 15-20 years (4).

Following recognition of the pandemic (HIN1) 2009
virus in North America in April 2009, Australia experienced
a single pandemic wave leading into the Southern
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Hemisphere winter (5). Despite enacting carefully prepared
nationwide public health measures to delay viral entry and
spread, widespread infection followed (6,7). Australia’s
first case was reported on May 8, with the first case in the
NT reported on June 2 and the first NT death occurring
July 9 (8). Australia moved to the “protect” phase of its
pandemic response on June 17 in an effort to limit illness
and death from the virus (9), with notifications peaking
nationwide and in the NT in July (10).

We undertook serosurveys using opportunistically
collected outpatient serum specimens from persons across
the NT to estimate levels of pre-existing immunity and
differential attack rates among demographic groups. Our
study included a large proportion of remote-living persons,
including Aboriginal and Torres Strait Islanders, enabling
assessment of the differential effect of influenza upon these
populations.

Methods

Specimens

Specimens were obtained from Western Diagnostic
Pathology (Myaree, Western Australia, Australia), which
provides outpatient pathology services covering most of
the NT. Specimens were eligible for inclusion regardless of
indication for testing, provided identifying information was
complete and address was within the NT. We accepted only
serum tubes with a residual volume >0.5 mL and obtained
specimens before routine discarding. Baseline specimens
were selected during January—May and all postpandemic
specimens from September 2009.

Background Information

Data obtained for each specimen consisted of date
of collection, patient’s age in years at collection, gender,
suburb/community of address, and a unique study
identifier. Identifying data (name and date of birth) were
transferred directly from the laboratory to the Information
Services Division of the NT Department of Health and
Families for computer-matching to indigenous status.
This was successful in 94.1% of cases, and the data were
transferred to the investigators linked to the study identifier.
Of those cases with a successful match, 59.7% of patients
were neither indigenous nor Torres Strait Islander, 39.7%
were Aboriginal, 0.1% were Torres Strait Islander, and
0.6% were both Aboriginal and Torres Strait Islander. The
suburb of patient’s address for each specimen was linked to
2006 Statistical Local Area (SLA), the Australian Bureau
of Statistics’ general purpose base spatial unit, with 82 of
96 NT SLAs represented (11).

After testing, a small number of specimens were
redistributed by region, following manual review of suburb
of address linkage to SLA. The SLA code was also linked
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to the 11 statistical subdivisions and 7 health districts in the
NT. Three study regions were defined, displayed in Figure 1,
consisting of Urban Darwin; Rural Top End (Darwin Rural,
East Arnhem, and Katherine districts); and Central Australia
(Alice Springs Urban, Alice Springs Rural, and Barkly
districts). SLA codes were then linked to the Australian
Bureau of Statistics’ Socio-Economic Indexes for Area
(SEIFA) (12). These measures use information from census
data relating to material and social resources and ability
to participate in society to obtain a broad level of relative
socioeconomic status for each SLA. For calculation of attack
rates by quintile, the SEIFA index of relative disadvantage
was used, while for regression analysis, the SEIFA index of
relative advantage and disadvantage was preferred, as this
index does not incorporate indigenous status.

Laboratory Methods

Antibody responses to pandemic (HINI1) 2009
influenza were assessed at the World Health Organization
Collaborating Centre for Reference and Research on
Influenza in North Melbourne, Victoria, Australia.
Reactivity of serum against pandemic (HIN1) 2009
influenza was measured in 2140 serum samples by
using hemagglutination inhibition (HI). Egg-grown A/
California/7/2009 virus was purified by sucrose gradient,
concentrated, and inactivated with P-propiolactone to
create an influenza zonal pool preparation (a gift from CSL
Ltd., Parkville, Victoria, Australia). Serum samples were
pretreated with 1:4 vol/vol receptor-destroying enzyme 11
(Deka Seiken Co. Ltd., Tokyo, Japan) at 37°C for 16 h,
then enzyme was inactivated by the addition of an equal
volume of 54.4 mmol/L trisodium citrate (Ajax Chemicals,
Taren Point, New South Wales, Australia) and incubated at
56°C for 30 min. A total of 25 pL (4 hemagglutinin units)
influenza zonal pool preparation A/California/7/2009 virus
or 25 pL phosphate-buffered saline (“no virus” control)
was incubated at room temperature with an equal volume
of receptor-destroying enzyme-treated serum. Serum
specimens were titrated in 2-fold dilutions in phosphate-
buffered saline from 1:10 to 1:1280. After a 1-h incubation,
25 pL of 1% vol/vol turkey erythrocytes was added to each
well. HI was read after 30 min. Any samples that bound
the erythrocytes in the absence of virus were adsorbed with
erythrocytes for 1 hour and reassayed. Six samples bound
erythrocytes in the absence of virus and were excluded
from analysis. Titers were expressed as the reciprocal of
the highest dilution of serum at which hemagglutination
was prevented.

A panel of control and serum samples were run
in addition to the test serum samples for all assays. The
control panel comprised paired ferret serum samples pre-
and postinfection with pandemic (HIN1) 2009; seasonal
influeza A (HIN1), A (H3N2), or B viruses; and paired
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Figure 1. Health districts, by study region, in a study of differential
effects of pandemic (H1N1) 2009 on remote and indigenous groups,
Northern Territory, Australia, September 2009. Black, Urban Darwin;
white, Rural Top End; gray, Central Australia. Inset: Location of the
Northern Territory in Australia.

human plasma and serum samples from donors, collected
before April 2009 or after known infection with pandemic
(HINT)2009 or vaccination with the Australian monovalent
pandemic (HIN1) 2009 vaccine.

Study Population

We aimed to estimate the proportion of persons with
serologic immunity in each of 12 groups in the post-
pandemic sample, consisting of 4 age groups (<14, 15—
34, 35-54, and >55 y) within each of the 3 study regions
described. In the postpandemic group, we calculated a
required sample size of 195 specimens per group (for a
total of 2,340 specimens) on the basis of an estimate of
15% immunity with a 95% confidence interval (CI) of
10%—-20%.

In the baseline group, we aimed to provide an age-
specific, NT-wide estimate of preexisting immunity and
calculated a single sample size for each of the same 4
age groups described. We did not stratify by region and
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assumed increasing prepandemic immunity with age (2%
in those <14y, 5% in those 15-54 y, and 15% in those
>55y).

Samples were chosen at random from each stratum
and checked for representativeness of the NT population
by gender and region before testing. Data on indigenous
status were obtained from Information Services only after
final selection of specimens.

Analytic Methods

For all analyses, immunity was defined as an HI titer
>40, consistent with published data (13) and the observation
that titers of this order develop in 90% of persons <21 days
ofillness (14). Attack rates were calculated as the difference
in proportion immune between the September category and
the total baseline group, except for age-specific attack rates
where the age-specific baseline proportion was used as
the reference. All attack rate calculations were population
standardized, with weights calculated separately for pre-
and postpandemic samples, based on the demographic
characteristics of the 2009 NT population by age-group,
indigenous status, and study region. Regression models and
proportions immune are displayed unweighted. Statistical
analysis was performed with Stata version 11.0 (StataCorp
LP, College Station, TX, USA).

Ethical Approval

We obtained ethical approval from the Menzies School
of Health Research Human Research Ethics Committee and
the Central Australia Human Research Ethics Committee.
We continued to liaise with the Aboriginal and Torres
Strait Islander subcommittees of both ethics committees
throughout the study.

Results

Baseline Immunity

A total of 445 specimens taken January 10-May 29
were selected from 10,575 available serum tubes (Table 1).
Within each age group sampled, the baseline sample was
representative of the 2009 NT population (15) by gender,
indigenous status, and study region, except that higher
proportions of indigenous Australians were seen in the
2 older age brackets. There was no tendency toward an
increase in the proportion of specimens with protective
immunity over the 5 months from which baseline specimens
were taken (p = 0.79, by y? test for trend).

A total of 34 of 445 baseline specimens (7.6%, 95%
CI 5.2%-10.1%) had HI titers >40. Multivariate logistic
regression revealed no difference in baseline immunity
by gender, indigenous status, study region, or index of
socioeconomic disadvantage (p>0.05), with increasing
age in years the only significant independent predictor
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Table 1. Demographic characteristics of patients in a study of
differential effects of pandemic (H1N1) 2009 on remote and
indigenous groups, Northern Territory, Australia, 2009

No. Female, Indigenous,
Characteristic patients % %
Baseline, age, y
<14 37 54.1 51.4
15-34 91 65.9 43.5
35-54 92 54.4 33.7
>55 225 44.9 30.3
Total 445 51.9 35.5
September, Urban Darwin, age, y
<14 60 53.3 14.0
15-34 194 62.9 13.5
35-54 202 55.5 9.6
>55 209 48.3 6.7
Total 665 55.2 10.2
September, Rural Top End, age, y
<14 25 36.0 44.0
15-34 190 60.5 71.4
35-54 183 47.5 60.8
>55 190 46.8 42.5
Total 588 51.0 57.8
September, Central Australia, age, y
<14 13 46.2 61.5
15-34 84 57.1 82.7
35-54 189 63.5 63.2
>55 150 51.3 54.9
Total 436 57.6 64.1

of prepandemic immunity (p = 0.003). Although not
statistically significant on the regression model, the
proportion of specimens with titers >40 appeared higher
in Central Australia (14.0%) than Urban Darwin and Rural
Top End (5.6%). Immunity was nevertheless evenly spread
geographically within these regions.

Postpandemic Immunity

A total of 1,689 specimens collected September 3-30,
2009, were selected from 3,228 available. Because of
insufficient numbers of specimens, the required sample
size was not achieved in 5 of 12 postpandemic groups. The
September samples were representative of the 2009 NT
population by gender but again included higher proportions
of specimens from indigenous Australians in the older
age brackets. An HI titer >40 was seen in 329 specimens
(19.5%, 95% CI 17.6%—21.4%), with proportions by study
group shown in Table 2, geometric mean titers in Figure
2, and reverse cumulative distributions in Figure 3. There
was a nonsignificant trend toward a decreasing proportion
of specimens with protective immunity over the 5 weeks
from which the September specimens were taken (p = 0.20,
by ¥ test for trend).

Table 3 shows the results of multivariate logistic
regression analysis for the 1,592 postpandemic specimens
for which the indigenous status of patients was known. No
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association was detected between immunity and gender,
socioeconomic status, or study region. However, younger
age and indigenous status were independently associated
with immunity. A measure of remoteness was examined
as a possible exposure variable, but colinearity with region
meant that it was not a useful predictor variable and
therefore was not included in regression analysis (16).

The proportion immune in September was
geographically heterogeneous across the 3 study regions
(p<0.001, by y* test). The same pattern was seen for
Statistical Subdivisions (p<0.001, by yx* test), with
proportionate immunity ranging from 7.5% to 42.9%, as
illustrated in Figure 4. The picture of heterogeneity was also
seen for the indigenous population considered separately.
However, the prevalence of postpandemic immunity was
more homogeneous for the nonindigenous population
considered by either geographic classification and for
urban Darwin considered separately. Figure 5 demonstrates
that while postpandemic levels of immunity were relatively
homogeneous by SLA in less disadvantaged, generally
urban areas, comparatively disadvantaged areas had more
variable levels of immunity.

Attack Rates

As shown in Table 4, attack rates by age group were
markedly higher in younger groups, reaching approximately
1 in 3 among children <14 years of age. Indigenous
Australians were also disproportionately affected, with
attack rates of =1 in 4, which were 1.85-fold higher than

Table 2. Specimens with titers >40 in a study of differential
effects of pandemic (H1N1) 2009 on remote and indigenous
groups, Northern Territory, Australia, September 2009*

No. positive/ % Titers >40

Population group no. tested (95% ClI)
Baseline, age, y

<14 0/37 0

15-34 4/91 4.4 (0.1-8.6)

35-54 8/92 8.7 (2.9-14.5)

>55 22/225 9.8 (65.9-13.7)
Urban Darwin, age, y

<14 22/60 36.7 (24.3-49.0)

15-34 34/194 17.5 (12.2-22.9)

35-54 23/202 11.4 (7.0-15.8)

>55 20/209 9.6 (5.6-13.6)
Rural Top End, age, y

<14 5/25 20.0 (4.0-36.0)

15-34 46/190 24.2 (18.1-30.3)

35-54 31/183 16.9 (11.5-22.4)

>55 35/190 18.4 (12.9-24.0)
Central Australia, age, y

<14 7/13 53.9 (25.6-82.1)

15-34 23/84 27.4 (17.8-37.0)

35-54 50/189 26.5 (20.1-32.8)

>55 33/150 22.0 (15.3-28.7)

*Cl, confidence interval.
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Figure 2. Unadjusted geometric mean antibody
titers by age group (A), sex (B), indigenous
status (C), SEIFA index (D), and study region
(E) in a study of differential effects of pandemic
(H1N1) 2009 on remote and indigenous groups,
Northern Territory, Australia, September 2009.
v Red, prepandemic titer; blue, postpandemic
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Bureau of Statistics’ Socio-Economic Indexs
for Area.

Central Australia

those seen in nonindigenous Australians. No differences in
attack rates were seen by gender, region, or socioeconomic
quintile. Given these attack rates, we estimate that 15,600
(95% CI 10,900-20,300) of 67,820 indigenous and 19,500
(95% CI 12,700-26,300) of 157,028 nonindigenous
persons in the NT acquired pandemic influenza during
May—September 2009.

Discussion

Our study is an outpatient-based serologic survey of
the impact of pandemic influenza over a large geographic
region. Because of our broad sampling base, we have been
able to estimate attack rates across the NT population
and to assess the differential impact of the virus on the
indigenous population. We calculated a population attack
rate of ~15% but found marked differences in patterns
of exposure by indigenous status, geographic location,
and age. Younger age groups and indigenous Australians
were disproportionately affected, with striking geographic
variations seen.

Baseline immunity could be overestimated if
undetected virus circulation was occurring during our
prepandemic period. We believe this is unlikely, as there
was no trend toward increasing immunity in samples
taken at a later date, no child had a baseline titer >10, and
the first confirmed case was not detected in the NT until
May 29 (17). Similarly, our September sample could have
underestimated true postpandemic immunity caused by
ongoing infection during this month. However, emergency
department presentations of influenza-like illness had
returned to baseline by this time, and there were few
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laboratory-confirmed cases during this period. Similarly,
no increase in immunity was observed during September
in our study. Because the national pandemic vaccination
program in Australia commenced in NT on September 30,
testing of specimens before this date would be unaffected
by antibodies produced by vaccination (18).

Although we attempted to ensure that our sample was
demographically representative of the NT population, the
prevalence of risk factors for influenza infection may be
different in our sample from that of the general population.
In particular, chronic disease and pregnancy may have been
overrepresented among patients presenting for outpatient
pathologic analysis. However, because clinical data,
including indication for testing, were not available, the
strength of this possible effect cannot be assessed.

We found a prevalence of preexisting immunity of
3.6% in those born after 1980 and of 0% in children. In
those born before 1950, the level of pre-existing immunity
was 13.7%, which is lower than data from North America
(19,20). This may reflect regional differences or be the result
of the 1976 mass-vaccination campaign against swine-
origin HIN1 virus because seasonal influenza vaccination
does not produce protective titers against the pandemic
(HINT) 2009 virus. Despite this finding, serologic data
from a population in China with low seasonal vaccine
coverage found lower levels of preexisting immunity (21),
although comparable levels of preexisting immunity were
seen in Singapore (22).

Our findings of a postpandemic proportion immune
rate of 19.5%, attack rate of 14.9%, and the association
with younger age are consistent with other published
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Figure 3. Reverse cumulative distributions by age group in a study of differential effects of pandemic (H1N1) 2009 on remote and
indigenous groups, Northern Territory, Australia, September 2009, showing percentage of population with titer at or above each value. A)
<15 years of age; B) 15-34 years of age; C) 35-54 years of age; D) >55 years of age. Red, prepandemic titer; blue, postpandemic titer.

data (14,22), although the difference in post-pandemic than the estimated clinical attack rate of 7.2% extrapolated
immunity in the Australian indigenous population has not from surveillance data (23). Moreover, the incidence rate
been reported. Our overall attack rate was notably higher ratio between indigenous and nonindigenous populations

Table 3. Multivariate logistic regression for exposures associated with titer >40 in a study of differential effects of pandemic (H1N1)
2009 on remote and indigenous groups, Northern Territory, Australia, September 2009

Characteristic Odds ratio (95% confidence interval) p value
Female sex 1.06 (0.82-1.37) 0.65
Aboriginal and Torres Strait Islander 2.32 (1.63-3.31) <0.001
Age, y <0.001
>55 Reference
35-54 1.05 (0.76-1.45)
15-34 1.28 (0.91-1.79)
<14 2.98 (1.80-4.92)
Region 0.05
Urban Darwin Reference
Rural Top End 0.83 (0.56-1.23)
Central Australia 1.23 (0.80-1.90)
Socioeconomic quintile* 0.43
5 (least disadvantaged) Reference
4 0.91 (0.55-1.51)
3 1.16 (0.73-1.86)
2 1.41 (0.84-2.36)
1 (most disadvantaged) 1.21(0.70-2.12)

*Australian Bureau of Statistics’ Socio-Economic Indexes for Area index of relative socioeconomic advantage and disadvantage.
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Figure 4. Postpandemic proportion immune by statistical sub-
division in a study of differential effects of pandemic (H1N1) 2009
on remote and indigenous groups, Northern Territory, Australia,
September 2009. Inset represents Urban Darwin.

based on the number of laboratory-confirmed cases was
4.9, notably greater than our 2-fold ratio. However, the
ratio in serologic attack rates between Central Australia
and the Top End was =1.5 and consistent with the
ratio from laboratory-confirmed cases (23). Data from
notifications and hospitalizations in the Top End indicate
that the prevalence of risk factors in patients admitted with
pandemic influenza was similar between indigenous and
nonindigenous patients (24), suggesting that the increased
frequency of admissions in indigenous persons was because
of the greater prevalence of risk factors for severe disease.

Australian  indigenous populations have more
respiratory infections than nonindigenous groups (25),
and the higher pandemic attack rate in this group is also
consistent with their overrepresentation in admissions
to intensive care units (26). North American indigenous
persons also have a greatly increased risk for hospitalization
and death from pandemic (HIN1) 2009 influenza compared
with their nonindigenous counterparts, particularly at
extremes of age (27). However, Australia has among the
greatest differences in rates of hospitalization and mortality
between indigenous and nonindigenous populations in the
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Americas and Pacific regions (28). For this reason, the
NT Centre for Disease Control has identified this group
as a particular focus of the univalent pandemic influenza
vaccination program, achieving coverage of 24% overall
and 41% in the indigenous population.

We wused the Australian Bureau of Statistics
SEIFA index as our measure of relative socioeconomic
disadvantage (12). By this measure, the most disadvantaged
quintile appeared to have higher rates of infection.
However, this finding was not borne out by multivariate
analysis, suggesting confounding by other variables,
particularly indigenous status and remoteness, which are
highly correlated in NT. Moreover, accurate estimates of
socioeconomic disadvantage are notoriously difficult to
attain (29) and, when measured by area, are at best at an
average level of deprivation.

We observed marked differences in the postpandemic
proportion immune between Statistical Subdivisions, with
the degree of heterogeneity being particularly prominent
among indigenous and remote populations. This variability
in influenza infections has been noted from surveillance
data (30) and serologic survey data (14). Although many
Aboriginal communities in the NT are remote and isolated,
a large proportion of persons from remote communities
demonstrate intercommunity mobility (31). The Aboriginal
population of the NT is known to have high rates of chronic
diseases, including conditions identified as increasing
susceptibility to influenza (4,32), such as poor housing
(33) and sanitation (34). These factors, in particular
overcrowding, are likely to facilitate transmission of
influenza once the disease is present within a community.
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Figure 5. Postpandemic proportion of Statistical Local Area (SLA)
demonstrating titers >40 by Socio-economic Index for Area (SEIFA)
of relative socioeconomic disadvantage. Gray circles, Urban
Darwin; black circles, Rural Top End and Central Australia. Circle
size proportional to number of specimens in group. Lower score
indicates greater degree of relative socioeconomic disadvantage.
One SLA containing 1 observation with a proportion immune of
100% is not displayed.
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Table 4. Attack rates standardized to Northern Territory population, by age group, indigenous status, and geographic region, in a study
of differential effects of pandemic (H1N1) 2009 on remote and indigenous groups, Northern Territory, Australia, September 2009

Demographic characteristics

Adjusted attack rate, % (95% Confidence interval)

Overall 14.9 (11.0-18.9)
Sex
F 15.4 (10.7-20.0)
M 14.4 (9.1-19.7)

Aboriginal and Torres Strait Islander
Nonindigenous

22.9 (16.0-29.9)
12.4 (8.1-16.8)

Age,y
<14
15-34
35-54
>55

36.0 (25.5-46.4)
15.3 (9.8-20.9)
4.3(-3.2t0 11.8)
3.5(-1.2t08.2)

Geographic region
Urban Darwin
Rural Top End
Central Australia

12.8 (8.4-17.2)
14.2 (8.0-20.4)
21.4 (12.8-30.1)

Socioeconomic quintile*
5 (least disadvantaged)
4
3
2
1 (most disadvantaged)

13.6 (7.5-19.8)
10.0 (4.3-15.7)
14.6 (7.5-26.8)

24.0 (14.6-33.5)
13.8 (6.9-20.6)

*Australian Bureau of Statistics’ Socio-Economic Indexes for Area index of relative socioeconomic advantage and disadvantage.

Our results suggest that although some communities
were severely affected, others may have been less
affected by the pandemic because of their isolation. These
communities are likely to be particularly susceptible to
subsequent waves of infection because East Arnhem
communities were particularly hard hit by pandemic
(HINT1) 2009 in 2010, and Central Australia communities
were relatively spared. Moreover, the first cluster of
laboratory-confirmed cases since the first pandemic wave
occurred in June and July 2010 in the SLA with the
lowest postpandemic proportional immunity of any SLA
represented by >20 specimens (2/38, 5.4%).

Our serosurvey indicates that the full effect of
the influenza pandemic on the NT may have been
underestimated and highlights the differential impact of
the virus on vulnerable groups, including children and
indigenous populations. Our findings show similarities
to other published data, but the results are more likely
to be applicable to remote-living and ethnically diverse
populations. Given that in all groups, the majority of the
population is likely to remain susceptible to the virus
following the pandemic, vaccination campaigns and public
health responses are essential and should focus on high-
risk groups, which requires respectful engagement with
communities.
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Multiple Reassortment between
Pandemic (H1N1) 2009 and
Endemic Influenza Viruses in Pigs,
United States

Mariette F. Ducatez, Ben Hause, Evelyn Stigger-Rosser, Daniel Darnell, Cesar Corzo, Kevin Juleen,
Randy Simonson, Christy Brockwell-Staats, Adam Rubrum, David Wang, Ashley Webb,
Jeri-Carol Crumpton, James Lowe, Marie Gramer, and Richard J. Webby

As a result of human-to-pig transmission, pandemic
influenza A (H1N1) 2009 virus was detected in pigs soon
after it emerged in humans. In the United States, this
transmission was quickly followed by multiple reassortment
between the pandemic virus and endemic swine viruses.
Nine reassortant viruses representing 7 genotypes were
detected in commercial pig farms in the United States. Field
observations suggested that the newly described reassortant
viruses did not differ substantially from pandemic (H1N1)
2009 or endemic strains in their ability to cause disease.
Comparable growth properties of reassortant and endemic
viruses in vitro supported these observations; similarly, a
representative reassortant virus replicated in ferrets to the
same extent as did pandemic (H1N1) 2009 and endemic
swine virus. These novel reassortant viruses highlight
the increasing complexity of influenza viruses within pig
populations and the frequency at which viral diversification
occurs in this ecologically important viral reservoir.

Since its detection in humans in April 2009 (1), the
pandemic influenza A (HIN1) 2009 virus spread
quickly throughout the world. The pandemic virus was
first detected in pigs in Canada in early May 2009 (2),
and at least 14 countries have reported pigs infected with
pandemic (HIN1) 2009 viruses (3), a few of which have
been thoroughly described in the literature: in the Americas
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during summer 2009 (4,5); in Norway and Italy during fall
2009 (6,7); in India in May, June, and November 2009 (8);
in Hong Kong Special Administrative Region, People’s
Republic of China, during October 2009—January 2010 (9);
and in South Korea and Thailand during December 2009
(10,11). All of these infections were caused by human-to-
pig transmission.

In the United States, HIN1 subtypes of the classical
swine influenza lineage (now designated as Hla) dominated
from 1918 through 1998. In 1998, influenza (H3N2) triple
reassortant viruses appeared, accompanied by a transient
increase in disease severity (12,13). These triple reassortants
contained polymerase acidic (PA) and polymerase basic 2
(PB2) genes of avian virus origin; hemagglutinin (HA),
neuraminidase (NA), and polymerase basic 1 (PB1) genes
of human virus origin; and matrix (M), nucleoprotein (NP)
and nonstructural (NS) genes of classical swine virus origin
(13). After these viruses appeared, multiple reassortment
occurred that combined different HA and NA genes with
the triple reassortant internal gene (TRIG) cassette (PA,
PB1, PB2, NP, M, and NS) (14-20).

In addition to Hlo, 3 distinct lineages of HI
hemagglutinin have been defined and characterized: H1p
strains, first detected in 2001-2002; H13 (or “seasonal
human-like” swine H1) strains in 2003-2005; and Hly
strains in 1999-2000 (19,21). Soon after the appearance of
pandemic (HIN1) 2009 viruses (whose HA clusters with
the swine H1y viruses) in pigs, the first reassortment event
with an endemic swine influenza virus was reported in pigs
in Hong Kong. This virus, A/swine/201/2010, contained a
Eurasian swine lineage HA, a pandemic (HIN1) 2009 NA,
with the TRIG cassette (9). Subsequently, a reassortant
with 7 pandemic (HIN1) 2009 gene segments and a swine
N2 gene was found in Italy (22), and a reassortant with
7 pandemic (HIN1) 2009 gene segments and a swine N1
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gene was found in Germany (23). Considering the known
circulation of TRIG-containing endemic and pandemic
(HINT) 2009 viruses in pigs, the chance for similar
reassortment to occur in the United States also seemed
high.

We describe the isolation of 9 pandemic (HIN1) 2009/
endemic swine reassortant influenza viruses representing 7
distinct genotypes in pigs in the United States. Our study
highlights the effect of reverse zoonotic transmission of the
pandemic virus on this population.

Materials and Methods

Samples

Samples used in this study were nasal swabs or lungs
collected from pigs with clinical signs of respiratory disease,
with the exception of A/swine/Indiana/240218/2010, which
was isolated from a healthy pig within the framework
of an active swine influenza surveillance program. In
this program, nasal swab specimens had been randomly
collected on a monthly basis since June 2009 from
commercial farms in Iowa, Indiana, Minnesota, North
Carolina, and Illinois. A/swine/Indiana/240218/2010 was 1
of 176 viruses detected. Vaccination status of the pigs was
unknown. The specimens were transported in virus transport
media at 4°C to the laboratory (Newport Laboratories,
Worthington, MN, USA, or St. Jude Children’s Research
Hospital, Memphis, TN, USA) for influenza screening.
Samples were either tested within 48 h or frozen at —80°C
before being processed.

RNA Extraction and Real-time Reverse
Transcription PCR

RNA was extracted either with a MagMAX-96
AI/ND viral RNA isolation kit (Applied Biosystems/
Ambion, Austin, TX, USA) on a Kingfisher Flex (Thermo
Scientific, Rockford, IL, USA), or with QIAGEN viral
RNA kit (QIAGEN, Valencia, CA, USA), following the
manufacturers’ instructions. Real-time reverse transcription
PCR (rRT-PCR) was performed to initially screen for
all influenza A viruses (24). Positive samples were then
screened specifically for swine H3 and H1 HA genes (25)
and the pandemic (HIN1) 2009 M gene (24). One-step RT-
PCR was performed by using the QIAGEN 1-step RT-PCR
kit (QIAGEN), 600 nmol/L of each primer, 300 nmol/L
of the probe, and 1.4 mmol/L MgCl,. The ABI Fast real-
time PCR system 7500 thermocycler and corresponding
software (Applied Biosystems, Foster City, CA, USA)
were used with the following cycling conditions: 50°C for
30 min, 95°C for 15 min, followed by 40 cycles of 95°C for
10 sec, and 60°C for 30 sec. For the growth curves, viral
titers were monitored by rRT-PCR by using the method
described by Harmon et al. (26).
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Virus Isolation and Growth

Swab samples were added to MDCK or swine
testicle (ST) cells (American Type Culture Collection)
as described (27,28). Virus isolates were identified by
HA assay, as described in the World Health Organization
manual on animal influenza diagnosis and surveillance
(28). Specimens were plaque purified 2% on either MDCK
or ST cells. Isolates were then characterized by full genome
sequencing. Virus growth characteristics were compared on
ST cells. Approximately 1.0 50% tissue culture infectious
dose per milliliter of each virus was added to a confluent
monolayer of ST cells. An aliquot was immediately
removed after inoculation and every 24 hours through 4
days postinoculation. Samples were analyzed by using
rRT-PCR that targeted the M gene and by titration on ST
cells by using the method of Spearman-Karber.

Sequencing and Sequences Analysis

Specimens were sequenced by using an Illumina
Genome Analyzer (Illumina, Inc., San Diego, CA, USA).
An RT-PCR was performed on RNA templates by using
Uni-12 and Uni-13 primers to amplify all 8 segments
in 1 reaction with Invitrogen SuperScript III One-Step
Reverse Transcriptase and Platinum Taq HiFi (Invitrogen,
Carlsbad, CA, USA). Polymerase gene primers were added
to optimize the sequencing reaction (29). The obtained
double-stranded DNA was sonicated in a Covaris AFA
(Covaris, Woburn, MA, USA) until a broad peak at 200 bp
appeared. The 3’ overhangs were removed from the sheared
DNA by end repair, a Poly-A tail was added, and adapters
were then ligated to the DNA fragments by using New
England Biolabs (NEB) kits E6050L, E6053L, and E6056L
(NEB, Ipswich, MA, USA). The ligation products were
purified by gel electrophoresis by using E-Gel SizeSelect
2% agarose precast gels (Invitrogen). Index sequences were
added to the DNA samples by Phusion DNA polymerase
(NEB) before they were loaded on the illumina sequencer.

