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Abstract

Background

Accurate measures of the severity of pandemic influenza A/HIN1 (pH1N1) are needed to assess the
likely impact of an anticipated resurgence in the autumn in the Northern Hemisphere. Severity has
been difficult to measure because jurisdictions with large numbers of deaths and other severe out-
comes have had too many cases to assess the total number with confidence. Also, detection of severe
cases may be more likely.

Methods and Findings

We used complementary data from two US cities: Milwaukee attempted to identify cases of medically
attended infection whether or not they required hospitalization, while New York City focused on the
identification of hospitalizations, intensive care admission or mechanical ventilation (hereafter, ICU),
and deaths. New York data were used to estimate numerators for ICU and death, and two sources of
data: medically attended cases in Milwaukee or self-reported influenza-like illness in New York, were
used to estimate ratios of symptomatic cases:hospitalizations. Combining these data with estimates of
the fraction detected for each level of severity, we estimated the proportion of symptomatic cases that
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died (symptomatic case-fatality ratio, sCFR), required ICU (sCIR), and required hospitalization
(sCHR), overall and by age category. Evidence, prior information and associated uncertainty were an-
alyzed in a Bayesian evidence synthesis framework. Using medically attended cases and estimates of
the proportion of symptomatic cases medically attended, we estimated sCFR of 0.048% (95% credible
interval, CI 0.026%-0.096%), sCIR of 0.239% (0.134%-0.458%), and sCHR of 1.44% (0.83%-
2.64%). Using self-reported ILI, we obtained estimates approximately 7-9x lower. sCFR and sCIR ap-
pear to be highest in persons 18 and older, and lowest in children 5-17. sCHR appears to be lowest in
persons 5-17; our data were too sparse to allow us to determine the group in which it was the highest.

Conclusions

These estimates suggest that an autumn-winter pandemic wave of pH1N1 with comparable severity
per case could lead to a number of deaths in the range from considerably below that associated with
seasonal influenza to slightly higher, but with greatest impact in young children and non-elderly
adults. These estimates of impact depend on assumptions about total incidence of infection and would
be larger if incidence of symptomatic infection were higher or shifted toward adults, if viral virulence
increased, or if suboptimal treatment resulted from stress on the health care system; numbers would
decrease if the proportion infected or symptomatic were lower.

NOTE: The final version of this work is now published in PLoS Medicine

INTRODUCTION

The present pandemic of pandemic influenza A/HIN1 (pH1N1) has resulted in over 209,000
laboratory-confirmed cases and over 3205 deaths worldwide as of September 11 (http://www.who.int
/csr/don/2009_09_11/en/index.html, accessed September 14, 2009), but national and international au-
thorities have acknowledged that these counts are substantial underestimates, reflecting an inability to
identify, test, confirm and report many cases, especially mild cases. Severity of infection may be mea-
sured in many ways, the simplest of which is the case-fatality ratio (CFR), the probability that an in-
fection causes death. Other measures of severity, which are most relevant to the burden a pandemic
exerts on a health care system, are the case-hospitalization and case-intensive care ratios (CHR and
CIR respectively), the probabilities that an infection leads to hospitalization or intensive care unit
(ICU) admission. In the absence of a widely available and validated serologic test for infection, it is
impossible to estimate these quantities directly, and in this report we instead focus on the probabilities
of fatality, hospitalization and ICU admission per symptomatic case; we denote these ratios SCFR,
sCHR, and sCIR respectively.

Although it is difficult to estimate these quantities, estimates of their values and associated uncertainty
are important for decision making, planning and response during the progression of this pandemic.
Initially, some national and international pandemic response plans were tied partly to estimates of the
CFR, but such plans had to be modified in the early weeks of this pandemic, as it became clear that
the CFR could not at that time be reliably estimated /. Costly measures to mitigate the pandemic,
such as the purchase of medical countermeasures and the use of disruptive social distancing strategies
may be acceptable to combat a more severe pandemic but not to slow a milder one. While past expe-
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rience 2] and mathematical models 2! 14 [>] suggest that between 40% and 60% of the population will
be infected in a pandemic with a reproduction number similar to those seen in previous pandemics, the
number of deaths and the burden on the health care system also depend on the age-specific severity of
infection, which varies by orders of magnitude between pandemics °! and even between different
waves in the same pandemic [”) . Reports from the Southern Hemisphere suggest that a relatively low
fraction of the population experienced symptomatic pH1N1 infection (7.5% in New Zealand, for ex-
ample %), though these numbers are considered highly uncertain [8]. On the other hand, primary
care utilization for influenza-like illness has been considerably higher than in recent years [8], and
anecdotal reports in the Southern Hemisphere have indicated that some intensive care units have been

overwhelmed and surgery postponed due to a heavy burden of pH1N1 cases 12/ 0],

The problem of estimating severity of pH1N1 infection is also the problem of estimating how many of
the infected individuals in a given population and time period subsequently develop symptoms, are
medically attended, hospitalized, admitted to ICU, and die due to the virus. No large jurisdiction in
the world has been able to maintain an accurate count of total pH1N1 cases once the epidemic has
grown beyond hundreds of cases, because the effort required to confirm and count such cases grows in
proportion to the size of the exponentially-growing epidemic ') | making it impossible to estimate re-
liably the frequency of an event (death) that occurs on the order of 1 in 1000 patients or fewer. As a
result, simple comparisons of the number of deaths to the number of cases suffer from underascertain-
ment of cases (making the estimated ratio too large), and underascertainment of deaths due to inability
to identify deaths caused by the illness and due to delays from symptom onset to death (making the es-
timated ratio too small) ! . Imperfect ascertainment of both numerator and denominator will lead to
biased estimates of the case-fatality ratio. Estimating the number of persons at these varying levels of
severity therefore depends on estimating the proportion of true cases that are recognized and reported
by existing surveillance systems. Similar problems affect estimates of key parameters for other dis-
eases, such as HIV. In HIV, a solution to this problem — which now forms the basis for the UK’s an-
nual HIV prevalence estimates published by the Health Protection Agency 12! 12/ _ has been to syn-
thesize evidence from a variety of sources that together provide a clearer picture of incidence, preva-
lence, and diagnosis probabilities. This synthesis is performed within a Bayesian framework that al-
lows each piece of evidence, with associated uncertainties, to be combined into an estimate of the

numbers of greatest interest 14/ 1121

Here we use a similar framework to synthesize evidence from two cities in the United States — New
York and Milwaukee — together with estimates of important detection probabilities from epidemio-
logic investigations carried out by the Centers for Disease Control and Prevention (CDC) and other
data from CDC. We estimate the severity of pH1N1 infection from data from spring-summer, 2009
wave of infections in the United States. The New York City and Milwaukee health departments pur-
sued differing surveillance strategies that provided high-quality data on complementary aspects of
pH1NT1 severity, with Milwaukee documenting medically attended cases and hospitalizations, and
New York documenting hospitalizations, ICU/ventilation use, and fatalities. These are the numerators
of the ratios of interest.

