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	We estimated the possible effects of the next influenza pandemic in the United States and analyzed the economic impact of vaccine-based interventions. Using death rates, hospitalization data, and outpatient visits, we estimated 89,000 to 207,000 deaths; 314,000 to 734,000 hospitalizations; 18 to 42 million outpatient visits; and 20 to 47 million additional illnesses. Patients at high risk (15% of the population) would account for approximately 84% of all deaths. The estimated economic impact would be US$71.3 to $166.5 billion, excluding disruptions to commerce and society. At $21 per vaccinee, we project a net savings to society if persons in all age groups are vaccinated. At $62 per vaccinee, we project net losses if persons not at high risk for complications are vaccinated. Vaccinating 60% of the population would generate the highest economic returns but may not be possible within the time required for vaccine effectiveness, especially if two doses of vaccine are required. 


Influenza pandemics have occurred for centuries, three times (1918, 1957, and 1968) in the 20th century alone. Another pandemic is highly likely, if not inevitable. In the 1918 influenza pandemic, more than 20 million people died. Improvements in medical care and technology since the last pandemic may reduce the impact of the next. When planning for the next pandemic, however, decision makers need to examine the following questions: 
· Would it make economic sense to vaccinate the entire U.S. population if 15% were to become clinically ill?  What if 25% were to become ill? 
To answer such questions, we conducted economic analyses of potential intervention scenarios. 

Our study examines the possible economic effects of the next influenza pandemic in the United States, analyzes these effects, and uses the results to estimate the costs, benefits, and policy implications of several possible vaccine-based interventions. These estimates can be used in developing national and state plans to respond to an influenza pandemic.  
Specific objectives were to:

· provide a range of estimates regarding the number of deaths, hospitalizations, outpatient visits, and those ill persons not seeking medical care in the next influenza pandemic; 
· provide a cost estimate of health outcomes; 
· estimate the potential net value of possible vaccination strategies; 
· evaluate the effect of using different criteria (e.g., death rates, economic returns due to vaccination) to set vaccination priorities; 
· assess the economic impact of administering various doses of vaccine and of administering vaccine to different age groups and groups at risk; 

· calculate an insurance premium that could reasonably be spent each year for planning, preparedness, and practice. 

	For interventions to contain and reduce the impact of an influenza pandemic, we used a societal perspective, which takes into account all benefits and all costs regardless of who receives and who pays. 

Since the age distribution of patients in the next pandemic is unknown, we assumed a distribution among three age groups (0 to 19 years, 20 to 64 years, and 65 years and older).  Further, each age group was divided into those at high risk (persons with a preexisting medical condition making them more susceptible to complications from influenza) and those not at high risk.  Age by itself was not considered a risk factor; persons 65 years and older were assumed to have higher rates of illness and death than the rest of the population. 

In the model, we used gross attack rates (percentage of clinical influenza illness cases per population) of 15% to 35%, in steps of 5%. Infected persons who continued to work were not considered to have a clinical case of influenza, and were not included. 

Vaccinating predefined segments of the population will be one of the major strategies for reducing the impact of pandemic influenza, and the net return, in dollars, from vaccination is an important economic measure of the costs and benefits associated with vaccination. 
The principal indirect cost was lost productivity, which was valued by using an age- and gender-weighted average wage. The economic cost of a death was valued at the present net value of the average expected future lifetime earnings, weighted for gender and age. All costs were standardized to 1995 US$ values. 

The cost of fully vaccinating a person (i.e., administering the number of doses necessary to protect against disease) was modeled with two assumed values, approximately $21 and $62 per person fully vaccinated. These costs include the cost of the vaccine, as well as its distribution and administration (health-care worker time, supplies); patient travel; time lost from work and other activities; and cost of side effects (including Guillain-Barré syndrome). 

To determine how much should be spent each year to plan, prepare, and practice to ensure that mass vaccinations can take place if needed, we considered the funding of those activities as an annual insurance premium. The premium would be used to pay for improving surveillance systems, ensuring sufficient supply of vaccine for high-priority groups (and possibly the entire U.S. population), conducting research to improve detection of new influenza subtypes, and developing emergency preparedness plans to ensure adequate medical care and maintenance of essential community services.  
Vaccination Priorities and Distribution 

During the early stages of a pandemic, the supply of influenza vaccine will likely be limited. Even if sufficient vaccine is produced to vaccinate the entire U.S. population, it will take time to administer the vaccine to all, especially if two doses are required. Because a pandemic will be caused by a new subtype of influenza, two doses of vaccine may be required.  Who should receive priority for vaccination until vaccine supplies are more plentiful?  In choosing the criteria for priorities, society must debate the main goal of a pandemic vaccination plan: prevent deaths, regardless of age and position in society; prevent deaths among those at greatest risk (i.e., 65 years of age); or minimize the social disruption. 

Illnesses and Deaths 

The number of hospitalizations due to an influenza epidemic ranged from approximately 314,000 at a gross attack rate of 15% to approximately 734,000 at a gross attack rate of 35%.  The mean numbers of persons requiring outpatient-based care ranged from approximately 18 million (gross attack rate of 15%) to 42 million (gross attack rate of 35%).  The mean numbers of those clinically ill not seeking medical care but still sustaining economic loss ranged from approximately 20 million (gross attack rate of 15%) to 47 million (gross attack rate of 35%).  The estimated number of deaths ranged from approximately 89,000 at a gross attack rate of 15%, which increased to approximately 207,000 deaths at a gross attack rate of 35%. 