For sequence analyses, samples were de-multiplexed
and each genome was assembled by using CLC Genomics
Workbench software (CLC bio, Germantown, MD, USA)
by running a high stringency de novo assembly. Sequences
were compared by using BioEdit (30) and ClustalW (31).
Phylogenetic analyses were performed by using MEGA
version 4.0.2 (32). The sequences of the 9 influenza viruses
we studied were submitted to GenBank under accession
nos. CY086877-CY086942.

Assessment of Virus Pathogenicity in Ferrets

The pathogenicity of selected influenza viruses was
tested in male ferrets (Mustela putorius furo) 3—4 months
of age obtained from Triple F Farms (Sayre, PA, USA).
All ferrets were seronegative for seasonal influenza A
(HIN1) and (H3N2) viruses, pandemic (HIN1) 2009,
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and influenza B viruses by hemagglutination-inhibition
assay. Five ferrets were inoculated intranasally under
light isoflurane anesthesia with 10° 50% egg infectious
dose (EID,)) of the subtype H3N2 reassortant, A/swine/
Minnesota/239105/2009, in 1 mL of sterile phosphate-
buffered saline. Pandemic (HIN1) 2009 strain A/
Tennessee/560—1/2009 (TN/560/09) and influenza (H3N2)
strain A/swine/Texas/4199-2/98 (sw/TX/4199/98) were
used as controls for comparison. Clinical signs of infection,
relative inactivity index (33), weight, and temperature were
recorded throughout the 12-day study period.

To monitor virus shedding, nasal washes were
collected from ferrets on days 3, 5, and 7 postinoculation
as described (34). The virus titers were determined as log,
EID, /mL. The limit of virus detection was 0.5 log,, EID,/
mL. For calculation of the mean, samples with a virus titer
<0.5 log,, EID, /mL were assigned a value of 1.

All animal experiments were performed in BioSafety
level 2+ facilities at St. Jude Children’s Research Hospital
(Memphis, TN, USA). All animal studies were approved
by the St. Jude Children’s Research Hospital Animal Care
and Use Committee and were conducted according to
applicable laws and guidelines.

Results

Identification of Endemic Swine—Pandemic (H1N1)
2009 Influenza Virus Reassortants

Duringroutine surveillance for influenza viruses in pigs, 9
reassortant viruses were detected during 2009 and 2010. These
viruses came from asymptomatic animals or from animals
showing classic influenza symptoms, including coughing,
respiratory distress, fever, or nasal discharge. These viruses
were detected in Minnesota, Indiana, and North Carolina.
Complete genome sequences were obtained for 7 strains:
A/swine/Indiana/240218/2010(HIN2) (sw/IN/240218/10),
A/swine/Minnesota/239105/2009(H3N2) (sw/MN/239105/
09), A/swine/Minnesota/239106/2010(HIN2)  (sw/MN/
239106/10), A/swine/North Carolina/239108/2010(H1N2)
(sw/NC/239108/10), A/swine/North Carolina/226124/2010
(HIN2) (sw/NC/226124/10), A/swine/North Carolina/
226125/2010(HIN2) (sw/NC/226125/10), and A/swine/
North Carolina/226126/2010(HIN2) (sw/NC/226126/10).
Partial sequences were obtained from 2 additional samples, A/
swine/Minnesota/340304/2010(H1N2)(sw/MN/340304/10),
and A/swine/Minnesota/226128/2010(HIN1)  (sw/MN/
226128/10). Ofthe 9 viruses, 8 displayed HA and NA genes of
endemic swine influenza viruses and pandemic (HIN1) 2009
M gene segments; the origin of the remaining gene segments
differed depending on the virus (Figure 1). The phylogeny
of HA, NA, and M genes were compared with reference
strains (Figure 2, panels A, B, C, respectively). Only sw/
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NC/226124/10, sw/NC/226125/10, and sw/NC/226126/10
had identical genotypes with pandemic (HIN1) 2009 NP, M,
and NS genes. These 3 viruses were isolated during a short
period from the same general location: sw/NC/226124/10
and sw/NC/226125/10 came from the same farm, and sw/
NC/226126/10 was isolated 48 hours later at a neighboring
farm.

Eight of the 9 reassortant viruses were successfully
isolated on either MDCK or ST cells. SwW/MN/340304/10
could not be isolated, most likely because of lack of initial
material, because this specimen had the highest cycle
threshold value by rRT-PCR targeting the M gene (cycle
threshold value 36). Isolates were plaque-purified on
MDCK or ST cells, and the genotypes were all confirmed.
Taken together these data show that several novel genotypes
of swine influenza viruses had been generated after the
reverse zoonotic transmission of pandemic (HIN1) 2009
virus to pigs.

Replication and Pathogenicity of Pandemic
Reassortant Influenza Virus In Vitro and In Vivo

To understand whether the increased genetic diversity
created through the reassortment was associated with an
increase in phenotypic diversity, select reassortants were
assessed for growth in vitro and in ferrets. The growth
characteristics of 6 endemic viruses from 2009-2010 and
3 pandemic reassortant viruses (sw/MN/239105/09, sw/
MN/239106/10, and sw/NC/239108/10) were compared
on ST cells. We found no difference in replication
potential between any of these viruses, which suggests
that no selective growth advantages had occurred through
reassortment (Figure 3, panel A).

Because of the recent zoonotic transmissions of triple
reassortant swine influenza (H3N2) viruses in the United
States during 2010 (36), we also sought to determine
whether reassortment had the potential to lead to a more
pathogenic virus than previously circulating swine
influenza strains. We used the ferret model to assess this
possibility. Each of 5 ferrets was inoculated with 10° EID,
of sw/MN/239105/09 (H3N2). This reassortant virus
caused only mild clinical signs (relative inactivity index
=0.1) without marked weight changes or body temperature
elevation (maximum of 3% weight loss, and 0.4°C increase
in temperature; data not shown). The virus replicated to
similar titers, as did the pandemic (HIN1) 2009 virus,
TN/560/09, and the triple reassortant swine subtype H3N2
virus, sw/TX/4199/98, with a peak titer of infection of 5—6
log,, of virus and with viral clearance occurring =1 week
postinfection (Figure 3, panel B). The similar disease and
growth property of these viruses in ferrets again suggested
that no unusual biologic properties had been inherited upon
reassortment.
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sw/MN/239105/09

sw/fIN/240218/10
sw/MN/239106/10
sw/NC/239108/10
sw/NC/226126/10

sw/MN/226128/10
sw/MN/340304/10

Figure 1. Lineages of North American reassortant swine influenza
viruses identified through phylogenetic analyses. Pandemic
and endemic gene segments are represented in black and
white, respectively. *Denotes partial sequences. Isolates sw/
NC/226124/10 and sw/NC/226125/10 (not shown) have the same
genotype as sw/NC/226126/10. PB2, polymerase basic 2; PB1,
polymerase basic 1; PA, polymerase acidic; HA, hemagglutinin; NP,
nucleoprotein; NA, neuraminidase; M, matrix; NS, nonstructural.

Discussion

During  1998-2009, reassortment of influenza
viruses in US pigs occurred relatively frequently (37).
The genotypes of the viruses generated through these
reassortments typically contained different swine or
human influenza virus HA and NA genes in combination
with the TRIG cassette (13-20). These reassortant viruses
provided 6 of the 8 gene segments to the pandemic (HIN1)
2009 virus (38). Thus, and as indicated by similar events
in other geographic locations, it was not unexpected that
reassortment between pandemic (HIN1) 2009 and endemic
swine influenza viruses would occur in US pigs after
identification of the former virus in this population.

Somewhat unpredicted, however, was the number
of reassortants that we identified in this study; 7 distinct
viral genotypes were characterized. Although different
genotypes were detected, each had an M gene of pandemic
(HINT) 2009 origin, a novel gene segment introduced into
this animal population after human-to-pig transmission of
the pandemic strain. The TRIG cassette in the reassortant
viruses, a cassette that had remained relatively unchanged
since 1998, was disrupted to include not only the M gene
segment but also variably the NS, NP, and PA genes of
pandemic (HIN1) 2009 virus. Because the pandemic virus
contains M and NA gene segments from Eurasian-linecage
swine influenza viruses and PB2, PB1, PA, NP, and NS
gene segments from TRIG viruses, it is not surprising that
several pandemic (HIN1) 2009 genes could be introduced
into endemic US swine influenza viruses without altering
the viability of the progeny viruses.

The inclusion of the pandemic (HIN1) 2009 M gene
in the reassortants suggests a selective advantage to viruses
containing it, although we were unable to measure any
phenotypic differences in these viruses in our in vitro and
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in vivo assays. One phenotype that we did not measure
was transmission, and it is tempting to speculate that the
pandemic (HIN1) 2009 M gene segment could play a
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Figure 2. Phylogenetic trees of pandemic reassortant swine
influenza viruses compared with currently circulating swine
influenza strains: A) hemagglutinin (H); B) neuraminidase (N); C)
matrix genes. The trees were constructed by using the neighbor-
joining method (Kimura 2-parameter) with 1,000 bootstrap
replicates. Only bootstrap values >74 are shown. Swine reassortant
strains characterized in this study are indicated with a closed circle.
Boldface indicates pandemic segments. Greek letters indicate
virus genogroups; a represents classical swine influenza virus and
® seasonal human-like swine influenza virus. TR indicates swine
triple reassortant influenza virus. Scale bars indicate nucleotide
substitutions per site.
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role here, both in terms of its selection in the reassortants
described and in the human pandemic virus itself. Further
studies are required to test this hypothesis.

The effect of these reassortants on the US pig industry
is somewhat difficult to predict, although on the basis of
the data generated here it is not likely to be great in terms
of animal health. Antigenically, the reassortant influenza
viruses carried HA genes already within the population
(either endemic or pandemic (HIN1) 2009 viruses), and we
were unable to detect any replication differences or unusual
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Figure 3. Replication of North American reassortant and endemic
swine influenza viruses on swine testicle (ST) cells and in ferrets. A)
The growth of 6 endemic swine viruses and 3 reassortant viruses
(sw/MN/239105/09, sw/MN/239106/10, and sw/NC/239108/10)
from 2009-2010 were analyzed in vitro. One curve corresponds
to 1 isolate. Black lines and symbols indicate swine pandemic
influenza reassortant viruses; red lines and symbols indicate swine
triple reassortant (TR) influenza viruses. The progeny viruses
released from infected ST cultures were collected at the indicated
time points and titrated in ST cells by performing a 50% tissue
culture infectious dose (TCID,;) assay. Negative TCID,, titers
were given the value 0.5; log,, TCID,, >8.5 were given the value
8.5. B) Virus titers in the upper respiratory tract (nasal washes) of
ferrets infected with 10° 50% egg infectious dose (EID,;) pandemic
(H1N1) 2009 TN/560/09 (35); 10° TCID,, swine TR influenza virus
sw/TX/4199/98; or 10° EID,, swine pandemic reassortant virus sw/
MN/239105/09. Values are the mean + SD for 4, 3, and 5 ferrets for
TN/560/09, sw/TX/4199/98, and sw/MN/239105/09, respectively.
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clinical signs in the field. Thus, and because HA-specific
immunity is the target of current vaccines, the generation of
these viruses is not expected to have any adverse effect on
vaccine efficacy levels or disease severity in the field unless
further adaptive changes occur as a result of continued
circulation of these viruses.

Although the reassortants invariably contained the
pandemic virus M gene and, with the exception of 1
reassortant, endemic virus HA and NA genes, the fact
that we only saw viruses of the exact same genotype in
limited spatial and temporal space suggests that there is no
single dominant reassortant yet. Indeed, it is possible that
these reassortants are generated but quickly displaced by
other influenza viruses. Nevertheless, the data presented
here once again highlight the dynamic nature of influenza
viruses in pig populations and the continued monitoring of
viruses in US pigs at the level of full genome sequencing is
absolutely required.
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Role of Chlamydia trachomatis
In Miscarriage

David Baud, Genevieve Goy, Katia Jaton, Maria-Chiara Osterheld, Serafin Blumer, Nicole Borel,
Yvan Vial, Patrick Hohlfeld, Andreas Pospischil, and Gilbert Greub

To determine the role of Chlamydia trachomatis
in miscarriage, we prospectively collected serum,
cervicovaginal swab specimens, and placental samples
from 386 women with and without miscarriage. Prevalence of
immunoglobulin G against C. trachomatis was higher in the
miscarriage group than in the control group (15.2% vs. 7.3%;
p = 0.018). Association between C. trachomatis—positive
serologic results and miscarriage remained significant after
adjustment for age, origin, education, and number of sex
partners (odds ratio 2.3, 95% confidence interval 1.1-4.9).
C. trachomatis DNA was more frequently amplified from
products of conception or placenta from women who had
a miscarriage (4%) than from controls (0.7%; p = 0.026).
Immunohistochemical analysis confirmed C. trachomatis
in placenta from 5 of 7 patients with positive PCR results,
whereas results of immunohistochemical analysis were
negative in placenta samples from all 8 negative controls
tested. Associations between miscarriage and serologic/
molecular evidence of C. trachomatis infection support its
role in miscarriage.

he incidence of Chlamydia trachomatis infection has

dramatically increased during the past 10 years (1).
Mostly asymptomatic, untreated C. trachomatis infections
are responsible for a large proportion of salpingitis, pelvic
inflammatory disease, ectopic pregnancy, and infertility in
women. C. trachomatis is a recognized agent of preterm
labor and premature rupture of membranes (2,3). However,
its role in miscarriage is unclear (2,3).

C. trachomatis has been isolated or detected in
cervical smear, urine (4-6), or products of conception
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(7,8). Nevertheless, none of these studies demonstrated
association between isolation of C. trachomatis and
miscarriage. However, culturing C. trachomatis is
technically difficult, given its strict intracellular life cycle.
Even with molecular approaches, detecting C. trachomatis
can be difficult because of PCR inhibitors or low number
of copies often present in the lesions (4—7). Moreover,
infection could be localized at deeper sites not amenable
to sampling (9).

Several studies have reported a higher prevalence
of C. trachomatis antibodies in spontaneous (10,11) or
recurrent (2,9,11,12) miscarriages. The inability to detect
immunoglobulin (Ig) M or to isolate C. trachomatis from
any of these seropositive patients might suggest that
Chlamydia spp. are not directly associated with miscarriage
(9,12). Other seroepidemiologic studies have failed to find
any correlation between C. trachomatis and spontaneous
(13-16) or recurrent miscarriage (17,18).

The main purpose of this study was to investigate
whether C. trachomatis is associated with miscarriage.
We used molecular, serologic, and immunohistochemical
approaches to compare evidence of present and past
C. trachomatis infection in women with or without
miscarriage.

Materials and Methods

During November 2006—June 2009, a total of 386
women were prospectively enrolled at the obstetric
department of the University Hospital of Lausanne
(Lausanne, Switzerland). The miscarriage group comprised
125 women consulting at the emergency gynecology ward
for an acute miscarriage. The control group comprised
261 women attending the labor ward with an uneventful
pregnancy and without any history of miscarriage, stillbirth,
or preterm labor. All women gave written consent, and the
local ethical committee approved the study.
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We collected demographic and obstetric data
prospectively. Placenta (or products of conception in cases
of miscarriage), cervicovaginal swab specimens, and serum
were sampled at the time of labor and of miscarriage.

All serum samples were tested for IgG and IgA against
C. trachomatis with the Ridascreen Chlamydia IgG/
IgA Kit (R-biopharm, Darmstadt, Germany) according
to the manufacturer’s instructions and by using Dynex
DSX (Magellan Biosciences, Chantilly, VA, USA).
Cervicovaginal swabs and placenta were extracted by using
QIAamp DNA Mini kit (QIAGEN, Hilden, Germany).
Samples were screened for C. trachomatis DNA by using a
TagMan real-time PCR specific for the cryptic plasmid of
C. trachomatis, as described (19). A PCR inhibition control
was used to verify that absence of amplification was not
caused by PCR inhibitors. Only 1 of the 386 PCR inhibition
controls was negative. This sample was thus retested at a
1:10 dilution.

Hematoxylin and eosin—stained histologic sections of
all placentas were investigated for deciduitis, vasculitis,
endometritis, or chorioamnionitis. Histologic samples
were read blindly by a pedopathologist (M.-C.O.). Samples
positive for C. trachomatis by real-time PCR were tested
by immunohistochemical analysis (IHC). Presence of C.
trachomatis on histologic sections was assessed by using
a specific mouse monoclonal antibody, as described (20).
To test the placental specimens, we used a commercial
Chlamydiaceae family—specific monoclonal antibody
directed against the chlamydial lipopolysaccharide (clone
ACI1-P; Progen, Heidelberg, Germany) at a dilution of
1:200. Detection was performed with the Dako ChemMate
detection Kit (Dako, Glostrup, Denmark) according to
the manufacturer’s instructions. Antigen retrieval was
performed by 10-min enzyme digestion (proteinase K;
Dako). Immersion of the slides in peroxidase-blocking
solution for 5 min at room temperature resulted in
blocking of endogenous peroxidase activity. Specimens
were incubated with primary antibody for 1 h. Sections
were incubated for 10 min at room temperature with the
link-antibody (Dako), followed by 10 min incubation
with horseradish peroxidase (Dako) and finally developed
in 3-amino, 9-ethyl-carbazole substrate solution for
10 min at room temperature and counterstained with
hematoxylin. Using the antibody diluent instead of the
primary antibody, we performed a negative control of
each section. Moreover, 8 placentas from C. trachomatis
PCR-negative patients were randomly selected as negative
controls. IHC was blindly read by 2 pathologists with
experience in chlamydial IHC (S.B., N.B.) and confirmed
by a pedopathologist (M.-C.O.).

We compared demographic data and risk factors of
patients with and without miscarriage or C. trachomatis
infection by the Pearson y? test (or the Fisher exact test
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when indicated) for categorical variables. For continuous
variables, medians were compared by the Wilcoxon-
Mann-Whitney test. Multivariate logistic regression was
performed to identify factors independently associated with
miscarriage or with C. trachomatis infection. Statistical
analyses were performed by using Stata version 10.0
(StataCorp LP, College Station, TX, USA).

Results

Of 395 patients, 9 (2.3%) were excluded because of
missing serum or vaginal swab samples. Sociodemographic
data for the remaining 386 women are shown in Table 1.

A total of 16 (4.2%) patients were positive for IgG and
IgA against C. trachomatis, 22 (5.7%) were positive only
for IgG against C. trachomatis, and 4 (1.0%) were positive
only for IgA against C. trachomatis. Prevalence of IgG
against C. trachomatis was higher in the miscarriage group
(15.2%) than in the control group (7.3%; p = 0.018) (Table
1). This association between miscarriage and IgG against
C. trachomatis remained significant, even after adjustment
for age, origin, education, and number of sex partner (odds
ratio [OR] 2.3, 95% confidence interval [CI] 1.1-5.1).
Similarly, prevalence of IgA against C. trachomatis was
higher in the miscarriage group (8.0%) than in the control
group (3.8%), but this trend was not significant (p = 0.091)
by univariate analysis. When adjusted for age, origin,
education, and number of sex partners, the association
between miscarriage and IgA against C. trachomatis was
significant (OR 2.7, 95% CI 1.1-7.4).

Multivariate  logistic regression including all
sociodemographic variables (Table 1) and C. trachomatis
IgG serologic results identified 5 independent factors
positively or negatively associated with miscarriage: C.
trachomatis IgG—positive serologic results (OR 2.3, 95%
CI 1.1-4.9), age >35 years (OR 2.7, 95% CI 1.6-4.4),
European origin (OR 0.3, 95% CI 0.2-0.5), marriage (OR
0.4, 95% CI 0.2-0.7), and 1 lifetime sex partner (OR 0.4,
95% C10.2-0.7).

C. trachomatis DNA was more frequently amplified
from products of conception or placenta from women
with miscarriage (5 [4.0%] women) than from controls
(2 [0.7%], p = 0.026). Most patients with a positive PCR
result for placenta also had a positive result for vaginal
swab specimens (Table 2). Six of the 7 patients with C.
trachomatis DNA in the cervicovaginal swab specimen
also had positive findings in the placenta. Thus, again,
cervicovaginal C. trachomatis DNA was more often
detected in patients from the miscarriage group (n=5, 4.0%)
than from the control group (n =2, 0.7%; p = 0.026). All
7 patients with C. trachomatis DNA in the cervicovaginal
swab also exhibited IgG against C. trachomatis, whereas
all patients but 1 with C. trachomatis DNA in the placenta
exhibited IgG against C. trachomatis (Table 2). Both
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patients with C. trachomatis DNA and IgG and IgA against
C. trachomatis belonged to the miscarriage group.

All placentas were analyzed for inflammation (Figure
1). In the basal plate, inflammatory cells (deciduitis) were
present in 15 (39.5%) of 38 patients and 91 (26.1%) of
348 patients with and without C. trachomatis IgG—positive
serologic results, respectively (p = 0.081). This trend

was observed to a lesser extent when C. trachomatis IgA
serologic results were considered (7 [35.0%] of 20 vs. 99
[26.3%] of 376; p = 0.446).

All 8 persons with samples positive for C. trachomatis
by real-time PCR in the placenta (n = 7) or cervicovaginal
swab specimen (n = 7) were tested by IHC (Table 2; Figure
2). C. trachomatis was confirmed in 4 of 6 placentas from

Table 1. Characteristics of 386 women, by miscarriage history, in a study of the role of Chlamydia trachomatis in miscarriage,
University Hospital of Lausanne, Lausanne, Switzerland, November 2006—June 2009*

Characteristic Control group, no. (%), n = 261 Miscarriage group, no. (%), n = 125 p value
Age, vt
<35 194 (74.3) 71 (56.8) 0.001
>35 67 (25.7) 54 (43.2)
No. pregnanciest
1 141 (54.0) 38 (30.4) <0.001
78 (29.9) 32 (25.6)
>2 42 (16.1) 55 (44.0)
Parity§
0 160 (61.3) 62 (49.6) 0.066
1 72 (27.6) 41 (32.8)
>1 29 (11.1) 22 (17.6)
Origin
European 217 (83.1) 69 (55.2) <0.001
Non-European 44 (16.9) 56 (44.8)
Marital status
Married 201 (77.0) 90 (72.0) 0.193
Single 49 (18.8) 24 (19.2)
Divorced 11 (4.2) 11 (8.8)
Education
Non—university studies 170 (65.1) 96 (76.8) 0.025
University studies 91 (34.9) 29 (23.2)
No. lifetime sex partners
1 58 (22.2) 37 (29.6) 0.031
20r3 43 (16.5) 24 (19.2)
4-6 45 (17.2) 10 (8.0)
>6 36 (13.8) 10 (8.0)
No answer 79 (30.3) 44 (35.2)
Previously used contraceptive method
Pill 101 (38.7) 36 (28.8) 0.093
Condoms 68 (26.1) 34 (27.2)
Other 197.3) 6 (4.8)
Never used contraception 73 (28.0) 49 (39.2)
Smoking status
Nonsmoker 224 (85.8) 106 (84.8) 0.877
Smoker 37 (14.2) 19 (15.2)
C. trachomatis serologic results
IgG+ 19 (7.3) 19 (15.2) 0.018
IgA+ 10 (3.8) 10 (8.0) 0.091
IgG+ and IgA+ 7(2.7) 9(7.2) 0.037
IgG+ or IgA+ 22 (8.4) 20 (16.0) 0.025
C. trachomatis PCR
Cervicovaginal swab 2(0.8) 5(4.0) 0.026
Placenta 2(0.8) 5(4.0) 0.026
>1 PCR positive 2(0.8) 6 (4.8) 0.009

*lg, immunoglobulin.

tTAge, y, mean + SD: controls, 31.5 + 5.0; women with miscarriage, 33.3 + 6.1;

p = 0.002.

INo. pregnancies, mean + SD: controls, 1.7 + 0.9; women with miscarriage, 2.6 + 0.5; p<0.001.

§Parity, mean + SD: controls, 0.5 + 0.8; women with miscarriage, 0.8 + 1.0; p =

1632

0.008.
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Table 2. Clinical history and serologic, PCR, and IHC results of 8 women with samples positive for Chlamydia trachomatis by real-time
PCR, University Hospital of Lausanne, Lausanne, Switzerland, November 2006—June 2009*

C. trachomatis PCR

Study group, No. Pregnancy, Placenta  Vagina
patient no. pregnancies  Parity wk 1gG IgA PCR PCR IHC Placental histology
Miscarriage group
235 2 0 8 + - + + + Lymphocytes in chorion, acute
endometritis
355 1 0 7 + - + + - Polymorphonuclear cells
in decidua
518 2 0 6 + - + + + Subchorial fibrin, lymphocytes
in decidua
564 5 2 12 + + + + + Lymphocytes in decidua
568 2 1 6 - - + - - Lymphocytes in decidua,
hemorrhagic necrosis
460 1 0 11 + + - + + Presence of eosinophils
Control group
35 2t 1 37 + — + + — Histiocytes, rare calcifications
390 1 1 40 + - + + + Chronic deciduitis

*Ig, immunoglobulin; IHC, Immunohistochemical analysis; +, positive; —, negative.

1One previous termination of pregnancy.

women with miscarriage and in 1 of 2 placentas from
women with uneventful pregnancies, whereas none of
the 8 C. trachomatis DNA-negative controls randomly
selected exhibited the bacteria by IHC. C. trachomatis
predominantly localized around endometrial glands of
the chorion (Figure 2), associated with different degree of
inflammation (Figure 1).

We also compared characteristics of patients with (n
= 38) and without (n = 348) C. trachomatis IgG—positive
serologic results. Number of pregnancies, parity, marital
status, education, number of lifeltime sex partners, and
smoking status were all associated with C. trachomatis IgG—
positive serologic results by univariate analysis. Women
who declined to provide information on the number of sex
partners had a C. trachomatis IgG prevalence of 12.2%,
whereas none of the 95 women who reported having 1 sex
partner had C. trachomatis IgG—positive serologic result.
In multivariate analyses, independent factors positively or
negatively associated with C. trachomatis IgG—positive
serologic results were >2 lifetime sex partners (OR 3.3, 95%
CI 1.4-7.7), divorced women (OR 4.9, 95% CI 1.7-14.3),

European origin (OR 0.4, 95% CI 0.2-0.9), and attending
a university (OR 0.2, 95% CI 0.1-0.6). Age and smoking
were not independently associated with C. trachomatis
IgG—positive serologic results.

Discussion

We found an association of spontaneous miscarriage
with serologic (p = 0.018) and molecular (p = 0.026)
evidence of C. trachomatis infection. Moreover, C.
trachomatis in the placenta was documented by specific
IHC. C. trachomatis was mainly localized in the epithelial
cells of endometrial glands.

Several studies have failed to document an association
between C. trachomatis and spontaneous (13-16) or
recurrent miscarriage (17,18). However, these studies were
conducted >10 years ago, i.e., before the recent dramatic
increase in the prevalence and incidence of C. trachomatis
infection (1,21,22). Because of improved statistical power,
such increased prevalence might indicate an association
between C. trachomatis infection and adverse pregnancy
outcomes. Second, sensibility and specificity of diagnostic

Figure 1. Placental histologic results from 3 women with real-time PCR—positive results for Chlamydia trachomatis (Table 2). A) Case-
patient 390; B) case-patient 235; C) case-patient 564. Histologic analysis shows different degree of periglandular lymphocytes infiltration,
with a microabscess in panel B. Original magnifications x600 except panel B (x400).
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Figure 2. Immunohistochemical analysis of placentas in Figure 1. These placentas were obtained from 3 patients positive for Chlamydia
trachomatis by real-time PCR. A) Case-patient 390; B) case-patient 235; C) case-patient 564. Immunohistochemical analysis demonstrated
C. trachomatis—infected cells from endometrial glands. Original magnification x600.

methods have also improved during the past decade. Thus,
the high C. trachomatis seroprevalence observed in the
control group of several older studies, ranging from 28%
to 53% (16,17) was likely to have resulted from a low
specificity of the serologic test used at that time. The
Chlamydia IgG/IgA kit from R-biopharm we used in the
present study exhibited better specificity than did 4 other
commercially available tests for detecting IgG against C.
trachomatis (23) and is thus more likely to identify a slight
but true association. Moreover, the sensitivity of the C.
trachomatis TagMan real-time PCR we used here is high,
detecting even <10 DNA copies. This validated assay also
detects strains that contain a recently identified 350-bp
deletion in the cryptic plasmid (24,25) because the 71-bp
DNA fragment amplified is 93 bp downstream from the
deletion (19).

The serologic association we observed is unlikely to be
due to cross-reactivity with other chlamydial species such
as C. abortus (previously classified as C. psittacci senso
lato) because we also observed a molecular association
with miscarriage. Moreover, the PCR we used was specific
at species level because the C. abortus genome contains
no cryptic plasmid. Finally, C. abortus has been only
infrequently associated with miscarriages in humans (26),
mostly after zoonotic exposure.

Miscarriage could be induced by a persistent
asymptomatic C. trachomatis infection spreading to the fetal
tissue or endometrium. Relatively few miscarriages occur
during C. trachomatis primary infection, which explains
the absence of association with IgA. That several patients
exhibited C. trachomatis—positive serologic results without
C. trachomatis DNA suggests that miscarriage might also
occasionally be induced by damage from a past chlamydial
infection or persistent C. trachomatis antibodies that might
interfere with embryonic antigens (2).

A limitation of our study was the absence of
investigation of other infectious etiology of miscarriage.
Some viruses can produce chronic or recurrent maternal
infection. In particular, cytomegalovirus during pregnancy
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can reach the placenta by hematogenous spread or by
ascending route from the cervix. Parvoviruses also have
been implicated in the development of repeated fetal loss.
Among bacterial infections, Ureaplasma urealyticum,
Mycoplasma hominis, and bacterial vaginosis have been
mostly associated with miscarriages (27). In addition,
several intracellular bacteria such as Coxiella burnettii
(28), Brucella abortus (29), and Waddlia chondrophila
(11) have been associated with miscarriage.