The denominator for these ratios is the number of symptomatic pH1N1 cases in a population, which
cannot be assessed directly. We use two different approaches to estimate this quantity. In the first, we
use self-reported rates of seeking medical attention for influenza-like illness from several CDC inves-
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tigations to estimate the number of symptomatic cases from the number of medically attended cases,
which are estimated from data from Milwaukee. In the second, we use self-reported incidence of in-
fluenza-like illness (ILI) in New York City, and making the assumption that these ILI cases represent
the true denominator of symptomatic cases, we directly estimate the ratio between hospitalizations,
ICU admissions/mechanical ventilation, and deaths (adjusting for ascertainment) in New York. Each
of these two methods provides estimates for the general population, and also for broad age categories
0-4, 5-17, 18-64, and 65+ years. The result of each approach is a tiered severity estimate of the pan-
demic.

METHODS

Methods Overview: The overall goal of this study was to estimate, for each symptomatic pHIN1 case,
what was the probability of hospitalization, ICU admission or mechanical ventilation, or death, overall
and by age group. The challenge is that in any population large enough to have significant numbers of
the severe outcomes, there was no reliable measure of the number of symptomatic pHIN1 cases. The
problem was approached in two ways. Approach 1 was to view the severity of infection as a “pyra-
mid” 1%/ | with each successive level representing greater severity; to estimate the ratio of the top
level to the base (symptomatic cases), we estimated the ratios of each successive level to the one be-
low it (Fig. 1, left side). Thus we broke down (for example) the sSCFR (Fig. 1, black), i.e. the proba-
bility of death per symptomatic case, into components for which data were available — the probability
of coming to medical attention given symptomatic infection (CDC survey data); the probability of be-
ing hospitalized given medical attention (Milwaukee data); and the probability of dying given hospi-
talization (New York data, including a correction for those who died of pH1N1 but were not hospital-
ized). A second approach was to use the self-reported incidence of influenza-like illness from a tele-
phone survey in New York as the estimate of total pH1N1 symptomatic disease, and the total number
of confirmed deaths in New York City as the estimate of the deaths (after accounting for possibly im-
perfect viral testing sensitivity). In each case, prior distributions were used to quantify information on
the probability that individuals at each level of severity were detected; these prior distributions re-
flected the limited data available on detection probabilities and associated uncertainty.

All of these estimates were combined within a Bayesian evidence synthesis framework. This frame-
work permits the estimation of probabilities for the quantities of interest (the sCFR, sCIR and sCHR)
and associated uncertainty (expressed as credible intervals). These credible intervals appropriately re-
flect the combined uncertainties associated with each of the inputs to the estimate — mainly, the true
numbers of cases at each level of severity, after accounting for imperfect detection — as well as the un-
certainties due to sampling error (chance).

Study populations: Data were obtained from enhanced pandemic surveillance efforts by the City of
Milwaukee Health Department and the New York City Department of Health and Mental Hygiene.
Details of testing policies, data acquisition, and analysis are given in Appendix. All data were ana-
lyzed first in aggregate and then by age category.

Milwaukee data: Between April 6 and July 16, 2009, Milwaukee had recorded 3278 confirmed cases
and 4 deaths due to pH1N1, reflecting sustained efforts to test cases of influenza-like illness and their
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household contacts from the start of the epidemic in April until mid-July. On April 27, Milwaukee
initiated protocols including recommendations for testing persons with influenza symptoms and travel
history to a novel HI1N1 area, using a reverse-transcriptase polymerase chain reaction (RT-PCR) test
specific for pH1IN1. By May 7, Milwaukee issued testing guidance updated to recommend testing
persons with moderate to severe symptoms, except health care workers, for whom testing persons with
mild symptoms continued to be recommended. We used a line list dated July 21, and in a preliminary
analysis examined the frequency of hospitalization among cases by “episode date” (the earliest date in
their case report). The proportion of confirmed cases hospitalized was stable around 3% up to May
20, after which it increased markedly to 6-8% in the following weeks. We judged that this change re-
flected reduced testing of mild cases and limited our analysis (used to inform the ratio of hospitaliza-
tions to medically attended cases) to the 763 cases with an episode date up to or including May 20.
While Milwaukee data were not the main source of estimates of ICU admission or death probabilities,
we did employ hospitalized cases up to an episode date of June 14 to contribute to estimates of the ra-
tio of deaths or ICU admissions to hospitalizations, since these should not be affected by failure to test
mild cases.

New York case data: New York City maintained a policy from April 26 to July 7, 2009 of testing hos-
pitalized patients with influenza-like illness (ILI) according to various criteria. These criteria changed
up to May 12, from which point they remained as follows: all hospitalized ILI patients received a
rapid influenza antigen test. Those patients who tested positive on rapid test (which is known to have
low sensitivity for seasonal influenza ”) and for pH1N1 [*8)), and any patient in the ICU or on a ven-
tilator, regardless of rapid test result, received RT-PCR tests for pHIN1. We obtained a line list of
confirmed or probable hospitalized cases dated July 7, and found in preliminary analysis that all pa-
tients in this line list had a date (onset or admission) in their record no later than June 30, 7 days prior
to the date of the line list. Given that >90% of hospitalizations were reported in New York within 7
days, we used this entire line list without accounting for delays in reporting of hospitalizations. Also,
given that 98% of admissions occurred after May 12, we did not attempt to account for changes in
testing practices prior to May 12. This line list included a field indicating whether the patient had
been admitted to the ICU or ventilated; patients were not followed up after admission to determine if
this status changed. However, a chart review of 99 hospitalized cases indicated that none had been ad-
mitted to the ICU after admission, so no effort was made to account for this limitation.

Separately, we obtained a list of 53 deaths attributed to pH1N1, of whom 44 (83%) had been hospital-
ized before dying. All patients with known influenza or unexplained febrile respiratory illness at the
time of death had post-mortem samples and/or samples from before they died sent for PCR testing.

New York telephone survey data: To estimate levels of ILI in New York City, DOHMH conducted
1,006 surveys between May 20 and May 27, 2009, and 1,010 between June 15 and June 19. Interviews
lasted 5 minutes and were conducted with households in both English and Spanish. The survey used a
random-digit dialing (RDD) telephone sampling methodology to obtain data from a random sample of
residential households in New York City. A non-random individual from each selected household was
interviewed and provided information about all household members. Sampled numbers were dialed
between 5 and 15 times to contact and interview a household, or until the sampled number was deter-
mined to be non-working.
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To account for this design, the data were weighted to the 2007 American Community Survey (ACS);
respondents were weighted to householders by borough, age, gender, and race/ethnicity, and the popu-
lation was weighted by age to the borough of residence.

