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Abstract

The on-going debate about the health burden of the 2009 influenza pandemic and
discussions about the usefulness of vaccine recommendations has been hampered by
an absence of directly comparable measures of mortality impact. Here we set out to
generate an "apples-to-apples” metric to compare pandemic and epidemic mortality.
We estimated the mortality burden of the pandemic in the US using a methodology
similar to that used to generate excess mortality burden for inter-pandemic influenza
seasons. We also took into account the particularly young age distribution of deaths in
the 2009 H1IN1 pandemic, using the metric "Years of Life Lost" instead of numbers of
deaths. Estimates are based on the timely pneumonia and influenza mortality
surveillance data from 122 US cities, and the age distribution of laboratory-confirmed
pandemic deaths, which has a mean of 37 years. We estimated that between 7,500
and 44,100 deaths are attributable to the A/H1N1 pandemic virus in the US during
May-December 2009, and that between 334,000 and 1,973,000 years of life were lost.
The range of years of life lost estimates includes in its lower part the impact of a typical
influenza epidemic dominated by the more virulent A/H3N2 subtype, and the impact of
the 1968 pandemic in its upper bound. We conclude that the 2009 A/H1N1 pandemic
virus had a substantial health burden in the US over the first few months of circulation
in terms of years of life lost, justifying the efforts to protect the population with
vaccination programs. Analysis of historic records from three other pandemics over
the last century suggests that the emerging pandemic virus will continue to circulate
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and cause excess mortality in unusually young populations for the next few years.
Continuing surveillance for indicators of increased mortality is of key importance, as
pandemics do not always cause the majority of associated deaths in the first season
of circulation.

Introduction

The World Health Organization (WHO) has been criticized for responding too
forcefully to the 2009 A/H1N1pdm pandemic threat. One of the charges is that
recommendations to develop and distribute vaccine to nations were overzealous, given
the perceived “mild” impact of this pandemic. Accusations included that the
recommendations to vaccinate had needlessly exposed millions of healthy people to
the risk of unknown side-effects of pandemic vaccines. There is concern that the true
severity of the 2009 influenza pandemic has been underestimated, and that reporting
in the media was inappropriate [1].

The WHO global estimate of ~16,000 laboratory-confirmed deaths from A/HLN1pdm
influenza as of February 26, 2010 [2] appears many fewer than the millions of deaths
associated with the three previous pandemics of 1918, 1957 and 1968 [3],[4],[5], or
even than deaths associated with seasonal influenza epidemics [6],[7]. However these
figures are not comparable for several reasons. First, the WHO laboratory-confirmed
data represent the “tip of the iceberg” of all influenza-related deaths; in contrast,
mortality estimates for historic pandemics were based on statistical attribution of
excess all-cause mortality during the pandemic period, and are far more inclusive than
laboratory-confirmed cases. Inthe US alone, the Centers for Disease Control and
Prevention (CDC) has used a modeling approach to estimate that 12,000 deaths were
associated with the HLN1pdm virus as of February 13, 2010 (range 8,500-17,600)|8].
Second, these ~12,000 deaths are qualitatively different than the ~36,000 seasonal
influenza deaths which occur in an average winter in the US [6]-- the majority of
pandemic deaths have occurred in children and younger adults [9],[10], while almost all
seasonal influenza deaths occur in the elderly [7].

We propose a framework to generate measurements of mortality impact for the 2009
pandemic comparable to past pandemic as well as to recent epidemic seasons. We
first generated an early assessment of the number of deaths in the US, by indexing
provisional mortality data from CDC’s 122 Cities surveillance system [11] to final
national mortality data from past seasons [7]. We then accounted for the age
distribution of laboratory-confirmed 2009 A/H1N1pdm deaths and used the 122
Cities data to extrapolate the number of Years of Life Lost (YLL) associated with the
2009 pandemic, using the same approach as proposed [4]. We then compare US
estimates of YLL for the 2009 pandemic to those for historic pandemics and
contemporary influenza seasons.
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Methods

Age-specific estimates of deaths attributable to the 2009 pandemic are required to
calculate the number of years of life lost to the A/HLIN1pdm virus. As vital statistics
data are usually not available until 2-3 years after an influenza season or pandemic is
over, and only a fraction of cases and deaths are laboratory tested, we used
independent sources of data to 1) estimate the age distribution of pandemic-related
deaths based on a sample of laboratory-confirmed deaths and 2) apply this age
distribution to preliminary estimates of the number of pandemic-related deaths during
2009 in the US, using CDC's timely 122 Cities surveillance data.