Our study shows an association between miscarriage
and molecular and serologic evidence of C. trachomatis
infection. Several previous studies failed to document such
an association probably because of the limited number of
patients in some of these studies resulting from the lower
prevalence of C. trachomatis infection in the late 20th
century and to lower sensitivity or specificity of diagnostic
methods available at that time. The results of our study
suggest that all women experiencing a miscarriage should
be screened for C. trachomatis infection and, if positive,
adequately treated to prevent recurrent miscarriages.
Moreover, preconceptional screening might be proposed to
reduce the prevalence of this adverse pregnancy outcome.
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Classical Bovine Spongiform
Encephalopathy by Transmission of
H-Type Prion in Homologous Prion
Protein Context

Juan-Maria Torres, Olivier Andréoletti, Caroline Lacroux, Irene Prieto, Patricia Lorenzo,
Magdalena Larska, Thierry Baron, and Juan-Carlos Espinosa

Bovine spongiform encephalopathy (BSE) and BSE-
related disorders have been associated with a single major
prion strain. Recently, 2 atypical, presumably sporadic
forms of BSE have been associated with 2 distinct prion
strains that are characterized mainly by distinct Western
blot profiles of abnormal protease-resistant prion protein
(PrPres), named high-type (BSE-H) and low-type (BSE-L),
that also differed from classical BSE. We characterized
5 atypical BSE-H isolates by analyzing their molecular
and neuropathologic properties during transmission in
transgenic mice expressing homologous bovine prion
protein. Unexpectedly, in several inoculated animals,
strain features emerged that were highly similar to those
of classical BSE agent. These findings demonstrate the
capability of an atypical bovine prion to acquire classical
BSE-like properties during propagation in a homologous
bovine prion protein context and support the view that the
epidemic BSE agent could have originated from such a
cattle prion.

Transmissible spongiform  encephalopathies, or
prion diseases, are a group of neurodegenerative
disorders that include Creutzfeldt-Jakob disease (CJID)
in humans, scrapie in sheep and goats, and bovine
spongiform encephalopaty (BSE) in cattle. Prion diseases
are characterized by specific histopathologic lesions and
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deposits of an abnormal conformational isoform (PrP5)
of the host-encoded physiologic prion protein (PrP¢) in
the central nervous system. PrP% but not PrP¢ is partially
resistant to digestion by proteinase K, resulting in an N
terminally truncated prion protein termed PrP™ that can
be detected by Western blot and showing a characteristic
banding pattern that reflects the 3 PrP™ glycoforms. The
apparent molecular masses and relative quantities of these
glycoforms are used in biochemical PrP™ typing as the
criteria to differentiate between prion diseases.

BSE is a prion epidemic that has caused the deaths
of =200,000 cattle in Europe, mainly in the United
Kingdom, since it emerged in 1985. Although multiple
agent strains have been identified in sheep scrapie (1,2)
and human CJD (3,4), early evidence showed that BSE
was caused by a single major strain (5,6) with the ability
to efficiently cross the species barriers and showing
stable features even when transmitted to other species.
Transmission of BSE to humans through contaminated
food is believed to be responsible for variant CJD (vCJID)
(7,8). Several authors reported that BSE and vCID prions
share similar strain-specific features, including a unique
PrP™ molecular signature (6,9,10), after transmission to
mice or macaques,. However, other studies described the
production of different PrP™ molecular signature after
BSE and vCJD prions transmission in wild-type (11) and
human PrP transgenic mice (12,13).

Epidemiologic investigations identified contaminated
meat and bone meal as the vehicle that recycled the BSE
agent in the cattle population (14). However, the origin
of BSE remains under debate, and the disease has been
hypothesized to have derived either from sheep scrapie
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or from a spontaneous bovine prion disease analogous to
sporadic forms of CJD in human (15) or even from human
transmissible spongiform encephalopathy (16).

More recently, 2 atypical forms of BSE have been
identified in several European countries (17), Japan (18,19),
the United States (20), and Canada (21). Several studies
suggest that these atypical disorders are associated with
2 distinct prion strains that are mainly characterized by
distinct PrP™ profiles, named high-type (H-type) and low-
type (L-type) according to the electrophoretic migration of
the unglycosylated PrP™, which is higher (BSE-H) or lower
(BSE-L) than classical BSE (BSE-C) (22). An additional
distinctive signature of H-type and L-type PrP™ is the
smaller proportion of the diglycosylated PrP™ compared
with the classical-type (C-type) PrP™, more obvious in
L-type BSE (23-25).

All epidemiologic and biologic evidence strongly
suggests that BSE-H and BSE-L represent sporadic forms
of BSE (23,24) associated with 2 distinct prion strains.
Transmission experiments in different mouse models,
including transgenic mice expressing bovine PrP, showed
that BSE-H and BSE-L exhibited strain-specific features
clearly distinct between each other that also differed from
BSE-C (13,25-28). However, BSE-L isolates unexpectedly
showed transmission of a disease with some phenotypic
features that resembled those of the BSE-C agent when
inoculated in either transgenic mice expressing ovine PrP
(28) or inbred wild-type mouse lines (25), suggesting that
atypical bovine strains can modify their properties, at least
after species barrier passages, converging with those of
BSE-C.

We show that the transmission of atypical BSE-H
isolates in transgenic mice expressing homologous
bovine prion protein (PrP) led to emergence of a clearly
distinct prion with strain features similar to those of the
BSE-C agent and that such similarities were maintained
on subsequent passages. These observations provide new
insights into the nature of the events that could have led to
the BSE epizootic.

Materials and Methods

Transgenic Mice

We used Tgll0 transgenic mice in all inoculation
experiments. This mouse line expresses bovine PrP¢
(8% that of the level of PrP® in cattle brain) under the
control of the mouse prnp gene promoter in a mouse PrP°
background (29).

BSE Isolates

The 5 BSE-H isolates used in this study comprised
brainstem samples from naturally affected cows, diagnosed
as atypical H-type BSE on the basis of the molecular
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analyses of PrP™ (23). All cows were healthy and killed at
8—15 years of age. Four (isolates 07-644, 03-440, 03-2095,
and 02-2695) were provided by the Agence Francaise de
Sécurité Sanitaire des Aliments (Lyon, France). Isolate 45
was obtained from the Polish National Veterinary Research
Institute (Pulawy, Poland). For comparative studies,
material obtained from brainstem of 1 cow naturally
infected with BSE-C (RQ 225:PG1199/00), supplied by the
Veterinary Laboratories Agency (New Haw, Addlestone,
Surrey, UK), was used as BSE-C control. For mouse
inoculations, all isolates were prepared from brain tissues
as 10% (wt/vol) homogenates. For subpassages, 10% brain
homogenates from Tg110 mice collected from primary
passage were used as inocula.

All inocula were prepared in sterile 5% glucose as
10% homogenates. Each inoculum was prepared separately
in a biosafety cabinet according to a strict protocol to avoid
cross-contamination. To diminish the risk for bacterial
infection, the inocula were preheated for 10 min at 70°C
before inoculation.

Mouse Transmission Studies

Groups of 612 mice (67 weeks of age, weighing ~20
g) were inoculated with 20 pL of the appropriate sample
in the right parietal lobe by using 25-gauge disposable
hypodermic syringes. UNO MICRO ID-8 ISO transponders
(Roestvaststaal BV, Zevenaar, the Netherlands) were used
for individual identification of mice. After inoculation,
mice were observed daily and their neurologic status
were assessed 2x/wk. When progression of the disease
was evident, animals were euthanized. All animals were
housed in accordance with guidelines of the Code for
Methods and Welfare Considerations in Behavioral
Research with Animals of the European Union directive
86/609EC). Necropsy was performed, and brain and spleen
were taken. Part of the sample was frozen at —20°C for
biochemical analysis, and the remaining part was fixed for
histopathologic studies.

Survival times were calculated for each inoculum as
the time between inoculation and euthanasia in days and
expressed as the mean of the survival days postinoculation
(dpi) of all the inoculated mice with its correspondent
standard error of the mean. Data were processed by using
SigmaPlot 2001 software (Systat Software, San Jose, CA,
USA).

PrPres Western Blotting

Frozen mouse brain samples were prepared as 10%
(wt/vol) homogenates in 5% glucose in distilled water in
grinding tubes (Bio-Rad, Hercules, CA, USA) by using a
TeSeE Precess 48 homogenizer (Bio-Rad) following the
manufacturer’s instructions. All samples were analyzed
by Western blot by using the kit TeSeE Western Blot
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355 1169 (Bio-Rad) but with some adjustments for the
different amounts of samples used. To achieve the volume
proposed in the manufacturer’s recommendations, 100 pL
of the brain homogenates to be tested were supplemented
with 100 uL of a 10% brain homogenate from PrP null
mice (30). Processed samples were loaded on Criterion
12% polyacrylamide gels from Bio-Rad (165.6001) and
electrotransferred to immobilon membranes (IPVH 000 10
[Millipore, Billerica, MA, USA]). For the immunoblotting
experiments, Sha3l (31), Saf84 (Cayman Chemical,
Ann Arbor, MI, USA) and 12B2 (32) monoclonal
antibodies (mAbs) were used at a concentration of 1 pg/
mL. Sha31 recognizes ,YEDRYYRE . epitope, and
Saf84 recognizes |, QVYYRPVDQYS  epitope and
12B2 recognizes |, WGQGG, , epitope of the bovine PrP
sequence. Immunocomplexes were detected by horseradish
peroxidase—conjugated antimouse immunoglobulin G
(Amersham Pharmacia Biotech, Piscataway, NJ, USA).
Immunoreactivity was visualized by chemiluminescence
(Amersham Pharmacia Biotech) and obtained after
exposition with medical radiographic film (Agfa, Mortsel,
Belgium).

Histopathologic Analysis

All procedures involving mouse brains and spleens
were performed as described (33). Briefly, samples were
fixed in neutral-buffered 10% formalin (4% formaldehyde)
before embedding in paraffin. Once deparaffinized,
2-um-thick tissue sections were stained with hematoxylin
and eosin. Lesion profiles of the brains were established
according to the standard method described by Fraser and
Dickinson (34). For paraffin-embedded tissue blots, the
protocol described by Andréoletti et al. (35) was used.

Results

The transmission dynamic of BSE-H agent into Tg110
mice is similar to that of BSE-C. The 4 BSE-H isolates
from France and 1 from Poland that were intracerebrally
inoculated into transgenic mice expressing bovine PrP
(Tg110 mice) induced a typical neurologic disease on

BSE-H
(07-644)

'

BSE-H
(03440}

'L.

BSE-H
(03-2095)

v

BSE-H
{02-2635)

BSE-H
(45)

primary transmission, with a 100% attack rate (Figure 1).
Remarkably, the survival times (mean + SD 274 + 3 to
346 + 6 dpi) were similar than those produced by several
BSE-C isolates =300 days) on the same Tg110 mouse line
(29,36,37). The longest mean survival times observed for
mice infected with isolates 03—440 (mean + SD 346 + 6 dpi)
and 02-2695 (330 + 14 dpi) could reflect a lower infectivity
of these isolates, consistent with its comparatively lower
PrP™ content (data not shown). Moreover, the survival
time of mice infected with these 2 isolates was reduced on
subpassage, approaching that for BSE-C or BSE-H isolates
of presumably higher titer (i.e., producing no substantial
reduction of survival time on subpassage: isolates 07-644,
03-2095, and 45).

PrPres Molecular Profiles of BSE-H-Inoculated
Tg110 Mice

The brains of inoculated mice were examined for PrP
by Western blot analysis with Sha31 mAb. Consistent with
the efficient transmission observed, PrP™ was readily
detected from the first passage in all Tg110 mice inoculated
with the different BSE-H isolates. In 3 BSE-H isolates
(07-644, 03-440, and 03-2095), the totality (100%) of the
inoculated Tg110 mice produced a PrP™ profile similar to
that in cattle (H-type PrP™) but clearly distinct from that
produced by BSE-C agent (C-type PrP™) in cattle (Figure
2, panel A; data not shown). Compared with C-type PrP™,
H-type PrP™ was characterized by a significantly higher
apparent molecular mass of the unglycosylated band. The
results obtained with these 3 isolates were comparable with
those obtained by other authors with 2 BSE-H isolates
inoculated in a different bovine PrP mouse line (27), where
they concluded that the H-type agent essentially retained its
biochemical phenotype upon serial transmission to bovine
PrP transgenic mice.

We observed a different situation for the other 2
BSE-H isolates (02-2695 from France and 45 from Poland),
where 3 and 2, respectively, of infected mice (Figure 1)
showed a PrP™ profile clearly distinct from that of BSE-H
in cattle (Figure 2, panel B). These 5 mice produced a PrP™

Figure 1. Overview of transmission of BSE-H isolates in
tg110 mice. Five different isolates were intracerebrally
inoculated into groups of 6—12 mice per isolate. Survival
times at different serial passages are indicated as mean

274 13 46 =6 202 £5
7£\?r> >4f?> >£\Tr> 743\?‘r> -f‘ij:\’t, A \‘\} d\) + SD days postinoculation. Molecular profiles exhibited
o o o R b o - ” in the brains of inoculated mice are indicated as H-type,
Hiypa i Hiype PrE=  HAyms P iy prie P Heypa PP P C-type, or C-like PrP™s, and proportion of mice showing
'L l' ‘L ¢ ‘L 'L ¢ ‘L each profile. Previously reported data on BSE-C
Y N . Y transmission in these mice (36) are included here only for
P PR - S g N 2\ comparison. BSE, bovine spongiform encephalitis; BSE-H,
A’@ ,@- @- N N N BN o SO _
"fgt) ~5 ~5 ~p unglycosylated PrP's that is higher than BSE-C; H-type,
BE 615 615 i il high-type Western blot profile of PrP™s; C-type, classical-
H-typa PriP*®*  H-type PP H-lype PriF™ H-typa Frie H-type PrP=
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type Western blot profile of PrPs; C-like, classical BSE—
like; PrPrs, protease-resistant prion protein; BSE-C,
classical BSE.
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Figure 2. Western blot analyses of brain protease-resistant
prion protein (PrPs) from BSE-H infected mice by using Sha31
monoclonal antibody. A) Mice infected with isolate 07-644 at first
passage (lanes 3-7) showing a homogeneous high-type (H-type)
PrPres molecular profile; BSE-H isolate 07-644 (lane 1) and a BSE-C
isolate (lane 2) were included for comparison. B) Mice infected with
isolate 02-2695 at first passage showing either H-type (lanes 1 and
3) or classical BSE—like (C-like) PrP™s molecular profile (lanes 2
and 4); BSE-H isolate 02-2695 (lane 6) and a BSE-C isolate (lane
5) were included for comparison. In panel B, a 10-fold equivalent
brain tissue mass was loaded for brains from mice showing H-type
PrPs molecular profile (lanes 1 and 3) than from those with a C-like
PrPres molecular profile (lanes 2 and 4) to obtain equivalent PrPres
signals. Values to the left indicate molecular mass in kDa. BSE,
bovine spongiform encephalopathy; BSE-H, unglycosylated PrpPrs
that is higher than BSE-C; BSE-C, classical BSE.

with lower ~1.5 kDa) apparent molecular mass of the 3
PrP™ glycoforms, which was indistinguishable from that
produced by BSE-C agent in these mice (Figure 2, panel B,
and data not shown). Further characterization of this PrP™
with other antibodies showed that the PrP™ produced by
these mice was not recognized by 12B2 mAb (Figure 3).
However, 12B2 immunoreactivity against the H-type PrP
produced by other mice (inoculated at the same time with
the same isolates) remains essentially similar to that in cattle
BSE-H (Figure 3). Furthermore, PrP™ immunolabeling
with Saf84 mAb showed that these mice, contrary to mice
with H-type PrP™, did not retain the characteristic PrP™
band profile (4 bands) of cattle BSE-H but showed a PrP
profile (3 bands) similar to that of BSE-C in Tg110 mice
(Figure 4).

In addition, the proportion of the diglycosylated
PrP increased in comparison with the mice with H-type
features, as shown by using Sha31 mAb (Figures 2, 3).
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Another difference was that the PrP™ level in brain was
much higher than that in mouse brains with H-type PrP™
but similar to that in mouse brains inoculated with BSE-C,
as shown by comparative Western blot analysis by using
Sha31 mAb (Figure 5) and by the different equivalent
brain tissue masses loaded to obtain equivalent PrPr
signals (Figures 2—4). A 10-fold equivalent brain tissue
mass was loaded for brains from mice showing H-type
PrP™ molecular profile than from those with a classical-
like (C-like) PrP™ molecular profile to obtain equivalent
PrP™ signals (Figures 2—4). These mice thus showed PrP™
molecular features indistinguishable from those in Tg110
mice infected with C-like features.

For these 2 isolates, a second passage was performed
in Tgl1l0 mice by using a brain homogenate derived
from a mouse with either H-type or C-like PrP™ (Figure
1). Survival times did not differ substantially when the
different inocula were compared (H-type vs. C-like PrP
brain homogenate) or when compared with second passages

A BSE-H BSE-H BSE-H
(07-644)  (02-2695) (45)

1 2 3 5

B BSE-H BSE-H BSE-H
(07-644)  (02-2695) (45)
1 2 3 4 5
29 — -— .
20— : i

Figure 3. Comparative Western blot analyses with Sha31 and
12B2 monoclonal antibodies (mAbs) of brain protease-resistant
prion protein (PrP*) from BSE-H-infected mice. Mice infected with
isolate 07-644 (lane 1), 02-2695 (lanes 2 and 3), or 45 (lanes 4 and
5) at first passage showing either high-type (lanes 1, 2, and 4) or
classical BSE-like PrP™s molecular profile (lanes 3 and 5). Panel A
was shown with Sha31 mAb; panel B was shown with 12B2 mAb.
The same quantities of PrP™ were loaded in both panels A and
B. Values to the left indicate molecular mass in kDa. BSE, bovine
spongiform encephalopathy; BSE-H, unglycosylated PrP™s that is
higher than classical BSE.
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Figure 4. Western blot analyses of brain protease-resistant
prion protein (PrPs) from BSE-H infected mice by using Saf84
monoclonal antibody. Tg110 mice infected with isolate 02-2695
(lanes 2 and 3) or 45 (lane 4) at first passage showing either high-
type (lane 2) or classical BSE—like PrPs molecular profile (lanes 3
and 4). The BSE-H isolate (02—-2695) (lane 1) and a BSE-C isolate
(lane 5) were included for comparison. Similar quantities of PrPrs
were loaded in each lane. Values to the left indicate molecular
mass in kDa. BSE, bovine spongiform encephalopathy; BSE-H,
unglycosylated PrPrs that is higher than BSE-C; BSE-C, classical
BSE.

of BSE-C in these mice. All the mice inoculated with the
H-type brain homogenates showed H-type PrP™ features,
whereas all the mice inoculated with the C-like brain
homogenates exhibited C-type PrP™ molecular features
indistinguishable from that of BSE-C (data not shown).

Lesion Profiles and PrPsc Deposition Patterns in
BoPrP-Tg110 Mice

We next examined vacuolation and PrP*° distribution
in the brain, which are known to vary by strain (10,34,38).
In general, mice brains exhibiting H-type PrP™ correlated
with overall more intensive vacuolation that is pronounced
in areas such as the hypothalamus, medial thalamus, and
mesencephalic tegmentum (Figure 6). However, a different
situation was observed when we studied the brains of
BSE-H-infected mice exhibiting C-like PrP™ features. All
these mice showed a lesion pattern comparable with that
in BSE-C—infected mice, in which slight differences are
found only in the mesencephalic tegmentum (Figure 6).
These differences consisted of moderate lesions, whereas
in BSE-C—infected mice, no lesions were found in this area.
These features were conserved on secondary transmissions
where no remarkable differences were found when
compared with primary transmissions (data not shown).

Moreover, PrPS deposits were distinctly distributed
after both primary and secondary transmissions when
BSE-H-infected mice exhibiting C-type PrP™ features
were compared with those with H-type PrP™, as assessed
by paraffin-embedded tissue blot on brain coronal sections
(Figure 7). However, the PrPS deposition patterns were
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clearly similar when these mice were compared with those
infected with BSE-C, after both primary and secondary
transmission.

Transmission experiments (27) showed that, contrary
to BSE-C, BSE-H is poorly lymphotropic in mouse models.
The comparative study of PrP%¢ accumulation in spleen
from our Tg110 mice infected with both agents showed that
BSE-H infected mice exhibiting H-type PrP™ in their brain
were consistently scored as negative for PrP¢ detection
by paraffin-embedded tissue blot. In contrast, clear PrPs¢
deposits were always detected in BSE-H—infected mice
exhibiting C-like features, as in mice infected with BSE-C
(Figure 7). Similar results were obtained after secondary
transmissions.

Discussion

We studied the behavior and stability of the atypical
BSE-H during propagation into a bovine PrP background,
thus in the absence of a species barrier. We used Tg110
mice (29,36) because they express a PrP¢ homologous to
that of the donors, thus providing a relevant context for
comparing atypical BSE-H and epizootic BSE-C isolates.

Our results showed that all BSE-H isolates induced a
typical neurologic disease on primary transmission, with
a 100% attack rate and survival times similar to those
produced by several BSE-C isolates in this mouse line
(29,36) (Figure 1). The longer survival times for some
mice infected with BSE-H isolates could reflect a lower

1 2 3 4

29 ‘.

20 =

Figure 5. Comparison of the amount of protease-resistant prion
protein (PrP™s) in brain sample from mouse inoculated with
BSE-H (isolate 02-2695) showing either high-type (lane 1 and 2,
first and second passages, respectively) or classical BSE-like
PrPres molecular profile (lanes 3 and 4, first and second passages,
respectively). Identical amounts of 10% brain homogenate were
loaded in eachlane. Western blot was shown with Sha31 monoclonal
antibody. Values to the left indicate molecular mass in kDa. BSE,
bovine spongiform encephalopathy; BSE-H, unglycosylated PrPrs
that is higher than classical BSE—like.
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Figure 6. Vacuolar lesion profiles in brains from Tg110 mice
inoculated with BSE-H (isolate 02-2695, first passage) showing
either H-type PrP™s phenotype (black triangles, n = 6 animals)
or C-like PrPs phenotype (blue squares, n = 3 animals). Lesion
profile in brains from Tg110 inoculated with BSE-C (first passage)
is also included for comparison (red circles, n = 6 animals). Lesion
scoring was undertaken for 9 areas of gray matter (G) and white
matter (W) in mouse brains: dorsal medulla (G1), cerebellar cortex
(G2), superior colliculus (G3), hypothalamus (G4) medial thalamus
(G5), hippocampus (G6), septum (G7), medial cerebral cortex at
the level of the thalamus (G8) and at the level of the septum (G9),
cerebellum (W1), mesencephalic tegmentum (W2), and pyramidal
tract (W3). Error bars indicate SE. BSE, bovine spongiform
encephalopathy; BSE-H, unglycosylated PrP™s that is higher than
BSE-C; PrPres, protease-resistant prion protein; H-type, high-type
Western blot profile of PrPs; C-type, classical-type Western blot
profile of PrPres; C-like, classical BSE-like; BSE-C, classical BSE.

infectivity of this isolate consistent with the reduction of
survival time observed on subpassages, approaching that
for BSE-C or BSE-H isolates of presumably higher titer
(i.e., producing no substantial reduction of survival time on
subpassage). These results are also consistent with another
comparative study of BSE-H and BSE-C transmissions in
a different bovine PrP mouse line (27). These data suggest
that atypical BSE-H and BSE-C agents have similar
transmission features into Tg110 mice.

Although all BSE-H-inoculated mice showed
homogeneous survival times, a phenotypic divergence was
observed in a few animals infected with 2 of the BSE-H
isolates. Surprisingly, these few mice showed phenotypic
features clearly distinct from those in most of the BSE-H—
infected mice but similar to those of BSE-C propagated onto
the same mice, according to various criteria. First, a PrP™
profile indistinguishable from that produced by BSE-C
agent in these mice but clearly distinct from that of BSE-H
in cattle, in terms of 1) apparent molecular mass of PrP™,
2) PrP™ glycosylation pattern, 3) immunoreactivity with
12B2 mAb, and 4) pattern of labeling with Saf84 antibody.
Second, the vacuolation profile essentially overlapped
that in mice infected with BSE-C, with slight differences
only in the mesencephalic tegmentum area. Third, the
spatial distribution of PrP™ in the brain was clearly similar
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to that of mice infected with BSE-C. Fourth, PrP% was
consistently detected in the spleen, similar to mice infected
with BSE-C. These similarities with BSE-C were fully
retained after a second passage by using brain homogenate
from mice with C-like features, whereas a BSE-H strain
phenotype was maintained in mice inoculated with mouse
brains homogenates containing H-type PrP.

However, C-like features emerged in only 2 of the
5 isolates tested. Because only a low proportion of the
mice inoculated with these 2 isolates exhibited these
novel features (3/12 and 2/10, respectively), the lack of
such observation in the other 3 isolates, and in 2 other
independent studies of 3 BSE-H isolates in different
bovine transgenic mouse lines (27), could be due to the low
number of inoculated mice (6 per isolate), which could be
statistically insufficient for such an event. No variability
was ever observed in the PrP™ profiles of >100 Tg110 mice
inoculated with 4 different BSE-C isolates (29,36) (Figure
1). However, a divergent evolution of the BSE agent has
been reported after trans-species transmission in both wild-
type (11) and human PrP transgenic mice (12,39,40).

Although further studies are required to clarify the
mechanisms associated with the emergence of distinct
phenotypes among individual mice, several factors would
be expected to influence the probability of detecting such
a variant through mouse bioassay. These factors are 1)
amount or regions of cattle brain tissue taken for inoculum
preparation, 2) physicochemical treatment during inoculum
preparation (e.g., temperature, homogenization buffer),
3) the precise site of mouse inoculation, 4) the infectious
titer of the inoculum, and 5) others unknown mouse factor
affecting prion propagation and disease evolution. Because
samples used in this study were prepared from the same
region (brainstem) following the same precise protocol
and under identical conditions, differences in inoculum
preparation and conditions are unlikely. However, the
possibility that the observations might be influenced by
the precise neuroanatomic origin of the inoculated bovine
brainstem homogenate or by other mouse bioassay—related
factors cannot be excluded.

The possible cross-contamination of the BSE-H isolates
material (02-2695 and 45 from 2 laboratories in different
countries) by a BSE-C infectious source was judged highly
improbable for several reasons. These reasons are 1) the
strict biosafety procedures followed for sample collection,
preparation of the inocula, inoculation scheme, and care of
mice; 2) the absence of C-type PrP%¢ in the BSE-H inocula
used for transmissions as deduced by Western blot analysis;
and 3) 2 independent transmission experiments, involving
separate batches of both incriminated isolates, all produced
consistent results.

Together, these observations support 2 possible
hypotheses. First, a minor strain component might be
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present in BSE-H isolates that could emerge on subsequent
transmission in Tg1l10 mice. Second, a new strain
component has been generated during propagation of
BSE-H agent in Tg110. In both instances, emergence of the
new strain, either in the original cattle or during propagation
in Tg110 mice, could be promoted by specific propagation
conditions or by physicochemical treatment of the
inoculum. In this regard, acquisition of novel properties by
a sporadic cattle transmissible spongiform encephalopathy
agent by a physicochemical treatment, such as that applied
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to carcass-derived products, has been invoked as a possible
origin for the BSE epidemic (7).

Contrary to BSE-H, the atypical BSE-L agent retained
unique and distinct phenotypic features, compared with
BSE-C agent, on transmission to both bovine and human
PrP transgenic mice (26-28). This agent, however, acquired
phenotypic traits intriguingly similar to those of the BSE
agent during trans-species transmission in either transgenic
mice expressing ovine PrP (28) or inbred mouse lines. On
the basis of these observations, the BSE-C agent already has
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Figure 7. Abnormal isoform of host-encoded prion protein (PrPS°) deposition patterns in brain and spleen from Tg110 mice infected with
BSE-H. A-C) Paraffin-embedded tissue (PET) blots of representative coronal sections at the level of the hippocampus from Tg110 mice
infected with atypical BSE-H (isolate 02-2695, first passage) showing either high-type (A) or classical-type protease-resistant prion protein
(PrPres) phenotype (B). PET blot from Tg110 mice infected with BSE-C (C) is included for comparison. D—F) PET blots of representative
spleen sections: Tg110 mice infected with atypical BSE-H (isolate 02-2695) showing high-type PrP™s in the brain were consistently scored
as negative for PrPsc detection (D), whereas clear PrPse deposits were always detected in BSE-H infected mice exhibiting BSE-C—like
features (E), as in mice infected with BSE-C (F). Original magnification levels: panels A—C, x20; panels D—F, x6.BSE, bovine spongiform
encephalopathy; BSE-H, unglycosylated PrP's that is higher than BSE-C; BSE-C, classical BSE.
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been speculated to have originated from atypical BSE-L after
conversion in an intermediate host such as a sheep. However,
the capacity of these BSE-L—derived agents to retain BSE
phenotypic traits after reinoculation to bovine PrP transgenic
mice is a key question, remaining to be demonstrated,
to show whether the observed convergence truly reflects
a permanent strain shift of the BSE-L agent rather than a
phenotypic convergence in an experimental model.

In contrast, our results suggest that prion strain
divergence might occur on propagation of atypical
BSE-H in a homologous bovine PrP context and that this
strain divergence could result from a permanent strain
shift of the BSE-H agent toward a C-like agent that is
stable in subsequent passages. These findings emphasize
the potential capacity of prion diversification during
propagation, even in the absence of any species barrier, and
represent an experimental demonstration of the capability
of an atypical, presumably sporadic, bovine prion to acquire
C-like properties during propagation in a homologous
bovine PrP context.