The survey’s RDD sampling methodology gave a useful overview of ILI in the community, but it has
limitations. The design does not include individual living in households only reachable by cellular
telephone but not by a landline telephone number, and also omitted those living in group or institu-
tional housing. Although households were randomly selected, for the sake of efficiency, the inter-
viewed adult was not. Instead, an available adult in the household provided information about all
household members and themselves, which may have introduced bias. The results of the survey are
being compiled for publication elsewhere. Here, we use summaries of these results by age group (see
Appendix) as one means to provide denominators of symptomatic cases.

Data on detection probabilities from CDC investigations: Sources of data include two community
surveys on influenza-like illness (ILI) and health seeking behavior, and two field investigations con-
ducted during early outbreaks of pH1N1 in the United States. These sources are described in further
detail elsewhere 2! but are summarized here briefly. In 2007, the Behavioral Risk Factor
Surveillance Survey (BRFSS), a random-digit dialed telephone survey, included a module on ILI in 9
states. This module included questions to assess the incidence of ILI, health-seeking behavior, physi-
cian diagnosis of influenza, and treatment of influenza with antiviral medications during the annual
2006-2007 influenza season. In May 2009, following the emergence of pH1N1, a random-digit dialed
telephone survey sampled similarly to the BRFSS was conducted in the same 9 states using only the
ILI module from the 2007 BRFSS and limited demographic questions. In addition, some data was
available from field investigations conducted during large outbreaks of pHIN1 in one community in
Chicago and a university campus in Delaware. Investigations of these outbreaks consisted of house-
hold interviews in a Chicago neighborhood and an online survey of students and faculty in Delaware.
These data were used to inform detection probabilities. In addition, these data were used to inform a
prior distribution on the ratio between symptomatic and medically attended cases, (-i_\ { ‘ S these sur-

veys estimated that between 42% and 58% of symptomatic ILI cases sought medical attention 1/,

S.CT
the sCHR, sCIR, and sCFR, was undertaken using a Bayesian evidence synthesis framework 14/,
Details are given in the Appendix, and a schematic illustration of the model is given in Figure 2.
Briefly, in this framework, prior information about the quantities of interest (including the uncertainty
associated with this prior information) is combined with the information coming from the observed
cases at each severity level to derive a posterior distribution on these quantities. This posterior distri-
bution fully reflects all information about the quantities of interest that is contained in the prior distri-
bution and the observed data. Specifically, it was assumed that detected cases ( ) at each level of

severity — medically attended ( ‘\ [ ), hospitalized ( H ), ICU-admitted ( [ ), and fatal ( D ) — repre-
sented binomially distributed samples from the true number of cases \ at the corresponding level of

Analysis: Estimation of the probabilities of primary interest, C H 5, and C D|S, respectively

severity, in the given location (New York, abbreviated i\f or MilwauAkee, abbreviated H ), with
probability equal to the probability of detection at each level ( d ). The probability d for each level

was informed by evidence on the probability of testing at each level of severity (which may have de-
pended on the sensitivity of the rapid test if this was required for PCR testing) and the sensitivity of
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the PCR test (Table 1). Thus, for example, we defined the probability of detecting a hospitalized case
in New York as d HN = d HN1 d HN?2: where d N1 Was the probability of performing an RT-
PCR based test and d N9 Was the sensitivity of that test. Hence, the observed number of hospital-

ized patients in New York, ( ) H \ , was assumed to be distributed as

Binomial(Ngy.dgy)-

L CT | S, andC]) ‘ S can be built up multiplicatively from simpler com-
ponents: for instance, the ratio of deaths to symptomatic infections may be expressed as

C D|§,‘ =C D| HCH | MCM |\ , the product of the ratios of deaths:hospitalizations, of hospitaliza-
tions:medically attended cases, and of medically attended cases:symptomatic cases. These ratios of
increasing severity are similar to conditional probabilities but are not strictly so in all cases, since for
example some deaths in New York City occurred in persons who were not hospitalized. For this rea-
son we model deaths separately among hospitalized and non-hospitalized patients, i.e.

C D| - IS +C DM 1CM |\ . For each observed level of severity (medically-
attended, hospitalized, ICU, death), the true number of cases was modeled as a binomial sample from
the true number of cases at an appropriate lower level, hence

\WBmomzalt Nk cas) J.-\mBnomzal( Nk (Hl\f
Ny Binomial (N'p. (”H)H\D;\Bm(m vial( Ny, cpjm )

where the first subscript indicates severity and the second indicates the population (New York,
Milwaukee to May 20, Milwaukee to June 14).

In Approach 1 (New York and Milwaukee data combined), for the unobserved level of severity (symp-
q B eta ( r)lr} _L;s r)) to represent uncertainty

between 42% and 58% ; this distribution has 90% of its mass in this range, with a mean of 0.515. The
main analysis of this first approach was performed using prior information to inform the detection
probabilities. An additional “naive” analysis was performed, in which the detection probabilities d

were set equal to 1 at all levels of severity. Our prior distributions for the number of symptomatic
cases in New York (overall and by age) were taken as ranging uniformly between zero and the propor-
tion reporting ILI in the telephone survey (with the upper bound of that distribution having a prior re-
flecting the confidence bounds of the survey results, details in the Appendix). For Milwaukee, the
prior on symptomatic cases was taken as uniform between 0 and 25% of the population.

In Approach 2 (New York case data and telephone survey data), we made the assumption that self-
reported ILI cases represented symptomatic pH1N1 infection, and used the mean and 95% confidence
intervals from that survey to define a prior distribution on the number of symptomatic cases overall
and by age group. We then used observed hospitalizations, ICU/ventilator use, and fatalities along
with prior distributions on detection probabilities as above to inform estimates of true numbers of hos-
pitalizations, ICU/ventilator use, and fatalities, and these in turn were used to estimate SCHR, sCIR,
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and sCFR.

The evidence was synthesized through a full probability model in a Bayesian framework, imple-
mented in the OpenBUGS software (201 "\which uses Markov chain Monte Carlo to sample from the
posterior distribution.

Table 1: Detection Probabilities
RESULTS

Table 2 shows the numbers of medically attended cases, hospitalizations, ICU visits and deaths in the
two cities, with the Milwaukee data separated into the period (to May 20) for which we believe medi-
cally attended cases were consistently detected, and the period (to June 14) for which we consider
only hospitalized cases, ICU admissions and deaths.

Table 2: Cases at each level of severity

Approach 1: We considered two alternatives to estimate the ratios of interest from the combined New
York and Milwaukee data, using self-reported rates of seeking medical attention to establish the de-
nominator. First, we obtained a naive estimate of the ratios of deaths to hospitalizations, ignoring dif-
ferences in detection across levels of severity; and second, we obtained an estimate that incorporated
evidence and expert opinion on the detection probabilities at each level of severity.