Groups at high risk (approximately 15% of the total U.S. population) would likely be disproportionately affected by an influenza pandemic. These groups accounted for approximately 85% of all deaths, with groups at high risk in the 20- to 64-year-old age group accounting for approximately 41% of total deaths. Groups at high risk also accounted for 38% of all hospitalizations and 20% of all outpatient visits. 

Economic Impact of an Influenza Pandemic 

Without large-scale immunization, the estimates of the total economic impact in the United States of an influenza pandemic ranged from $71.3 billion (gross attack rate of 15%) to $166.5 billion (gross attack rate of 35%).  At any given attack rate, loss of life accounted for approximately 83% of all economic losses.  
Net Value of Vaccination 

If it cost $21 to vaccinate a person and the effective coverage were 40%, net savings to society would result from vaccinating all age and risk groups. However, vaccinating certain age and risk groups rather than others would produce higher net returns. For example, vaccinating patients ages 20 to 64 years of age not at high risk would produce higher net returns than vaccinating patients ages 65 years of age and older who are at high risk.  At a cost of $62 per vaccinee and gross attack rates of less than 25%, vaccinating populations at high risk would still generate positive returns.  However, vaccinating populations not at high risk would result in a net loss. 

Implications for Policy 

The amount of the insurance premium to spend on planning, preparedness, and practice for responding to the next influenza pandemic ranged from $48 million to $2,184 million per year.  The amount was sensitive to the probability of the pandemic, the cost of vaccinating a person, and the gross attack rate.  



	When risk for death is used as the criterion for who will be vaccinated first, persons ages 65 years and older receive top priority; however, when mean net returns due to vaccination are used as the criterion, that group receives the lowest priority. Regardless of criteria used, persons at high risk ages 0 to 19 and 20 to 64 years would always receive priority over persons not at high risk from the same age groups. 

Conclusions – Impact of an Influenza Pandemic 

Although the next influenza pandemic in the United States may cause considerable illness and death, great uncertainty is associated with any estimate of the pandemic's potential impact. While the results can describe potential impact at gross attack rates from 15% to 35%, no existing data can predict the probability of any of those attack rates actually occurring. In addition, the groups at high risk are likely to incur a disproportionate number of deaths; 50% or more of the deaths will likely occur among persons age 65 years and older, a distribution also found in the influenza pandemics of 1918, 1957, and 1968. 

Our results illustrate that the greatest economic cost is due to death. Therefore, all other things being equal, the largest economic returns will come from the intervention(s) that prevents the largest number of deaths. A limitation of the model is that, beyond the value of a lost day of work, the model does not include any valuation for disruptions in commerce and society. For example, if many long-distance truck drivers were unavailable to drive for 1 or 2 weeks, there might be disruptions in the distribution of perishable items, especially food. These effects are not accounted for in this model, mainly because an estimate will depend on who becomes ill, how many become ill, when they become ill, and for how long they are ill. 

Implications for Policy 

The premium that could be spent each year for influenza pandemic response (planning, preparedness, and practice) depends most on the assumed probability of the pandemic.  The wide range in premiums presents a cautionary tale of the difference between possibility and probability of an influenza pandemic. What cannot be stated with any certainty are the probability of a pandemic and the number of persons who will become ill and die.  Deciding the difference between possibility and probability was a key decision point in the swine flu incident of 1976-77. 

Vaccination priorities depend on the objectives. If preventing the greatest number of deaths is the most important goal, society should ensure that those in the groups at high risk become vaccinated first, followed by those age 65 years or older who have no preexisting medical conditions making them more susceptible to complications from influenza. However, if maximizing economic returns is the highest priority, persons 0 to 64 years of age, regardless of risk, should be vaccinated first.  
Society may decide to use another criterion or set of criteria. Priorities for vaccination may also depend on the epidemiology of the pandemic. For example, if the strain causing the pandemic were particularly virulent among those ages 20 to 40 years, that age group may receive highest priority. Since the epidemiology of the next pandemic is unknown, any plan must allow flexibility in determining criteria for setting priorities. The table below provides a starting point for debate regarding who should be vaccinated first. 
Setting vaccination priorities: Which age group or group at risk should be vaccinated first?



Criteria for prioritization


Priority
Risk for deatha
Total deathsb
Returns due to vaccination


1st
High risk 65 + yrs
High risk 20 - 64 yrs
High risk 20 - 64 yrs
2nd
Not at high risk 65 + yrs
High risk 65 + yrs
High risk 0 - 19 yrs
3rd
High risk 0 - 19 yrs
High risk 0 - 19 yrs
Not at high risk 20 - 64 yrs
4th 
High risk 20 - 64 yrs
Not at high risk, 65 + yrs
Not at high risk 0 - 19 yrs
5th 
Not at high risk 20 - 64 yrs 
Not at high risk 20 - 64 yrs 
High risk 65 + yrs
6th 
Not at high risk 0 - 19 yrs
Not at high risk 0 - 19 yrs 
Not at high risk 65 + yrs


aPriorities set by risk for death are set according to lower-limit estimates of deaths per 1,000 population for each age and risk group.
bThe priority list using the total deaths criteria was set by examining the percentage of total deaths that each age and risk group contributed to the total deaths estimated due to a pandemic. The group with the highest percentage (i.e, contributes the largest number of deaths) is listed as having the highest priority.
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