Estimating age-specific numbers of deaths attributable to influenza.

The age distribution of deaths was provided by a study published in August 2009 and
reporting on 468 laboratory-confirmed A/H1N1 deaths in different countries (Table 1)
[9]. The age distribution of deaths was very similar between countries and in
agreement with earlier estimates from Mexico [10], with a mean of 37 years. Additional
information on the age of 292 laboratory-confirmed A/H1N1 deaths in the US was also
available from a CDC publication [12], suggesting a similar mean age of ~40 yrs from
April until mid-October 2009. Given that the CDC publication provided only a crude age
breakdown, especially among young adults who comprised a substantial proportion of
deaths, we present here estimates based on the larger study from August 2009 [9].

To estimate the overall number of deaths attributable to the pandemic, we relied on
the CDC surveillance system for pneumonia and influenza (P&I) deaths -- the 122
Cities provisional mortality surveillance system [13]. The system reports weekly
deaths from P&l and all causes based on a large sample of US cities. In the absence
of a clear denominator for the population-at-risk in this sample, the CDC has
historically used the weekly ratio of P&l deaths (defined as the no. of P&l deaths
divided by the total no. deaths) to assess the timing and severity of influenza epidemics
with only a few weeks lag time (Figure 1). To convert this proxy indicator into a
measure of excess deaths, we compared the ratio from the 122 Cities data to final
vital statistics from the National Center for Health Statistics (NCHS), which compiles
100% of US deaths certificates. The comparison relied on 7 past inter-
pandemic seasons where both systems overlaped, 1999-2006, as NCHS data lag
CDC data by 3-4 years. For comparison purposes, we used both the P&l and
all-cause mortality outcomes from the NCHS statistics, as both are traditionally used to
measure influenza mortality burden [14],[15]. Although both the 122 Cities and NCHS
vital statistics data are available well before 1999, a change in the 122 Cities
surveillance system in 1999 resulted in an abrupt rise in the P&l death ratio, which
precluded inclusion of earlier years.
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Figure 1: Weekly time series of the ratio of deaths from pneumonia and influenza to all
deaths, based on the 122 cities surwveillance in the US [13] (blue line). The red line
AAGAsgan | represents the expected baseline ratio in the absence of influenza activity. (more ...)

To derive indicators of influenza mortality burden for each dataset, we fitted traditional
Serfling regression models to data in non-epidemic months (excluding Dec-Mar of
each year and all months in 2009) to derive baseline deaths in the absence of
influenza activity [7] (Fig 1). The influenza attributable burden was calculated as the
observed minus baseline during influenza epidemic months and summed over each
season. Seasonal excess mortality estimates for P&l and all-cause derived from the
NCHS system were then compared against the seasonal excess P&l ratio from the
CDC system (Fig 2A & B). A linear regression model was then developed to predict
excess P&l deaths as a function of the excess P&l ratio, and a similar approach was
used to predict excess all cause deaths. This approach provided estimates of the
number of excess P&l and all-cause deaths associated wih the pandemic period
May-Dec 2009 in the US, given the excess P&l ratio observed in the 122 cities
surveillance during the same period. Using the age distribution from[9], we
proportionally generated age-specific estimates of the number of 2009-pandemic
deaths.

—— Figure 2: Comparison of seasonal influenza mortality burden estimates in the US by two
systems: the 122 cities mortality surveillance system [13], and the final mortality data
from the national center for vital statistics (NCHS). All estimates are derived (more ...)

We note that our excess P&l estimate can be considered as a lower bound of mortality
attributable to the 2009 pandemic (as it excludes deaths that are not directly coded as
P&l), while our excess all-cause estimate can be considered an upper bound. The
upper bound based on all-cause excess mortality is most similar to the method used
historically to generate mortality burden estimates for the 1918, 1957 and 1968
pandemics and inter-pandemic seasons in the US [7],[16],[17].