The naive estimate would suggest a median (95% credible interval (CI)) ratio of deaths to hospitaliza-
tions (€ D| H ) of 4.3% (95% CI 3.2%-5.5%), of ICU admissions to hospitalizations ( C] | H ) of 25%

(95% CI 22%-27%), and of hospitalizations to medically attended cases ( C H ‘ M) of 3.1% (95% CI
2.0%-4.4%). The ratio of deaths outside of hospitals to medically attended cases ( C]) ‘ M) is esti-

mated to be 0.03% (95% CI 0.01%-0.06%). Incorporating the prior evidence that 42 to 58% of symp-
tomatic ILI is medically attended, this would imply a naive estimate of the symptomatic case-fatality
ratio of 0.081% (95% CI 0.049%-0.131%), a corresponding estimate of the symptomatic case-ICU ad-
mission ratio of 0.38% (95% CI 0.24%-0.58%), and an estimate of the symptomatic case-
hospitalization ratio of 1.55% (95% CI 0.98%-2.32%). If one assumes that detection probabilities are
no worse at higher levels of severity than at lower levels, then these figures would be reasonable up-
per bounds on the symptomatic case-fatality and case-ICU admission ratios.

Incorporating prior evidence of the detection probabilities at each level of severity, and thus accom-
modating structural and statistical uncertainties in these probabilities, we estimated that ratio of deaths
to hospitalizations ( C D| H ) of 2.7% (95% CI 1.8%-3.8%) of ICU admissions to hospitalizations (

C I ‘ H) of 17% (95% CI 12%-21%) and of hospitalizations to medically attended cases ((i H |_‘\ I) of
2.9% (95% CI 1.6%-5.0%). The ratio of deaths outside of hospitals to medically attended cases (
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CD|M ) is estimated to be 0.02% (95% CI 0.01%-0.04%).

Table 3 shows the estimates for the quantities of primary interest, overall and by age group, in the
analysis that incorporated prior evidence of detection probabilities. Here, the posterior median esti-
mate for the symptomatic case-fatality ratio is 0.048% (95% credible interval 0.026%-0.096%) and for
the symptomatic case-ICU admissions ratio is 0.239% (95% CI 0.134%-0.458%). The symptomatic
case-hospitalization ratio is estimated as 1.44% (95% CI 0.83%-2.64%).

Table 3: Posterior median (95% credible interval) estimates of the symptomatic case-fatality, case-
ICU and case-hospitalization ratios, by age group, based on a combination of data from New York
City and Milwaukee, and survey data on the frequency of medical attendance for symptomatic cases.

Estimates of each of these severity measures vary dramatically by age group, with the lowest severity
by each measure in the 5-17 year age group. Comparing the two groups for which we have the most
data, the relative risk of death for a symptomatic 18-64-year-old compared to a symptomatic 5-17 year
old is 15 (95% CI 5-57). The corresponding relative risks of ICU admission and hospitalization are 5
(95% CI 2-13) and 5 (95% CI 2-12) respectively. The Bayesian framework provides a natural way to
estimate confidence (measured as the posterior probability) that one rate is higher than another. The
probability that severity is higher in the 18-64 age group than in the 5-17 age group is >99.9%, for
each of fatality, ICU admission, and hospitalization respectively. The data are too sparse to say with
confidence whether adults over 65 or under 65 have greater severity. For example, among the four age
groups, the symptomatic case-fatality ratio is highest in the 18-64 year old age group with posterior
probability 62.%, and in those 65 and over with probability 38%. The symptomatic case-ICU admis-
sion ratio is highest in 18-64 year olds with posterior probability 51% and in those over 65 with poste-
rior probability 38%. The symptomatic case-hospitalization ratio is highest in 18-64 year olds with
posterior probability 37% and in those over 65 with posterior probability 37%.

Approach 2: Table 4 shows the estimates for the symptomatic case-fatality, case-ICU admission and
case-hospitalization ratios, by age group, when self-reported influenza-like illness is used as the de-
nominator for total symptomatic cases. Overall these are, respectively, SCFR=0.007% (95% CI
0.005%-0.009%), sCIR=0.028% (95%CI 0.022%-0.035%) and sCHR=0.16% (95% CI 0.12%-
0.26%). Compared to Approach 1, these estimates are nearly an order of magnitude smaller, and the
age distribution differs. The relative risks for each severity in the 18-64 year old group compared to
the 5-17 year old group are 7 (95% CI 3-25) for fatalities, 1.5 (95% CI 0.9-2.5) for ICU admissions
and 1.4 (95% CI 0.9-2.1) for hospitalizations. The case-fatality ratio is highest in the 18-64 group with
posterior probability 52%. In contrast to Approach 1, the case-ICU admission ratio is highest among
0-4 year olds, with posterior probability 79%, and the case-hospitalization ratio is highest among 0-4
year olds with posterior probability 99%.

Table 4: Posterior median (95% credible interval) estimates of the symptomatic case-fatality, case-

ICU and case-hospitalization ratios, by age group, using self-reported influenza-like illness as the de-
nominator of symptomatic cases.

DISCUSSION



We have estimated, using data from two cities on tiered levels of severity and self-reported rates of
seeking medical attention, that approximately 1.44% of symptomatic 2009 pH1N1 patients during the
spring in the United States were hospitalized; 0.239% required intensive care or mechanical ventila-
tion; and 0.048% died. Within the assumptions made in our model, these estimates are uncertain up to
a factor of about 2 in either direction, as reflected in the 95% credible intervals associated with the es-
timates. These estimates take into account differences in detection and reporting of cases at different
levels of severity, which we believe, based on some evidence, to be more complete at higher levels of
severity. Without such corrections for detection and reporting, estimates are approximately two-fold
higher for each level of severity. Using a second approach, which uses self-reported rates of in-
fluenza-like illness in New York City to estimate symptomatic infections, we have estimated rates ap-
proximately an order of magnitude lower, with a symptomatic case-hospitalization ratio (SCHR) of
0.16%, a symptomatic case-intensive care ratio of 0.028%, and a symptomatic case-fatality ratio of
0.007%. In both approaches, the sSCFR was highest in adults and lowest in school-age children (5-17);
data on children 0-4 and adults 65 and older were relatively sparse, making statements about their or-
dering more difficult. Nonetheless, given the large number of cases in nonelderly adults, this repre-
sents a substantial shift in the burden of hospitalization and mortality from those over 65, for whom
seasonal influenza is most severe (21! | to middle-aged adults, consistent with findings from previous
pandemics [2%] .

These estimates are valuable for attempting to project, in approximate terms, the possible severity of a
fall-winter wave of pH1N1, under the assumption that the virus does not change its characteristics.
From the 1957 and 1968 pandemics, it appears that perhaps 40-60% of the population was serologi-
cally infected, and that of those, 40-60% were symptomatic 2/ 1231 1241 [25] " Cyrrent estimates of the
transmission of 2009 pH1N1 range between about 1.4 and about 2.2, consistent with estimates of the
reproduction numbers from prior' 20! [27] [28] [291[30] T4 convert our estimates into population im-
pacts, one needs to make an assumption about the attack rate and its age distribution. For each 10% of
the US population symptomatically infected (with the same age distribution observed in the spring
wave), our Approach 1 estimates suggest that approximately 7800-29,000 deaths (3-10 per 100,000
population), 40,000-140,000 intensive care admissions (13-46 per 100,000 population), and
250,000-790,000 hospitalizations (170-630 per 100,000 population). These estimates will scale up
and down in proportion to the attack rate; for example, they should be doubled if 20% of the popula-
tion were symptomatic, producing for example 15,000-58,000 deaths, or 6-20 per 100,000 population.
Approach 2 suggests much smaller figures (for each 10% of the population symptomatic) of
1500-2700 deaths (0.5-0.9 per 100,000); 6600-11,000 ICU admissions/uses of mechanical ventilation
(22-35 per 100,000); and 36,000-78,000 hospitalizations (12-26 per 100,000). Again, these numbers
should be scaled in proportion to the attack rate.