Results in transgenic mouse models cannot be directly
extrapolated to the natural host. However, our observations
are consistent with the view that the BSE agent could have
originated from a cattle prion, such as BSE-H, and provide
new insights into the nature of the events that could have
led to the appearance of this agent.
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Union (CT2004-50657 and CT2004-023183) and from UK Food
Standards Agency (M03043).
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Increasing Incidence of Invasive
Haemophilus influenzae Disease
In Adults, Utah, USA

Matthew P. Rubach, Jeffrey M. Bender, Susan Mottice, Kimberly Hanson, Hsin Yi Cindy Weng,
Kent Korgenski, Judy A. Daly, and Andrew T. Pavia

Since the introduction of the Haemophilus influenzae
type b vaccine, the incidence of invasive H. influenzae type b
disease among children has fallen dramatically, but the effect
on invasive H. influenzae disease among adults may be
more complex. In this population-based study we examined
the epidemiology and outcomes of invasive disease caused
by typeable and nontypeable H. influenzae among Utah
adults during 1998-2008. The overall incidence increased
over the study period from 0.14/100,000 person-years in
1998 to 1.61/100,000 person-years in 2008. The average
incidence in persons >65 years old was 2.74/100,000 person-
years, accounting for 51% of cases and 67% of deaths.
The incidence was highest for nontypeable H. influenzae
(0.23/100,000 person-years), followed by H. influenzae type
f (0.14/100,000 person-years). The case-fatality rate was
22%. The incidence of invasive H. influenzae infection in
Utah adults appears to be increasing. Invasive H. influenzae
disproportionately affected the elderly and was associated
with a high mortality rate.

Before the introduction of the Haemophilus influenzae
type b (Hib) conjugate vaccine, Hib was the most
common cause of bacterial meningitis in children <5 years
of age (1,2). Hib caused >80% of invasive H. influenzae
disease among children (3). Since the introduction of
the Hib conjugate vaccine, the incidence of invasive Hib
disease in children has decreased by 99% (1,2). Several
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studies have reported a decrease in the incidence of
invasive Hib in adults following widespread use of vaccine
in children (4,5).

However, although the decrease in the overall
incidence of invasive disease caused by Hib for children
and adults has been a remarkable public health success,
changes in the epidemiology of invasive disease caused
by other H. influenzae have been observed. The incidence
of H. influenzae invasive disease has shifted toward
adults. In a study conducted in the Atlanta, Georgia, USA,
metropolitan area before Hib vaccine introduction, adults
comprised 24% of all invasive H. influenzae cases (6). A
more recent population-based report from Illinois showed
adults accounting for 77% of invasive cases (7). Other
encapsulated strains, including H. influenzae type a (Hia),
have emerged as notable causes of invasive disease among
children in Utah, Alaska, and the Navajo nation (8-10).
Given the changing epidemiology observed elsewhere,
we sought to describe the epidemiology of invasive H.
influenzae infections among Utah adults during 1998
through 2008.

Methods

Study Design and Population

We identified all cases of laboratory-confirmed
invasive H. influenzae among Utah residents >18 years of
age reported to the Utah Department of Health (UDoH)
from 1998 through 2008. Invasive H. influenzae is an
immediately reportable condition in Utah. We defined
invasive H. influenzae according to the Council of State
and Territorial Epidemiologists definition: a clinically
compatible case that is confirmed by isolation of H.
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influenzae from a normally sterile site such as blood,
cerebrospinal fluid, joint fluid, pleural fluid, or pericardial
fluid (11). The UDoH enhanced their passive surveillance
program in 2005 by sending out reminders to major
laboratories in Utah to report invasive H. influenzae cases.
As part of these enhancement efforts, 1 large laboratory
also began automated case reporting to the UDoH in 2005.
Because these changes in surveillance could introduce
ascertainment bias for the final 4 years of this analysis,
we conducted a parallel retrospective cohort analysis of
laboratory-confirmed invasive H. influenzae cases among
Utah residents within the Intermountain Healthcare (IH)
system during 1999-2008 (on the basis of availability of
complete laboratory data). IH is a vertically integrated
hospital system that provides care to roughly 50% of
Utah adults (Scott Lloyd, pers. comm.). The estimated
market share by age group is recalculated at regular
intervals. Over this period, IH made no major changes to
its microbiology practices that would alter the recovery of
H. influenza isolates.

Serotyping

H. influenzae isolated from sterile sites was identified
by using standard culture techniques. Laboratories are
requested to submit sterile site isolates of H. influenzae to
the Utah Public Health Laboratory in Salt Lake City, Utah,
for definitive serotyping by using monovalent antisera for
H. influenzae types a—f. Isolates from reported H. influenzae
cases not sent to the Utah Public Health Laboratory for
serotyping were classified as not typed. All other isolates
were classified as Hia—f or as nontypeable.

Demographic and Outcome Data

As part of its surveillance program, the UDoH collected
demographic information including county of residence,
race/ethnicity, age, gender, hospitalization, and death.
Starting in 2005, the UDoH began to collect expanded
clinical information including the presence of chronic
medical conditions and clinical signs. These clinical data
were collected at the local health department level. It should
be noted that not all local health departments conducted
such data collection, and collection methods varied across
local health departments (e.g., chart review, patient
interview, hospital information personnel interview).

Statistical Analysis

To calculate the incidence rate, we used the estimated
annual Utah population among persons >18 years of age on
the basis of the United States 2000 census (12). To derive
an incidence for the IH cohort, we multiplied the estimated
annual population by IH estimated market share of adult
healthcare in Utah for a given year. Market share data
were only available for 2000, 2002, and 2005-2008. For
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intervening years, we extrapolated using available data for
the nearest years.

Categorical variables were evaluated by using standard
¥ test for independence or Fisher exact test as appropriate.
To evaluate associations between variables, we used
ordinary logistic regression and exact logistic regression as
appropriate. Poisson regression method with a log-linear
model was performed to test for trend variation in the
annual case rates for the I[HC and UDoH datasets. We used
SAS version 9.2 (SAS Institute Inc., Cary, NC, USA) for
all statistical analyses.

Human Subjects Protection

We obtained approval for this study from the
Institutional Review Boards of the University of Utah and
IH; de-identified case information was provided by the
UDoH through a data sharing agreement. Informed consent
was waived as all data were de-identified.

Results

We identified 121 cases of invasive H. influenzae
in Utah adults reported to the UDoH during 1998-2008
(Table). The incidence of H. influenzae invasive disease
was 0.66 cases per 100,000 person-years averaged over the
11 years. Incidence increased over the study period from
0.14 cases per 100,000 person-years in 1998 to a peak in
2008 of 1.61 cases per 100,000 person-years (p = 0.0023,
by linear test for trend) (Figure 1). We observed a marked
seasonality with winter predominance: 41.3% of cases
occurring in winter, 26.4% in spring, 21.4% in fall, and
10.7% in summer. We observed no significant difference
in distribution between sexes, with 64 cases in women and
57 cases in men (p = 0.65).

The incidence rates estimated by using the IH data
showed a similar trend (Figure 1). We identified 94 cases
of invasive H. influenzae, with an estimated average annual
incidence of 1.05/100,000 person-years. The incidence
increased from 0.54/100,000 person-years in 1999 to
1.27/100,000 person-years in 2008 (p = 0.002, by linear test
for trend). Although the estimated rates differed, the trend
in increasing incidence was similar for both data sources.

The incidence of invasive disease was markedly higher
among persons >65 years of age; the average incidence in
this age group was 2.74 cases per 100,000 person-years and
increased to 6.14 cases per 100,000 in 2008. The average
incidence for persons 18-34, 35-49, and 50—64 years of
age were 0.25, 0.26, and 0.88 per 100,000 person-years,
respectively. Compared with persons 18-34 years of age,
patients >65 years of age had a 12-fold greater risk for
invasive disease (risk ratio 12.5, 95% confidence interval
[CI] 7.29-21.32; p<0.0001). The incidence of invasive
disease increased significantly over the study period among
those >65 years of age (Figure 2).
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Table. Characteristics, by serotype, of 121 cases of invasive Haemophilus influenzae in adult patients, Utah, USA, 1998-2008

No. (%) samples

Typea, Typeb, Typec, Typed, Typee, Typef, Not typeable,  Not typed,

Characteristic n=15 n=9 n=1 n=3 n=5 n=25 n =43 n =20 Total
Patient age, y

18-34 3 (20) 0 1 0 0 14) 9(20.9) 3(15) 17 (14)

35-49 3 (20) 3(33.3) 0 0 0 1(4) 5(11.6) 1(5) 13 (10.7)

50-64 4(26.7) 2(22.2) 0 1 1 6 (24) 12 (27.9) 3 (15) 29 (23.9)

>65 5(33.3) 4(44.4) 0 2 4 17 (68) 17 (39.5) 13 (65) 62 (51.2)
Patient sex, F 8 (53.3) 4 (44.4) 1 0 3 17 (68) 21 (48.8) 10 (50) 64 (52.8)
Sample source

Cerebrospinal fluid 1(6.7) 4 (444) 1 0 0 4 (16) 5(11.6) 0 15(12.3)

Blood 14 (93.3) 5 (55.6) 0 3 5 21(84) 35 (81.3) 18 (90) 101 (83.5)

Other 0 0 0 0 0 0 3(6.9) 2 (10) 5(4.1)
Patient death 4(26.7) 2(22.2) 0 1 0 4 (16) 10 (23.2) 6 (30) 27 (22.3)

Serotype Distribution

Of the 121 patients with invasive disease, 101 (83%)
isolates were serotyped. Figure 3 depicts the annual
number of cases by serotype and isolates that did not
undergo serotype testing. Nontypeable strains accounted
for 43 cases (43%). Hib accounted for 9 cases (9%) and
non-b encapsulated strains accounted for 49 cases (49%).
Serotypes f and a accounted for 25 (25%) and 15 cases
(15%), respectively.

The increases in invasive disease were largely because
of nontypeable strains and Hif. The average incidence over
11 years of invasive disease caused by nontypeable strains
was 0.23/ 100,000 person-years and rose from 0 in 1998
and 1999 to an average of 0.72/100,000 person-years during
2007 and 2008. During 1998-2008, the average incidence
of disease caused by Hif was 0.14/100,000 person-years
and rose to an average of 0.48/100,000 person-years during
2007 and 2008. The number of cases of Hia remained
relatively steady, with an average annual incidence of
0.08/100,000 person-years.

Clinical Disease

Most (51%) invasive disease occurred in persons
>65 years of age. Bacteremia accounted for 83% of all
cases, meningitis for 12.4%, and other sterile sites for
the remaining 4.6%. Nontypeable strains, Hib, and Hif
accounted for 13 of the 15 cases of meningitis (Table).
Infection with Hib was significantly more likely to be
associated with meningitis than nontypeable strains (odds
ratio [OR] 6.1, 95% CI 1.3-29.0). While invasive disease
was more likely to occur in the elderly, a greater proportion
of disease among patients 18—49 years of age was due to
meningitis compared with patients >50 years of age (25%
vs. 9%; p = 0.05).

Data on underlying illness was available for 69 of the
121 case-patients. Forty-six (67%) of 69 patients had chronic
medical conditions; 33% had >2. Twenty-four patients had
diabetes mellitus; 15 were immunocompromised; 14 had
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chronic lung disease; 11 had a malignancy; 3 had asthma; 3
each had chronic obstructive pulmonary disease, congestive
heart failure, chronic liver disease/cirrhosis, and chronic
kidney disease; and 1 had a history of intravenous drug
use. Forty-six patients had a diagnosis of pneumonia at the
time of H. influenzae isolation. Patients with pneumonia
were significantly more likely to have >1 chronic illness
(OR 4.48, 95% CI 1.48-13.58, p = 0.008) and significantly
less likely to have meningitis (OR 0.048, 95% CI 0-0.358,
p=0.0016).

The overall case-fatality rate was 22%. Two thirds of
deaths were among those >65 years of age. Persons >65
years of age had a case-fatality rate of 29% compared
to 15% for those <65 years of age (p = 0.08). The case-
fatality rate for patients with bacteremia (23%) was not
significantly higher than for patients with meningitis
(13%). The case-fatality rate did not differ significantly
by serotype. Outcome did not differ significantly by the

2.0 4
1.8 -
1.6 -
1.4
1.2 4
1.0
0.8
0.6 -
04 -

No. cases/100,000 person-years

0.2 4

0.0 T T T T 1
1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

Figure 1. Comparison of annual incidence of invasive Haemophilus
influenzae disease derived from the Utah Department of Health
and Intermountain Healthcare databases, Utah, USA, 1998-2008.
Black line, Intermountain Healthcare; red line, Utah Department of
Health.
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Figure 2. Annual incidence of invasive Haemophilus influenzae
disease in adults, by age, Utah, USA, 1998-2008. Red line, age
>65y; black line, age 18-64 y.

presence or absence of concurrent conditions (17% vs. 26%
mortality rate, respectively), but data were only available
for 69 patients.

Discussion

Despite the virtual elimination of Hib in areas with
widespread use of Hib vaccine, invasive disease caused
by H. influenzae remains a major source of illness and
death. The incidence of invasive H. influenzae in Utah
adults appears to be increasing; most of the increase in H.
influenzae disease incidence was attributable to an increase
in nontypeable and Hif strains. We found that invasive H.
influenzae disease was most common in persons >65 years
of age and was associated with a high mortality rate.

The overall incidence of invasive H. influenzae disease
in adults in our population, 0.66 cases per 100,000 person-
years, was similar to rates observed in Illinois (1.0/100,000
person-years in 1994) (7) and slightly lower than rates
among Alaskans during 1991-1996 (1.4/100,000 person-
years) (5). We found a significant increase in the incidence
of invasive H. influenzae over the study period by using 2
surveillance methods. Several studies in addition to ours
suggest an increase in invasive disease caused by to non-
type b H. influenzae among adults (5,7,13). The reasons for
this change are unclear, and might reflect changes in the
organisms, changes in the number of persons at high risk,
or perhaps waning of cross-immunity induced by exposure
to Hib.

As the prevalence of Hib has decreased, other
encapsulated serotypes seem to have emerged as major
causes of invasive disease, including Hif in Illinois and
Hia in Brazil, Manitoba, and Northwestern Ontario
(7,10,14,15). Similar to findings in Illinois, Hif was the
second most common serotype in our analysis (25%),
and cases of invasive Hif contributed substantially to the
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increase of invasive H. influenzae cases we observed in
2007-2008. Although Hia was the third most common
isolate among adults in our study, it accounted for only
15% of all cases, a rate that is much lower than rates in
Manitoba (29%) (15), Northwestern Ontario (42%) (10),
and in children in Utah (8).

Nontypeable H. influenzae has been the most common
isolate in virtually all published series among adults. In our
study, it accounted for 43% of cases; similar rates were
reported in other studies (3,7,15-17). The emerging role of
invasive disease because of nontypeable strains is intriguing
because this organism has traditionally been considered a
relatively noninvasive bacteria predominantly associated
with community-acquired pneumonia, chronic obstructive
pulmonary disease exacerbations, and otitis media (18).
Whether invasive strains of nontypeable H. influenzae have
distinct genotypic and phenotypic characteristics compared
with noninvasive isolates remains largely unknown.
Candidate virulence factors include the adhesin genes hmw
and hia and 1S1016, an insertion element that may confer
Hib-like, encapsulated properties to nontypeable strains.
However, to date no single set of virulence determinants
has been conclusively associated with invasive nontypeable
strains (19-21). Better understanding of the factors that
confer invasive capabilities might lead to improved
strategies for vaccine development.

Similar to the findings in Spain, Illinois, and Alaska,
rates of disease in our study were highest among older
patients (3,5,7). The incidence increased in persons >65
years of age, and 29% of infections in this age group were
fatal, emphasizing the disproportionate effect. Invasive H.
influenzae was highly associated with concurrent illness.
Among those for whom clinical data were available, 67%
of our patients had an underlying condition, as has been
observed in other studies (3,7). However, in those with and
without concurrent illness, invasive H. influenzae showed
a high overall case-fatality rate (22%). Other studies have
reported that invasive H. influenzae is associated with high
mortality rates, ranging from 13% to 29% (3,4,6,7). During

35

® Hia ®Hib
30 | WHic = Hid -
Hie m Hif .
5 Nontypeable ® Not typed

20 4

15 4

—_— —
10 A
5 — -— -
D----I_.-_

1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008

No. invasive H. influenzae cases

Figure 3. No. cases of invasive Haemophilus influenzae (Hi)
disease in adults, by serotype (a—f), Utah, USA, 1998-2008.
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2005-2008, the CDC Active Bacterial Core surveillance
reported case-fatality rates of 13%—17% for invasive
H. influenzae (22). Among adults >65 years of age, the
incidence of invasive H. influenzae, the case-fatality rate
and the number of attributable deaths exceeds that for
invasive meningococcal disease in the most vulnerable age
group, those 11-19 years of age (23). However, no vaccine
is available for invasive disease caused by encapsulated
non-type b and nontypeable H. influenzae. Efforts to
prevent invasive H. influenzae, particularly among the
elderly, should become a public health priority.

As with all surveillance studies, our study is subject
to several limitations. The UDoH relies on passive
reporting of H. influenzae from laboratories throughout the
state, making underreporting likely. However, a study of
invasive H. influenzae in Spain among children <5 years of
age demonstrated that passive surveillance had a sensitivity
of 88% (24). Comparison of estimated rates from the IH
laboratory database and UDoH surveillance data suggests
that the sensitivity of reporting among adults was 65%.
Changes in reporting behavior and changes to the passive
surveillance program in 2005 are potential sources of
bias. Several studies have demonstrated the inaccuracy of
serotyping compared with molecular diagnostic techniques
(25,26). Although serotyping is still an accepted standard,
had we performed capsular gene analysis, it might have
changed the serotype distribution. Additionally, the small
number of identified cases places limitations on analyses
of serotype distribution and clinical characteristics. Finally,
we had clinical information on concurrent conditions for
only 57% of the cohort, and clinical information was not
collected in a systematic manner across the state.

These limitations notwithstanding, we found that the
incidence of invasive H. influenzae in Utah adults appears
to be increasing, and this increase is caused mostly by
the rising incidence of nontypeable H. influenzae and
Hif. Invasive H. influenzae, including disease caused by
nontypeable strains, has a high mortality rate. Persons >65
years of age are most affected by the disease and have
the highest death rates. These data have implications for
targeted adult H. influenzae vaccine development.
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Central Venous Catheter-associated
Nocardia Bacteremia in Cancer
Patients

Fadi Al Akhrass, Ray Hachem, Jamal A. Mohamed, Jeffrey Tarrand, Dimitrios P. Kontoyiannis,
Jyotsna Chandra, Mahmoud Ghannoum, Souha Haydoura, Ann Marie Chaftari, and Issam Raad

Central venous catheters, often needed by cancer
patients, can be the source of Nocardia bacteremia. We
evaluated the clinical characteristics and outcomes of 17
cancer patients with Nocardia bacteremia. For 10 patients,
the bacteremia was associated with the catheter; for the
other 7, itwas adisseminated infection. N. nova complex was
the leading cause of bacteremia. Nocardia promoted heavy
biofilm formation on the surface of central venous catheter
segments tested in an in vitro biofilm model. Trimethoprim-
and minocycline-based lock solutions had potent in vitro
activity against biofilm growth. Patients with Nocardia
central venous catheter—associated bloodstream infections
responded well to catheter removal and antimicrobial drug
therapy, whereas those with disseminated bacteremia had
poor prognoses.

Nocardiae are partially acid-fast, aerobic, gram-
positive, branching filamentous bacteria that are
found ubiquitously in soil, fresh water, and marine water
(1,2). Nocardia spp. cause serious pulmonary infections
(with occasional brain abscesses) in immunocompromised
patients, primarily those with cell-mediated immunity
abnormalities (2,3). Nocardiosis most commonly occurs
after the organism has been introduced into the respiratory
tract, but it may be acquired through direct inoculation
into the skin (4). However, Nocardia bacteremia is rarely
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reported, even for severely immunocompromised patients
with underlying malignancies (5,6).

Our first objective was to identify the -clinical
characteristics of Nocardia bacteremia and compare the
clinical profiles and outcomes for patients with Nocardia
bacteremia associated with central venous catheters
(CVCs), also called central line—associated bloodstream
infections (CLABSIs), with those of patients with
disseminated Nocardia bacteremia. Our second objective
was to determine whether Nocardia bacteria could form a
biofilm on CVCs in a laboratory model and whether biofilm
growth could be prevented with the use of antimicrobial
lock solutions.

Patients and Methods

Clinical Characteristics

By searching the microbiology laboratory database
at The University of Texas MD Anderson Cancer Center
(Houston, TX, USA) from January 1998 through March
2010, we retrospectively identified 134 episodes of
nocardiosis of any sources. Nocardia bacteremia was
reported for 17 patients; 5 of these cases have been reported
by Torres et al. (7). In addition, 2 of these 5 patients had
catheter-related bloodstream infections (CRBSIs), reported
by Kontoyiannis et al. (8). Pertinent data from patients’
medical records were abstracted, including demographic
characteristics, underlying malignancies, hematopoietic
stem cell transplantation, graft-versus-host disease, clinical
presentation, laboratory test and imaging study results,
concomitant infections, antimicrobial therapy types and
durations, hospital and intensive care unit stays, 72-hour
and 7-day responses, and patient outcomes at 3-month
follow-up.
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Definitions

Neutropenia was defined as an absolute neutrophil
count <500 cells/mm?® and lymphopenia as an absolute
lymphocyte count <1,000 cells/mm?®. Patients with at least
1 set of positive blood cultures for Nocardia bacteria were
considered to have Nocardia bacteremia. CLABSIs were
diagnosed according to Centers for Disease Control and
Prevention (Atlanta, GA, USA) guidelines: a recognized
pathogen cultured from >1 blood cultures (not including
organisms considered common skin contaminants) and
no apparent source of the bloodstream infection except
the CVC whereby the CVC has been indwelling for
>48 hours (9). Furthermore, CLABSIs were considered
definite CRBSIs if at least 1 of the Infectious Disease
Society of America definition criteria were also fulfilled:
semiquantitative (>15 CFUs/catheter segment) or
quantitative (>10° CFUs/catheter segment) catheter culture
in which the same organism is isolated from the catheter
segment and peripheral blood, or differential quantitative
blood culture with simultaneous quantitative blood cultures
from the CVC and peripheral blood with a ratio >3:1 (10).
Disseminated (or secondary) Nocardia bacteremia was
defined as the recovery of Nocardia bacteria from blood
cultures and a non—catheter-related site (e.g., expectorated
sputum, endotracheal aspiration, bronchoalveolar lavage,
pleural effusion, lung tissue, or skin or brain biopsy
samples) in the setting of clinical and radiographic evidence
of organ involvement (pneumonia and skin lesions).

Nocardia spp. were identified on the basis of the
appearance of colonies on routine media; species were
identified by using a battery of biochemical tests and, after
2001, by 16S rDNA sequencing (11,12). Blood cultures
and catheter tip samples were held for 7 days to ensure that
no cases of Nocardia bacteremia were missed.

A broth microdilution MIC method had been used to
perform susceptibility testing of Nocardia spp. according
Clinical and Laboratory Standards Institute guidelines (13).
Antimicrobial drug response had been defined as resolution
or improvement of clinical manifestations and radiographic
changes and negative microbiological findings.

Biofilm Formation

We used a modified Kuhn model of biofilm catheter
colonization (14) to test N. nova complex and N. puris
strains (that caused CLABSI in this study) for biofilm
formation. Sterile polyurethane and silicone CVC segments
were placed in 24-well tissue culture plates containing
human donor plasma and incubated with shaking for 24 h
at 37°C. The plasma was then replaced with 1 mL of 5.5 x
10° cells/mL inoculum of Nocardia strains. The Nocardia
inoculum was grown in tryptic soy broth containing 10%
fetal bovine serum and incubated with shaking for 24 h at
37°C. Organisms were tested in triplicate. The inoculated
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broth was removed, and CVC segments were washed with
1 mL of 0.9% sterile saline by shaking at 100 rpm for 30
min at 37°C. The CVC segments were transferred into a
tube containing 5 mL of sterile 0.9% saline and sonicated
for 15 min to disrupt any biofilm. The resulting solution
was then cultured and quantified by making serial dilutions
in 0.9% sterile saline and spreading them on trypticase soy
agar plates with 5% sheep blood. All plates were inverted
and incubated for 48 h at 37°C. The experiment was
repeated 2 times.

Antimicrobial Lock Solutions

To determine whether antimicrobial lock solutions
prevented the biofilm growth of Nocardia organisms,
we used the silicone disk biofilm colonization model,
as described (14). After washing the silicone disks with
0.9% sterile saline by shaking them for 30 min at 37°C, we
transferred the disks into new 24-well tissue culture plates
containing Mueller-Hinton broth (control) or the drug
solution to be tested. Drug solutions included 10 mg/mL
trimethoprim/sulfamethoxazole and 100 U heparin; a triple
combination of 10 mg/mL trimethoprim, 30 mg/mL EDTA,
and 25% ethanol; and 3 mg/mL minocycline, 30 mg EDTA,
and 25% ethanol. Triple combinations of minocycline,
EDTA, and 25% ethanol lock solutions were used because
previous data showed that such combinations effectively
eradicate bacterial organisms embedded in biofilm (15).
After 2 h of incubation at 37°C, the disks were placed in 5
mL of 0.9% saline and sonicated for 15 min. Finally, they
were vortexed for 5 seconds, and 100 pL of liquid from
each disk was serially diluted and spread on trypticase soy
agar plates with 5% sheep blood for quantitative culture.
Plates were then inverted and incubated for 48-72 h at
37°C, and colony growth was quantified. The experiment
was repeated 2 times.

Electronic Microscopy and Confocal Scanning

To verify the quantitative results, we used scanning
electron microscopy to examine biofilm formation of N.
nova complex on silicone CVC surfaces. We used silicone
CVCs tested in the in vitro colonization model outlined
above. Catheters were fixed with 2% glutaraldehyde,
followed by osmium tetraoxide, tannic acid, and uranyl
acetate as described (16). A series of ethanol dehydration
steps followed, and the prepared samples were sputter
coated with Au-Pd (60:40) and viewed with a Philips model
XL3C scanning electron microscope (Philips Research,
Eindhoven, the Netherlands). Confocal scanning laser
microscopy was performed with a Leica TCSNT confocal
microscope (Leica, Heidelberg, Germany). Objectives used
for confocal laser microscope imaging were 100x1.4 N.A.
Oil Plan Apo and 63x0.7 N.A. Plan Fluotar.
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Statistical Analyses

To compare the characteristics of Nocardia CLABSI
and disseminated Nocardia bacteremia patients, we used
SAS version 9.1 (SAS Institute, Inc., Cary, NC, USA).
We determined differences between categorical variable
frequencies by using the y*> or Fisher exact tests and
compared continuous variables by using the Wilcoxon
rank-sum test. All tests were 2-sided and had a maximum
significance level of 0.05.

Results

The demographic characteristics and outcomes of the
17 patients in the study are shown in Table 1. All patients
had had CVCs inserted before examination and collection
of blood for culture. Ten (59%) patients had CLABSIs
(Table 2); the remaining 7 (41%) had disseminated
(secondary) Nocardia bacteremia for which the respiratory
tract (pneumonia) was the primary source. Concomitant
infections, most commonly with cytomegalovirus, were
noted for 10 (59%) patients. Hematologic malignancies
were more common in patients with disseminated
Nocardia bacteremia than with Nocardia CLABSIs
(100% vs. 50%; p = 0.044). N. nova complex was the most
commonly identified causative species for nocardemia
(6 patients). Other causative species were N. asteroides
complex (5 patients), N. veterana (2), N. brasiliensis (1),
and N. puris (1). We found no significant differences in

species distribution among patients with CLABSIs and
disseminated bacteremia. Furthermore, by looking at the
temporal distribution of cases of Nocardia bacteremia and
CLABSI nocardemia, we noticed no cluster that would
suggest we were dealing with an outbreak.

Patients with CLABSIs had shorter hospital stays than
did those with disseminated bacteremia (median 5 days vs.
24 days, respectively; p = 0.01) and were more likely to
experience a response to therapy within 72 hours (90% vs.
0%; p<0.001) or 7 days (90% vs. 29%; p =0.035). Mortality
rate at 3-month follow-up was also lower for patients with
CLABSI (10% vs. 43%; p = 0.25).

All Nocardia isolates were susceptible to trimethoprim/
sulfamethoxazole, amikacin, and linezolid. Susceptibility
rates to ceftriaxone, clarithromycin, imipenem, minocycline,
tobramycin, and amoxicillin and clavulanate were 91%,
87%, 85%, 55%, 42%, and 22%, respectively. All N. nova
isolates were susceptible to clarithromycin. No resistance to
minocycline was found, but 45% of isolates had intermediate
susceptibility MICs. N. nova complex isolates showed
resistance to amoxicillin and clavulanate and to gentamicin
in 80% and 60% of cases, respectively, whereas 91% of all
Nocardia species were resistant to ciprofloxacin.

