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Abstract
Mucormycosis is a life-threatening infection which causes unacceptably high morbidity and mortality
despite treatment. Therefore, a vaccine to prevent mucormycosis is desirable. A major barrier to
developing an anti-mucormycosis vaccine is the perception that such a vaccine would not be cost-
effective to deploy because the disease is rare. We used data from a recent retrospective study to
calculate the annual cost to the US healthcare system caused by mucormycosis infections. We created
a model to estimate the cost-efficacy of a niche, anti-mucormycosis vaccine deployed in a targeted
manner to high-risk patients. We found that each case of mucormycosis results in an average direct
cost to the US healthcare system of $97,743, for an overall cost of mucormycosis of $50 million per
year. In the base case scenario, targeted deployment of an anti-mucormycosis vaccine would result
in a net cost per quality adjusted life year saved (QUALY) of $17,249. Variations in the price of the
vaccine, its market penetration, or the cost of infection could dramatically decrease the net cost, and
could even result in net savings per QUALY. In conclusion, mucormycosis causes considerable cost
to the US health care system. Targeted deployment of a niche vaccine could decrease infection rates
and mortality from mucormycosis in a cost-effective manner.

Introduction
Mucormycosis is an infection caused by fungi belonging to the order Mucorales of the class
Zygomycetes (1,2). Major risk factors for mucormycosis include diabetes mellitus, organ or
hematopoeitic stem cell transplantation, neutropenia, and malignant hematological disorders.
Recent data have demonstrated a striking increase in the number of reported cases of
mucormycosis (2-6). The frequency of mucormycosis is expected to continue to rise due to
increasing rates of diabetes, more aggressive cancer treatment in the aging global and US
population, and increasing transplant procedures in the developed world.

Unfortunately, even with first-line antifungal therapy and aggressive surgical debridement, the
mortality of mucormycosis exceeds 50% (2,5,7). In patients with prolonged neutropenia, and
in those with disseminated disease mortality is 90-100%. The high morbidity and mortality of
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mucormycosis despite treatment underscores the need to develop preventative strategies.
Vaccination is one such promising strategy, and has been investigated for a variety of other
invasive fungal infections (8). However, the relatively low incidence of mucormycosis has
dampened enthusiasm for such a vaccine, because of the perceived high cost of vaccination
relative to life years saved.

We recently conducted a retrospective investigation of forty-one cases of mucormycosis at two
tertiary care medical centers (9). The results from that study enabled us to calculate the costs
associated with mucormycosis infection. We therefore created a model to estimate the cost-
efficacy of a potential vaccine for mucormycosis.

Methods
The Model

To estimate the cost-efficacy of a vaccine deployed in patients at risk for mucormycosis, we
developed a model to calculate: 1) the annual direct cost of mucormycosis infections to the US
health care system; 2) the annual cost of deploying a niche vaccine targeted to patients at risk
for mucormycosis; and 3) the cost per quality adjusted life-years (QUALY) saved by the
vaccine. Our model used a societal perspective (10) when considering costs, and contained
several key assumptions (Table 1). The first assumption was that the primary costs of infection
would be due to a combination of hospital costs, surgical costs, and antifungal costs (Table 2).
Antifungal costs were separately calculated from hospital costs, because these costs are known
to be particularly high for mucormycosis due to the high doses and prolonged course of
expensive, lipid preparations of amphotericin that are most commonly used to treat the disease
(2).

We assumed only a fraction of the overall at-risk population would receive vaccination (i.e.
the market penetration was less than 100%). Therefore, the number of infections in the setting
of vaccination was calculated as the sum of: the number of infections occurring in patients who
were not vaccinated plus the number of breakthrough infections occurring in patients who were
vaccinated.

Base Case Estimates (Table 2)
The number of at-risk patients was calculated by summing the annual incidence in the US of
diabetic ketoacidosis, hematopoeitic stem cell transplantation, solid organ transplantation, and
neutropenia. While only half of diabetic patients with mucormycosis are in ketoacidosis on
presentation (5,9), diabetic patients with ketoacidosis have a higher attack rate of
mucormycosis than diabetic patients not in ketoacidosis. For example, it is estimated that only
1-10% of diabetics in the US develop ketoacidosis per year (11,12), yet ~50% of diabetics with
mucormycosis are in ketoacidosis on presentation (5,9). Furthermore, ketoacidosis is also a
marker of poorly controlled diabetes. Hence, we focused on diabetics in ketoacidosis as a subset
of the overall diabetic population that is at high risk for mucormycosis.