To date, symptomatic attack rates seem to be far lower than 25% in both the completed Southern
Hemisphere winter epidemic and the autumn epidemic in progress in the United States; severe out-
comes seem to be considerably less numerous than those described for Approach 1 with a 25% attack
rate. In New Zealand, just under 2% of the population consulted a general practitioner for influenza-
like illness during the winter wave of the pandemic there (http://www.moh.govt.nz/moh.nsf/indexmh
/influenza-a-h1n1-update-138-180809), consistent with an attack rate significantly lower than 25%,

though somewhat higher than the GP consultation rate observed in severe seasonal flu outbreaks such
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as those in 2003 and 2004 (http://www.surv.esr.cri.nz/PDF_surveillance/Virology/FluWeekRpt
[2004/FluWeekRpt200444.pdf).

Our estimates reflect a level of antiviral treatment and health care capacity that will not be available in
all populations. Oseltamivir use was common in Milwaukee (Milwaukee Department of Health, un-
published data), and although the health system was stressed in both cities studied, there was no short-
age of intensive care or other life-saving medical resources. In a situation of greater stress on the
health system, as has been observed in certain locations in the Southern Hemisphere [°/ (10!
http://www.capegateway.gov.za/eng/your_gov/3576/news/2009/aug/185589, , or in areas that lack a
high-quality health system, severity might increase in proportion as adequate medical attention is less
available. Worryingly, our estimates of the proportion of symptomatic cases requiring mechanical
ventilation or ICU care was approximately 4-5x our estimate of the SCFR. It is possible that a substan-
tial proportion of those admitted to ICUs would have died without intensive care. In populations
without widespread access to intensive care, our results suggest that the same burden of disease would
lead to a death rate 4-5 times higher. Likewise, a change in the virus to become more virulent or resis-
tant to existing antiviral drugs, or the emergence of more frequent bacterial coinfections could in-
crease the severity of infection compared to that observed so far.

Estimates of severity for an infection such as influenza are fraught with uncertainties . Our analysis
has accounted for many of these uncertainties, including imperfect detection and reporting of cases,
bias due to delays between events (such as the delay from illness onset to death), and the statistical un-
certainties associated with limited numbers of cases, hospitalizations and deaths. Another major
source of difficulty is the spatial and temporal variation in reporting effort for mild and severe cases;
for example, most jurisdictions in the United States stopped reporting mild cases on or before the sec-
ond week of May, but this change varied by jurisdiction. We have attempted to avoid this difficulty by
focusing on individual jurisdictions — New York and Milwaukee — for which the approach to reporting
was relatively stable over time. One limitation is that Milwaukee changed its guidance during our sur-
veillance period from testing of all symptomatic cases to testing of all symptomatic health care work-
ers but only moderate to severe cases in non-health care workers. We believe that testing policies did
not change dramatically during this period, because the proportion of hospitalized case remained fairly
constant; however, the sample size prior to this change in guidance was small. Thus, our estimates
should be seen as being the risk of severe outcome among persons with symptoms, possibly biased
somewhat toward those with more severe symptoms.

Despite our efforts to account for sources of uncertainty, several others remain and have not been ac-
counted for in our analysis. First, we have assumed that for each level of severity (from medically at-
tended up to fatal), case reporting was equal across age groups; for example, we assumed that medi-
cally attended cases were as likely to be reported for young children as for adults. It is possible that
this is not the case, for example that mild cases were more likely to come to medical attention if they
occurred in children than if they occurred in adults. If this were true, our conclusion that severity was
higher in adults than children could be partly a result of differential reporting.

Second, the overall estimates of severity (not stratified by age group) reflect the age composition of
cases in the sample we studied, especially the age composition of the lowest level of severity exam-
ined, medically attended illness. Among medically attended cases in Milwaukee, 60% were in the
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5-17 age group, the one in which severe outcomes were the least likely. A preponderance of cases
within this age group may be typical of the early part of influenza epidemics, and while it has been ar-
gued that there is a shift from younger to older age groups in seasonal influenza 2!/ as the epidemic
progresses, there is evidence from at least the 1957 pandemic that attack rates remain higher in chil-
dren than adults throughout the course of the epidemic [?) . Since severity appears to be considerably
higher in adults, then a shift in the burden of disease from children to adults as the epidemic pro-
gresses would lead to an increase in average severity.

We note that the association between age and severity may also affect observed trends in the charac-
teristics of cases. The World Health Organization has noted worldwide a shift from younger to older
mean age among confirmed cases (http://www.who.int/csr/disease/swineflu/notes/h1n1_situa-
tion_20090724/en/index.html). If severity is lowest among children, this upward shift in age distribu-
tion may partially reflect a shift toward detection of more severe cases, rather than a true shift in the
ages of those becoming infected.

Third, the symptomatic case-fatality, case-ICU admission and case-hospitalization ratios are depen-
dent upon our estimates of the true number of symptomatic cases, :\, iSk and hence are sensitive to
)

the choice of prior for these, as well as to our prior assumptions on the detection probabilities. In par-
ticular, if the probability that symptomatic cases seek medical attention and are confirmed is lower
than we assume in our prior distributions, then there are more cases than are inferred by our model,
and severity is correspondingly lower than our estimates. If the probability of detecting severe out-
comes (hospitalizations, deaths, ICU) is lower than our priors reflect, then there are more severe out-
comes than our model infers, so severity is correspondingly higher.

Finally, the small sample sizes in some age groups, the over-65 year olds in particular, lead to large
uncertainty about the age-specific estimates. This level of uncertainty is reflected in the wide 95%
credible intervals for the estimates.