All patients underwent CVC removal. The most
commonly used drug was trimethoprim/sulfamethoxazole
(14 patients), used alone or in combination with beta-
lactams (8 patients with carbapenems and 2 with

Table 1. Characteristics and outcomes of 17 cancer patients with Nocardia bacteremia, The University of Texas MD Anderson Cancer

Center, January 1998—March 2010*

Disseminated bacteremia (n = 7),

CLABSI (n = 10),

Characteristic no. (%) patients no. (%) patients p value

Male sex 3 (43) 4 (40) >0.99

Cancer type 0.044
Hematologic 7 (100) 5 (50)

Solid tumor 0 5 (50)

Concomitant infection 7 (100) 5 (50) 0.044
Cytomegalovirus 4 (57) 1(10) 0.1
Invasive fungus 3 (42) 1(10) 0.25

Nocardia typet 0.74
N. nova complex 3 (43) 3 (30)

N. asteroides complex 1(14) 4 (40)
N. veterana 1(17) 1(11)
N. brasiliensis 1(17) 0

N. puris 0 1(11)

Antimicrobial drug treatment outcome
Response to therapy 5(71) 9 (90) 0.54
Response within 72 h 0 9 (90) <0.001
Response within 7 d 2 (29) 9 (90) 0.035

Death within 3 mo 3 (43) 1(10) 0.25

Nocardia bacteremia breakthrough despite 1 2 >0.99

trimethoprim/sulfamethoxazole prophylaxis

*CLABSI, central line—associated bloodstream infection. Patient median age (range) for those with disseminated infection 56 y (32-73 y), for those with
CLABSI 44 y (11-77 y); p = 0.31. Median hospital stay (range) for those with disseminated infection 24 d (8-53 d), for those with CLABSI 5 d (2-18 d); p
= 0.01. Median antimicrobial drug treatment duration (range) for those with disseminated infection 50 d (21-105 d), for those with CLABSI 82 d (14—-120

d); p = 0.56.
tSpecies were not determined for 2 isolates.
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Table 2. Diagnostic and microbiologic profile for 10 cases of
Nocardia CLABSI, The University of Texas MD Anderson Cancer
Center, January 1998—March 2010*
CLABSI
case no. Diagnostic criteria
1 Differential quantitative blood culture
(CVC >1,000 CFU/mL; peri = 3 CFU/mL)
and quantitative catheter tip culture (10°
CFUltip)
2 Positive peripheral blood culture with
positive semi-quantitative catheter tip
culture (>15 CFUltip)
3 Differential quantitative blood culture
(CVC >1,000 CFUs/mL; peri = 1
CFU/mL)
4 CVC blood culture positive with positive
semiquantitative catheter tip culture (>15
CFUltip)
5 Differential quantitative blood culture
(CVC >1,000 CFU/mL; peri = 1 CFU/mL)
6 Positive peripheral and CVC blood
cultures with positive quantitative
catheter tip culture (4,000 CFU/tip)
7 Differential quantitative blood culture
(CVC >1,000 CFU/mL; peri = 20
CFUs/mL) and positive quantitative
catheter tip culture (4,000 CFU/tip)
8 Positive peripheral and CVC blood
culture but negative catheter tip culture
9 Positive peripheral and CVC blood
culture but negative catheter tip culture
10 Positive CVC and peripheral blood
culture but negative catheter tip culture

*CLABSI, central line—associated bloodstream infection; CRBSI, catheter-
related bloodstream infection, defined according to Infectious Disease
Society of America guidelines (10); CVC, central venous catheter; peri,
peripheral. CVC values indicate blood for culture collected from CVC; peri
values indicate blood for culture collected from peripheral vessel.

CRBSI
Definite

Definite

Definite

Definite

Definite

Definite

Definite

Probable

Probable

Probable

ceftriaxone), minocycline (5 patients), or amikacin (4
patients). A positive response occurred in 14 patients, and
breakthrough Nocardia bacteremia occurred in 3 patients
receiving trimethoprim/sulfamethoxazole prophylaxis (2
with CLABSIs and 1 with disseminated bacteremia).

Nocardia isolates adhered extensively to polyurethane
and silicone CVCs and formed extensive biofilms (Figure
1). Quantitative biofilm cultures isolated ranged from 4.0 x
105to 1.1 x 107 CFUs of tested Nocardia cells from biofilm
matrices that adhered to polyurethane and silicone CVC
surfaces. Furthermore, trimethoprim/sulfamethoxazole
with heparin, minocycline, and EDTA in 25% ethanol,
and trimethoprim and EDTA in 25% ethanol significantly
decreased the biofilm biomasses on treated vs. control plates
after a 2-hour exposure (p = 0.003), resulting in complete
eradication of Nocardia spp. in biofilm on silicone disks
(Figure 2).

Electron and confocal scanning laser microscopic
studies of the CVC tip in a patient with an N. nova CLABSI
showed Nocardia spp. adhering to the surface and colonies
of multilayered clusters embedded in biofilm matrix (Figure
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3). Scanning electron microscopy studies of N. nova
complex (disseminated Nocardia bacteremia) showed a
heavy biofilm matrix covering filamentous clusters (Figure
4, panel A). N. nova complex (definite CLABSI) formed
branching networks of filamentous bacteria encompassed
in an intense heavy biofilm matrix (Figure 4, panel B).

Discussion

We have documented that Nocardia spp. that cause
clinical CLABSI also form heavy biofilm on the surfaces
of polyurethane and silicone CVCs; that trimethoprim-
and minocycline-based lock solutions eradicate adherent
catheter-related Nocardia spp. in the biofilm matrix (thereby
demonstrating Koch’s postulate as it relates to Nocardia
CLABS]I); and that Nocardia bacteremia in cancer patients
can occur as CLABSI in 59% of cases. Nocardia CLABSI
responds well to antimicrobial agents and CVC removal

A 1.0x107,

1.0 x 108
1.0x 1051
1.0 x 1041
1.0 x 101
1.0 x 1021

CFU/cm segment

1.0x 10"

1.0x 100"

B 10x10
1.0 108
1.0x 108
1.0x 104

1.0x 103

CFU/cm segment

1.0x 102

1.0x 10°

1.0x 10°

B N. nova complex (CLABSI)
O N. nova complex (CLABSI)
B N. nova complex (disseminated bacteremia)
B N, nova complex (disseminated bacteremia)
B N, puris (probable CLABSI)

Figure 1. Nocardia nova and N. puris quantitative biofilm formation,
as assessed by biofilm colonization model. Nocardia spp. isolates
adhered to polyurethane (A) and silicone (B) central venous
catheter segments with extensive biofilms. CLABSI, central line—
associated bloodstream infection.
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1.0x 107

5.4 x 108

1.0x 108

1.0 x 1054

1.0 x 104

1.0 x 103

CFU/cm segment

1.0 x 102

1.0x 10"

0 0 0

1.0 x 102+

Confrol Bacterim + Heparin

+ EDTA EvOH +EDTA + E10H
Figure 2. Antibiofilm agents inhibition of biomass of Nocardia
nova complex biofilms. N. nova complex biofims were grown
for 24 h on silicone disks, placed in 24-well tissue culture plates,
and exposed to trimethoprim/sulfamethoxazole (Bacterim) and
heparin; trimethoprim, EDTA, and ethanol (EtOH); minocycline,
EDTA, and ethanol; or Mueller-Hinton broth medium (control) for
2 h. Minocycline and trimethoprim-based lock solutions completely
inhibited the N. nova complex biofiim biomass compared with
controls (p = 0.003).

and is associated with a short hospital stay, whereas
disseminated Nocardia bacteremia is associated with a
poor prognosis.

Identification of Nocardia is more rapid, precise, and
accurate with PCR and 16S rDNA sequencing than with
standard phenotypic techniques (17-19). N. asteroides
complex, which includes N. farcinica, N. nova, and N.
asteroides sensu stricto, is the most commonly identified
causative species in cancer patients (7). In our study, N.
nova complex was responsible for 35% of Nocardia
bacteremia episodes. N. nova is differentiated from other
members of N. asteroides complex by DNA homologic
characteristics; it is more appropriate to refer to N. nova
as N. nova complex because it comprises 4 distinct species
(12,17,20). Furthermore, the incidence of N. nova complex
bacteremia may have been underestimated in our study
because the species was not identified for 5 cases of
infection with N. asteroides complex. N. nova complex
strains may have higher tendencies toward CVC adherence,
biofilm formation, and hematogenous spread.

Nocardia bacteremia is rare, even in severely
immunocompromised patients with underlying
malignancies (11). A 1998 review of the medical literature
found only 36 cases of Nocardia bacteremia worldwide over
52 years (5). All Nocardia bacteremia patients in our study
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had indwelling CVCs before diagnosis and subsequently
had catheters removed. Cancer patients depend immensely
on vascular access devices, and CVCs may be the source
and focus of Nocardia bacteremia, given the ubiquitous
presence of these organisms in the environment, their
possible acquisition through the skin, and their ability to
adhere to CVCs through biofilm formation on the surface
of catheters as shown in our study (Figure 1) (7,21,22).
Nocardia CLABSI cases, in contrast to disseminated
Nocardia bacteremia cases, were associated with a
favorable outcome. Catheter-related Nocardia bacteremia
might be less likely to invade remote anatomical structures

Figure 3. A) Confocal scanning laser microscopy image of central
venous catheter tip in a patient with Nocardia nova complex central
line—associated bloodstream infection. Bright green objects are
viable biofilm bacteria, and orange-red objects are dead bacteria.
Original magnification x25. B) Scanning electron microscopy image
of central venous catheter tip reveals biofilm surface structure.
Original magnification x5,000.
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Figure 4. Scanning electron microscopy of Nocardia spp. biofilm
on silicone central venous catheters. A) N. nova complex
(disseminated Nocardia bacteremia) on the surface, showing
heavy biofilm matrix covering filamentous cells. B) N. nova complex
(definite central line—associated bloodstream infection) showing
network of filamentous (thin arrow), partially covered with opaque
biofilm matrix (thick arrows). Original magnifications x2,500.

and form deep-seated infections. Disseminated Nocardia
bacteremia, on the other hand, was associated with higher
rates of admission to intensive care units, more frequent
occurrence with hematologic malignancy, longer hospital
stays, and lower antimicrobial therapy response rates.
Factors that could have contributed to the poor outcome
include involvement of the lungs and other organs; severity
of the underlying disease (hematologic malignancy); and a
higher rate of concomitant infections, most commonly with
cytomegalovirus and invasive fungi (Table 1).

Although trimethoprim/sulfamethoxazole was
uniformly active against Nocardia spp. and the most
commonly used drug for Nocardia bacteremia, breakthrough
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Nocardia bacteremia occurred in 3 patients despite receipt
of trimethoprim/sulfamethoxazole prophylaxis. Given
that Nocardia spp. were shown in our model to form an
antimicrobial drug—resistant multilayered biofilm matrix, in
which they embed themselves, it is not surprising that 2 of the
3 cases of breakthrough Nocardia bacteremia that occurred
during trimethoprim/sulfamethoxazole prophylaxis were
CLABSIs. CVC biofilm colonization through formation of
an antimicrobial drug—resistant matrix is the main factor in
the pathogenesis of CRBSIs. The biofilm enables Nocardia
spp. to protect themselves from the relatively low serum
concentrations of antimicrobial drugs given orally and,
hence, create a foothold from which they can invade the
bloodstream through the surface of the CVC intravascular
segment. Prophylactic antimicrobial drugs given orally are
ineffective at breaking down the matrix and eradicating
the bacteria, which poses a therapeutic and prophylactic
challenge for cancer patients with a CVC. Furthermore,
trimethoprim/sulfamethoxazole has been ineffective when
used alone, especially against disseminated forms of
nocardiosis (23).

Intraluminal antimicrobial lock therapy has been
proposed for the prevention and treatment of CLABSIs
(24-27). For antimicrobial lock therapy, the catheter
lumen is filled with 2—4 mL of antimicrobial solution at a
concentration 100- to 1,000-fold higher than the MIC of the
drug orits usual target systemic concentration; to eradicate
the organisms embedded in the intraluminal biofilm, the
solution is then allowed to dwell (lock) while the catheter
is not in use (27). We found antimicrobial catheter
lock solutions with active agents such as trimethoprim/
sulfamethoxazole or minocycline to be effective against
Nocardia biofilm. Use of these solutions might be a valid
way to prevent Nocardia CLABSIs and salvage the CVC,
particularly in cancer patients with CLABSI, for whom
removal of the CVC might not be possible because of
severe thrombocytopenia or lack of other vascular access.

Although no complete correlation exists between in
vitro susceptibility and clinical outcome, antimicrobial
drug susceptibility tests should be performed for
Nocardia isolates in immunocompromised patients to
guide therapy. Drug susceptibility of Nocardia spp. varies
among species (22).

In agreement with previous results, our findings
also confirmed in vitro activity of trimethoprim/
sulfamethoxazole, amikacin, and linezolid against Nocardia
spp. (17,28-31). However, in our study, N. nova complex
was characterized by its susceptibility to clarithromycin and
resistance to amoxicillin and clavulanate. This distinctive
characteristic of N. nova complex is associated with the
presence of membrane-bound penicillinase inducible by
clavulinic acid (17,27). N. veterana had an antimicrobial
drug susceptibility profile similar to that of N. nova
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complex. No minocycline resistance was observed, but
45% of isolates had intermediate susceptibility MICs, as
has been reported (32-34).

CVC removal, along with the use of a combination
of antimicrobial agents guided by antimicrobial drug
susceptibility, should be the cornerstone of treatment
of Nocardia bacteremia, particularly CLABSIs. We
recommend using a combination of amikacin, carbapenems,
and trimethoprim/sulfamethoxazole until the Nocardia
isolate and its antimicrobial drug susceptibility can be
determined (17,32,33).

In conclusion, Nocardia bacteria promote heavy
biofilm formation in CVCs, and trimethoprim and
minocycline in combination with anticoagulants as lock
solutions have potent activity against Nocardia biofilm
formation. In this study, N. nova complex isolates were
the leading cause of Nocardia bacteremia. Isolation of
Nocardia bacteria from the blood should always prompt
consideration of Nocardia CLABSIs in cancer patients
with indwelling CVCs, especially in the absence of signs
and symptoms of pneumonia or disseminated infection.

Dr Al Akhrass recently completed an infectious disease
fellowship at The University of Texas MD Anderson Cancer
Center and is board certified in internal medicine. His research
interests include catheter-related infections and biomarkers and
infection.
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Endemic Scrub Typhus-like lliness,
Chile

M. Elvira Balcells, Ricardo Rabagliati, Patricia Garcia, Helena Poggi, David Oddé, Marcela Concha,
Katia Abarca, Ju Jiang, Daryl J. Kelly, Allen L. Richards, and Paul A. Fuerst

We report a case of scrub typhus in a 54-year-old man
who was bitten by several terrestrial leeches during a trip
to Chiloé Island in southern Chile in 2006. A molecular
sample, identified as related to Orientia tsutsugamushi
based on the sequence of the16S rRNA gene, was obtained
from a biopsy specimen of the eschar on the patient’s leg.
Serologic analysis showed immunoglobulin G conversion
against O. tsutsugamushi whole cell antigen. This case and
its associated molecular analyses suggest that an Orientia-
like agent is present in the Western Hemisphere that can
produce scrub typhus—like illness. The molecular analysis
suggests that the infectious agent is closely related,
although not identical, to members of the Orientia sp. from
Asia.

he primary hosts for Rickettsia species are arthropods

that can also act as disease vectors for humans and
other vertebrates. Ticks are vectors for most rickettsioses
caused by spotted fever group rickettsiae. Alternative
vectors for rickettsiae are well known, including fleas as
vectors for murine typhus (R. typhi) and flea-borne spotted
fever (R. felis), mites as vectors of rickettsialpox (R. akari),
and scrub typhus (Orientia tsutsugamushi), and lice as
vectors for epidemic typhus (R. prowazekii) (1).

In Chile, the last outbreak of epidemic typhus began in
1933 and continued through 1939 (2). In the following years,
effective control and sanitary measures were developed
and implemented. No new cases of rickettsial disease have
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been reported in this country since 1976 (3). Scrub typhus,
caused by O. tsutsugamushi, which is usually transmitted
by trombiculid mites in Asia, northern Australia, and the
western Pacific region has never been described in Chile
(4). Although sporadic cases of scrub typhus have been
reported well outside the traditionally endemic regions
(5,6), no reports are known of scrub typhus being acquired
in the Western Hemisphere (4). In addition, no human case
of rickettsial spotted fever has been documented in Chile,
although there is evidence of rickettsial infections in dogs
(7) and of the presence of R. felis in cats and cat fleas (8).
We report a case of scrub typhus—like illness in Chile.

Materials and Methods

The patient was a previously healthy 54-year-old man
who recalled having been bitten by terrestrial leeches on
several occasions, but not by ticks. He was hospitalized
after symptoms including a high-grade fever developed.
During treatment, a black eschar with an erythematous halo
on the left leg was found. A biopsy sample from the leg
eschar was submitted to the laboratory for histopathologic
analysis and subjected to microscopy. A routine blood
chemistry panel was analyzed. In addition, an ELISA to
detect O. tsutsugamushi—specific immunoglobulin G was
performed with acute-phase and convalescent-phase serum
samples (9).

The same skin biopsy samples of the eschar and rash
were submitted for molecular biology analysis. DNA
was extracted from the skin biopsy samples by using
the QIAamp Tissue Kit (QIAGEN, Hilden, Germany)
according to the manufacturer’s instructions. The
prokaryotic 16S rRNA gene was amplified and sequenced
by using described primers (10). The PCR products were
purified with the GFX DNA gel band purification kit (GE
Healthcare, Piscataway, NJ, USA) and sequenced by using
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the BigDye Terminator version 3.1 Cycle Sequencing Kit
and a 310 Genetic Analyzer (Applied Biosystems, Foster
City, CA, USA).

Sequences obtained from the leg and arm samples
were assembled by using the Sequencher DNA Software
(Gene Codes Corporation, Ann Arbor, MI, USA) and
were judged to be identical. The sequences were initially
compared with other 16S rRNA sequences in GenBank by
using the National Center for Biotechnology Information
BLAST network service software (11). The sequence
of the biopsy sample (referred to as the Chiloé Island
sample) has been deposited in GenBank under accession
no. HM155110. Sequence differences between the Chiloé
Island sample and isolates of O. tsutsugamushi were
determined after aligning 16S rRNA sequences, using
ClustalX in MEGA4 (12).

The patient had been involved in ecological studies at
auniversity field camp at the southern end of Chiloé¢ Island,
in southern Chile. The region is rainy and has abundant
natural vegetation and evergreen forests. During January
2006, the patient spent 3 weeks on a field study (sleeping in
a log cabin) with daily forest incursions. He recalled having
been bitten by terrestrial leeches on several occasions but
not by ticks.

A week after returning to the capital, Santiago, and 6
days before his admission to the hospital, a high-grade fever,
headache, myalgias, and scanty dry cough developed. Four
days later, a rash appeared in the abdominal region that
progressed to his face and limbs. At admission, the patient
had an axillary temperature of 39°C, pulse 101 beats/min,
blood pressure 110/75 mm Hg, and bilateral conjunctival
suffusion. He had an extensive rash on his face, trunk, and
limbs but not on the palms and soles, with a microvesicular
center in some of the lesions (Figure 1, panel A). A black
eschar with an erythematous halo on the left leg was found.
He recalled having been bitten by a leech =3 weeks before
(Figure 1, panel B).

Results
Dermis and subcutaneous fat showed a necrotizing
leukocytoclastic  vasculitis,  perivascular  infiltrates

with lymphocytes and macrophages, and extravasation
of erythrocytes (Figure 2, panel A). Gram, Giemsa,
and Warthin-Starry silver stains did not show any
microorganisms. A tissue sample recovered from a paraffin-
embedded sample for electron microscopy, showed round
and oval rickettsia-like microorganisms, maximum
diameter 0.2—0.5 pm, inside the cytoplasm endothelial cells
(Figure 2, panel B).

Blood tests showed a leukocyte count of 9,200
cells/mm?®, with 28% immature forms and a slight
elevation of hepatic aminotransferase levels (aspartate
aminotransferase 198 U/L [reference range 10—40 U/L],
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Figure 1. Evidence of acute infection of the skin and subcutaneous
tissue in patient admitted for treatment of scrub typhus-like
symptoms in Chile. A) Rash on admission, left arm. B) Necrotizing
eschar with erythematous halo over the left leg.

alanine aminotransferase 256 U/L [reference range 10-55
U/L], and alkaline phosphatase 338 U/L [reference range
45-115 U/L]) with normal bilirubin level. Blood cultures
(2 sets) were negative as were serologic test results for
measles, varicella, leptospirosis, and HIV. A spotted
fever rickettsiosis was suspected and doxycycline (100
mg 2x/d) was started on the day after admission. ELISA
to detect O. tsutsugamushi specific immunoglobulin G
on the acute-phase sample had no reactivity (titer <100)
to the Karp, Kato, Gilliam combined whole-cell ELISA
antigen, whereas the convalescent-phase serum sample,
collected 4 months after hospitalization, had a titer of 400,
showing that seroconversion had occurred between the 2
time points. These same serum samples were examined for
reactivity to ELISA antigens from rickettsial spotted fever
group and rickettsial typhus group. The serum samples
were nonreactive to both groups of antigens (titer <100).
Skin punch biopsy specimens (4 mm) from the skin lesions
(eschar and rash) were taken on the second day after
admission. After the second day of antimicrobial drug
therapy, the patient’s general condition markedly improved
and the fever subsided. On the following days the skin
lesions began to fade. The patient was discharged in good
health condition on the fifth day of hospitalization.
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DNA from the biopsy sample was used for a molecular
analysis in order to identify the infectious agent. Analysis
found that the sequence of the 16S rRNA gene obtained
from the skin biopsy specimen showed ~97% sequence
similarity with isolates of O. tsutsugamushi (39-44 nt
differences in a 1,265-bp alignment of the 16S rRNA
gene). Recently, a case of scrub typhus was reported from
Dubai outside the normal range of the disease (5). A similar
level of difference (42-nt differences) was seen when the
Chilo¢ Island sample was compared with the O. chuto sp.
nov. sample from Dubai.

Sequence differences among various isolates of O.
tsutsugamushi ranged from 1 tol8 nt, and O. chuto sp.
nov. differed from the O. tsutsugamushi samples by 23 to
31 nt differences. Comparisons were also made with 16S
rRNA sequences from 2 leech-associated forms placed
within the genus Rickettsia (13,14), and with taxa from
genus Neorickettsia, a group of obligate intracellular forms
placed within the Ehrlichiaceae that have been isolated
from trematodes. When compared with 2 isolates that
represent presumptive members of the genus Rickettsia
that are endosymbionts of leeches in Japan, sequence
similarity to the Chiloé Island sample averaged 91.9% (97-
nt differences). As expected, if no special selective effect
resulted from being associated with leeches as a vector, the
degree of sequence change is equivalent to that found when
the 16S rRNA gene sequence of the Chiloé Island sample is
compared with other members of Rickettsia not associated
with leeches (sequence similarity 91.6%).

Isolates of O. tsutsugamushi averaged 91.8% sequence
similarity to other members of Rickettsia, and the O. chuto
sp. nov. sample averaged 92.2% similarity to non-leech
Rickettsia spp. The 16S rRNA gene sequence showed
even greater divergence when the Chiloé¢ Island sample
was compared with 3 Neorickettsia spp., with sequence
similarity averaging 83.4% (average diversity 215 nt).
Isolates of O. tsutsugamushi averaged 82.7% sequence
similarity to Neorickettsia, and the O. chuto sp. nov.
sample averaged 82.2% similarity. Taken together, these
results are consistent with 16S rRNA gene sequence of the
Chiloé¢ Island sample being representative of an Orientia
spp.—like form.

The phylogenetic relationship of the Chiloé Island
sample with other isolates of O. tsutsugamushi was inferred
by using the neighbor-joining method (15), and is shown in
Figure 3. The evolutionary distances were computed using
the maximum composite-likelihood method (16) and are
in units of the number of base substitutions per site. All
positions containing gaps and missing data were eliminated
from the dataset (complete deletion option). A total of 1,256
positions were identified in the final dataset. Phylogenetic
analyses were conducted in MEGAA4 (12). Sequences of the
16S rRNA gene sequences from the 3 taxa of Neorickettsia

Emerging Infectious Diseases *« www.cdc.gov/eid « Vol. 17, No. 9, September 2011
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Figure 2. Results of biopsy analysis of tissue sample from eschar
on the left leg of patient admitted for treatment of scrub typhus—like
symptoms, Chile. A) Leukocytoclastic vasculitis. Hematoxylin and
eosin stained; original magnification x200, inset x400. B) Endothelial
cell, showing nucleus (N) within the cytoplasm (C, inset). Arrows
show similar round and oval organisms, electron-dense, surrounded
by electron-lucent halo of rickettsial type microorganisms. Electron
microscopy; original magnification x15,000, inset x20,000.
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Figure 3. Evolutionary relationships of Chiloé Island sample
compared with other isolates of Orientia tsutsugamushi, with
O. chuto sp. nov. and with taxa from Rickettsia, determined by
the method of neighbor joining (15). The tree is drawn to scale;
scale bar indicates nucleotide substitutions per site. Numbers on
branches represent percentage of 1,000 bootstrap replicates that
include the enclosed clade. Entries on the tree are identified by
GenBank accession number and isolate name.

were used to root the tree. The Chiloé¢ Island sample is well
differentiated from sequences from O. tsutsugamushi and
O. chuto sp. nov., being separated in 100% of bootstrap
replicates of the analysis, but clearly significantly closer
to the samples classified within Orientia, compared with
other rickettsiae in the sequence databases.

Two other PCR assays were performed that were
specific for sequences of O. tsutsugamushi and the genus
Rickettsia by using primers that targeted a portion of the
groEL gene because of its higher power of differentiation
between closely related taxa. However, no appropriate
size amplicons were produced. Moreover, results of a
quantitative real-time PCR assay for O. tsutsugamushi (17)
and 2 PCR assays (47 kDa/HtrA gene and groEL gene)
used with the DNA preparation extracted from acute-
phase serum sample (2 days after admission, 1 day after
antimicrobial drug treatment) were negative (data not
shown).

In the study of the new form, O. chuto sp. nov.,
from Dubai, the 47-kDa/HtrA gene was amplified. The
degree of sequence divergence compared with isolates of
O. tsutsugamushi was substantial, averaging >17% (5).
Given that the Chilo¢ Island sample shows almost twice
as much divergence from O. tsutsugamushi for the 16S
rRNA sequence compared with O. chuto sp. nov., it is not
unreasonable that substitutions in the PCR primer sites of
the Chilean sample exist, explaining the negative results
that were found in our study.

Discussion

We describe a case of rickettsiosis acquired in Chiloé
Island, where the local population is mostly of the Huilliche
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ethnic background. One of the ancient local legends refers
to a disease developing in persons who penetrate the
jungle, with the development of high fever and red spots all
over the body. However, no scientific medical report had
confirmed this finding.

Even though the existence of scrub typhus has never
been recorded in Chile, its vector, the trombiculid mite
(Acari: Trombiculidae), has been recently described in
wetlands from a distant region of southern Chile, although
not on Chiloé¢ Island (18). Our patient recalled specifically
having been bitten by a leech in the site where an eschar
later developed. Terrestrial leeches are common on Chiloé
Island vegetation. These include members mainly from the
family Mesobdellidae, including the species Mesobdella
gematta and Nesophilaemon skottsbergi (19). The leeches
live among trees, ferns, bushes, and fallen leaves. All are
sanguivorous parasites of vertebrate animals, and local
persons are frequently exposed to leech bites on the island.
Rickettsiae have been reported in leeches in Japan (13,14).
In those studies, the glossiphoniid leech species harbored
bacteria of the genus Rickettsia, as assessed by electron
microscopy and PCR analysis.

The results of analysis of the 16S rRNA gene sequence
suggest that the sample reported represents a previously
unreported, divergent form (species) of Orientia spp.—
like bacteria. The degree of sequence differentiation from
isolates of Orientia spp. previously studied in Asia and the
Middle East indicates that the Chiloé Island sample is not
simply a transplanted form from Asia that happened to be
discovered in Chile, but rather it represents a long divergent
lineage and may be indicative that other Orientia spp.—like
pathogens are to be found outside southern and eastern
Asia or northern Australia. The difficulty of obtaining
PCR amplification of additional sequences, such as the
GroEL and 47-kD protein genes, would be consistent with
the identification of a new lineage divergent from Asian
forms of O. tsutsugamushi. Moreover, the reactivities of
the serum samples to O. tsutsugamushi Karp, Kato, Gilliam
ELISA antigens (titer 400) suggest that the cross-reactivity
of assay antigens to those of the new sample may exist but
be limited, again consistent with a divergent lineage.

Future steps following the case presented will
involve investigating whether Chiloé Island’s leeches
carry rickettsiae and whether these rickettsiae, according
to additional DNA sequence analysis, are closely related
to members of O. tsutsugamushi or if they represent a
new lineage within or closely related to the known forms
of Orientia. If no related rickettsiae are identified from
leeches, an alternative possibility is that trombiculid mites
are present on Chilo¢ Island and that these are the vectors
of the pathogen. However, the observation that the eschar
developed at the site of leech attachment would appear to
argue against an alternative vector. Nevertheless, chiggers,
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the proven vector free-living stage in the mite life cycle
that feeds on the vertebrate hosts, are small and easily
overlooked. Thus, a mite cannot be positively excluded
as the vector in this case. Whether other sporadic cases of
human rickettsial illness may have occurred in that area
should also be the subject of future investigation.

This study was supported by the Global Emerging Infections
Surveillance and Response System, a Division of the Armed Forces
Health Surveillance Center (work unit no. 0000188M.0931.001.
A0074); and National Institutes of Health, National Eye Institute
(grant no. EY090703).
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Geographic Distribution of Endemic
Fungal Infections among Older
Persons, United States?

John W. Baddley, Kevin L. Winthrop, Nivedita M. Patkar, Elizabeth Delzell, Timothy Beukelman,
Fenglong Xie, Lang Chen, and Jeffrey R. Curtis

To investigate the epidemiology and geographic
distribution of histoplasmosis, coccidioidomycosis, and
blastomycosis in older persons in the United States, we
evaluated a random 5% sample of national Medicare
data from 1999 through 2008. We calculated national,
regional, and state-based incidence rates and determined
90-day postdiagnosis mortality rates. We identified 776
cases (357 histoplasmosis, 345 coccidioidomycosis, 74
blastomycosis). Patient mean age was 75.7 years; 55%
were male. Histoplasmosis and blastomycosis incidence
was highest in the Midwest (6.1 and 1.0 cases/100,000
person-years, respectively); coccidioidomycosis incidence
rate was highest in the West (15.2). On the basis of available
data, for 86 (11.1%) cases, there was no patient exposure
to a traditional disease-endemic area. Knowledge of areas
where endemic mycosis incidence is increased may affect
diagnostic or prevention measures for older adults at risk.

ungal infections have become an increasing problem

for older persons in the United States (1-4). Compared
with years past, older adults today are more likely to be
considered for transplantation, receive aggressive regimens
of chemotherapy, or take immunosuppressive drugs for
rheumatologic or autoimmune diseases. In addition,
increasing longevity has enabled older adults to travel
and participate in outdoor activities where they might be
exposed to opportunistic fungal organisms that they did not
encounter in their youth or for which primary immunity has
waned. Major opportunistic infections in older adults include

Author affiliations: University of Alabama at Birmingham,
Birmingham, Alabama, USA (J.W. Baddley, N.M. Patkar, E. Delzell,
T. Beukelman, F. Xie, L. Chen, J.R. Curtis); Birmingham VA Medical
Center, Birmingham (J.W. Baddley); and Oregon Health and
Science University, Portland, Oregon, USA (K.L. Winthrop)

DOI: http://dx.doi.org/10.3201/eid1709.101987

1664

the endemic mycoses histoplasmosis, blastomycosis, and
coccidioidomycosis. These infections are acquired through
inhalation of spores in the environment and are often
associated with outdoor activities and geographic exposures
(2,5-8). Increasing age and decreasing cell-mediated
immunity as a result of transplantation, chemotherapy,
or other immunosuppressive medications (e.g., tumor
necrosis factor—a inhibitors) are the main predisposing
factors (1,2,9).