Estimating Years of Life Lost (YLL) attributable to influenza.

The concept of using metrics such as Years of Life Lost (YLL) or Disability-Adjusted
Life Years lost instead of numbers of deaths is often used to quantify the burden of
disease [18] [19]. Following a previously described method [4], we calculated “period
expected” YLL by multiplying the number of age-specific deaths attributable to the 2009
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pandemic to standard life expectancy at age of death in 2000 from the mid-point of
each age category (Table 1). Our algorithm follows a standard approach for estimating
Disability Adjusted Life Years [19], but without weighing a social discount rate that
favors life saved in the near future, nor using age-specific coefficients to weight
deaths in young adults more heavily than in children or seniors.

Table 1: Age distribution of pandemic-related deaths in 2009 [9] and life expectancy
estimates in the US used for calculation of years of life lost

Results

Based on the study reported in August 2009 in [9], more than 85% of laboratory-
confirmed A/H1N1 deaths occurred in people under 60 years of age, with a mean age
of deaths of 37 years (Table 1). This is in marked contrast to seasonal influenza
epidemics where 90% of deaths occur in people over 65 years and the mean age of
influenza-related deaths is estimated at 76 yrs.

The excess mortality estimates based on the final vital statistics compiled by NCHS
and the preliminary data provided by the 122 cities surveillance showed strong
agreement for the period 1999-2006, despite the low number of seasons available for
comparison (R2>0.80 for P&l and all cause excess mortality, Figure 2). Based on the
prediction model shown in Figure 2, we estimate that the overall number of deaths
attributable to the 2009 pandemic in the US range between ~7,500 (P&l excess
deaths) to ~44,100 (all-cause excess deaths) (Table 2). This range includes the latest
CDC estimate of 12,000 deaths in the US [8] based on a probability modeling
approach developed by Reed et al [20]. Itis important to note that Reed et al's
approach differs from the Serfling “excess mortality” approach, and may not take into
account influenza-related deaths triggered by exacerbation of underlying chronic health
conditions, in the absence of pneumonia [17],[21],[15].

Table 2: Estimates of number of deaths, mean age of deaths, and years of life lost
attributable to the 2009 pandemic in the US. Estimates for historical pandemics and
typical A/[H3N2 seasons are provided for comparison purposes.

From this range of mortality estimates, we extrapolate that the pandemic has been
responsible for 0.3 to 1.9M of YLL so far in 2009 (Table 2). This range encompasses
YLL estimates for a typical influenza A/H3N2 season, as well as for the 1968
pandemic, when estimates are adjusted to the age structure and size of US population
in year 2000. By contrast, the 1957 and 1918 pandemics were associated with ~30%
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and ~3000% more YLL than our upper bound for the 2009 pandemic, respectively,
when estimates are adjusted to the 2000 population. Of note however is the
particularly young mean age of deaths in the current pandemic, which is substantially
lower than in the 1968 and 1957 pandemics, and about 10 year older than in the 1918
pandemic. This unusually young age distribution of HLN1pdm deaths increases the
YLL burden of 2009 pandemic greatly compared to the 1957 and 1968 pandemics,
despite the relatively lower number of excess deaths estimated so far during 2009
(Table 2).

Discussion

We have developed a strategy for generating mortality burden estimates comparable
across influenza epidemic and pandemic seasons using US mortality surveillance
data. Here we presented an estimated range of Years of Life Lost (YLL) for the 2009
pandemic up to December 31, 2009. Because of the unusually low mean age of the
H1N1 pandemic deaths (37 years), using the YLL metric changes the perception of
relatively low impact, both when compared to seasonal influenza (where more than
90% of deaths are in persons aged over 65 years) and to past pandemics. The
resulting range of YLL estimates for the 2009 H1N1 pandemic included in its lower end
the burden of an average seasonal epidemic caused by A/H3N2, the most virulent
seasonal virus subtype ciruclating in the last 3 decades. The upper range of YLL
estimates for 2009 exceeded the burden of the 1968 pandemic adjusted to the year
2000 population, a pandemic with a relatively high mean age of death at 62 years. We
believe our YLL approach more accurately reflects the qualitative differences between
pandemic and inter-pandemic influenza mortality, using methods frequently used in
health outcome evaluations.