Our two approaches yield estimates that differ by almost an order of magnitude in the severity of the
infection, on each of the three measures considered. How should planners evaluate these contrasting
estimates? The lower estimates, using the denominator of self-reported influenza-like illness in New
York City, may reasonably be considered lower bounds on the true ratios. Influenza-like illness is
thought to be relatively rare in May-June, hence true influenza-like illness was probably largely attrib-
utable to pHIN1 during this period in New York. However, self-reported ILI is notoriously prone to
various biases, most of which suggest that true rates are probably lower than self-reported rates. A
previous telephone survey conducted in New York City found that 18.5% of New Yorkers reported in-
fluenza-like illness in the 30 days prior to being surveyed in late March, 2003 22! which represented
a period of above-baseline but declining influenza activity nationally and no known influenza out-
breaks in New York City 22! . The survey was repeated in October-November, 2003, prior to the ap-
pearance of significant influenza activity, and 20.8% reported influenza-like illness in the 30 days
prior 122! | If these surveys represent a baseline level of self-reported ILI in the absence of significant
influenza activity, then the approximately 12% self-reported ILI in the telephone survey is substan-
tially lower than this out-of-season baseline, suggesting that it likely overstates the total burden if
symptomatic pH1N1 disease. The lower estimates are also broadly consistent with estimates from
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New Zealand, which has experienced a nearly complete influenza season %/, and from Australia
(http://www.health.gov.au/internet/main/publishing.nsf/Content/cda-surveil-ozflu-flucurr.htm/$FILE
/ozflu-no14-2009.pdf). The higher estimates, on the other hand, were obtained using ratios of hospi-
talizations to confirmed medically attended cases and self-reported rates of seeking medical attention
for ILI, which have been consistently measured in the range of about 40-60%. It is possible that the
special efforts of the New York City health department to identify pH1N1-related fatalities (including
those not hospitalized) provides a fuller picture of the total number of deaths from this infection.
Interestingly, New York City reports about the same number of hospitalizations for our study period
(996) as New Zealand reports up to mid-August (972), but 3.5x as many deaths (53 vs. 16) (8. If this
discrepancy reflects more complete ascertainment of deaths in New York City, it may account for
much of the difference between our higher estimates of case-fatality ratios and those from New
Zealand. Given the number of uncertainties cataloged above (which apply also to other jurisdictions
within and outside the USA), we believe that our two approaches probably bracket the reasonable
range of severity for the US spring wave.

Age-specific severity patterns as estimated here are largely consistent with those one would obtain by
simply comparing the incidence of confirmed cases, hospitalizations, and deaths in the United States
as a whole for a similar period 2! | although the estimates for persons over 65 are highly uncertain,
with 95% credible intervals spanning several orders of magnitude, due to the very small number of in-
dividuals in our sample from that age group.

The estimates provided here may be compared to those for seasonal influenza. Compared to seasonal
influenza, these estimates (assuming a 25% symptomatic attack rate) suggest a number of deaths in
the United States that could range from about half the number estimated for an average year to nearly
twice the number estimated for an average year 22! (Approach 1), or a range about 10-fold lower than
that (Approach 2); however, the deaths would be expected to occur in younger age groups, compared
to the preponderance of deaths in persons over 65 in seasonal influenza. Such a shift in age distribu-
tion is typical for pandemics and the years that follow them 22/, Under Approach 1, and assuming a
typical pandemic symptomatic attack rate of 25%, the estimated number of hospitalizations for an au-
tumn-winter pandemic wave is considerably more than the approximately 300,000 estimated for typi-
cal seasonal influenza '*4! | whereas Approach 2 suggests a number between 1/3 and 2/3 of that ob-
served in typical seasonal influenza. It should be noted that most hospitalizations, and about 90% of
deaths attributed to seasonal influenza are categorized as respiratory and circulatory, not including the
more specific diagnoses of pneumonia and influenza; that is, they are due to myocardial infarction,
stroke, and other proximate causes, but are nonetheless likely caused initially by influenza infection
1351 The deaths included in this may have reflected more directly influenza-related causes and may
not reflect these indirect causes of influenza-related death. Indeed, it is unclear whether the propor-
tion of indirect respiratory and circulatory causes of death and hospitalization will be so high in this
pandemic year, given the younger ages involved in most severe cases. Given these differences be-
tween the estimates here based on virologically confirmed deaths and the ecological statistical ap-
proach to estimating influenza-attributable deaths and hospitalizations for seasonal influenza, it will
be difficult to interpret comparisons between the two types of estimates until (after the pandemic has
passed) comparisons can be made between the ecological and the confirmed-case approach to estimat-
ing burden of hospitalization and deaths.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-1246317821
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-1246317821
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-1246317821
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-1246317821
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-62606497
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-62606497
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-3380572410
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-3380572410
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-769769781
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-769769781
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-4140172165
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-4140172165
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-380351518
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-380351518

Our estimate of the symptomatic case-fatality ratio is lower than those provided by Garske et al. 1],

which ranges from 0.11% to 1.47% overall, and between 0.59% and 0.78% in the US, but which was
based on confirmed plus probable (rather than symptomatic) cases. Garske et al. do not account for
differences in reporting by level of severity; when we ignore such differences in our “naive” analysis,
we get approximately a 2-fold increase in the estimated sCFR. This suggests that the differences in
detection of mild and severe cases may have been greater in the data sets used by Garske et al. than in
those we have examined. Nishiura et al [2%/ estimate that between 0.16% and 4.48% of confirmed
cases in the United States and Mexico were fatal. Wilson and Baker *Z) | on the other hand, use a de-
nominator of infections (rather than symptomatic or confirmed cases) and estimate a range of CFR
from 0.0004% up to 0.6%. Our estimates fall in the middle part of this range. More recently, Baker et
al. %) used their estimates of the total incidence of symptomatic disease in New Zealand to estimate a
sCFR of 0.005%, equal to the lower end of the credible interval for our Approach 2 estimate, and con-
siderably below our Approach 1 estimate. The generally downward trend in the estimates of severity
reflects early ascertainment of more severe cases (e.g., mainly hospitalized cases in the early Mexican
outbreak); the issue of ascertainment and its potential biasing effect on severity estimates has been dis-
cussed by each of these earlier reports.

While we have been careful to highlight uncertainties in the estimates of severity, our results are suffi-
ciently well-resolved to have important implications for ongoing pH1N1 pandemic planning. The es-
timated severity indicates that a reasonable expectation for the autumn pandemic wave in the United
States is a death toll less than or equal to that which is typical for seasonal influenza, though possibly
with considerably more deaths in younger persons. If attack rates in the autumn match those of prior
pandemics and hospitalization rates are comparable to our estimates using Approach 1, the surge of ill
individuals and subsequent burden on hospitals and intensive care units could be large. However, us-
ing Approach 2, estimates of hospitalizations and intensive care admissions are considerably lower.
Either set of estimates places the epidemic within the lowest category of severity considered in pan-
demic planning conducted prior to the appearance of pH1N1 in the United States, which considered
case-fatality ratios up to 0.1% (http://www.flu.gov/professional/community/community_mitiga-
tion.pdf).

Continued close monitoring of severity of pandemic HIN1 disease is needed to assess how patterns of
hospitalization, intensive care utilization, and fatality are varying in space and time, and across age
groups. Increases in severity might reflect changes in the host population — for example, infection of
persons with conditions that predispose them to severe outcomes, or increased severity might reflect
changes in the age distribution of cases, for example a shift toward adults, in whom infection is more
severe. Changes in severity might also reflect changes in the virus or variation in the access and qual-
ity of care available to infected persons.