Few data describing the incidence and geographic
distribution of endemic mycoses in older persons in
the United States are available. For infections such as
histoplasmosis or blastomycosis, much of the information
regarding geographic distribution of infection was
described decades ago for younger adults (10,11). The most
frequently cited study that describes areas of endemicity for
histoplasmosis in the United States was published in 1969
by Edwards et al. (10). The study identified histoplasmosis
endemicity on the basis of histoplasma skin testing, a
diagnostic method of unknown sensitivity and probably
poor specificity. The study population was military
recruits; no older persons were included. In a recent report,
Chu et al. described hospitalizations for endemic mycoses
in adults and children by using 2002 Nationwide Inpatient
Sample Data (12). Hospitalization rates for adults were
described per region, but incidence rates, specifically for
older patients, were not available. Moreover, outpatient
cases were not captured; thus, rates were underestimated.
Additional contemporary data regarding endemic mycoses
among older persons in the United States are needed and
would be helpful for identifying disease patterns and the
geographic distribution of infection and for targeting areas

"This research was presented in part at the 74th American College
of Rheumatology Annual Meeting, November 7-11, 2010, Atlanta,
Georgia, USA.
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for focused disease prevention. We describe the geographic
distribution of endemic mycoses.

Methods

We conducted a retrospective cohort study by using
1999-2008 claims data for a random 5% national sample of
Medicare beneficiaries. Inclusion criteria for entry into the
cohort were as follows: 1) age >65 years at start of follow-
up; 2) having full Medicare coverage (parts A and B, not
in a Medicare Advantage plan) for at least 13 consecutive
months; 3) living in one of the 50 US states or Washington
DC; and 4) not having claims for any endemic mycosis
during a 12-month period before the start of follow-up (to
avoid misclassifying prevalent cases as incident cases).
Cohort follow-up began on the earliest date of meeting all
eligibility criteria and ended on the earliest of the date of
death, loss of full coverage, or diagnosis of endemic mycosis.

Clinical Data and Definitions

Patient data included demographics, concurrent
medical conditions, and diagnosis of endemic mycosis.
Endemic mycoses were identified by using codes from
the International Classification of Diseases, 9th Revision
(ICD-9) (histoplasmosis 115.x, coccidioidomycosis 114.x,
blastomycosis 116.x). An incident case of an endemic
mycosis required 1 inpatient claim (primary or secondary
hospital discharge diagnosis) or at least 2 outpatient claims
at least 7 days apart but within 90 days. Two outpatient
claims were used to improve definition specificity (13). For
a subpopulation of the cohort (beneficiaries with Medicare/
Medicaid Part D data from 2006 through 2007), outpatient
information about antifungal drugs was available. From
these data, we developed a more specific case definition
and compared results with our primary definition. The more
specific case definition was an ICD-9 code for the mycosis
plus receipt of a prescription for fluconazole, itraconazole,
or voriconazole within 60 days of the diagnosis.

Concurrent medical conditions were identified by use
of primary or secondary discharge diagnoses or outpatient
visit ICD-9 codes; they were defined as 1 physician claim
within 6 months before the case date. Diagnosis codes used
for specific conditions are as follows: chronic obstructive
pulmonary disease (COPD), 491, 492, 493.2, 496; chronic
kidney disease, 585; diabetes mellitus, 250; solid tumor
malignancy, 140-199 (excluding 173); hematologic
malignancy, 200-208; and neutropenia, 288.0. Mortality
rates were determined for 90 days after diagnosis.

Statistical Analyses

Descriptive statistics were calculated for demographic
and clinical characteristics. National, regional, and state-
based incidence rates (no. cases/100,000 person-years) were
determined for the endemic mycoses. State-specific crude
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incidence rates for the endemic mycoses were calculated as
the number of cases divided by the number of person-years
of observation among eligible participants residing in each
state. Nationwide incidence was obtained by computing
the number of total cases of each endemic mycosis divided
by the number of person-years of observation among
eligible participants in our sample. Geographic regions
were specified as South, Midwest, Northeast, and West
on the basis of 2010 Census definitions. The geographic
distribution of endemic mycoses was determined by
indicating incidences by state on a US map. The primary
geographic distribution analysis included all patients in
the cohort identified as having an endemic mycosis. A
secondary sensitivity analysis, excluding those patients
with a change in primary residence in the claims data during
the study period, was also performed to determine whether
persons who had recently moved affected incidence rates.
Finally, cases that occurred outside of traditional endemic
areas were identified.

We defined endemicity on the basis of previously
published studies describing geographic distribution
(8,10-12,14,15). Histoplasmosis-endemic states were
North Dakota, South Dakota, Nebraska, Kansas,
Oklahoma, Texas, Minnesota, lowa, Missouri, Arkansas,
Louisiana, Wisconsin, Illinois, Mississippi, Alabama,
Kentucky, Tennessee, Indiana, Michigan, Ohio, West
Virginia, Pennsylvania, New York, Georgia, North
Carolina, and South Carolina. Blastomycosis-endemic
states were histoplasmosis-endemic states plus Vermont.
Coccidioidomycosis-endemic states were California, Utah,
New Mexico, Arizona, Texas, Nevada, and Colorado.
Statistical analyses were performed by using SAS version
9.2 (SAS Institute, Inc., Cary, NC, USA).

Results

Patient Characteristics

The 5% random Medicare sample comprised 1,913,247
beneficiaries who were eligible for the analysis (Table 1).
Among these patients, 775 cases of endemic mycoses were
identified (357 histoplasmosis, 345 coccidioidomycosis,
74 blastomycosis), of which 244 (31.5%) were diagnosed
by outpatient visit codes only (Table 1). Patient mean age
was 75.7 years; 55% of patients were male. Concurrent
medical conditions among case-patients with any of the 3
mycoses mentioned above included COPD (34.8%, 95%
confidence interval [CI] 28.4%-39.8%), diabetes mellitus
(22%, 95% CI 19.9%-27.0%) solid malignancy (16.5%,
95% CI 11.9%-27.0%), and rheumatoid arthritis (5.2%,
95% CI 0-6.1%.) The frequency of underlying solid
malignancy was higher among patients with blastomycosis
(27%) than among patients with histoplasmosis (18.8%)
or coccidioidomycosis (11.9%). In contrast, COPD
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Table 1. Characteristics of Medicare beneficiaries with mycoses, United States, 1999-2008

No. (%) patients

Histoplasmosis, Coccidioidomycosis,  Blastomycosis, Total,
Characteristic n = 357 n = 345 n=74 n =1,913,247*
Male sex 180 (50.4) 200 (58.1) 42 (56.5) 807,204 (42.2)
White race 342 (95.8) 62 (89.9) 61 (82.4) 1,679,198 (87.8)
Region
Midwest 169 (47.3) 63 (18.3) 29 (39.2) 494,139 (25.8)
North 24 (6.72) 14 (4.0) 2(2.7) 375,987 (19.7)
South 145 (40.6) 25 (7.25) 41 (55.4) 733,676 (38.4)
West 19 (5.3) 243 (70.4) 2(2.7) 309,525 (16.2)
Rural locationt 137 (38.4) 52 (15.1) 34 (46.6) 502,973 (26.3)
Concurrent medical conditions
Chronic obstructive pulmonary disease 142 (39.8) 107 (31.0) 21(28.4) 102,936 (5.4)
Diabetes mellitus 71(19.9) 80 (23.2) 20 (27.0) 204,726 (10.7)
Solid malignancy 67 (18.8) 41 (11.9) 20 (27.0) 128,766 (6.7)
Hematologic malignancyzt 12 (3.4) <11 <11 13,393 (0.7)
Rheumatoid arthritis 19 (5.3) 21 (6.1) 0 21,046 (1.1)
Chronic kidney disease} 20 (5.6) 25(7) <11 13,393 (0.7)
Neutropeniat <11 <11 <11 3,826 (0.2)
90-day mortality§ 35(9.2) 32 (9.3) <11

*Random national sample of 5% of Medicare beneficiaries with claims during 1999-2008; selected for cohort were those who were age >65 years at start
of follow-up, had full Medicare coverage (parts A and B, not in a Medicare Advantage plan) for at least 13 consecutive months; lived in the 50 US states
or Washington, DC; and did not have claims for any endemic mycosis during a 12-month period before the start of follow-up. Mean age of those with

mycoses was 75.7 years.

tRural residential status defined by linkage of 9-digit ZIP codes to the rural-urban commuting area code for the corresponding census block.
tPer Centers for Medicare and Medicaid Services data use guidelines, cell sizes <11 cannot be shown.

§Those who died within 90 days after mycosis diagnosis.

was more common among patients with histoplasmosis
(39.8%) than among patients with coccidioidomycosis
(31%) or blastomycosis (28.4%). Mortality rate at 90 days
postdiagnosis was 9.5% and was similar for all endemic
mycoses.

Incidence Rates

In the United States, the highest incidence rate
was for histoplasmosis (3.3) (Figure 1), followed by
coccidioidomycosis (3.2) (Figure 2) and blastomycosis

% ¥

1.14-1.86

0.55-0.99
2.07-3.06 W 3.26-5.19
N 560-7.39 N 7.84-12.30

Figure 1. Geographic distribution of histoplasmosis in persons
>65 years of age, United States, 1999-2008. Values are no.
cases/100,000 person-years.
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(0.7) (Figure 3; Table 2). A geographic distribution was
evident (Figure 1). Incidence rates for histoplasmosis were
highest for the Midwest (6.1), especially Indiana (13.0) and
Arkansas (12.0). Incidence rate for coccidioidomycosis
was highest in the West (15.2), especially in Arizona (90.5)
and California (10.1). Incidence rate for blastomycosis
incidence was greatest in the Midwest (1.0), especially
Mississippi (6.4) and Wisconsin (5.7).

Cases of all 3 mycoses were identified in patients
living outside traditional mycosis-endemic areas. To
better assess these cases from non—mycosis-endemic
areas, we identified whether patients had a medical claim
in a traditional mycosis-endemic area during the study
period (suggestive of travel to such an area) or previously
resided in a mycosis-endemic area (based on residence
while enrolled in Medicare). Of 357 histoplasmosis case-
patients, 42 (11.8%) had no exposure to a mycosis-endemic
area on the basis of available claims data. This finding was
similar for blastomycosis (<11/74) and coccidioidomycosis
(37/345, 10.7%) cases.

Alternative Case Definition

During 2006-2007, cases for 17 outpatients were
identified by ICD-9 code only; Medicare Part D drug
data were available. Among these patients, 10 (59%) had
received a prescription for an antifungal drug in the 2
months after diagnosis (2/8 with histoplasmosis, 5/6 with
coccidioidomycosis, 3/3 with blastomycosis).
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Figure 2. Geographic distribution of coccidioidomycosis in persons
>65 years of age, United States, 1999-2008. Values are no.
cases/100,000 person-years.

Discussion

This retrospective cohort study defined geographic
distribution of endemic mycoses in older persons in the
United States enrolled in Medicare and may help improve
diagnostic or prevention measures for those at risk.
These endemic mycoses were geographically distributed,
but not all occurred in a traditionally mycosis-endemic
area. Histoplasmosis was most common, although
the highest state-based incidence rates were seen for
coccidioidomycosis. As older persons in the United States
continue to travel and participate in outdoor activities,
exposure to these pathogens may increase. Moreover,
increasing age and decreasing cell-mediated immunity
as a result of transplantation, chemotherapy, or other
immunosuppressive medications increase the risk for
endemic mycoses (1,9). Overall, most cases occurred in
patients without known immunocompromising conditions.

Studies estimating US incidence of histoplasmosis,
coccidioidomycosis, or blastomycosis are limited,
especially among older Americans. Our data suggest that the
geographic distribution of these mycoses in older persons
in the United States enrolled in Medicare is consistent with
prior descriptions for younger patients (10,12); however,
~10% of cases were identified in patients with primary
residencies outside of mycosis-endemic regions. Our
findings of increased incidence of histoplasmosis in the
Southeast and Midwest were similar to prevalence estimates
with use of skin testing among US Navy recruits (12). Our
study expands on that early research by identifying cases
of histoplasmosis, not antigen sensitivity, in an older
population not described previously. Chu et al. reported a
similar distribution of infection among children and adults
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with use of a similar case-finding method but evaluated
only hospitalization data, potentially underestimating cases
(12). Approximately 30% of our cases were identified only
by outpatient physician claims.

Otherstudies have evaluated endemic mycosesinolder
adults but have not evaluated US geographic distribution
(2,4). Leake et al. reported that coccidioidomycosis was
more likely to develop in elderly persons who had recently
moved to Arizona (2). Blair et al. compared clinical
manifestations of coccidioidomycosis among older and
younger patients and determined that immunosuppression,
independent of age, was a predictor of widespread
coccidioidomycosis (4). We used a sensitivity analysis
and compared the complete cohort and a cohort that did
not include patients who moved during the study but
found that those who had recently moved did not affect
regional incidence rates (data not shown). Of note, =10%
of patients with an endemic mycosis had not lived or
received medical services (based on available claims data)
in a traditionally mycosis-endemic area, underscoring the
need to consider these infections even in non—mycosis-
endemic areas.

In our study population, concurrent conditions were
common and, for the most part, similar in frequency among
the endemic mycoses. COPD was the most common
underlying disease for each endemic mycosis. Chu et al.
found that immunosuppression, defined as hematologic
or immunologic deficiency or transplantation, was more
common in cases of histoplasmosis, when compared
with the other endemic mycoses (12). Although we
did not define immunosuppression as reported by Chu
et al., solid malignancy was more frequent in cases of
blastomycosis. In most cases, patients were without known
immunocompromising conditions. Overall mortality rate

y

0.16-0.38 0.39-0.86
1.18-1.25 W 1.38-2.17
. 2.21-6.29

Figure 3. Geographic distribution of blastomycosis in persons
>65 years of age, United States, 1999-2008. Values are no.
cases/100,000 person-years.
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Table 2. Incidence of endemic mycoses among cohort of Medicare beneficiaries, by region, United States, 1999-2008*

No. cases/100,000 person-years (95% confidence interval)

Location Histoplasmosis, n = 357 Coccidioidomycosis, n = 345 Blastomycosis, n = 74
Midwest 6.1 (5.3-7.1) 2.0 (1.5-2.6) 1.1 (0.7-1.5)
Northeast 1.1(0.7-1.7) 0.5 (0.3-0.9) 0.05 (0.01-0.30)
South 3.5(3.04.1) 0.6 (0.4-0.9) 1.0 (0.8-1.4)
West 1.1(0.7-1.7) 15.2 (13.4-17.2) 0.1 (0.03-0.50)
All of United States 3.4 (3.0-3.7) 3.2 (2.9-3.6) 0.7 (0.6-0.9)

*Random national sample of 5% of Medicare beneficiaries with claims during 1999-2008; selected for cohort were those who were age >65 years at start
of follow-up, had full Medicare coverage (parts A and B, not in a Medicare Advantage plan) for at least 13 consecutive months; lived in the 50 US states
or Washington, DC; and did not have claims for any endemic mycosis during a 12-month period before the start of follow-up. Mean age of those with

mycoses was 75.7 years.

for patients with endemic mycoses was low and similar to
that seen by Chu et al. (12).

The use of Medicare 5% sample data enables national
representative estimates of disease occurrence in older
Americans, but several limitations deserve mention. The
results described from 5% sample Medicare data may not
be representative of the entire older American population
and may not be valid for other populations outside the
United States or for those with other insurance plans.
There may be some degree of ascertainment bias because
recognition of cases may vary by geographic region. The
validity of our identification of presumed cases of endemic
mycoses by using ICD-9 codes in claims data are uncertain.
Few published data are available that evaluate the positive
predictive value of codes for endemic mycoses, compared
with other case ascertainment methods, but positive
predictive values for opportunistic mycoses approach 70%
(16-18). Our validation, with use of 2006-2007 Medicare
Part D drug data for outpatients, suggests that our primary
definition is reasonably specific for defining cases of
coccidioidomycosis or blastomycosis.

In conclusion, among this cohort of Medicare
beneficiaries, histoplasmosis was the most common
endemic mycosis. Geographic distribution among
older persons in the United States for histoplasmosis,
coccidioidomycosis, and blastomycosis is evident,
although =10% of cases were identified for patients
without evidence of claims or residence in traditionally
mycosis-endemic areas. Knowledge of areas of increased
incidence may improve diagnostic or prevention measures
in older adults at risk for endemic mycoses, including those
receiving immunosuppressive medications or with new
environmental exposures.

This study was supported by the Agency for Healthcare
Research and Quality (ROIHS018517). E.D. received research
support from Amgen.
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Seroepidemiologic Study of
Pandemic (H1N1) 2009 during
Outbreak in Boarding School,

England

Sandra Johnson, Chikwe Ihekweazu, Pia Hardelid, Nika Raphaely, Katja Hoschler,
Alison Bermingham, Muhammad Abid, Richard Pebody, Graham Bickler, John Watson,
and Eamonn O’Moore

We conducted a seroepidemiologic study during an
outbreak of pandemic (H1N1) 2009 in a boarding school in
England. Overall, 353 (17%) of students and staff completed
a questionnaire and provided a serum sample. The attack
rate was 40.5% and 34.1% for self-reported acute respiratory
infection (ARI). Staff were less likely to be seropositive than
students 13-15 years of age (staff 20—49 years, adjusted
odds ratio [AOR] 0.30; >50 years AOR 0.20). Teachers were
more likely to be seropositive than other staff (AOR 7.47,
95% confidence interval [Cl] 2.31-24.2). Of seropositive
persons, 44.6% (95% Cl 36.2%-53.3%) did not report
ARI. Conversely, of 141 with ARI and 63 with influenza-like
illness, 45.8% (95% CIl 37.0%-54.0%) and 30.2% (95%
Cl 19.2%-43.0%) had negative test results, respectively.
A weak association was found between seropositivity and
a prophylactic dose of antiviral agents (AOR 0.55, 95% CI
0.30-0.99); prophylactic antiviral agents lowered the odds
of ARI by 50%.

In April 2009, an influenza A subtype HINI virus was
isolated from persons in Mexico and the United States
(1). This virus was responsible for the first influenza
pandemic of the 21st century. The first cases of pandemic
influenza A (HIN1) 2009 virus infection in the United
Kingdom were reported on April 27, 2009, in a married
couple who returned to Scotland after visiting Mexico

Author affiliations: Health Protection Agency, London, UK (S.
Johnson, C. Ihekweazu, P. Hardelid, K. Hoschler, A. Bermingham,
R. Pebody, G. Bickler, J. Watson); and Health Protection Agency,
Oxfordshire, UK (N. Raphaely, M. Abid, E. O’Moore)
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(2). Several school outbreaks were reported soon after the
virus was introduced into the United Kingdom (3,4), and
influenza transmission in school settings was suggested as
one of the primary drivers of the spread (5). In the United
Kingdom, boarding schools have long been recognized
as a good indicator population for the onset of seasonal
influenza, leading to the establishment of Medical Officers
of Schools Association surveillance scheme (6). In many
schools, a high percentage of students and staff receive a
seasonal influenza vaccine each year.

On May 27, 2009, a case of pandemic (HINTI)
2009 virus infection was confirmed in a student at a
large boarding school in southeastern England from a
respiratory sample submitted through the Medical Officers
of Schools Association scheme. Public health authorities
subsequently established that an ongoing outbreak of
influenza-like illness (ILI) had occurred in this school
in the 2 weeks before identification of the index case.
Thirteen persons with onset of symptoms on or before
that of the index case-patient also had positive test results,
and health officials hypothesized that many unconfirmed
clinical cases were also caused by infection with the
emergent strain. This was the first recognized outbreak
of the pandemic strain in a boarding school in the United
Kingdom. In accordance with the Health Protection
Agency’s (HPA) guidance at the time, postexposure
antiviral prophylaxis was offered to all staff and students,
and any person exhibiting symptoms of ILI was offered
testing and prescribed a treatment dose of antiviral drugs.
This outbreak and the public health control measures have
been reported (7).
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Influenza viruses are readily transmitted among
residents in enclosed institutional settings (8). Challenge
studies have suggested that one third of persons infected by
influenza may be asymptomatic (9). In population studies,
the proportion of asymptomatic influenza infections has
been estimated at 50% (10), but whether similar proportions
exist for pandemic (HINI) 2009 is uncertain. Evidence
exists regarding the effect of previous seasonal influenza
vaccination on the acquisition of pandemic (HIN1) 2009
(11-15). This outbreak, with apparent transmission to many
students before it was reported, provided opportunities to
quantify rates of asymptomatic infection in a closed setting
and study the association between exposure to the 2008—09
seasonal influenza vaccine and the use of antiviral agents
with pandemic influenza (HIN1) 2009. We conducted a
seroepidemiologic study in a boarding school population
to describe the clinical spectrum of disease caused by the
2009 pandemic strain and to quantify the proportions of
symptomatic and asymptomatic infections.

Methods

The study population was the 1,307 students and 825
staff attending and working at the boarding school, and all
were invited to participate in the study. However, because
the investigation occurred during an examination period,
not all students and staff were present, and the exact number
staying at the school during this period is unknown. All
students were boarders; some staff members lived on the
school grounds, and others lived outside.

Most of the outbreak cases occurred in May 2009.
Study participants were asked to complete an online
questionnaire and provide a single serum sample. Samples
were collected from June 11 through June 26, the last day
of term. Collection of data from the online questionnaire
also began on June 11 and continued until October 15.

Serologic testing by hemagglutination inhibition (HI)
was carried out as previously described (16—18) at the Centre
for Infections, HPA, London, using egg-grown NIBRG122
(reverse genetics derivative of A/Engl/195/2009). Serum
specimens were pretreated with receptor-destroying
enzyme II (Denka Seiken Co., Ltd, Tokyo, Japan), 1:4 (vol/
vol), at 37°C for 19 h, followed by heat inactivation at 56°C
for 1 h. The assay was performed by mixing 25 pL of virus
suspension (containing 4 hemagglutinating units) with an
equal volume of receptor-destroying enzyme Il-treated
serum, followed by 1 h incubation at room temperature,
after which 25 pL of 0.5% (vol/vol) turkey erythrocytes
was added to each well. Serum specimens were tested
in a 2-fold serial dilution series with an initial dilution
of 1:8 and ending at 1:1,024. Titers were expressed as a
reciprocal of the highest serum dilution that fully prevented
hemagglutination. Serum specimens with no reactivity in
the first dilution (<8; considered negative) were assigned a

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

Seroepidemiologic Study of Pandemic (H1N1) 2009

titer of 4; serum specimens that showed titers >1,024 were
assigned a numerical value of 1,024 for statistical analysis.
Serologic samples were excluded from statistical analyses
if a person had reported illness within 14 days of sample
collection because previous data suggested that 14-21 days
is required for a measurable immune response (18).

The online questionnaire collected data on demographic
characteristics: sex; age (age groups, years: 13—15, 1618
[students]; 20—49, >50 [staff]); symptoms; severity (self-
described as mild, moderate, severe); self-reported use
of antiviral drugs for treatment or prophylaxis; and self-
reported 2008—09 seasonal influenza vaccination. Results
from these questionnaires were subsequently linked to
the serology results. Questionnaires were excluded if the
person reported being away from the school during the
outbreak or if symptom onset occurred after June 10, 2009.

The outcomes of interest were seropositivity and
clinical cases of acute respiratory infection (ARI).
Seropositivity was defined as having an HI titer >32, i.e.,
a titer 4% the minimum detection limit. Similar definitions
have been used in population-based serosurveys in other
countries (19,20) and have been shown to be specific in
identifying recent infection in children (21). For sensitivity
analysis, we refitted the final logistic regression model
(below) using an alternative cutoff value of 1:8, the
minimum detection limit (22).

A clinical case of ARI was defined as a person
reporting any one of the following respiratory symptoms;
runny/blocked nose, sore throat, or cough. Those reporting
ARI were further subcategorized into a more specific case
definition, i.e., cases of ILI, defined as a person reporting
>1 of the symptoms listed above and fever. Exposures
of interest were the use of antiviral drugs, prescribed for
prophylaxis or treatment, and seasonal trivalent influenza
vaccine in the previous year (2008-09).

We estimated the proportion of asymptomatic cases
by determining the proportion of the population with
positive serologic test results but no symptoms of ARI.
We also estimated the attack rate for those with ARI, ILI,
and positive serologic test results and their distribution
according to demographic variables.

Logistic regression models were constructed to
estimate the independent association of antiviral drugs
and seasonal influenza vaccine and the odds of being
seropositive or having an ARI. Age was included in the
model as a covariate; other linear predictors were included
if model fit was significantly improved (likelihood-ratio
[L-R] test p<0.05). Interaction between age group and
antiviral agents for prophylaxis; and seasonal influenza
vaccine was tested to determine whether these associations
between predictors and seropositive status and ARI differed
according to age group, and therefore according to student
and staff categories. If interaction was observed (i.e., the
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model was improved by including the interaction term),
students and staff would be reported separately. A further
model was also fitted for staff to investigate whether staff
role and sex were associated with a seropositive status or
ARI. Data analysis was carried out by using Stata version
11 (StataCorp LP, College Station, TX, USA).

Informed consent was sought from all students and
their parents or guardians if students were <16 years old.
Because this was a field epidemiology study conducted
during an emerging pandemic and involved a novel virus
with unknown clinical effects, HPA did not require formal
ethical approval since any information gained was essential
in illuminating the effects of the infection and indicating
possible control measures.

Results

Sample Population

In total, 746 questionnaires were completed online,
of which 695 (93.2%) met the inclusion criteria (Figure).
This represented 35.9% of the 1,307 students and 27.4%
of 825 staff who usually reside at the school. In total,
411 persons gave a serum sample and 353 (85.9%) were
matched to a valid questionnaire (Figure). Of persons with
a questionnaire and matched serologic test result, 216 were
students and 137 staff, which accounts for 16.5% of the
registered student population and 16.6% of the registered
staff population; these 353 persons composed our final
cohort (Figure).

Representativeness of Study Populations

The distribution of the study population by age, sex
(staff only; all students were male), occupation (staff only),
self-reported illness, history of seasonal influenza vaccine
in the previous year, and the use of antiviral agents is
shown in the online Appendix Table (www.cdc.gov/EID/
content/17/9/100761-appT.htm). To determine whether our
sample was representative of the total school population,
we compared the final study population (questionnaire and
matched serologic results) to those who completed only
the questionnaire and to the whole school population. For
staff, the proportion of men and women in the final study
population was similar to the proportion that answered the
questionnaire only (51.8% vs. 48.2% and 48.2% vs. 51.8%,
respectively; x> p = 0.58). The proportions of students in
age groups 13—15 years and 16-18 years were similar for
those completing a questionnaire only (46.7% vs. 53.3%)
compared to those in the matched study sample (41.7% vs.
58.3%; x> p = 0.25) (online Appendix Table), and similar
to the school’s student population. Teaching staff made up
31.6% of those of the final study population and 38.6% of
the questionnaire-only population (3> p=0.52). For persons
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Figure. Number and proportion of boarding school staff and student
populations who completed a questionnaire and had matched
serologic test results, England, 2009.

reporting ARI, differences were significant between those
who completed a questionnaire only and those who also
gave a blood sample for students (37.3% vs. 48.3%; ¥* p
= 0.020) and staff (10.2% vs. 30.8%; x> p<0.001). This
selection bias could have led to an overestimation of the
infection attack rate.

Symptoms by Self-reported lliness
and Serologic Test Results

For ARI, the attack rate was estimated at 35.9%,
(237/661, 95% confidence interval [CI] 32.2%-39.6%)
or 16.6% (110/661, 95% CI 13.9%—19.7%) by using the
definition for ILI (online Appendix Table). Of those who
reported ARI and ILI, serologic test results were negative
for 64/141 (45.4%, 95% CI 37.0%—54.0%) and 19/63
(30.2%, 95% CI 19.2%-43.0%) persons, respectively.

We found 143 seropositive persons, which gives an
attack rate for infection of 40.5% (95% CI 35.3%—45.8%;
Table 1). Of these 143 persons, 4 students did not answer the
question relating to their illness status, and of the remaining
139 persons for whom illness history was available, 62
(44.6%, 95% CI 36.2%—53.3%) did not report ARI.

In crude analyses, persons who reported ARI were
more likely to be seropositive (62/199, 54.2%; crude odds
ratio [OR] 2.66, 95% CI 1.70—4.16) than were those without
illness (77/141, 29.9%). The odds of having serologic
evidence of infection increased when the illness reported
met the case definition for ILI (crude OR 4.44, 95% CI
2.45-8.02) (Table 1).