We derived the lower end of the YLL range using the conservative assumption of
counting only deaths coded as pneumonia and influenza. This was most similar to

the approach used to quantify the burden of the 1918 pandemic, the only other
pandemic we are aware of that had a low median mortality age (27 years). Interestingly
in 1918, 95-100% of the influenza burden was captured by deaths coded as
pneumonia, influenza, and bronchitis, based on data from NYC and
Copenhagen[22],[23]. By contrast, the higher end of our YLL range estimate for the
2009 pandemic derives from methods used to estimate burden of the 1957 and 1968
pandemics and seasonal epidemics. This method accounts for influenza-related
deaths in part attributable to underlying high risk conditions, but occurring in excess of
a normal baseline mortality level during the influenza activity period. Given the
unseasonal nature of this pandemic, it is difficult to determine what best describes the
2009 pandemic mortality burden at this time — but final estimates will resolve this once
national vital statistics data are available.
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We believe that the use of qualitative designations such as mild, moderate and severe
in describing the health impact of seasonal and pandemic influenza is insufficient, and
possibly inappropriate. This terminology describes a pandemic from a single outcome
measure; namely an estimate of all direct and contributing deaths. However, the
substantial difference in the age distribution of pandemic-related deaths, the number of
patients requiring intensive care, and the loss to society in work productivity when a
younger age population is disproportionately impacted, supports the use of alternative
measures to describe the burden of influenza pandemics and compare with typical
influenza seasons. While we have not identified a single outcome measure that can
simultaneously account for all the above variables, we believe that using the YLL
metrics is the best single measure at this time. From that perspective, the 2009
pandemic had a significant impact on the world’s health from April through December
2009..

Based on US mortality surveillance data, we conclude that the YLL burden of the 2009
pandemic may in fact be as high as for the 1968 pandemic — but that at this time the
assessment is still tentative. More H1N1 pandemic waves are likely to occur over the
next seasons, increasing the cumulative burden of the emerging virus, and severity
may also change over time. For example, the 1918 15 wave was relatively mild
compared to the devastating autumn 1918 wave that killed 2% of the global population
[22],[23],[24]. In Europe and Asia, the majority of deaths associated with the 1968
pandemic occurred a full year after the pandemic virus first began circulating [15].
Only several years after the emergence of the H1N1-pandemic, when national vital
statistics become available, will we know the full extent of the severity of this pandemic
in the US. Finally, the mortality burden of the 2009 pandemic remains poorly studied in
other countries and potential geographical differences in excess mortality rates remain
unclear. An early assessment using Mexican data suggested the severity may have
been similar to the 1957 pandemic, a pandemic believed to have caused 2 million
deaths worldwide. However, data from Europe and the US, including the present
study, suggest a milder impact there similar to what occurred in the first year of the
1968 pandemic. Geographical variability in mortality impact was also seen during the
1918 pandemic, where for example Scandinavian cities and NYC experienced a mild
15" wave, followed by the catastrophic second wave in the autumn [23] while cities like
Geneva [25] and Madrid [26]experienced their severe impact in the first wave.

In conclusion, based on US data for May-December 2009, we estimate that the HIN1
pandemic was associated with an impact ranging from that of a virulent influenza
A/H3N2 season to that of the 1968 pandemic, when one takes into account the
markedly young age distribution of influenza-related deaths in occurring in 2009. The
2009 H1NZ1 virus may replace one or more A type influenza viruses and cause
additional waves either late this season or the following winter, potentially with
additional mortality impact to come. Given the historic record of changing disease
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severity geographically and over time, it is critical to keep up vigilance with this
emerging pandemic virus, and continue vaccination efforts and other preparations to
protect the population. The recent recommendation to include the pandemic HIN1
virus antigen in the seasonal vaccine formulation for the next winter is a good step
towards this goal.