FUNDING INFORMATION

AP and DDeA were funded by the UK Medical Research Council. DDeA was funded also by the UK
Health Protection Agency. ML and SR were supported by Cooperative Agreements 1U54GM088558
and 5U01GM076497 of the Models of Infectious Disease Agent Study program of the US National
Institutes of Health (US NIH). SR also received funding from grant 3R01TW008246-01S1 from the


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-255816486
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-255816486
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-594493170
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-594493170
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-1434019620
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-1434019620
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-1246317821
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2762775/?report=printable#ref-1246317821

US NIH from the RAPIDD program of the Fogarty International Center of the US NIH and the
Science and Technology Directorate of the US Department of Homeland Security. The funders had no
role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

CONFLICT OF INTEREST

ML has received consulting fees from the Avian/Pandemic Flu Registry (Outcome Sciences), spon-
sored in part by Roche. All other authors declare no conflict of interest.

ACKNOWLEDGMENTS

We thank Michael G. Baker for helpful discussions and Carolyn Bridges for useful comments on ear-
lier drafts.

References

1. Reed C, Angulo F, Swerdlow D, Lipsitch M, Meltzer M, et al. (2009) Estimating the burden of pandemic influenza A/HIN1
-- United States, April-July 2009. Submitted.

2. Jordan WS, Jr., Denny FW, Jr., Badger GF, Curtiss C, Dingle JH, et al. (1958) A study of illness in a group of Cleveland
families. XVII. The occurrence of Asian influenza. Am J Hyg 68: 190-212. [PubMed: 13571232]

3. Ferguson NM, Cummings DA, Fraser C, Cajka JC, Cooley PC, et al. (2006) Strategies for mitigating an influenza pandemic.
Nature. [PMCID: PMC7095311] [PubMed: 16642006]

4. Halloran ME, Ferguson NM, Eubank S, Longini IM, Jr., Cummings DA, et al. (2008) Modeling targeted layered containment
of an influenza pandemic in the United States. Proc Natl Acad Sci U S A 105: 4639-4644. [PMCID: PM(C2290797]
[PubMed: 18332436]

5. Mills CE, Robins JM, Lipsitch M (2004) Transmissibility of 1918 pandemic influenza. Nature 432: 904-906. [PMCID:
PMC7095078] [PubMed: 15602562]

6. Miller MA, Viboud C, Olson DR, Grais RF, Rabaa MA, et al. (2008) Prioritization of influenza pandemic vaccination to
minimize years of life lost. J Infect Dis 198: 305-311. [PMCID: PMC3206321] [PubMed: 18558871]

7. Andreasen V, Viboud C, Simonsen L (2008) Epidemiologic characterization of the 1918 influenza pandemic summer wave
in Copenhagen: implications for pandemic control strategies. J Infect Dis 197: 270-278. [PMCID: PMC2674012] [PubMed:
18194088]

8. Baker MG, Wilson N, Huang QS, Paine S, Lopez L, et al. (2009) Pandemic influenza A(HIN1)v in New Zealand: the
experience from April to August 2009. Euro Surveill 14. [PubMed: 19712648]

9. Bita N (2009) No bed for swine flu man on life support. The Australian.
10. Newton K (2009) Swine flu puts hold on surgery The Dominion Post Wellington, NZ.

11. Lipsitch M, Hayden FG, Cowling BJ, Leung GM (2009) How to maintain surveillance for novel influenza A HIN1 when
there are too many cases to count. Lancet 374: 1209-1211. [PubMed: 19679345]



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Health Protection Agency Centre for Infections (2009) HIV in the United Kingdom: 2008 Report.
www.hpa.org.uk/hivuk2008.

Health Protection Agency Centre for Infections (2009) Sexually transmitted infections and men who have sex with men in

the United Kingdom: 2008 report. www.hpa.org.uk/hivmsm2008.

Goubar A, Ades AE, De Angelis D, McGarrigle CA, Mercer CH, et al. (2008) Estimates of human immunodeficiency virus
prevalence and proportion diagnosed based on Bayesian multiparameter synthesis of surveillance data. Journal of the Royal

Statistical Society, Series A 171: 1-27.

Presanis AM, De Angelis D, Spiegelhalter DJ, Seaman S, Goubar A, et al. (2008) Conflicting evidence in a Bayesian
synthesis of surveillance data to estimate human immunodeficiency virus prevalence. . J R Stat Soc Series A - Stat Soc 171:
915-937.

Garske T, Legrand J, Donnelly CA, Ward H, Cauchemez S, et al. (2009) Assessing the severity of the novel influenza
A/H1IN1 pandemic. BMJ 339: b2840. [PubMed: 19602714]

Uyeki TM, Prasad R, Vukotich C, Stebbins S, Rinaldo CR, et al. (2009) Low sensitivity of rapid diagnostic test for
influenza. Clin Infect Dis 48: e89-92. [PubMed: 19323628]

CDC (2009) Evaluation of rapid influenza diagnostic tests for detection of novel influenza A (H1N1) Virus - United States,
2009. MMWR Morb Mortal Wkly Rep 58: 826-829. [PubMed: 19661856]

Reed C, Angulo F, Swerdlow D, Lipsitch M, Meltzer M, et al. (2009) Estimating the burden of pandemic influenza A/HIN1
-- United States, April-July 2009. Emerg Infect Dis In press.

Thomas A, O'Hara B, Ligges U, Sturtz S (2006) Making BUGS Open. R News 6: 12-17.

Thompson WW, Weintraub E, Dhankhar P, Cheng PY, Brammer L, et al. (2009) Estimates of US influenza-associated deaths
made using four different methods. Influenza Other Respi Viruses 3: 37-49. [PMCID: PMC4986622] [PubMed: 19453440]

Simonsen L, Clarke MJ, Schonberger LB, Arden NH, Cox NJ, et al. (1998) Pandemic versus epidemic influenza mortality: a
pattern of changing age distribution. J Infect Dis 178: 53-60. [PubMed: 9652423]

Clarke SK, Heath RB, Sutton RN, Stuart-Harris CH (1958) Serological studies with Asian strain of influenza A. Lancet 1:
814-818. [PubMed: 13526280]

Davis LE, Caldwell GG, Lynch RE, Bailey RE, Chin TD (1970) Hong Kong influenza: the epidemiologic features of a high
school family study analyzed and compared with a similar study during the 1957 Asian influenza epidemic. Am J Epidemiol
92: 240-247. [PubMed: 5458216]

Foy HM, Cooney MK, Allan I (1976) Longitudinal studies of types A and B influenza among Seattle schoolchildren and
families, 1968-74. J Infect Dis 134: 362-369. [PubMed: 978003]

Boelle PY, Bernillon P, Desenclos JC (2009) A preliminary estimation of the reproduction ratio for new influenza A(HIN1)
from the outbreak in Mexico, March-April 2009. Euro Surveill 14. [PubMed: 19442402]

Fraser C, Donnelly CA, Cauchemez S, Hanage WP, Van Kerkhove MD, et al. (2009) Pandemic potential of a strain of
influenza A (H1N1): early findings. Science 324: 1557-1561. [PMCID: PMC3735127] [PubMed: 19433588]

Nishiura H, Castillo-Chavez C, Safan M, Chowell G (2009) Transmission potential of the new influenza A(H1N1) virus and
its age-specificity in Japan. Euro Surveill 14. [PubMed: 19497256]



29.