We also found an association between severity
of reported illness and seropositivity. Overall, those
reporting moderate or severe illness were more likely to
be seropositive than those reporting mild illness (crude OR
2.21,95% CI 1.10-4.41). We found no association between
seropositivity and duration of illness (Table 1).
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taking a treatment dose were students (16/20, 80%) (Table
2). All students completed their prophylactic course of

Overall, fewer students reported antiviral drug use antiviral agents vs. 91% of staff. More students reported
than did staff (59.4% vs. 80.0%, p<0.001). Most of those  having had the 2008-09 trivalent seasonal influenza

Table 1. Association of demographic characteristics, clinical illness, and interventions with study participants’ positive serologic test
results during outbreak of pandemic (H1N1) 2009 at a boarding school, England*

No. (%) with positive

Variable No. participants serologic test result Odds ratio (95% ClI)
Total 353 143 (40.5)
Demographics
Category
Students 216 123 (56.9) 7.74 (4.48-13.35)
Staff 137 20 (14.6) 1
Age group, y
13-15 90 46 (51.1) 1
16-18 126 77 (61.1) 1.50 (0.87-2.60)
20-49 71 12 (16.9) 0.19 (0.09-0.41)
>50 66 8(12.1) 0.13 (0.06-0.31)
Sex, staff onlyt
F 71 5(7.0) 1
M 66 15 (22.7) 3.88 (1.32-11.39)
Role, staff onlyt
Nonteaching 93 6 (6.5) 1
Teaching 43 14 (32.6) 7.00 (2.46-19.90)
Clinical illness
ARI
No 199 62 (31.2) 1
Yes 141 77 (54.6) 2.66 (1.70-4.16)
ILI
No 277 95 (34.3) 1
Yes 63 44 (69.8) 4.44 (2.45-8.02)
Severity, n = 153§
Mild 81 38 (46.9) 1
Moderate and severe 59 39 (66.1) 2.21 (1.10-4.41)
Duration, d, n = 153§
1-2 14 6 (42.9) 1
3-6 52 27 (51.9) 1.44 (0.44-4.73)
7-10 18 12 (66.7) 2.67 (0.63—-11.28)
>10 23 14 (60.9) 2.07 (0.54-8.00)
Interventions
Took antiviral drugs
No 96 48 (50) 1
Yes 207 68 (32.9) 0.49 (0.30-0.80)
Use of antiviral drugs: PEP vs. treatment dose
No antiviral drugs 96 48 (50.0)
PEP dose only 187 56 (30.0) 0.43 (0.26-0.71)
Treatment dose 20 12 (60) 1.5 (0.56-4.00)
Completion of PEP course of antiviral drugs{
No antiviral drugs 96 48 (50.0) 1
Completed 25 9 (36.0) 0.56 (0.23—1.40)
Not completed 159 45 (28.3) 0.39 (0.23-0.67)
Seasonal influenza vaccine
No 105 29 (27.6) 1
Yes 230 106 (46.1) 2.24 (1.36-3.69)

*Categories in which the response was missing or unknown are shown in the online Appendix Table (www.cdc.gov/EID/content/17/9/100761-appT.htm).
Cl, confidence interval; ARI, acute respiratory infection; ILI, influenza-like illness; PEP, postexposure prophylaxis.

TAll students were male.

11 staff member was not included in the analysis because his occupation was unknown.

§Of those that self-reported ARI.

f[Excluding those who reported taking the treatment dose of antiviral drugs.
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Table 2. Association of demographic characteristics and interventions with study participants’ reports of ARI during outbreak of

pandemic (H1N1) 2009 at a boarding school, England*

Variable

No. participants

No. (%) with ARI Odds ratio (95% Cl)

Total 695 237 (34.1)
Demographics
Category
Students 469 187 (39.9) 2.53 (1.75-3.65)
Staff 226 50 (22.1) 1
Age group, y
13-15 219 75 (34.2) 1
16-18 250 112 (44.8) 1.55 (1.06-2.28)
20-49 111 32 (28.8) 0.70 (0.42-1.15)
>50 87 18 (20.7) 0.48 (0.26-0.86)
Sex, staff onlyt
F 109 24 (22.0) 1
M 117 26 (22.2) 0.98 (0.52-1.83)
Role, staff only
Nonteaching 135 26 (19.3) 1
Teaching 85 23 (27.1) 1.48 (0.78-2.82)
Interventions
Took antiviral drugs
No 198 81 (40.9) 1
Yes 393 110 (28.0) 0.55 (0.38-0.79)
Use of antiviral drugs: PEP vs. treatment dose
No antiviral drugs 198 81 (40.9) 1
Yes, PEP 352 78 (22.2) 0.40 (0.27-0.59)
Yes, treatment dose 41 32 (78.1) 4.87 (2.20-10.77)
Completion of PEP course of antiviral drugst
No antiviral drugs 198 81 (40.9) 1
Not completed 51 14 (27.5) 0.44 (0.17-1.15)
Completed 294 62 (21.1) 0.38 (0.22-0.65)
Seasonal Influenza vaccine
No 216 66 (30.6) 1
Yes 425 161 (37.9) 1.35 (0.95-1.92)

*Categories in which the response was missing or unknown are shown in the online Appendix Table (www.cdc.gov/EID/content/17/9/100761-appT.htm).
ARI, acute respiratory infection; Cl, confidence interval; PEP, postexposure prophylaxis.

TExcluding those who reported taking the treatment dose of antiviral drugs.

vaccine than staff (81.1% vs. 50.0%; p<0.0001 in the
matched sample).

In logistic regression models for ARI and serologic
status (Table 3), including age group, significantly
improved the fit of the models (both L-R tests p<0.001
compared models, including only antiviral drug use and
vaccination status). No evidence of effect modification was
found between age group and antiviral drugs or vaccination
status for either outcome (L-R test p = 0.87 and p = 0.77,
respectively). Therefore, stratified models were not fitted
for staff and students.

Staff in the age groups 20-49 years and >50 years
(adjusted ORs [AORs] 0.30 [95% CI 0.12-0.73] and 0.20
[95% CI 0.08-0.53], respectively) were less likely to have
positive serologic test results than students 13—15 years of
age (Table 3). This effect was not observed when ARI was
used as the outcome. Weak evidence suggests that those
1618 years of age were more likely to be seropositive and
have ARI than those 13—15 years of age (AOR 1.85 [95%
CI0.95-3.60] and 1.57 [95% CI 0.98-2.53], respectively).
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Although odds of seropositivity did not increase
significantly with receipt of 2008-09 seasonal influenza
vaccine (p = 0.10), the point estimate was >1.

Likewise, the point estimate of the AOR for the
association between taking a prophylactic dose of antiviral
drugs and seropositivity was <1 (p = 0.045). In a similar
model, with ARI as the outcome of interest, having received
a prophylactic dose significantly reduced the odds of ARI
(AOR 0.41, 95% CI 0.27-0.61).

For the staff-only models (Table 4), staff role improved
the model that predicted serologic results and ARI (L-R test
p <0.001 and 0.01, respectively). After staff role was taken
into account, including sex as a factor did not improve the
accuracy of either model and was therefore not included.
For the multivariable logistic regression model, which
included only staff, age groups, staff role, exposure to
prophylactic dose of antiviral agents, and having received
the 2008—09 seasonal influenza vaccine were considered.
Teachers were more likely be seropositive than other
staff members (AOR 7.47, 95% CI 2.31-24.18), and no

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



Table 3. Multivariable analysis of all study participants in relation
to having ARI or serology-confirmed infection during outbreak of
pandemic (H1N1) 2009, England*
AOR (95% Cl) for
ARI in questionnaire

AOR (95% CI) for
positive test result

Variable sample in matched sample
Age group, y
13-15 1 1
16-18 1.57 (0.98-2.53) 1.85 (0.95-3.60)
20-49 1.00 (0.53-1.89) 0.30 (0.12-0.73)
>50 0.66 (0.32—-1.34) 0.20 (0.08-0.53)

Togk antiviral drugs for PEPt
No 1

Yes 0.41 (0.27-0.61) 0.55 (0.30-0.99)
Seasonal Influenza vaccine

No 1 1

Yes 1.01 (0.63-1.62) 1.81 (0.91-3.59)

*For ARI, n = 654 who completed questionnaires; for serology-confirmed
infection, n = 333 who completed questionnaires and had a matched
serology sample. ARI, acute respiratory infection; AOR, adjusted odds
ratio; Cl, confidence interval; PEP, postexposure prophylaxis.

tPersons who reported taking treatment dose of antiviral agents were
excluded.

association was found between seropositivity outcome
and age, taking the prophylactic dose of antiviral drugs, or
receiving the influenza vaccine (Table 4).

When the final logistic models were refitted by using
the minimum detection limit (>1:8) to define seropositive
status, this change made little difference to the point
estimates of the ORs for antiviral drug use, age group,
or seasonal vaccine. For the staff-only model, using a
cutoff value >1:8 changed the point estimates for taking
antiviral agents and age groups (>50 vs. 2049 years) to
>1; however, neither linear predictor was significantly
associated with the outcome with either cutoff value.

Discussion

This study describes the seroprevalence of infection
with the pandemic (HIN1) 2009 virus in an enclosed
institutional environment and provides evidence of
widespread infection among both students and staff before
the outbreak became evident to public health authorities.
Attack rates for infection were estimated as 40.5% by
serologic testing and as 34.1% by clinical illness (ARI).
An estimated 44.7% serology-positive persons did not
report symptoms of ARI, which agreed with previous
findings (10,23). No significant association was found
between seropositivity and prophylaxis with antiviral
drugs, although some evidence showed that it reduced
the odds of ARI. The point estimate of the AOR indicated
nonsignificant increased odds of infection (indicated by
serologic results) for persons who had received the 2008—
09 seasonal influenza vaccine, although it did not increase
the odds for ARI.

Our study has some limitations, however. The
uncertainty regarding the associated illness of pandemic

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

Seroepidemiologic Study of Pandemic (H1N1) 2009

(HINT) 2009 at the time the study was initiated made the
selection of a random sample not feasible. A pragmatic
approach was therefore chosen to offer the entire school
population the opportunity of being included in the study,
resulting in 17% of the registered school population
providing a serum sample. Because the study was conducted
during an examination period, and some students and staff
were absent, the size of the population from which the
study sample was drawn is not known. However, because
this was definitely less than the registered population, our
response rate estimation was conservative. The distribution
of our study population was not significantly different
from the school’s population in age, school year, and sex
(among teachers). However, the subsample of persons who
provided a serum sample likely were not representative
of persons who answered the questionnaire. For example,
persons who provided a serum sample were more likely to
have reported an ARI than persons who responded to the
questionnaire only. This resulted in the overestimation of
attack rates. Selection bias in the serology study subsample
is also evident in the ORs for the 2008—09 seasonal influenza
vaccine, for which the ORs were different, according to
whether a serologic or clinical outcome was used, because
the effect would be expected to be in the same direction. In
addition, vaccination status was self-reported and could not
be validated against official records, and we did not collect
dates that antiviral drugs were used from each person.

We used a cutoff value of an HI titer >32 to indicate
recent seroconversion. A previous study (18) has indicated
that cross-reactive antibody to pandemic (HIN1) 2009 virus
was prevalent in England’s population before the pandemic
and that seroprevalence was strongly associated with age.
In addition, a high proportion of children at the school

Table 4. Multivariable analysis of staff only in relation to having
ARI or serology-confirmed infection during outbreak of pandemic
(H1N1) 2009, England*
AOR (95% Cl) for AOR (95% ClI) for
ARl in questionnaire positive test result in

Variable sample matched sample
Age group, y

20-49 1 1

>50 0.71 (0.32-1.57) 0.91 (0.26-3.14)
Role

Nonteaching 1 1

Teaching 1.18 (0.56-2.52) 7.47 (2.31-24.18)
Took antiviral drugs for PEPt

No 1 1

Yes 0.34 (0.15-0.77) 0.66 (0.18-2.39)
Seasonal influenza vaccine 1

No 1 0.76 (0.35-1.67)

Yes 2.36 (0.69-8.11) 2.36 (0.69-8.11)

*n = 226. AR, acute respiratory infection; AOR, adjusted odds ratio; Cl,
confidence interval; PEP, postexposure prophylaxis.

tPersons who reported taking the treatment dose of antiviral drugs were
excluded.
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had been vaccinated and were therefore unlikely to be
representative of children in England. Conflicting evidence
exists regarding the effect of prior trivalent influenza
vaccination on cross-reactive titers for pandemic (HIN1)
2009 virus in persons <55 years of age (21,24). Therefore,
some misclassification of cases (persons who seroconverted
as a result of exposure to pandemic [HINI] 2009 virus)
likely occurred, leading to possible overestimation of
the proportion of asymptomatic patients. However, the
proportion of misclassified seropositive persons is likely
small, particularly among children. Ideally, paired samples
(collected before and after the outbreak) would have been
able to measure seroconversion; however, this opportunity
was not available.

These results highlight the fact that, depending on the
virulence and transmissibility of an emerging influenza
pandemic virus, extensive transmission may occur in a
closed setting and thus by implication in the community
over and above the observed clinical disease. This finding
has notable implications for predicting the future course
of a pandemic because the subsequent pool of those
susceptible after initial transmission will diminish (18).
Current policy in closed settings in the United Kingdom
is to isolate or place symptomatic persons in cohorts after
diagnosis to minimize the risk for onward transmission.
If a substantial proportion of mildly symptomatic or even
possibly asymptomatic persons were able to transmit
infection, current policy would be of limited value. First,
infection may be widespread within an institution long
before it becomes apparent to public health authorities;
second, a large number of persons may be infected but
asymptomatic or mildly symptomatic when the first case
is diagnosed. Although conclusions can be drawn from this
study that rapid transmission of influenza occurred in this
environment and that infection may not always produce
symptoms, the evidence of transmission of the influenza
virus by asymptomatic persons remains scant (25).

Our findings indicate that the use of prophylactic
antiviral agents lowers the odds of an ARI by =50%
but has no effect on reducing the odds of serologic
infection. Several interpretations of these findings are
possible; for example, while prophylactic antiviral
agents might not reduce the risk for infection, they could
protect from clinical disease. Published evidence from
the occurrence of seasonal influenza has indicated that
timely administration of prophylactic antiviral agents to
close contacts of infected persons reduces the risk for
disease (26). However, our results should be viewed with
caution. First, the serology sample was a much smaller
subset of the questionnaire survey respondents, and the
results for a serologic outcome indicate a lack of power.
Thus, the effectiveness of antiviral prophylaxis would
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be underestimated. Also, the low specificity of the case
definition for ARIs could lead to an overestimation of the
effect on clinical disease.

The association between self-reported illness and
severity of illness with an increasing likelithood of
seropositivity suggests that even in facilities with a limited
diagnostic capacity, simple definitions of ILI may be a
more specific indicator of the true presence of infection
in communities in which a proven outbreak is under way.
Fever was an essential part of the clinical case criteria for
testing in the United Kingdom, in contrast to the United
States, where the clinical criteria were either a “respiratory
illness” (recent onset of >2 of the following: rhinorrhea/
nasal congestion, sore throat, cough, fever or feverishness)
or an ILI (fever >37.8°C [100°F], plus cough or sore throat).

This study has demonstrated evidence of widespread
infection with pandemic (HIN1) 2009 virus in a closed
setting, with a substantial proportion of asymptomatic
persons. Although the study highlights the difficulties of
obtaining a large representative sample from a boarding
school population during a pandemic influenza outbreak, it
also illustrates the value of such rapid field epidemiologic
investigations in understanding an emergent threat. This
was particularly relevant during the emergence of pandemic
(HINT) 2009 virus at a time when its pathogenicity was
uncertain and the benefit of using antiviral agents for
postexposure prophylaxis was unclear. The results of this
seroepidemiologic study in an outbreak setting during the
pandemic of novel pandemic (HIN1) 2009 highlight the
need for health authorities to agree on protocols for similar
investigations during future pandemics.
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Leptospirosis as Frequent Cause
of Acute Febrile lllness In Southern
Sri Lanka

Megan E. Reller, Champika Bodinayake, Ajith Nagahawatte, Vasantha Devasiri,
Wasantha Kodikara-Arachichi, John J. Strouse, Judith E. Flom, J. Stephen Dumler,
and Christopher W. Woods

To determine the proportion of fevers caused
by leptospirosis, we obtained serum specimens and
epidemiologic and clinical data from patients in Galle, Sri
Lanka, March—October 2007. Immunoglobulin M ELISA was
performed on paired serum specimens to diagnose acute
(seroconversion or 4-fold titer rise) or past (titer without rise)
leptospirosis and seroprevalence (acute). We compared
(individually) the diagnostic yield of acute-phase specimens
and clinical impression with paired specimens for acute
leptospirosis. Of 889 patients with paired specimens, 120
had acute leptosoirosis and 241 had past leptospirosis. The
sensitivity and specificity of acute-phase serum specimens
were 17.5% (95% confidence interval [Cl] 11.2%—25.5%)
and 69.2% (95% Cl 65.5%-72.7%), respectively, and of
clinical impression 22.9% (95% Cl 15.4%-32.0%) and
91.7% (95% CI 89.2%-93.8%), respectively. For identifying
acute leptospirosis, clinical impression is insensitive, and
immunoglobulin M results are more insensitive and costly.
Rapid, pathogen-based tests for early diagnosis are needed.

Leptospirosis isan endemic zoonosis in the tropics, where
a favorable climate enables the pathogenic spirochete
Leptospira interrogans to survive in the environment (1).
Furthermore, many tropical residents have repeated direct
and indirect exposures to infected animals that excrete
leptospires in their urine (2).

Sri Lanka, with a rapidly growing population of ~20
million, has a reported annual incidence of leptospirosis
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of 5.4 cases/100,000 persons, the sixth highest incidence
worldwide (3). Approximately 28% of Sri Lanka’s
workforce is employed in agriculture, and reported cases
of leptospirosis fluctuate with rainfall and farming cycles.
Historically, ~200 cases per million population per year have
been reported from the southern and north—central regions,
where the disease is hyperendemic (3). However, incidence
rates are imprecise estimates because leptospirosis is easily
confused with undifferentiated fever of other causes (1),
and few cases are laboratory confirmed (4). In the past 2
decades, clinical cases have been increasingly reported (5),
including >7,000 cases in 2008 (6).

To determine the prevalence of acute and past
leptospirosis in southern Sri Lanka, assess tools for
acute diagnosis, and identify associated features, we
collected epidemiologic and clinical data and paired serum
specimens from a prospective cohort of children and adults
with undifferentiated fever. The institutional review boards
of the University of Ruhuna, Johns Hopkins University,
and Duke University Medical Center approved this study.

Materials and Methods

Study Participants

We recruited patients in the emergency department,
acute care clinics, and adult and pediatric wards of the
Karapitiya Teaching Hospital in Galle, the largest (1,300-
bed) hospital in southern Sri Lanka, during March—October
2007. We enrolled consecutive febrile (38°C, tympanic)
patients >2 years old without antecedent (<7 days) trauma
or hospitalization who sought treatment during clinic hours
(8:00 aAM—4:00 pm Monday—Friday, and 8:00 aM—2:00 pm
Saturday). Study doctors verified patient eligibility and
willingness to return for follow-up and obtained written
informed consent from patients (>18 years of age) or
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parents (of those <18 years of age) and assent from those
12—17 years of age.

Study personnel recorded structured epidemiologic
and clinical data, including duration of illness and
the clinical provider’s presumptive diagnosis, on a
standardized form. Study doctors then obtained blood for
on-site clinician-requested testing and subsequent off-site
research-related testing. Patients returned for clinical and
serologic follow-up 2—4 weeks later or were visited at
home if they were unable to return and could be located.
Blood was centrifuged, and serum specimens were frozen
on site at —80°C, shipped on dry ice, and thawed only when
separated into aliquots and when tested.

Serologic Testing

We tested paired serum specimens for the presence
of specific Leptospira immunoglobulin (Ig) M by ELISA
(Institut Viron Serion GmgH, Warburg, Germany), according
to the manufacturer’s instructions. Briefly, rheumatoid
factor (RF)-absorbent was first diluted 1:4 in buffer. Serum
specimens from patients and controls were then diluted
(1:100) in RF-absorbent buffer to accomplish removal of
IgM REF, transferred to antigen-coated microtest wells, and
incubated at 37°C for 60 min. After wells were washed
with phosphate-buffered saline, antihuman IgM (conjugated
to alkaline phosphatase and p-nitrophenylphosphate) was
added. After incubation of the wells for 20 min, sodium
hydroxide was added to each well to stop the reaction, and
the absorbance at 405 nm was measured.

The ELISA provided qualitative results—positive,
negative, and equivocal (borderline positive/negative).
Using a standard curve and evaluation table provided with
the kit, we obtained the optical density measurements,
which were adjusted for plate-to-plate variation with
a correction factor and gave quantitative results that
correlated with titers (7).

Case Definitions

Acute leptospirosis was defined as definitive sero-
conversion (negative acute-phase serum specimen to
positive convalescent-phase serum specimen) or the
equivalent of a 4-fold rise in IgM titer. We excluded from
analyses of acute leptospirosis specimens with equivocal
IgM test results or those lacking a convalescent-phase
sample.

Past leptospirosis was defined as stable or decreasing
IgM titers. We excluded from analyses of past leptospirosis
specimens with equivocal IgM test results or those lacking
a convalescent-phase sample. [gM seroprevalence was
defined as the prevalence of leptospirosis by Leptospira
IgM in acute-phase serum specimens, independent of
whether a convalescent-phase specimen was obtained or
its result.
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Statistical Analysis

Proportions were compared by the y? test or Fisher
exact test and continuous variables by Student t test or the
rank sum test if distribution was not normal. Confidence
intervals (Cls) for risk ratios were calculated by exact
methods. We assessed IgM in the acute-phase sample for
seroprevalence and clinical impression was compared
with results of paired-serum specimen testing for acute
leptospirosis. We specifically correlated epidemiologic
features, duration of illness, and symptoms and signs with
serologic test results. Analyses were performed with Stata
IC 11.0 (StataCorp LP, College Station, TX, USA).

Results

Patient Characteristics

Paired serum specimens were available from 889
(82.4%) of 1,079 patients consecutively enrolled. Among
those, a diagnosis of acute leptospirosis could be confirmed
or refuted for 773 (87.0%) of 889, because serologic results
were inconclusive for 116. The likelihood of a participant’s
returning for convalescent-phase serum sampling and
clinical follow-up did not differ by age (p = 0.10). Female
patients were slightly more likely to return for follow-up
(85.8 vs. 80.6%; p = 0.03). Most (90.2%) patients lived in
rural areas and were more likely to return for follow-up
than were those who lived in urban areas (83.5 vs. 71.4%;
p = 0.002). The proportion with secondary education was
similar in the 2 groups (21.7 vs. 19.6%; p = 0.51), as was
reported duration of fever and of illness (p = 0.15 and p =
0.13, respectively).

Of the 773 patients with conclusive serologic results,
the median age was 30.1 years (interquartile range [IQR]
1947 years). More patients were male (60.6%) than
female, and the median age did not differ by sex (p = 0.78).
The median reported duration of fever and of illness was
3 days (IQR 2-5 days and 2—7 days, respectively). Many
(37.6%) reported taking an antimicrobial drug before
seeking treatment. The median interval between acute-
phase and convalescent-phase follow-up was 21 days (IQR
15-33 days).

Diagnosis of Acute Leptospirosis

Acute leptospirosis was confirmed for 120 patients
(Figure 1): by seroconversion for 96 patients and by a 4-fold
rise in titer for 24 patients (in 21 acute-phase specimens
with positive results and in 3 acute-phase specimens
with equivocal results); acute leptospirosis was excluded
for 653 patients. Data on presumptive clinical diagnosis
were available for 714 patients, including for 109 of 120
with acute leptospirosis. Of these patients, 25 received a
correct diagnosis of acute leptospirosis, and 84 received
an incorrect diagnosis of another disease. The sensitivity
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Figure 1. Flowchart indicating selection of study participants with a
diagnosis of acute leptospirosis, southern Sri Lanka, 2007.

and specificity of clinical impression were 22.9% (95%
CI 15.4%-32.0%) and 91.7% (95% CI 89.2%-93.8%)),
respectively. Finally, 279 patients were seropositive at
enrollment, including 201 with past leptospirosis, 40 with
possible recent leptospirosis (second specimen equivocal),
21 with acute leptospirosis, and 57 without paired serum
specimens. Therefore, if acute-phase IgM had been used
to diagnose acute leptospirosis instead of paired serum
specimens, only 21 of 120 acute infections would have
been identified (sensitivity 17.5%, 95% CI 11.2%-25.5%),
and 201 of 653 patients without acute leptospirosis would
have been given an erroneous diagnosis (specificity 69.2%,
95% CI 65.5%—-72.7%). Thus, IgM seropositivity at the
acute-phase visit correlated poorly with acute leptospirosis.

Demographic Features of Patients with Acute
or Past Leptospirosis

The demographic characteristics of patients are listed
in Table 1. Those with acute or past leptospirosis were
older (median 32 years vs. 27 years; p = 0.01) than those
without acute or past leptospirosis. Reporting exposure
to paddy fields (relative risk [RR] 1.9, 95% CI 1.6-2.1;
p<0.0001) and working as a farmer (RR 1.9, 95% CI 1.6—
2.3; p = 0.0001) were strongly associated with acute and
past leptospirosis. Reporting no fresh water exposure and
boiling drinking water were protective against leptospirosis.
Patients enrolled during March—June were less likely to
have acute leptospirosis than those enrolled during July—
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October (Figure 2). Children <10 years of age were much
less likely to have acute or past leptospirosis; in contrast,
leptospirosis was more common in older adolescents and
young adults (Figure 3).

The median duration of illness at hospital visit for those
with acute leptospirosis diagnosed by seroconversion was 3
days (IQR 2-5 days), and for those with acute leptospirosis
diagnosed by a 4-fold rise in titer, 4 days (IQR 3-5 days;
p = 0.09). The median interval between serum sampling
was 22 days (IQR 15-31 days). The follow-up time was
slightly longer for those with leptospirosis diagnosed by
4-fold change in titer than for those with diagnosis by
seroconversion (median 26 vs. 20 days; p = 0.08). The
median age was 33.6 years (IQR 18.7—45.6 years), and
more patients were male (69.2%) than female (p = 0.07).

Clinical Features of Acute Leptospirosis

Clinical features associated with acute leptospirosis are
listed in Table 2. Headache was the most frequent (=80%)
symptom reported; lethargy, muscle pain, and joint pain
were also reported by >50% of patients. Lethargy and cough

Table 1. Demographic characteristics of febrile patients with
acute or past leptospirosis versus those who had neither acute
nor past leptospirosis, southern Sri Lanka, 2007*

% With acute % With neither

or past acute nor past

Demographic leptospirosis, leptospirosis,
characteristic n =361 n=412 p value
Median age, y (IQR) 32 (20-46) 27 (16-47) 0.02
Male sex 60 64 0.14
Residence

Urban 8 9 0.88

Rural 92 91
Type of work <0.0005

Home 27 25

Laborer 26 21

Farmer 6 1

Merchant 2 4

Student 20 25

Other 201 24
Animal exposures

Dog 57t 54 0.43

Rodent 27 30 0.35

Cow 7 41 0.13
Swim/bathe/wade

None 66 82 <0.0005

River 14 11

Paddy field 19 4

Other 21 3
Water source 0.001

Tap 31 33

Boiled 6 14

Well 63 52

Other 0.3 1

*IQR, interquartile range.
tDoes not add to 100% due to rounding.
FAdds to >100% due to multiple exposures.
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Figure 2. Leptospirosis cases by month among study patients
enrolled with fever, southern Sri Lanka, 2007

were reported less often in patients with acute leptospirosis,
and oliguria, dysuria, and muscle and joint pain were
reported more often. Patients with acute leptospirosis were
more likely to have conjunctival suffusion (RR 2.4, 95%
CI 1.7-3.4; p<0.0001) and less likely to have pharyngeal
exudates. Abdominal tenderness and hepatomegaly were
slightly more frequent in those with acute leptospirosis.
Jaundice, splenomegaly, arthritis, rash, and meningismus
were uncommon in both groups. Patients with acute
leptospirosis had similar leukocyte counts to patients who
did not, and slightly lower hemoglobin concentrations and
platelet counts and lower absolute lymphocyte counts.
A greater proportion of patients with acute leptospirosis
were admitted to the hospital (84.2% vs. 70.1%) than
were others with fever (p = 0.002), but they did not have
a longer stay (median 4 days, IQR 3-6 days; p = 0.83). At
the convalescent-phase follow-up visit, patients with acute
leptospirosis reported a longer total duration of fever than
others (5 days [IQR 3-7 days] vs. 4 days [IQR 3-6 days];
p =0.008). No one with confirmed acute leptospirosis died,
but most (11 of 12) deaths occurred before follow-up.
Among those who died, the acute-phase serum specimen
was IgM-negative for 8 patients, IgM-positive for 2, and
results were equivocal for 1.

Discussion

We found that leptospirosis was a common, but often
clinically unsuspected, cause of fever among unselected
patients seeking care in southern Sri Lanka. Farming and
rice paddy work were associated with increased risk for
leptospirosis, as was exhibiting acute febrile illness during
the harvesting season (July—October). In our setting, testing
acute-phase serum specimens alone for IgM was less
sensitive and specific for diagnosing acute leptospirosis
than was diagnosis by observation of clinical features.
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Isolation of Leptospira spp. confirms acute infection,
but requires special media that must be incubated for
up to 13 weeks, and has low sensitivity (1). Therefore,
the diagnostic standard for acute Ileptospirosis is a
definitive rise in titer between paired serum specimens
(1). Historically, these results have been obtained by the
microscopic agglutination test (MAT). Serum specimens
are first reacted with live antigen suspensions of different
leptospiral serovars. After incubation, the serum-antigen
mixtures are examined and titers determined. For paired
serum specimens, the highest dilution of serum at which
50% agglutination occurs must be determined, a laborious
and inherently subjective task (1).

Sensitivity is compromised if all locally relevant
serovars are not represented, and live cultures of all serovars
tested must be maintained whether live or formalin-killed
antigens are used. Subculturing many Leptospira spp.
weekly is hazardous for personnel, and laboratory-acquired
infections occur (1). Reading a MAT requires a dark-field
microscope, which is unavailable in most laboratories,
including Karapitya Teaching Hospital. Furthermore, a
MAT detects both IgM and IgG and lacks sensitivity and
specificity when early acute-phase serum specimens alone
are tested rather than paired specimens (1). Patients with
fulminant illness may die before seroconversion occurs. A
MAT may also be less sensitive than an IgM ELISA, even
for convalescent-phase specimens. Relative to isolation
of Leptospira spp., the reported sensitivities of MATSs for
acute, late acute-phase, and convalescent-phase serum
specimens were 30%, 63%, and 76%, respectively, and of
IgM ELISA, 52%, 89%, and 93%, respectively, in 1 study
in Barbados (8). In another study, results of MAT and
IgM ELISA for a single early acute-phase specimen were
comparable (49%) (9).