Funding Information

This work was supported by the intra-mural research program of the Fogarty
International Center, National Institutes of Health (CV, MM); the RAPIDD program of
the Science & Technology Directorate, Department of Homeland Security and Fogarty
International Center, NIH (LS); and the National Institute of Allergy and Infectious
Diseases, NIH, under contract HHSN266200700007 (MO).

Competing Interests

The authors have declared that no competing interests exist.

References

1. Comparison of adult patients hospitalised with pandemic (H1N1) 2009 influenza and seasonal
influenza during the "PROTECT" phase of the pandemic response

2. Pandemic (H1N1) 2009 - update 89 (26 Feb 2010)

3. Miller MA, Viboud C, Balinska M, Simonsen L. The signature features of
influenza pandemics--implications for policy. N Engl J Med. 2009 Jun
18;360(25):2595-8. Epub 2009 May 7. [PubMed]

4. Miller MA, Viboud C, Olson DR, Grais RF, Rabaa MA, Simonsen L. Prioritization
of influenza pandemic vaccination to minimize years of life lost. J Infect Dis.
2008 Aug 1;198(3):305-11. [PubMed]

5. Serfling RE, Sherman IL, Houseworth WJ. Excess pneumonia-influenza mortality
by age and sex in three major influenza A2 epidemics, United States, 1957-58,
1960 and 1963. Am J Epidemiol. 1967 Sep;86(2):433-41. [PubMed

6. Thompson WW, Shay DK, Weintraub E, Brammer L, Cox N, Anderson LJ, Fukuda K.
Mortality associated with influenza and respiratory syncytial virus in the United
States. JAMA. 2003 Jan 8;289(2):179-86. [PubMed]

7. Simonsen L, Reichert TA, Viboud C, Blackwelder WC, Taylor RJ, Miller MA.
Impact of influenza vaccination on seasonal mortality in the US elderly
population. Arch Intern Med. 2005 Feb 14;165(3):265-72. [PubMed]

8. CDC Estimates of 2009 HIN1 Influenza Cases, Hospitalizations and Deaths in the United States,
April 2009 — January 16, 2010

9. Vaillant L, La Ruche G, Tarantola A, Barboza P; epidemic intelligence team at
InVS. Epidemiology of fatal cases associated with pandemic H1N1 influenza 2009.
Euro Surveill. 2009 Aug 20;14(33). pii: 19309. [PubMed]

5/20/2010 2:28 PM



Preliminary Estimates of Mortality and Years of Life Lost Associated with...

9 of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Chowell G, Bertozzi SM, Colchero MA, Lopez-Gatell H, Alpuche-Aranda C,
Hernandez M, Miller MA. Severe respiratory disease concurrent with the

circulation of HIN1 influenza. N Engl J Med. 2009 Aug 13;361(7):674-9. Epub 2009
Jun 29. [PubMed]

Flu Activity & Surveillance

ACIP Presentation Slides: October 2009 Meeting: Influenza epidemiology

CDC wonder website

Simonsen L, Reichert TA, Viboud C, Blackwelder WC, Taylor RJ, Miller MA.
Impact of influenza vaccination on seasonal mortality in the US elderly
population. Arch Intern Med. 2005 Feb 14;165(3):265-72. [PubMed]

Viboud C, Grais RF, Lafont BA, Miller MA, Simonsen L; Multinational Influenza
Seasonal Mortality Study Group. Multinational impact of the 1968 Hong Kong
influenza pandemic: evidence for a smoldering pandemic. J Infect Dis. 2005 Jul
15;192(2):233-48. Epub 2005 Jun 15. [PubMed

Murray CJ, Lopez AD, Chin B, Feehan D, Hill KH. Estimation of potential global
pandemic influenza mortality on the basis of vital registry data from the 1918-20
pandemic: a quantitative analysis. Lancet. 2006 Dec 23;368(9554):2211-8. [PubMed]

Simonsen L, Clarke MJ, Schonberger LB, Arden NH, Cox NJ, Fukuda K. Pandemic
versus epidemic influenza mortality: a pattern of changing age distribution. J
Infect Dis. 1998 Jul;178(1):53-60. [PubMed]