30.

31.

32.

33.

34.

35.

36.

37.

White LF, Wallinga J, Finelli L, Reed C, Riley S, et al. (2009) Estimation of the reproductive number and the serial interval
in the current influenza A/H1N1 outbreak. Influenza and Other Respiratory Viruses Submitted. [PMCID: PMC2782458]
[PubMed: 19903209]

Pourbohloul B, Ahued A, Davoudi B, Meza R, Meyers LA, et al. (2009) Initial human transmission dynamics of the
pandemic (HIN1) 2009 virus in North America. Influenza Other Respi Viruses 3: 215-222. [PMCID: PMC3122129]
[PubMed: 19702583]

Brownstein JS, Kleinman KP, Mandl KD (2005) Identifying pediatric age groups for influenza vaccination using a real-time

regional surveillance system. Am J Epidemiol 162: 686-693. [PMCID: PMC1266301] [PubMed: 16107568]

Metzger KB, Hajat A, Crawford M, Mostashari F (2004) How many illnesses does one emergency department visit
represent? Using a population-based telephone survey to estimate the syndromic multiplier. MMWR Morb Mortal Wkly Rep
53 Suppl: 106-111. [PubMed: 15714638]

Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N, et al. (2003) Mortality associated with influenza and
respiratory syncytial virus in the United States. JAMA 289: 179-186. [PubMed: 12517228]

Thompson WW, Shay DK, Weintraub E, Brammer L, Bridges CB, et al. (2004) Influenza-associated hospitalizations in the
United States. JAMA 292: 1333-1340. [PubMed: 15367555]

Reichert TA, Simonsen L, Sharma A, Pardo SA, Fedson DS, et al. (2004) Influenza and the winter increase in mortality in

the United States, 1959-1999. Am J Epidemiol 160: 492-502. [PubMed: 15321847]

Nishiura H, Klinkenberg D, Roberts M, Heesterbeek JA (2009) Early epidemiological assessment of the virulence of
emerging infectious diseases: a case study of an influenza pandemic. PLoS One 4: e6852. [PMCID: PM(C2729920]
[PubMed: 19718434]

Wilson N, Baker MG (2009) The emerging influenza pandemic: estimating the case fatality ratio. Euro Surveill 14.
[PubMed: 19573509]



Figures and Tables
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Figure 1. Diagram of two approaches to estimating the symptomatic case-fatality ratio (sCFR), shown in black. Approach 1
used three data sets to estimate successive steps of the severity pyramid. Approach 2 used self-reported influenza-like illness
for the denominator, and confirmed deaths for the numerator, both from New York City. Both approaches used prior distribu-
tions, in some cases informed by additional data, to inform the probability of detecting (confirming and reporting) cases at each

level of severity (not shown in the diagram; see Appendix). The Bayesian evidence synthesis framework was used as a formal

way to combine information and uncertainty about each level of severity into a single estimate and associated uncertainty that

reflected all of the uncertainty in the inputs.
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Figure 2: Schematic illustration of the relationship between the observed data (rectangles) and the conditional probabilities
(blue circles). The key quantities of interest, sSCHR, sCIR, and sCFR are products of the relevant conditional probabilities. (a)

Approach 1, synthesizing data from New York City and Milwaukee. Note that (-i_,'\{ S (double circle) is informed by prior

[19]

information '“*'rather than observed data. (b) Approach 2, using data from New York City only, including the telephone sur-

vey. Abbreviations: SCFR: symptomatic case-fatality ratio; sCIR: symptomatic case-ICU (or mechanical ventilation) ratio;

¥ Ll
SCHR: symptomatic case-hospitalization ratio. Variables:( D ‘ [ : the ratio of deaths to medically-attended cases; C D ‘ H:
¥
the ratio of deaths to hospitalized cases; C ] | H : the ratio of cases admitted to intensive care or using mechanical ventilation to
hospitali :CFH| M : the ratio of hospitali icall :C)J|S : the ratio of medicall
ospitalized cases; - ] | [ : the ratio of hospitalized cases to medically attended cases; - |,[ | S : the ratio of medically-

’ " . . ’ " . . .
attended cases to symptomatic CaSQS;(-' D | S : the ratio of deaths to symptomatic cases; C ]{ | S : the ratio of hospitalized cases

to symptomatic cases.
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Severity

Medically Hospitalized ICU- Dead
attended admitted
Milwaukee to May 20/ to June 14 to June 14  to June 14
0-4 126 (16%) 7 (28%) 27 (18%) 5 (20%) 0
5-17 470 (60%) 6 (24%) 29 (20%) 7 (26%) 2 (50%)
18-64 189 (24%) 12 (48%) 87 (59%) 14 (52%) 2 (50%)
65+ 3(0.4%) 0 4 (3%) 1 (4%) 0
Total 788 25 147 25 4
New York Dead (total) /
Dead but not
hospitalized
0-4 225 (23%) 44 (17%) 2 (4%)/2
5-17 197 (20%) 51 (20%) 2(4%)/1
18-64 518 (52%) 147 (57%) 46 (87%)/6
65+ 56 (6%) 15 (6%) 3(6%)/0
Total 996 257 53/9
sCFR sCIR sCHR
age 0-4 0.026%  (0.006% -0.092%) 0.321% (0.133% -0.776%) 2.45% (1.10% - 5.56%)
5-17 0.010% (0.003% -0.031%) 0.106% (0.043% -0.244%) 0.61% 0.27% - 1.34%)
18-64  0.159%  (0.066% -0.333%) 0.542% (0.230% -1.090%) 3.00% (1.35% - 5.92%)
65+ 0.090% (0.008% -1.471%) 0.327% (0.035% -4.711%) 1.84% (0.21%  -25.38%)
Total  0.048% (0.026% -0.096%) 0.239% (0.134% -0.458%) 1.44% (0.83% - 2.64%)
sCFR sCIR sCHR
age 0-4 0.004% (0.001%-0.011%)  0.045% (0.026%-0.078%) 0.33% (0.21%- 0.63%)
5-17 0.002% (0.000%-0.004%)  0.019% (0.013%-0.027%) 0.11% (0.08%- 0.18%)
18-64  0.010% (0.007%-0.016%)  0.029% (0.021%-0.040%) 0.15% (0.11%- 0.25%)
65+ 0.010% (0.003%-0.025%)  0.030% (0.016%-0.055%) 0.16% (0.10%- 0.30%)
Total 0.007% (0.005%-0.009%) 0.028% (0.022%-0.035%) 0.16% (0.12%- 0.26%)




