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Abstract

Background—The multi-state fungal meningitis outbreak started in September 2012 in 

Tennessee. The cause of the outbreak was injection of contaminated lots of methylprednisolone 

acetate used in epidural spinal injections. Roanoke and New River Valley were the epicenter of 

this outbreak in Virginia, with two clinical centers having administered the contaminated 

injections to their patients. New River Health District, in coordination with hospitals, and state and 

federal agencies, deployed its resources to control the local impact of the outbreak.

Purpose—The objective of this study was to conduct an economic evaluation of the fungal 

meningitis outbreak response in New River Valley of Virginia, from the local public health 

department perspective.

Methods—The health department conducted the outbreak investigation from October 2012 until 

March 2013 to ascertain that all possible cases were identified and treated. Data were collected on 

the costs associated with the local health department in the outbreak response, and the 

epidemiologic effectiveness estimated, using the metric of disability adjusted life years (DALYs).

Results—The cost incurred by the local health department was estimated to be $30,493; the 

epidemiologic effectiveness was estimated to be 138 DALYs averted among the patients, for an 

incremental cost-effectiveness ratio of $221 per DALY averted.
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Implications—The incremental cost effectiveness ratio of the fungal meningitis outbreak 

response in New River Valley assists the local health department to analyze the costs and 

epidemiologic effectiveness of the outbreak response.
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INTRODUCTION

In September 2012, the Centers for Disease Control and Prevention (CDC) initiated an 

outbreak investigation of fungal meningitis, in collaboration with local and state health 

departments, and Food and Drug Administration (FDA). Tennessee Department of Health 

culture confirmed cases of Aspergillus fumigatus meningitis following epidural steroid 

injection in September 2012.1 After Tennessee, 19 more states reported fungal meningitis 

cases, caused by the predominant pathogen Exserohilum rostratum. The cause of the multi-

state fungal meningitis outbreak was traced to contaminated lots of preservative free 

methylprednisolone acetate that were used in the epidural steroid injections. Twenty-three 

states had received the contaminated lots, and more than 13,000 patients had received the 

contaminated epidural steroid injections, and were at risk of developing fungal meningitis. 

There were 751 cases and 64 deaths in 20 states as of October 23, 2013, and additional cases 

are not anticipated.2

Virginia reported the fourth-highest number of cases with 54 cases and 5 deaths. New River 

Health District is one of 35 local health districts of the Virginia Department of Health in 

Virginia. It is among 11 health districts in Virginia with residents who were injected with 

fungal-contaminated epidural steroids. Two clinical facilities in Virginia had administered 

these fungal contaminated injections, with one facility located in New River Valley and the 

other facility located in neighboring Roanoke. New River Health District personnel 

conducted disease surveillance, case reporting, and referring probable cases to clinical 

facilities for diagnostics, treatment and/or hospitalization. In this study, a cost-effectiveness 

analysis was conducted of the fungal meningitis outbreak response in New River Valley, 

from the (New River Health District) local health department perspective.

METHODS

Cost and effectiveness of the fungal meningitis outbreak response by the New River Health 

District is compared to the do-nothing alternative (scenario of no intervention). 

Effectiveness measures the combined epidemiologic impact of morbidity and mortality 

using the metric of disability-adjusted life years (DALYs).3 DALYs averted are equivalent 

to quality adjusted life years (QALYs) gained. The time horizon of this study was from 

October 2012 to March 2013 from the New River Health District perspective, and no 

discount rate is used.
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Costs

Total direct cost incurred by the New River Health District for the fungal meningitis 

outbreak response is estimated based on the product of the total hours spent by their 

different personnel (collected from their time logs), and hourly wages of the corresponding 

personnel (collected from the New River Health District).

