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Objective
● To conduct cost-effectiveness analysis of 

infectious disease interventions and 
assist in prioritization of limited public 
health resources.

● New River Valley, Virginia, USA
○ Infectious disease outbreaks

■ Pertussis
■ Tuberculosis
■ Fungal meningitis



New River Valley
New River Health District



Pertussis
2011 outbreak



Pertussis
● Bacteria

○ bordetella pertussis

● Symptoms
○ whooping cough
○ fever

● Transmission
○ air-borne

CDC



Pertussis infection timeline



● DTaP vaccine
○ Diptheria
○ Tetanus
○ Pertussis

Vaccine



Vaccines



Basic reproduction rate - Ro

● Ro
○ Average number of 

secondary cases 
caused by the 
primary case in a 
susceptible 
population

● Epidemic
○ Ro > 1

● Endemic
○ Ro = 1

● Elimination
○ Ro < 1

● Eradication
○ Ro = 0

Effective reproductive rate 
R ~ Ro *  (1 - interventions impact)



R and vaccination
● Elimination

○ R < 1

f = fraction of population that are vaccinated
(1 - f) = fraction of susceptible population 

● For herd immunity
○ minimum fraction/threshold (fh) of 

population to be vaccinated
■ R = Ro (1 - fh) < 1
■ fh > 1 - (1 / Ro) ● Pertussis

○ Herd immunity ~ (92-94)%



DTaP vaccine



Pertussis incidence - Virginia



● 72 cases

● Prime impact
○ private school

■ vaccination rate ~ 0%

Pertussis outbreak (2011)
New River Valley



● Vaccination & health education 
campaigns

● Vaccine clinics
○ school
○ community

New River Health District
Intervention



Economic evaluation
ICER - Incremental Cost-Effectiveness Ratio



● New River Health District
○ employee hours
○ number of vaccines
○ clinical hours

● US Census Data
○ average salary of various positions 

● CDC 
○ vaccine price list archive

■ cost of vaccines 

Data sources (cost)



Intervention cost



● DALY
○ Disability Adjusted Life Year

● YLL
○ Years of Life Lost due to premature death

● YLD (Years Lived with Disability)
○ Years of Life Lost due to Disability

■ population: (prevalence) * (disability weight)
● individual: (years with disability) * (disability weight)

● DALY = YLL + YLD

DALY, YLL, YLD



DALY = YLL + YLD



DALY = YLL + YLD



LE = Average Life Expectancy = 78.7
MR = Mortality rate of pertussis worldwide = .001 
I = Number of Confirmed Cases = 72
DW = Pertussis Disability Weight  = .137

DALY = YLL + YLD



DALY = YLL + YLD 
= 4.28 + 1.63
= 5.91 DALYs

 
Cost of Intervention = $44,133.24
Cost of no Intervention = $0

ICER =  $44133.24 / 5.91 DALYs

ICER = $7,468 / DALY averted

ICER
Incremental Cost-Effectiveness Ratio



Tuberculosis
2011 outbreak



Tuberculosis
● Bacteria

○ Mycobacterium 
tuberculosis

● Symptoms
○ respiratory problems

● Transmission
○ air-borne

● Latent TB infection 
○ ~ ⅓ global 

■ asymptomatic
■ non-infectious

● Active TB disease
■ symptomatic
■ infectious







Tuberculosis outbreak (2011)
New River Valley

● New River Valley jail
○ 1 case

■ 41 year old
■ 6 month history of TB symptoms
■ HIV+

○ admitted to hospital
■ TB and HIV drug treatment
■ isolation



● Inmate population
○ week day 

■ 880
○ weekend

■ 930-940

● New inmates
○ ~ (50-60) / week

● Employees
○ ~ 200 

New River Valley Regional Jail



LTBI treatment - 3HP
● 3 month treatment 

○ once a week
■ isoniazid
■ rifapentine

● DOT
○ directly observed therapy



● 35 inmates
○ PPT+
○ chest x-ray -
○ HIV -

● 28 inmates
○ 3HP treatment
○ 17 completed

LTBI treatment
● 21 staff

○ PPT+
○ chest x-ray -
○ HIV -

● 10 staff
○ 3HP treatment



SEIS (Susceptibles-Exposed-Infectious-Susceptibles)
tuberculosis



SEIS
tuberculosis



TB transmission dynamics



SEIS epidemiological model
(Susceptibles-Exposed-Infectious-Susceptibles)



Scenario simulations
● Base-case scenario

○ No TB pre-screening
● Intervention scenario

○ TB pre-screening



ICER = - $15,461 / DALY averted
               (cost saving)

ICER
Incremental Cost-Effectiveness Ratio



Fungal Meningitis
2012 outbreak



Fungal meningitis
● Fungus

● Symptoms
○ headache
○ stiff neck
○ fatigue

● Transmission
○ non-contagious

● New England 
compounding center
○ contaminated lots of 

methylprednisolone 
acetate 
■ used in epidural 

spinal injections



Fungal meningitis outbreak
● Health facilities

○ 23 states
■ received 

contaminated lots

○ 20 states
■ 751 cases
■ 64 deaths

● Virginia
○ 54 cases
○ 5 deaths



Fungal meningitis outbreak (2012)
New River Valley

94 exposed residents

Kate Corvese, 2012



Surveillance process



Time & costs



ICER
Incremental Cost-Effectiveness Ratio

DALY =  73.5 DALYs averted
Cost of Intervention = $30,492

ICER = $415 / DALY averted
           



Pertussis
Tuberculosis

Fungal Meningitis

Comparative analysis of different interventions

Uniform metric: ICER = $/DALY averted 



Prioritization of limited public 
health resources

Intervention ICER
Tuberculosis -$15,461/DALY averted

(Cost saving)

Fungal meningitis $415 / DALY averted

Pertussis $7,468 / DALY averted



Cost-effectiveness thresholds
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