To overcome the practical pitfalls of MATs, we chose
to test paired serum specimens by IgM ELISA, which
requires only an inexpensive plate reader, is relatively easy
to perform, and provides objective, reproducible results
as demonstrated by a parallel comparison of results of
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Figure 3. Age distribution of study patients enrolled with fever,
southern Sri Lanka, 2007
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Table 2. Clinical characteristics of febrile patients with acute leptospirosis versus those without acute leptospirosis, southern Sri Lanka,

2007*

Clinical characteristic With acute leptospirosis, n =120  Without acute leptospirosis, n = 653 p value

Symptom
Headache 81 78 0.63
Sore throat 28 29 0.96
Cough 44 60 <0.005
Dyspnea 15 18 0.48
Joint pain 56 43 <0.01
Muscle pain 62 46 <0.005
Lethargy 58 70 <0.01
Abdominal pain 22 18 0.41
Emesis 45 37 0.10
Diarrhea 13 12 0.80
Dysuria 20 13 <0.05
Oliguria 17 8 <0.005

Sign
Mean temperature, °C (SD) 38.6 (0.6) 38.5 (0.6) 0.17
Median heart rate, beats/min (IQR) 80 (72-100) 84 (76-96) 0.85
Mean body mass index, kg/m* (SD) 20.7 (4.8) 19.6 (5.1) <0.05
Conjunctival suffusion 29 12 <0.0005
Pharyngeal exudate 8 15 <0.05
Lymphadenopathy 24 23 0.73
Jaundice 2 2 0.73
Lung crackles 10 14 0.27
Tender abdomen 13 9 0.21
Hepatomegaly 8 5 0.31

Laboratory parameter, median (IQR)
Leukocytes, cells/uL 7,800 (5,700-10,500) 7,900 (5,600-11,300) 0.52
Absolute neutrophil count, cells/uL 5,530 (3,854-8,424) 5,313 (3,344-7,952) 0.49
Absolute lymphocyte count, cells/uL 1,638 (1,210-2,574) 2,140 (1,541-2,856) <0.005
Hemoglobin, g/dL 12.3 (11.6-13.5) 12.6 (11.7-13.8) <0.05
Platelets, x 1,000/uL 200 (164-256) 231 (190-289) <0.0005

*Values are % patients in that category (with vs. without leptospirosis), except as indicated. IQR, interquartile range.

multiple commercial assays (9). Furthermore, results of
performing IgM ELISA on paired serum specimens from
patients from various geographic regions have compared
favorably (sensitivity 86.5%, specificity 97.0%) with MAT
results (10). These data suggest that at least 13.5% of
febrile illnesses in our cohort were acute leptospirosis. We
assayed paired specimens for IgM instead of IgG, because
the kinetics of IgG are more variable (11,12). IgM generally
appears within 1 week of symptoms and persists for months
to years after infection (13) with titers higher than those of
IgG throughout (11,14). Additionally, in some patients for
whom leptospirosis is confirmed by culture and MAT, IgG
never develops (11,13).

We chose a commercially available IgM ELISA
that has performed comparably to others in detecting
serovars likely present in southern Sri Lanka (9). IgM is
inherently cross-reactive, and thus serovars themselves
are not detected. In a recent study from central Sri Lanka,
the predominant serovars were Mednensis and Hardjo, but
others included Australis, Ballum, Canicola, Celledoni,
Cynopteri, Pomona, and Robinsoni (15). Previously,
identification of the serovar Icterhemorrhagiae in Sri Lanka

1682

led to control of the rodent vector (16). The assay we used
has reliably reacted with serovars Icterohemorrhagiae,
Canicola, Grippotyphosa, Bataviae, Pomona, Tarassovi,
Copenhageni, Bratislava, Hebdomadis, Sejroe, Australis,
Panama, Pyrogenes, Patoc, Hardjo, and Cynopteri (7,17).

Notably, detection of acute-phase IgM did not
predict which patients had acute leptospirosis, despite its
widespread use as an acute diagnostic test. Retrospective
studies suggest sensitivities and specificities of 36%—-53%
forsingle acute-phase IgM and 90%—99% for MAT on paired
serum specimens, respectively (9,10). The varied sensitivity
likely reflects different case definitions and control groups,
timing of acute-phase specimen collection (up to 42 days
after onset), geography and serovar distribution, platforms
and protocols (e.g., ELISA =+ use of RF absorbent, indirect
hemagglutination, and dot-ELISA and IgM dipsticks), and
convenience sampling. Notably, ELISA of single (acute-
phase) serum specimens has performed as well or better
than MAT or indirect hemagglutination of single serum
specimens, so those strategies are not advised (10).

The most widely recognized problem with using
acute-phase IgM to identify acute leptospirosis is that
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many persons in disease-endemic areas are expected to
have preexisting antibodies. Some have advocated higher
cut-offs to discriminate between acute infection and
preexisting antibodies (1), because patients may be harmed
as much by incorrectly attributing fever to leptospirosis
as by falsely excluding it. However, data to support this
approach are lacking, and misclassification could occur
both early in acute infection (impaired sensitivity because
antibody is not yet present) and later (impaired specificity
because antibody is persistent). In our rigorous comparison
of single vs. paired serum specimens, we found acute-phase
IgM had especially poor sensitivity (17.5%), since patients
sought treatment early (=3 days), and more acute infections
were identified by seroconversion than by a definitive rise
in titer. The median duration of illness in those diagnosed
by rise in titer versus seroconversion tended to be longer
(4 days [IQR 3-5 days] vs. 3 days [IQR 2-5 days],
respectively; p = 0.09). Requiring a higher cutoff titer
would further impair sensitivity. Hence, acute-phase IgM
testing alone has multiple limitations for diagnosis of acute
leptospirosis, regardless of the cut-off.

Only a few studies have evaluated the use of
serologic testing for identifying leptospirosis in febrile
cohorts. In Laos, 372 febrile patients were evaluated with
ELISA (Panbio Ltd., Brisbane, Queensland, Australia)
and immunochromatographic testing (ICT), which was
compared with the MAT; acute leptospirosis (single titer
>400 or 4-fold rise in titer) was identified in 23 (12.4%) of
186 patients (18). The sensitivity of ELISA and ICT was
relatively high (60.9% and 47.3%, respectively), which
could be explained by a long duration of fever (median
9 days). The sensitivity of ELISA for acute-phase versus
convalescent-phase serum specimens was comparable
(60.9% and 65.2%, respectively), but convalescent-phase
serum specimens were obtained 4.5 days after acute-phase
serum specimens. The specificity of both assays was
similarly poor (65.6% for ELISA and 75.5% for ICT). In
Thailand, Cohen et al. identified acute leptospirosis in 67
(9.5%) of febrile subjects using 2 rapid assays, a dipstick,
and latex slide agglutination test (19). Patients sought
treatment after a mean of 3.4 days of fever and returned
22 days later. Compared with MAT on paired serum
specimens, the sensitivity of testing acute-phase serum with
the dipstick and latex slide agglutination tests was 22% and
13%, respectively, which is similar to our findings.

Strengths of our study include the rigorous, prospective
design, uniquely large sample size, inclusion of an unstudied
population believed to be at high risk, an unusually high
rate of follow-up, and clinical correlation. To minimize
selection bias, we used standardized criteria to sequentially
enroll a large cohort (=900 patients) with thorough follow-
up to enable assessment of acute-phase IgM testing
versus clinical impression and relevant epidemiologic and
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clinical features. Those patients from whom paired serum
specimens were not available differed only slightly from the
included population. We excluded the few with equivocal
results to avoid possible misclassification with resultant
potential failure to identify significant predictive clinical
features. By rigorously distinguishing acute from recent
leptospirosis, we were able to confirm that myalgias and
arthralgia were frequent symptoms and that the presence
of conjunctivitis or conjunctival suffusion is diagnostically
helpful. Leptospirosis in this cohort was relatively mild, as
evidenced by stable vital signs, the absence of jaundice,
and complete blood counts within nearly normal ranges.
The sparse laboratory data reflect standard clinical practice
in which automated testing is largely unavailable in the
public sector, expensive in the private sector, and thus
infrequently obtained.

Our results might have differed if we had used a
different diagnostic standard, but culture, for example,
is insensitive, labor intensive, unlikely to be available
soon at Karapitya Teaching Hospital and many similar
hospitals, and too slow to guide clinical management. We
may have misclassified the number of days with fever,
since temperatures are infrequently taken at home or in
the hospital; however, duration of fever correlated well
with that of symptoms, and no systematic bias would be
expected, since etiologic diagnoses were not known when
patients sought treatment at the hospital. Our estimate of
leptospirosis may be low if a wider array of serovars is
circulating in southern Sri Lanka than were detected by
the ELISA used; however, no other available commercial
assay would have been expected to be more sensitive.

We conclude that leptospirosis causes substantive
illness in southern Sri Lanka. Furthermore, we found that
testing acute-phase serum specimens for IgM has multiple
limitations for the diagnosis of acute leptospirosis, because
a positive result more often denoted past infection than an
acute infection, and results were negative early in infection.
Clinical impression is comparatively better without added
cost (20). Paired serum specimens can provide rigorous
diagnosis, but patients and clinicians need rapid diagnosis
to guide clinical management. A few antigen-based or
nucleic acid-based rapid tests have been described, but
prospective clinical validations are limited (17,21-25).
Rapid, pathogen-based tests for early diagnosis need to be
developed.
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Quantifying how close hospitals came to exhaust-
ing capacity during the outbreak of pandemic influenza A
(H1N1) 2009 can help the health care system plan for more
virulent pandemics. This ecologic analysis used emergency
department (ED) and inpatient data from 34 US children’s
hospitals. For the 11-week pandemic (H1N1) 2009 period
during fall 2009, inpatient occupancy reached 95%, which
was lower than the 101% occupancy during the 2008-09
seasonal influenza period. Fewer than 1 additional admis-
sion per 10 inpatient beds would have caused hospitals to
reach 100% occupancy. Using parameters based on histori-
cal precedent, we built 5 models projecting inpatient occu-
pancy, varying the ED visit numbers and admission rate for
influenza-related ED visits. The 5 scenarios projected me-
dian occupancy as high as 132% of capacity. The pandemic
did not exhaust inpatient bed capacity, but a more virulent
pandemic has the potential to push children’s hospitals past
their maximum inpatient capacity.

uring March and April 2009, a novel influenza A

(HINT1) virus began to spread in North America
that disproportionately affected children, who constituted
half of patients hospitalized for influenza-related illness
(IRI) during spring 2009 (1-3). After a summertime
decline, the virus returned to full activity in the fall, and
children continued to have the highest rates of illness and
hospitalization (4). As a result, pediatric providers and
children’s hospitals cared for large numbers of patients with
pandemic (HINT1) 2009 virus (5,6). Despite the high attack
rate for children, the pandemic virus was milder than prior
pandemic viruses. The attack rate for pandemic (HINI)
2009 was lower for children (17.9%) (7) than it was for each
of the past 3 pandemics in the United States (1918, 1958,
and 1968) (21%-54%) (8), and the hospitalization rate was
lower for children by >48-fold (0.17/1,000 symptomatic
children (9) vs. estimates as high as 8.5/1,000 symptomatic
children [10]).

Because of relatively low virulence, pandemic (HINT1)
2009 resulted in comparatively fewer hospitalizations
than feared, but it greatly affected ambulatory settings and
emergency departments (EDs) (11-13). The exact effect on
children’s hospitals remains unknown because published
studies have reported only regional data and have quantified
hospital admissions rather than inpatient occupancy (14—
16). Assessing use of capacity in the context of a low-
virulence influenza pandemic can provide insight into
how a more virulent virus might directly affect children’s
hospitals and indirectly affect all health care systems
throughout their catchment areas. Occupancy levels above
and beyond existing capacity limits would represent a true
crisis that would dramatically affect the already-stretched
health care—delivery system (17). Because children’s
hospitals play an integral role in coordinating health
delivery (18), defining the limits of capacity reserve and
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quantifying how close these hospitals came to exhausting
these limits can help the entire health care system better
plan for more virulent pandemics or other disaster-type
events.

With the effect of pandemic (HIN1) 2009 on children’s
hospitals as a collective case study, we evaluated how close
to full capacity US children’s hospitals functioned during
the outbreak of pandemic (HIN1) 2009 and the implications
for the health care systems had we not been fortunate
regarding the low virulence of subtype HINI1 influenza
(19). The objectives of this study were to 1) compare
occupancy at US tertiary care children’s hospitals during
the pandemic period with occupancy during the 2008-09
seasonal influenza outbreak, 2) measure how close each
hospital came to exhausting capacity for inpatient beds, and
3) measure the effect on capacity if pandemic (HIN1) 2009
during fall 2009 had been more severe.

Methods

Source Data

This ecologic analysis used data from the Pediatric
Health Information System (PHIS), which includes ED and
inpatient data from 41 free-standing nonprofit tertiary care
children’s hospitals in all regions of the United States. The
Child Health Corporation of America (Shawnee Mission,
KS, USA) and participating hospitals jointly validate data
quality and reliability (20). This analysis comprises data
from the 34 PHIS hospitals that provided codes indicating
intensive care unit (ICU) and non-ICU bed designations for
the study period.

Study Participants

We defined the pandemic (HIN1) 2009 period
and other influenza epidemic periods using national
influenza circulation data obtained from the World Health
Organization collaborating laboratories and the National
Respiratory and Enteric Virus Surveillance System (21).
Using as a threshold the weeks with >20% positive test
results as reported in the Morbidity and Mortality Weekly
Report (Centers for Disease Control and Prevention,
Atlanta, GA, USA) (22,23), we defined the period of
pandemic (HIN1) 2009 as September 5—November 20,
2009. To compare inpatient resource use during this period
with that during a seasonal influenza period, we used the
weeks of seasonal influenza from the 2008-09 season
(January 31-March 20, 2009), defined using the same 20%
threshold (23).

Because specifically identifying patients with pandemic
(HIN1) 2009 was not feasible, we used a standard list of
International Classification of Diseases, 9th Revision,
codes developed for measuring IRI to determine resource
use of inpatient beds (5). This list comprises International
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Classification of Diseases, 9th Revision, codes 460-496 or
510-519 as the primary or secondary discharge diagnosis
and captures not only primary infections with influenza, but
also secondary infections (e.g., bacterial pneumonia) and
exacerbations of other conditions (e.g., asthma).

Measures

Our primary measure was midnight occupancy for
non-ICU beds and for ICU beds. The numerator for
occupancy comprised all children (age 0—18 y; median age
3.1y, interquartile range [IQR] 1.0-8.1 y) occupying non-
ICU and ICU beds on each day of the study period. We
obtained denominator data (i.e., annual number of licensed,
in-service beds) from the Child Health Corporation of
America and confirmed them by an email survey to each
hospital’s designated PHIS contact. Step-down beds were
categorized as non-ICU. If a patient spent at least 1 midnight
in an ICU bed during his or her hospital stay, admission
was considered an ICU admission and was not counted as a
non-ICU admission. We included all hospitalized patients
of any admission status (observation or inpatient) to
fully quantify hospital occupancy. We excluded newborn
nursery and mental health admissions and those designated
beds from the analysis.

For our second objective, we defined the threshold
as 100% occupancy on the basis of licensed, in-serviced
beds as capacity. Although lower thresholds have been
suggested as the point at which quality and safety decline
(24,25), 100% represents the scenario in which a hospital
has actually exhausted its typical capacity of in-service
beds. In calculating non-ICU and ICU occupancy, we
counted the number of patients in each bed type at the
midnight at the end of the day.

For our third objective, we analyzed the 26 PHIS
hospitals for which ED data were available. In our
models, we varied 2 parameters and described the effect
on inpatient occupancy: 1) number of ED IRI visits and
2) ED-to-hospital admission rate. For the first, we used
estimates from the 2 most recent, severe prior influenza
pandemics (1957 and 1968), when the estimated upper
bound of the attack rate was 36% (9,10). Estimates of the
attack rate for pandemic (HIN1) 2009 for April-December
2009 were 17.9%, based on 55 million cases (7) in a July
2009 population of 307 million (26). Assuming the per-
case rate of ED visits remained fixed, we estimated that ED
IRI visits could have been 2% what they were if the attack
rate had been similar to these 2 prior pandemics.

For the second parameter, we used the ED admission rate
of 14.0% observed during the 2003—-04 seasonal influenza
weeks (November 1, 2003—January 9, 2004), 1 of the most
severe recent influenza seasons (27,28). We also modeled a
30% admission rate (the upper end of overall ED admission
rate for study hospitals in 2008), which actually falls well
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below the rate projected from hospitalization estimates of
earlier influenza pandemics and epidemics (9,10).

Analysis

To compare occupancy during the fall pandemic
(HINT) 2009 period with baseline, we calculated the
number of admissions, bed-days, and the occupancy for all
beds, non-ICU beds, and ICU beds for the 2009 pandemic
period and for 2 comparison periods: the entire prior
calendar year (2008) and the prior seasonal influenza period.
We assessed the statistical significance of the difference
in median occupancy between the 2009 pandemic period
and the seasonal influenza comparison period using the
Wilcoxon rank-sum test.

To measure how close each hospital came to
exhausting capacity, we calculated how many additional
non-ICU and ICU patients could have been admitted by
each hospital. For each day, we counted the number of
unoccupied beds of each type and modeled how many
additional patients were needed to fill all available beds
for each hospital. For hypothetical additional patients, we
modeled patients’ continued presence iteratively for each
day of the study period as non-ICU and ICU patients on
the basis of the characteristics of patients admitted during
the fall 2009 pandemic with IRI (e.g., 20% with a 1-day
length of stay, 35% with a 2-day stay, 30% with a 3-day
stay). For both models, we assigned bed-days of each
stay to each respective area, ICU and non-ICU. To index
the total number of additional patients needed to fill the
hospital to capacity across hospitals, we then calculated
the number of additional patients per 10 beds (non-ICU
or ICU).

To measure the effect on capacity of a more severe
outbreak of pandemic (HIN1) 2009, we calculated the
number of ED IRI visits and the ED-to-inpatient admission
rate for ED IRI visits for the 26 PHIS hospitals for
which ED data were available. We then used the same
modeling methods described above to model the number
of additional bed-days (non-ICU, ICU) in each scenario.
We expressed findings from the 6 scenarios in 2 ways: 1)
percentage of hospital days >100% and 2) as median (IQR)
occupancy. In these models, we made 4 assumptions.
First, we assumed that the rate of non-IRI ED admissions
remained unchanged. Second, we assumed that hospitals
did not react to high occupancy by rescheduling elective
admissions, an assumption based on a prior analysis of the
same data set (17). Third we assumed that the number of
ICU and non-ICU beds remained fixed for each calendar
year. Fourth, we assumed that the inpatient length-of-stay
distribution was not shifted toward longer hospitalizations
during a more virulent pandemic.

We performed all analyses with SAS version 9.2 (SAS
Institute, Inc., Cary, NC, USA) and considered p values
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<0.05 statistically significant. The study protocol was
approved by the Colorado Multiple Institutional Review
Board with a waiver of informed consent.

Results

The 11-week period of evaluation during the fall
2009 pandemic period included a median of 2,774 (IQR
2,219-3,319) admissions and 19,283 (IQR 15,842-21,315)
bed-days (Table 1). Median overall inpatient occupancy
was 95% (IQR 85%-99%), whereas median overall
occupancy during the 2008—-09 seasonal influenza period
was 101% (IQR 96%—110%) and, for the entire calendar
year 2008, 91% (IQR 87%—-95%). Hospitals’ experiences
varied considerably, with hospital-level median occupancy
ranging from 57.4% to 128.0% (online Technical Appendix,
www.cdc.gov/eid/content/17/9/101950-Techapp.pdf). To
reach 100% occupancy during the pandemic period, for
every 10 beds of each type, hospitals would have needed
to admit a median of 0.2 (IQR 0.1-0.3) additional patients
per day for non-ICU beds and 0.7 (IQR 0.5-0.9) per day for
ICU beds (Table 2).

For the 26 hospitals for which ED and inpatient data
were available, the median ED-to-hospital admission rate
for IRI patients was 5.4% (IQR 3.3%-8.1%). Different
hypothetical scenarios for ED IRI volume and admission
rates would have differently affected the frequency of
hospital days exceeding the 100% occupancy threshold
for exhausting capacity reserves (Table 3). The actual
experience in 2009 (scenario A) resulted in 23.3% of hospital
days with >100% occupancy across the 26 hospitals. Had
the hospitals instead experienced the IRI admit rate from

the 2003—04 influenza season (14.0%) applied to the same
volume of patients, 37.6% of hospital days would have
been >100% full (scenario B). Had the admission rate been
30% for 2x the volume of patients, 85.7% of hospital days
would have been >100% full, exhausting capacity reserves
(scenario F).

Individual hospital experience varied considerably
(Figure). For each hospital, the dot-plots we constructed
show the distribution of occupancy data across hospitals
for each of the 6 scenarios. For our worst-case scenario
(scenario F), median occupancy would have been 132%
(IQR 124%—145%).

Discussion

We examined the effect on children’s hospitals’
resources during fall 2009 when pandemic influenza A
(HINT) 2009 virus was active. We demonstrated that
children’s hospitals faced high levels of occupancy
(median 95%) in regular inpatient care areas and ICUs,
but this situation did not differ from typical levels of high
occupancy commonly experienced at some hospitals.
Despite the mild virulence of pandemic (HIN1) 2009
virus, children’s hospitals needed only <1 additional
admission per 10 inpatient beds to reach 100% occupancy.
Additionally, the pandemic occurred during early fall,
when viruses that cause respiratory and gastrointestinal
illnesses (which typically increase occupancy at children’s
hospitals) were not circulating widely. Models representing
an outbreak of a more virulent influenza virus based on
historical comparisons demonstrate that modest increases
in ED visits or ED admission rates would have resulted

Table 1. Hospital characteristics and aggregated experiences in 34 PHIS hospitals, United States, all of 2008, 2008-09 seasonal

influenza period, and fall 2009 pandemic (H1N1) 2009 period*®

Calendar year 2008, 52 wk,

2008-09 seasonal influenza,  Fall 2009 pandemic influenza,

Hospital characteristics median (IQR) 8 wk, median (IQR)T 11 wk, median (IQR)t
Overall§
Beds, no. 255 (221-316) 265 (219-319) 265 (219-319)
Admissions, no. 12,105 (9,913-14,247) 1,871 (1,489-2,197) 2,774 (2,219-3,319)
Bed-days, no. 89,117 (70,691-96,346) 15,299 (13,087-17,312) 19,283 (15,842-21,315)
Occupancy, % 91 (87-95) 101 (96-110) 95 (85-99)
Non-ICU
Beds, no. 129 (91-179) 132 (90-181) 132 (90-181)
Admissions, no. 10,575 (8,415-13,022) 1,595 (1,346-2,030) 2,419 (1,838-2,907)
Bed-days, no. 81,735 (65,703-87,171) 13,933 (11,946-15,902) 16,703 (1,2051-18,843)
Occupancy, % 94 (91-103) 108 (100-117) 98 (92-105)
ICUY
Beds, no. 33 (25-48) 37 (27-51) 37 (27-51)
Admissions, no. 1,654 (1,167-22,80) 245 (189-316) 401 (296-516)
Bed-days, no. 8,299 (5,502-11,083) 1,576 (1,155-1,889) 1,873 (1,094-2,638)

Occupancy, % 72 (44-87)

80 (51-97) 65 (47-88)

*PHIS, Pediatric Health Information System; IQR, interquartile range; ICU, intensive care unit; MMWR, Morbidity and Mortality Weekly Report (Centers for

Disease Control and Prevention, Atlanta, GA, USA).

TMMWR reporting weeks 4-11 (January 31-March 20, 2009).

TMMWR reporting weeks 3545 (September 5-November 20, 2009).
§Excluding neonatal and behavioral health patients and designated beds.
Y[Excluding neonatal intensive care units.
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Table 2. Additional admissions needed to fill hospitals to 100%
occupancy during 11-week fall 2009 pandemic (H1N1) 2009
period, per 10 beds per day, in study of 34 PHIS hospitals,
United States™

Measure Non-ICU ICU
Minimum 0.0 0.2
1st quartile 0.1 0.5
Mediant 0.2 0.7
3rd quartile 0.3 0.9
Maximum 1.3 2.0

*PHIS, Pediatric Health Information System; ICU, intensive care unit.
tMedian indicates the hospital requiring the median number of patients to
fill all beds during the pandemic period.

in substantial overcrowding among the large cohort of
children’s hospitals in our study.

These findings are notable in the context of national
disaster planning related to children. The National
Commission on Children and Disasters’ 2010 Report to
the President and Congress recommended that additional
resources provide a “formal regionalized pediatric system
of care to support pediatric surge capacity” and emphasizes
that children’s hospitals are central to such regionalization
(18). Our study shows that children’s hospitals, the central
component of this proposed regionalized system, routinely
operate so close to capacity that little available reserve
exists for even a modest surge of inpatients. For a hospital
with 150 non-ICU beds and 50 ICU beds, an additional
3.0 non-ICU and 3.5 ICU admissions per day would have
exhausted capacity. Although the 2009 influenza pandemic
did not do so, surge capacity is scarce, as demonstrated
by the many hospitals that are already operating at or near
maximum capacity in their EDs and inpatient areas (17,29).

Federal planners have suggested that surge capacity
should accommodate 500 inpatients per million population,
but such capacity does not exist for children under normal
circumstances; capacity for only 193 inpatients per million
children is available during typical winter weekdays
(29-31). Although we expressed our findings in terms of
hospital occupancy rather than on a population basis, our
findings are similar to those raising alarm about limited
inpatient capacity in the face of a pandemic or disaster.

Pandemics extend over many weeks and affect large
regions, if not the entire country. Although the hospitals

Inpatient Capacity at Children’s Hospitals

may be able to handle such levels of occupancy on a short-
term basis, whether they could do so for prolonged periods
is unclear. Even though a health care system’s capacity
reserve cannot be designed on a daily basis to handle a
pandemic, the frequent level of high occupancy already
experienced by children’s hospitals and the resulting
lack of a buffer for a pandemic-associated surge should
be considered by individuals and organizations involved
with planning and disaster preparedness (32,33). Planning
for such events at hospital and regional levels may be
improved with data about current capacity reserves and
how perturbations can affect that capacity.

In previous studies of large-scale epidemics, hospitals
have altered standards of care—as occurred in Toronto
during the 2003 outbreak of severe acute respiratory
syndrome—to meet increased patient needs (30,34,35).
During the outbreak of severe acute respiratory syndrome,
restrictions on scheduled (i.e., elective) admissions were
imposed in Toronto (36). Although we did not study
scheduled admissions, our analysis suggests in a more
virulent pandemic (scenario F), hospitals would have run
out of space even if they had rescheduled the 15%-25% of
scheduled pediatric admissions; this percentage includes the
20% of elective admissions for chemotherapy, a treatment
that is not amenable to prolonged postponement (37).

Our findings are subject to several limitations. The
34 hospitals in this study represent a subset of the =250
US children's hospitals and may not be representative of
these children’s hospitals or of other hospitals that admit
children, even though the study included children’s
hospitals in all regions of the country. The analysis did not
consider measures that individual hospitals and regional
systems might use to reduce occupancy, such as canceling
scheduled admissions, which would have caused us to
overestimate occupancy. On the other hand, our assumption
about length of stay would have caused us to underestimate
occupancy. Our analysis used midnight census; actual
daytime occupancy most likely was higher (38), and
thus true surge capacity was even lower than estimated.
Finally, the modeled scenarios were based on historical
comparisons, which represent a range of potential demands
on the health care system.

Table 3. Predictive model of the percentage of hospital days (ICU and non-ICU) during at >100% hospital occupancy, using 11-week
pandemic period fall 2009 pandemic period data as baseline occupancy, in study of 34 PHIS hospitals, United States™

ED IRl admission rate

ED IRI volume

Fall 2009 pandemic periodt

2003-04 seasonal influenza periodf Hypothetical

Admission rate, % 5.4
Same as during fall 2009 pandemic A: 23.3 (0-42.9)
period, median (IQR)t

100% increase from pandemic
period, median (IQR)

D: 64.9 (16.9-81.8)

14.0 30
B: 37.6 (11.6-58.4) C: 63.6 (23.4-83.1)

E: 72.7 (24.6-81.8) F: 85.7 (40.2-98.7)

*ICU, intensive care unit; PHIS, Pediatric Health Information System; ED, emergency department; IRI, influenza-related illness; MMWR, Morbidity and
Mortality Weekly Report (Centers for Disease Control and Prevention, Atlanta, GA, USA). Letters correspond to scenarios shown in the Figure.

TMMWR reporting weeks 35-45 (September 5-November 20, 2009).
FTMMWR reporting weeks 44-53 (November 1, 2003-January 9, 2004).
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Figure. Predictive model of hospital occupancy during 11-week outbreak of pandemic influenza A (H1N1) 2009 in the United States, by ED
IRl admission rate and ED IRI volume, using fall 2009 pandemic period data as baseline. Percentages given indicate hospital admission
rate during period or for hypothetical scenario. Gray area indicates 100% occupancy. Each circle represents median occupancy from
1 hospital; vertical whiskers indicate interquartile range. y-axes indicate percentage occupancy; x-axes indicates individual hospitals.
Median (interquartile range) occupancy across study hospitals: A) 95.9% (85.0%—100.3%); B) 97.9% (80.5%—102.7%); C) 109.7%
(97.9%—-117.1%); D) 102.2% (91.7%—-112.4%); E) 108.0% (96.4%—114.9%); F) 132.4% (124.5%—145.5%). Letters correspond to scenarios
in Table 3. *"MMWR reporting weeks 35-45 (September 5-November 20, 2009). tMMWR reporting weeks 44—53 (November 1, 2003—
January 9, 2004). ED, emergency department; IRI, influenza-related illness; MMWR, Morbidity and Mortality Weekly Report (Centers for

Disease Control and Prevention, Atlanta, GA, USA).

For hospitals and government agencies, the results of
our study should prompt review of preparedness planning
and reconsideration of surge capacity. Systemwide resource
limitations must be considered because ambulatory
and inpatient services interrelate. The outbreak of low-
virulence pandemic (HIN1) 2009 virus affected EDs
disproportionately but left inpatient services relatively
unaffected (13). Exploring the parameters of more severe
epidemics might allow planners at individual hospitals, as
well as regional health administrators, to consider what
alterations in standards may be necessary.
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