Effectiveness

Effectiveness, that is the epidemiologic impact, is measured using the metric of DALYs 

averted. DALYs measures the burden of (disease) fungal meningitis, as a combined metric 

of the epidemiologic impacts of morbidity and mortality. Morbidity impact is measured by 

years of life lost due to disability (YLD), and mortality impact is measured by years of life 

lost due to premature mortality (YLL). The equations for YLD, YLL and DALY are below:

(1)

(2)

(3)

Cost effectiveness

Cost effectiveness is measured using the metric of incremental cost effectiveness ratio 

(ICER). ICER is computed as the ratio of the difference in costs and the difference in 

effectiveness (epidemiologic impact) of the fungal meningitis outbreak response by the New 

River Health District, compared to the do-nothing alternative. The equations for ICER are 

below:

(4)

RESULTS

Figure 1 illustrates the decision tree to compare the fungal meningitis outbreak investigation 

of the New River Health District with the do-nothing alternative.

Costs

Table 1 illustrates the distribution of time spent and wages of different personnel of the New 

River Health District, who were involved in the fungal meningitis outbreak response. The 

total direct cost is estimated to be $30,492.9.

Effectiveness (DALY = YLD + YLL)

Years of life lost due to disability (YLD)—None of the 91 patients in New River 

Health District met the case definition of fungal meningitis, as defined by CDC. Using the 

average attack rate of 7.7% for fungal meningitis in Virginia among the patients who had 
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received the contaminated epidural steroid injections, 7 potential cases were estimated; that 

is, 7 potential cases (91 patients * 7.7% attack rate = 7 potential cases) are projected as a 

proxy estimate. Disability weight specific to fungal meningitis is not available, since it is a 

novel and rare disease. Disability weight of 0.615 for bacterial meningitis,4 which has 

similar symptoms to fungal meningitis, is used as the disability weight for fungal meningitis. 

The average duration of treatment is 4 months for recovered patients, while the average 

duration of treatment among the fatal patients is near null. Using equation (1), YLD averted 

is computed to be −1.28 DALYs averted due to the fungal meningitis outbreak response 

compared to the do-nothing alternative.

Years of life lost due to premature mortality (YLL)—The case fatality rate of fungal 

meningitis patients is 9.678% with treatment, while it is 100% without treatment. The 

average life expectancy in Virginia is 79 years, while the average age of patients in Virginia 

who were injected with fungal contaminated epidural steroids is 57 years. Using equation 

(2), YLL averted is computed to be 139.10 DALYs averted due to the fungal meningitis 

outbreak response compared to the do-nothing alternative.

Disability adjusted life years—Using equation (3), total DALYs is computed to be 

137.82 DALYs averted due to the fungal meningitis outbreak response compared to the do-

nothing alternative.

Cost effectiveness—Using equation (4), incremental cost-effectiveness ratio (ICER) is 

computed to be $221.25 per DALY averted due to the fungal meningitis outbreak response 

compared to the do-nothing alternative.

IMPLICATIONS

The total direct costs incurred by New River Health District were estimated for the fungal 

meningitis outbreak response to be $30,493; morbidity impact of −1.28 DALYs for years of 

life lost due to disability averted, mortality impact of 139.10 DALYs for years of life lost 

due to premature mortality averted, and resulting in a combined morbidity and mortality 

impact of 137.82 DALYs averted for epidemiologic effectiveness of the fungal meningitis 

outbreak response compared to the do-nothing alternative. The incremental cost-

effectiveness ratio (ICER) of the fungal meningitis outbreak response in New River Valley, 

Virginia was estimated to be $221.25 per DALY averted due to the fungal meningitis 

outbreak response compared to the do-nothing alternative, from the local health department 

perspective (New River Health District).

Public health implications

Economic evaluation of the fungal meningitis outbreak response in New River Valley assists 

the local health department to analyze the costs and epidemiologic effectiveness of the 

outbreak response compared to the do-nothing alternative. The disability adjusted life year 

(DALY) metric provides a uniform metric to estimate and compare the burden of different 

diseases. Thereby, the incremental cost-effectiveness ratio ($/DALY averted) assists the 

local health department with an objective and uniform metric to evaluate and compare 

different disease control and prevention programs.
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Limitations

The cost calculations include only the direct and fringe costs (salary + benefits) of the New 