Vaccine efficacy was assumed to be 50% in the base case (i.e. the attack rate of breakthrough
infections in vaccinated patients was assumed to be 50% compared to the attack rate of infection
in unvaccinated patients). In the base case, the cost of a single dose of vaccine was assumed
to be $150, and the cost reduction for breakthrough infections was assumed to be reduced by
33% versus the cost of infections in unvaccinated patients, due to a partially ameliorated course
of disease during breakthrough infection.

The mortality rate for breakthrough infections in vaccinated patients was assumed to be 40%
in the base case, reflecting a 20% relative reduction compared to the 50% mortality in
unvaccinated subjects (2-6,9). There are no published data on average number of life years in

Ibrahim et al. Page 2

Med Mycol. Author manuscript; available in PMC 2009 December 14.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



patients after cure of mucormycosis, nor for quality of life during those years. Therefore, we
used data from studies of patients with severe sepsis/septic shock or acute respiratory distress
syndrome, which are also severe infections with high morbidity and mortality (13-16), to
provide a base case and range for sensitivity testing.

Cost Estimates for Mucormycosis Infection
The PubMed database was searched for title word/abstract “cost” and title/abstract “mucor*”
OR “zygomycosis” (search completed 3/17/08). This search identified 13 abstracts. Both
authors reviewed the abstracts and manuscripts and found no description of cost of infection,
cost of hospitalization, total dose of antifungal administered, or number of surgeries received
in any of the articles. Furthermore, previous case series of mucormycosis not identified by the
cost-focused Pubmed search were evaluated for the same parameters, but again no cost
information was identified in these series (3-6,17).

To collect information related to cost of mucormycosis, we used a database from a recent,
retrospective review of 41 cases of rhinocerebral mucormycosis seen over a 12 year period
(1994-2006) at two tertiary care medical centers, Harbor-UCLA Medical Center (HUMC, a
tertiary care, public, teaching hospital) and the UCLA Center for the Health Sciences (CHS, a
tertiary care, private, teaching hospital) (9). As described previously, cases were identified at
both medical centers by searching hospital databases for ICD9 117.7 (zygomycosis/
mucormycosis) from 1994 to 2006. Charts were abstracted with a standard form to gather data
on demographics, clinical history, medications, and outcomes. The study was approved by
Institutional Review Boards at both medical centers.

The cost of antifungal therapy, hospitalization, and surgery was calculated from the existing
database from our prior retrospective study of mucormycosis patients (9). We multiplied the
total dose received by each patient in milligrams of polyenes (amphotericin B deoxycholate
(AmB), liposomal amphotericin B (LAmB), or amphotericin B lipid complex (ABLC)) by the
drug acquisition costs for each respective polyene to calculate the cost of antifungal per patient.
Drug acquisition costs for AmB, LAmB, and ABLC were assumed to be $0.1/mg, $1/mg, and
$0.425/mg, respectively, based on wholesale costs at our institution. Nonpolyene antifungal
costs were not included in the best case estimate, as they constituted a minority of treatment,
and because polyenes are the only drugs licensed by the US Food and Drug Administration
(FDA) for the treatment of mucormycosis. Because combination therapy with polyenes plus
either posaconazole or echinocandins is increasingly frequent, we modeled such costs in
sensitivity analyses.

Costs of hospitalization were assumed to be $1100/day for ward beds and $2400/day for ICU
beds (18). Because numerous different types of surgeries were performed on the patients with
mucormycosis, ranging from total orbital exenteration to surgical reconstruction of the orbit
to endoscopy with biopsy and debridement, no single estimate of surgical cost was sufficient.
Medicare reimbursement for related Head and Neck surgeries (“orbital procedures”, “major
head and neck procedures”, “sinus and mastoid procedures”) range from $10,000 to $30,500
(in 2007 dollars) (19). Covered charges (included those not reimbursed by Medicare, for those
procedures are even higher, ranging from $36,000 to $99,000 (19). Based on these data, we
used a conservative estimate of an average cost of $10,000 per surgery.