Centers for Disease Control (CDC). Premature mortality in the United States:
public health issues in the use of years of potential life lost. MMWR Morb Mortal
WKkly Rep. 1986 Dec 19;35(2 Suppl):1S-11S. [PubMed]

Mathers CD, Loncar D. Projections of global mortality and burden of disease
from 2002 to 2030. PLoS Med. 2006 Nov;3(11):e442. [PMC free article] [PubMed]

Reed C, Angulo FJ, Swerdlow DL, Lipsitch M, Meltzer MI, Jernigan D, Finelli L.
Estimates of the prevalence of pandemic (H1N1) 2009, United States, April-July
2009. Emerg Infect Dis. 2009 Dec;15(12):2004-7. [PubMed]

Reichert TA, Simonsen L, Sharma A, Pardo SA, Fedson DS, Miller MA. Influenza
and the winter increase in mortality in the United States, 1959-1999. Am J
Epidemiol. 2004 Sep 1;160(5):492-502. [PubMed]

Olson DR, Simonsen L, Edelson PJ, Morse SS. Epidemiological evidence of an
early wave of the 1918 influenza pandemic in New York City. Proc Natl Acad Sci U
S A. 2005 Aug 2;102(31):11059-63. Epub 2005 Jul 26. [PMC free article] [PubMed]

Andreasen V, Viboud C, Simonsen L. Epidemiologic characterization of the 1918
influenza pandemic summer wave in Copenhagen: implications for pandemic control
strategies. J Infect Dis. 2008 Jan 15;197(2):270-8. [PMC free article] [PubMed]

Barry JM, Viboud C, Simonsen L. Cross-protection between successive waves of
the 1918-1919 influenza pandemic: epidemiological evidence from US Army camps and
from Britain. J Infect Dis. 2008 Nov 15;198(10):1427-34. [PubMed]

Chowell G, Ammon CE, Hengartner NW, Hyman JM. Estimation of the reproductive

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2843747/?tool=pubmed

5/20/2010 2:28 PM



Preliminary Estimates of Mortality and Years of Life Lost Associated with... http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2843747/?tool=pubmed

number of the Spanish flu epidemic in Geneva, Switzerland. Vaccine. 2006 Nov
10;24(44-46):6747-50. Epub 2006 Jun 5. [PubMed]

26. Erkoreka A. The Spanish influenza pandemic in occidental Europe (1918-1920)
and victim age. Influenza Other Respi Viruses. 2010 Mar;4(2):81-9. [PubMed]

27. Lopez AD, Mathers CD, Ezzati M, Jamison DT, Murray CJ. Global and regional
burden of disease and risk factors, 2001: systematic analysis of population
health data. Lancet. 2006 May 27;367(9524):1747-57. [PubMed]

28. Cohen J. The Global Burden of Disease Study: a useful projection of future
global health? J Public Health Med. 2000 Dec;22(4):518-24. [PubMed

29. Reed C, Angulo FJ, Swerdlow DL, Lipsitch M, Meltzer MI, Jernigan D, Finelli L.
Estimates of the prevalence of pandemic (H1N1) 2009, United States, April-July
2009. Emerg Infect Dis. 2009 Dec;15(12):2004-7.CDC estimates for the 2009 pandemic [PubMed]

30. Murray CJ, Lopez AD, Chin B, Feehan D, Hill KH. Estimation of potential global
pandemic influenza mortality on the basis of vital registry data from the 1918-20
pandemic: a quantitative analysis. Lancet. 2006 Dec 23;368(9554):2211-8. [PubMed]

31. Erkoreka A. The Spanish influenza pandemic in occidental Europe (1918-1920)
and victim age. Influenza Other Respi Viruses. 2010 Mar;4(2):81-9. [PubMed]

32. Centers for Disease Control (CDC). Premature mortality in the United States:
public health issues in the use of years of potential life lost. MMWR Morb Mortal
WKkly Rep. 1986 Dec 19;35(2 Suppl):1S-11S. [PubMed]

Articles from PLoS currents. Influenza are provided here courtesy of
Public Library of Science

You are here: NCBI > Literature > PubMed Central Write to the Help Desk

10 of 10 5/20/2010 2:28 PM