River Health District personnel; indirect costs are not included. We focused on the clinically 

meaningful values for the variables used in this cost-effectiveness analysis; uncertainty and 

sensitivity analysis is not included. While the fungal meningitis outbreak response required a 

coordinated effort by the CDC, FDA, state and local health departments,5,6 and includes the 

clinical response of diagnosis and treatment, the perspective of this analysis has focused 

only from the local health department perspective. While the epidemiologic effectiveness 

among the patients in New River Valley is a combined result of the coordinated outbreak 

response of the health departments (local, state and federal) and the clinical facilities (labs 

and hospitals), the cost calculations has included only the costs incurred by the local health 

department (New River Health District). Due to this asymmetry in the boundaries of 

calculation of effectiveness and costs, this study is a partial economic evaluation of the 

fungal meningitis outbreak response in New River Valley.
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SUMMARY BOX

What is already known about this topic?

Local health departments conducted disease surveillance, case reporting, and referring 

probable cases to clinical facilities for diagnostics, treatment, and/or hospitalization 

during the 2012–2013 multi-state fungal meningitis outbreak in the United States.

What is added by this report?

This report illustrates the cost-effectiveness analysis of the fungal meningitis outbreak 

response in New River Valley, Virginia, and estimates the incremental cost-effectiveness 

ratio to be $221 per DALY averted from the local health department perspective.

What are the implications for public health practice, policy, and research?

Economic evaluation of the fungal meningitis outbreak response in the New River Valley 

quantifies the costs and epidemiologic effectiveness from the local health department 

perspective. Incremental cost-effectiveness ratio ($/DALY averted) assists the local 

health department with an objective and uniform metric to evaluate and compare 

different disease control and prevention programs.
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Figure 1. 
The decision tree compares the fungal meningitis outbreak investigation of the New River 

Health District with the do-nothing alternative.
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Table 1

Costs incurred by the New River Health District to control the fungal meningitis outbreak in New River 

Valley

New River Health District Personnel Total hours Hourly wage
(salary + benefits)

Cost

Epidemiologists 386 $43.3 $16,748.5

Health District Director 70.5 $95.7 $6,746.9

Planner 32 $48.7 $1,558.7

Environmental Health Manager 12 $42.6 $511.0

Clerical 12 $31.0 $372.8

Administration 8 $30.0 $240.0

Nurse Epidemiologist 16 $36.0 $575.5

Volunteers 143 $26.2 $3,739.5

  Total cost $30,492.9
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Table 2

Effectiveness of the fungal meningitis outbreak and response in New River Valley is measured by Disability-

Adjusted Life Years (DALYs) averted

PARAMETER ESTIMATION

Number of potential cases (proxy for incident cases) 7

Disability weight 0.615 [95% CI: 0.613, 0.616]

Average duration of treatment of recovered patients (proxy for average 
duration of disease)

0.33 years
[mean: 4 months; range: 1.5–18 months]

Average duration of treatment of fatal patients ~ 0 years [range: 1–8 days; 1 outlier case: 44 days]

YLD (outbreak response) 1.28 DALYs

YLD (do-nothing alternative) 0 DALYs

YLD (averted) YLD (do-nothing alternative) − YLD (outbreak response)

= 0 – 1.28

= –1.28 DALYs averted

Case fatality rate

  - outbreak response 9.678%

  - do-nothing alternative 100%

Average life expectancy in Virginia 79 years

Average age of patients (proxy for average age of death) 57 years

YLL (outbreak response) 14.90 DALYs

YLL (do-nothing alternative) 154.00 DALYs

YLL (do-nothing alternative) − YLL (outbreak response)

YLL (averted) = 154.00 − 14.90

= 139.10 DALYs averted

DALYs (averted) YLD (averted) + YLL (averted)

= −1.28 + 139.10

= 137.82 DALYs averted

YLD – Years Lost due to Disability

YLD = Number of incident cases * Disability weight * Average duration of disease

YLL – Years of Life Lost due to premature death

YLL = Number of incident cases * Case fatality rate * (Life expectancy − Age of death)

DALY – Disability Adjusted Life Year; One DALY equals one lost year of healthy life.

DALY = YLD + YLL
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