Sensitivity testing for average life years gained was based on our mucormycosis case series
dataset (9). Specifically, only 39% of the patients with mucormycosis in our series had cancer
or were status post transplantation (16/41 patients). Of the remaining patients, 23 were diabetic,
1 was on corticosteroids, and 1 had no obvious risk factors other than underlying structural
sinus abnormalities and chronic sinusitis. Of those 25 patients, the average age was 50 years
old. Even if the 16 cancer/transplant patients lived for 0 days after their cure from
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mucormycosis, if the remaining 25 patients lived an average of only 8 years, as we set as our
base case scenario, the overall population would have lived slightly less than 5 years. Thus,
we set the lower limit of life years gained in our sensitivity analysis to 4 years.

Sensitivity testing for costs of adjunctive antifungals was based on a wholesale, daily cost of
approximately $100 for posaconazole or echinocandins. We assumed that adjunctive therapy
would be administered for a maximum of 100 days, resulting in a maximum cost of adjunctive
antifungal therapy of $10,000 per case.

All costs were adjusted to 2007 dollars utilizing the Consumer Price Index inflation calculator
established by the U.S. Department of Labor, Bureau of Labor Statistics (20). Variations from
base case estimates were analyzed in sensitivity analyses (Table 3).

Results
Economic impact of mucormycosis

From our retrospective study of 41 cases of mucormycosis, the average length of stay of patients
in hospital was 35 days, with a range of 4 to 120 days. Half of the hospital days were spent in
ward beds and half in ICU beds. The average (range) cost of hospitalization (hospital days *
cost per day) was $61,463, with a range of $7,000 to $210,000. These costs do not include
costs of post-discharge care in nursing homes, or home intravenous antibiotic or home hospice
care. Nor do the costs include external health facility costs for four surviving patients who were
transferred back to their original health care facilities after they had stabilized (9). We also did
not include indirect costs (e.g. costs of lost economic productivity, lost wages, etc.) in the
analysis.

Every patient was treated with a polyene antifungal agent throughout the duration of their
mucormycosis treatment. Seventeen patients were treated with AmB at an average total dose
of 1,100 mg of AmB. Thirty patients were treated with ABLC at an average total dose of 10,700
mg. Thirteen patients were treated with LAmB at an average total dose of 22,700 mg. The
average total polyene cost per patient was $14,085, with a range of $295 to $88,000. Several
patients received adjunctive therapy with echinocandins, posaconazole, hyperbaric oxygen, or
cytokines such as GM-CSF. The costs of the adjunctive therapies were not included in the
overall analysis.

Every patient received surgical treatment for their mucormycosis. The average number of
surgeries received was 2.2 (range 1 to 5). The average calculated surgical cost per patient was
$22,195 with a range of $10,000 to $50,000.

Summing the costs of hospitalization, polyene therapy, and surgeries, the average total cost
per patient was $97,743, with a range of $17,835 to $348,000.

Vaccine market size, market penetration, and infection incidence
An estimate of the market size for an anti-mucormycosis vaccine targeting at-risk populations
can be generated by summing the incidences of diabetic ketoacidosis, recipients of
hematopoeitic stem cell or solid organ transplantation, leukemia, and neutropenic patients.
Estimates of the population-based incidence of diabetic ketoacidosis vary from 10 to 20 per
100,000 population (11,12,21,22). Given a population of ~300 million in the US, the total
number of cases of diabetic ketoacidosis is approximately 45,000 (range 30,000-60,000) per
year in the US. There are approximately 20,000 hematopoeitic and 30,000 solid organ
transplants per year in the US and approximately 45,000 patients with leukemia and 60,000
patients with neutropenia per year in the US (23-25). Hence the total at-risk population for the
base case scenario was 200,000 per year in the US (Table 2).
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Market penetration of individual vaccines varies depending on severity of target illness and
statutory requirements for vaccination (26). For mucormycosis, the target disease is extremely
deadly and the vaccine would be focused to individuals at specific risk for infection. In the
base case, we assumed market penetration to be 50%, which is in the middle range of
nonmandatory vaccines (26). We also assumed that 50% of vaccinated patients would receive
a booster dose.

A population-based estimate of the incidence of mucormycosis, published in 1998, indicated
that approximately 500 cases per year occurred in the US (27). Patients with prolonged
neutropenia, leukemia, or hematopoeitic stem cell transplantation have been reported to have
a risk of mucormycosis of 1-8% (28-30). Risks in diabetic patients are likely lower, although
specific data are not available. Given an at-risk population of 200,000, an overall attack rate
of 0.25% would result in 500 infections per year, which is equivalent to the population based
estimate from 10 years ago. Such an overall attack rate would reflect a ~0.3% attack rate in
145,000 leukemic, neutropenic, and transplant patients, and a ~0.1% attack rate in 45,000
diabetics in ketoacidosis per year.

Vaccination of 50% of the at-risk population would leave approximately 100,000 unvaccinated,
at-risk patients per year with a 0.25% attack rate of infection, resulting in 250 infections in
unvaccinated patients per year. Assuming the vaccine was 50% effective at preventing
mucormycosis infection, the breakthrough infection attack rate would be 0.125% in the
remaining 100,000 vaccinated patients, resulting in an additional 125 infections. Hence, the
base case estimate of infections after deployment of the vaccine is 375 infections per year,
reflecting a 25% reduction in overall number of infections (from 500 to 375) due to use of the
vaccine.

Vaccine reductions in mortality and cost
Given an overall 50% mortality from mucormycosis (1-5,9), we estimate approximately 250
deaths per year in the US from the 500 cases of infection in the at-risk populations in question.
After deploying a vaccine, a 50% mortality rate would occur in the 250 unvaccinated patients
who developed infection, resulting in 125 deaths. Assuming that the vaccine reduced the
mortality of breakthrough infections by 20% relative to the mortality in unvaccinated patients,
the mortality rate of breakthrough infections would be 40%. Hence, approximately 50 deaths
would occur per year from the 125 breakthrough infections in vaccinated patients. The total
deaths in the setting of vaccination, including in unvaccinated and vaccinated patients, would
be therefore 175, reflecting a total of 75 lives saved per year by deploying the vaccine.

The total cost of mucormycosis per year in the US is estimated to be $48.9 million (500
infections * $97,743 per infection). In the setting of vaccination, the cost would be $24.4 million
in the 250 unvaccinated patients who developed infection (250 * $97,743 per infection) plus
$8.2 million for the 125 patients who developed breakthrough infections (125 * $97,743 *
66.7%, to reflect a 33% reduction in cost of breakthrough infections). The total cost of
mucormycosis in the setting of vaccination would therefore be $32.6 million per year, reflecting
an absolute savings of $16.3 million.

Assuming a cost per vaccine dose of $150, a 50% market penetration, and 50% booster rate,
the total cost of vaccination would be $22.5 million (200,000 at-risk * 50% vaccination rate *
$150 per dose * 1.5 for booster). The net cost of vaccination (i.e. cost of vaccination minus
infection cost reduction) would be $6.2 million ($22.5 million - $16.3 million). The net cost
per life saved would be $82,793 ($6.3 million / 75 lives per year).

Assuming an average of 8 life years gained per life saved (14,15), the vaccine would result in
a net cost per life year saved of $10,349. Assuming an average quality of life per year of 0.6
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(1 = normal, 0.5 = comatose) (13,15,31), the net cost per quality of life years saved in the base
case would be $17,249.

Sensitivity Analyses (Table 3)
Sensitivity analyses were performed to model the impact of changes in the variables from the
base-case model. Variations in the following parameters had little impact on the net cost per
QUALY: number of at-risk patients per year, vaccine mediated reductions in the cost of
breakthrough infections, the mortality rate for breakthrough infection in vaccinated patients,
and the quality of life per year. Variations in vaccine efficacy (i.e. relative reduction in infection
in vaccinated patients), mortality rate from infection, cost of adjunctive anti-fungal therapies,
life years gained for survivors, and number of patients receiving booster doses had linear
impacts on cost per QUALY (i.e. 2-fold changes in the variable resulted in approximately 2-
fold changes in the cost per QUALY value).

The variables that had dramatic impact on net cost per QUALY were: vaccine market
penetration, infection attack rate in at-risk patients, the cost of a dose of vaccine, and the cost
of each case of infection. Of note, two of these parameters are under partial or complete control
of the manufacturer of a vaccine: market penetration and cost of dose. Increasing the vaccine
coverage from 50 to 75% of at-risk patients resulted in a 20-fold reduction in cost per QUALY
(Table 3). Decreasing the cost of vaccine dose from $150 to $75 made the vaccine actually
save $14,001 per QUALY as opposed to costing $17,249 per QUALY in the base case.
Similarly if the infection attack rate in the target population was 0.5%, the vaccine would save
$14,001 per QUALY. In contrast, if the attack rate was 0.125%, the vaccine would cost $79,749
per QUALY. If the cost of infection were increased to $196,000, the vaccine would save
$28,241 per QUALY.

Discussion
Our analysis of the potential cost-efficacy of a vaccine targeting mucormycosis revealed
several factors critical to development of such a vaccine. First, mucormycosis imparts
considerable cost on the health care system in the US even though the disease is rare. Second,
because of this high cost of infection, in the base case scenario, a niche vaccine priced at $150
would be considered cost-effective by the generally accepted standard of ≤$50,000 per
QUALY (32). Third, two of the most critical parameters for making the vaccine remain cost-
effective are under the control of the manufacturer: cost of the vaccine and market penetration.
Even small changes in cost of the vaccine result in dramatic improvements in cost-efficacy.
Furthermore, improvement in market penetration also dramatically improved cost-efficacy.
Hence, there is considerable robustness in the current analysis, as unfavorable variations in
other parameters could be offset by improving vaccine coverage or altering the price of a
vaccine by small amounts. Finally, the upper limit of the cost per dose for a mucormycosis
vaccine is likely to be approximately $300 for the vaccine to remain cost-effective, unless
future studies determine that elements of our sensitivity analysis should be changed.

We employed conservative assumptions in the model. For several reasons, the cost of
mucormycosis is likely to be dramatically higher than we estimated. First, we did not include
indirect costs, such as lost productivity/wages of infected patients in the analysis. Nor did we
consider cost of continued supportive care for survivors after hospital discharge (e.g. nursing
home, rehabilitation, future reconstructive surgery, hospice care, etc.). Several patients
received additional in-patient care after being transferred back to their originating, outside
facilities, and those costs were not included. Nor were costs of adjunctive therapies, such as
cytokine or antifungal therapies aside from polyenes, included in the analysis. We also used
highly conservative surgical cost estimates, given the complexities of the surgeries required
for debriding mucormycosis, as well as facial reconstructive surgery for survivors. As
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mentioned above, any increase in cost of infection would dramatically improve the cost-
efficacy of the vaccine.

We also assumed no additional efficacy benefit of the booster dose, but charged additional cost
of the booster dose against the cost-benefit of the vaccine. It is likely that patients receiving
booster doses would have some additional efficacy benefit. Since that efficacy benefit is
difficult to predict, we chose not to include it in the model, which would have led to a further
decline in infection and mortality rates, and therefore a further cost-efficacy benefit. Finally,
the estimate of 500 cases of mucormycosis infections per year in the US is likely low. A
population-based study from 1998 estimated 500 cases per year in the US at that time (27). As
mentioned, mucormycosis has been dramatically rising in incidence since the early to
mid-1990s. Therefore, the actual incidence of disease in the US is likely considerably higher.
If so, the vaccine would save additional lives and therefore result in more favorable cost-benefit
ratio.

The primary limitation of our analysis is the limited datasets available to provide estimates of
the variables in the model. For example, our cost estimates are based on analysis of a dataset
evaluating costs of caring for rhinocerebral mucormycosis. However, it is likely that costs of
caring for pulmonary, gastrointestinal, disseminated, or other forms of mucormycosis are
similar. Furthermore, we are unaware of any other studies evaluating issues such as cost of
mucormycosis infections or years of life post-infection for survivors of mucormycosis.

Another limitation of the study is the imprecision in estimate of the attack rate of infection.
Additional research in these areas is warranted, and would improve the accuracy of the model.
Nevertheless, sensitivity analyses revealed which variables most critically impact the cost-
efficacy of the vaccine, and supported the notion that a vaccine could be deployed for this
disease in a cost-effective manner. Finally, our model does not take into consideration the cost
of developing the vaccine. If vaccine development were paid for using public resources (e.g.
public health service grant funding), these societal development costs would diminish the cost-
benefit of the vaccine, and are not accounted for in our model. However, if vaccine development
was paid for by a private company or using funds not derived from public sources, such costs
would not impact the societal cost-benefit of vaccine deployment.

Deployment of the vaccine could be expanded to include diabetics with poorly controlled
diabetes, rather than limiting use of the vaccine in patients with diabetic ketoacidosis. However,
the attack rate for mucormycosis is not currently known in such patients, so it is difficult to
predict what effect this expansion of use would have on cost-efficacy of a mucor vaccine.
Another limitation of our analysis is that approximately half of diabetics who present with
mucormycosis are newly diagnosed with their diabetes upon their presentation with
mucormycosis (5,9). Obviously such patients would not be considered for vaccination prior to
their infection. However, in our study, we found that most such patients had developed their
diabetes due to treatment with high dose corticosteroids (9). Targeting use of the vaccine in
diabetic recipients of high dose corticosteroids would also be reasonable from a clinical
perspective, and would help capture such patients prior to their mucormycosis infections.
Because data are not available estimating the annual incidence of treatment with “high dose”
corticosteroids in the US, nor are data available on the attack rate of infection in such patients,
we did not include corticosteroid-related diabetes in our cost-efficacy model.

In summary, while mucormycosis is a relatively rare disease, it imparts considerable costs on
the US health care system. Targeted use of a niche vaccine, focusing on at-risk populations,
could be a cost-effective tool to reduce morbidity, mortality, and health care costs in the US
caused by mucormycosis.
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Table 1

Base-Case Variables and Assumptions

Factor Calculation

Cost of
Hospitalization

Days of hospitalization * per day hospital costs

Cost of Infection Cost of Hospitalization + surgical costs + antifungal cost (see Table 2)
Total at risk
population

Annual incidence in US of diabetic ketoacidosis, hematopoeitic stem
cell transplants, solid organ transplants, leukemic and neutropenic
patients

Cost of Vaccine #vaccinated * cost of dose * (1 + fraction receiving booster dose)
Vaccine Savings Cost of Infection without vaccine − Cost of Infection with vaccine
Net Cost Cost of Vaccine − Vaccine Savings
Cost Per Life Saved Net Cost / (Deaths from Infection without vaccine − Deaths from

Infection with vaccine)
Cost Per QUALY* Cost Per Life Saved / (life years gained * quality of life)

Base Case Without Vaccine Base Case With Vaccine

Number of Infections Number of patients at risk *
infection rate

Number of infections in unvaccinated
patients + number of breakthrough
infections in vaccinated patients

Deaths from Infection Number of Infections *
mortality rate

(Number of Infections * mortality rate
for unvaccinated) + (Number of
Infections * mortality rate for
breakthrough infections in vaccinated
patients)
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Table 2

Base-Case Estimates and Ranges

Factor Base Case Estimate Range Reference

Number of patients at risk per
year

200,000 100,000-400,000 (11,12,21,
22) (23-25)

Market penetration 50% 30-70% (26)
Fraction receiving booster
dose

50% 30-70% (26)

Infection rate for unvaccinated
at-risk patients

0.25% 0.1%-2% †

Vaccine efficacy (i.e. relative
reduction of infection in
vaccinated patients)

50% 25%-75% N/A

Cost of vaccine dose $150 $75-300 N/A
Cost reduction for
breakthrough infection

33% 15%-50% N/A

Mortality rate for infection 50% 25-90% (1-5,9)
Mortality rate for
breakthrough infection

40% 25-90% N/A

Life years gained 8 4-16 (14,15)
Quality of Life per year 0.6 0.5-0.8 (13,15,31)
Number of patients receiving
booster dose

50% 30-70% (26)

†
See text for discussion
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Table 3

Sensitivity Analyses

Variable Range Lives Saved
Per Year

Cost Per
QUALY*

Number of At-Risk Patients Per
Year

100,000-400,000 38 - 150 $17,249

Vaccine Market Penetration 25-75% 38 - 113 $100,582 - (−
$10,529)*

Infection Attack Rate 0.125%-0.5% 38 - 150 $79,749 - (−
$14,001)*

Vaccine Efficacy (i.e. relative
reduction in infection)

25 to 75% 50 - 100 $42,842 -
$4,452

Cost of Dose $75 - $300 75 (−$14,001) -
$79,749*

Cost of Infection $49,000 - $196,000 75 $39,815 - (−
$28,241)*

Cost Reduction for Breakthrough
Infection

15% - 50% 75 $23,471 -
$11,592

Mortality Rate 40 - 80% 50 - 150 $25,783 -
$8,624

Mortality Rate for Breakthrough
Infection

30% - 50% 88 - 63 $14,785 -
$20,698

Life Years Gained 4 - 16 75 $34,497 -
$8,624

Quality of Life Per Year 0.5 - 0.8 75 $20,698 -
$12,936

Number of Patients Receiving
Booster Dose

25% - 75% 75 $6,832 -
$27,665

*
QUALY = quality adjusted life year saved; negative values indicate net savings per quality life year
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