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bjective

To conduct cost-effectiveness analysis of
infectious disease interventions and
assist in prioritization of limited public
health resources.

e New River Valley, Virginia, USA

o Infectious disease outbreaks
m Pertussis

m Tuberculosis

m Fungal meningitis
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Pertussis

2011 outbreak



rtussis

Bacteria
o bordetella pertussis

e Symptoms
o whooping cough
o fever

Transmission
o air-borne

CDC



Symptoms Appear  No longer infective

Incubation Period
(7-10 days)

Latent Period
(Same as
Incubation Period)

Catarrhal | Paroxysmal Stage | Convalescent Stage
Stage (1-6 wks, up to 10 | (weeks to months)

(1-2 wks) wks)

Infectious Period
(First 21 days of
illness: Onset of

symptoms and
Catarrhal Stage)



ccine

DTaP vaccine
o Diptheria
o Tetanus
o Pertussis

Diphtheria, Tetanus &
Pertussis Vaccine (DTaP) N

. R
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sic reproduction rate - R

R e Epidemic

O Average number of o R >1
secondary cases ® Endemic
caused by the o R =1
primary case in a e Flimination
susceptible o RIZE
population 4

® Eradication
O RO= 0

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




and vaccination

Elimination
o R <1

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

e For herd immunity

o minimum fraction/threshold (f,) of
population to be vaccinated

m R=Ro(1-f)<1

m f,>1-(1/R)
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Table 1. Pertussis Incidence in Virginia, 2007-2011

Number of Rate per Number of
Year Cases 100,000 Outbreaks
2007 128 1.65 6
2008 198 2.55 9
2009 222 2.82 10
2010 384 4.87 10
2011 399 5.06 13




rtussis outbreak (2011)
New River Valley

/2 cases

e Prime impact

o private school
m Vvaccination rate ~ 0%




w River Health District
tervention

Vaccination & health education
campaigns

Vaccine clinics
o school
o community

Vaccmatlon



conomic evaluation
ICER - Incremental Cost-Effectiveness Rati

| Changes
in Health

oy Alternative ~ N>
-Cases !.g‘
prevented
-Disability
averted
-Life years
saved

[CER = COStnewintewention _ COStcontrol
EﬁeCtlvenessnew intervention ElLtecnveneSScon :




ta sources (cost)

New River Health District
o employee hours

o number of vaccines

o clinical hours

e US Census Data
o average salary of various positions

CDC

o vaccine price list archive
m cost of vaccines




Health DepartmentCosts | [ [ [ |
Position Hourly Salary + Benefits
4339| 8678

35.97 575.52
48.71 1169.04

95.7 4306.5
31.07 807.82

47.6 476
39.38 472.56
41.34 661.44
17146.88

Director

Clerical

Nurse Manager SR.

Public Health Nurse

Public Health Nurse Senior
Total State Personell Cost

Clinical Costs
Physician
Physicians Assistant
Nurse practitioner

81
41.54
43.97

31.1
11.54
13.87

13

19.42

9882
996.96
3253.78
6468.80
300.04
721.24
2574
504.92
24701.74

Nursing Assistant
Medical Assistant
Clerk

LPN

Total Physician cost

Vaccine Costs
Total
1234.22
1050.4
2284.62

Individual Vaccine Cost
26.26
26.26

# of Vaccines
School Clinic
Public Clinic
Total Vaccine Clinic Cost

INEN ) (NI E=1 BN ENENENINIENIS S
ISIES o o|o| 8| & o|N|o|o|o| & o

17146.88
24701.74
2284.62

Total State Personell
Total Medical Cost
Total Vaccine Clinic

Total Overall Cost




ALY, YLL, YLD

DALY
o Disability Adjusted Life Year

YLL
o Years of Life Lost due to premature death

® YLD (Years Lived with Disability)

o Years of Life Lost due to Disability
m population: (prevalence) * (disability weight)
e individual: (years with disability) * (disability weight)

DALY = YLL + YLD

One DALY equals one lost




DALY

Disability Adjusted Life Years is a measure of overall disease YLD YLl
burden, expressed as the cumulative number of years lost due to = Years Lived with Disability Yaare of Lifa Lot
ill-healh, disability or early death

[ J o
»

[ ]
A\
R

Expected
Early death life years

Healthy life Disease or Disability




A

A
' A\
YLD YLL
A A
4
Time
Birth Disability Death
onset
— _/
~
Lifespan
— __/
—~

Ideal life expectancy

DALY = YLL + YLD

DALY: Disability Adjusted Life Years

YLL: Years of Life Lost due to premature death
YLD: Years of Life Lost due to Disability



bility Weight

Calculation of YLL

Average # of YL= YLL= [YL(Adults)*MR] +
Age Confirmed # cases*(LE- [YL(Children)*MR]
Pertussis Avg. Age)
Cases

Children 3053.43
Calculation of YLD

Duration
of illness YLD= I"DW*L YLDaverted= YLDpossible- Y LDactual
ears)[L




ICER = (-'OStnewintewention - COStcontrol .
ER Ettectlvenessnew intervention Eﬁecuvenesscontrol

Incremental Cost-Effectiveness Ratio

Eme— Y/ + YLD

= 428 + 1.63

= 5.91 DALYs
Cost of Intervention = $44,133.24
Cost of no Intervention = $0

ICER = 844133.24/5.91 DALYs

ER = 87,468 / DALY averted




Tuberculosis

2011 outbreak



berculosis

Bacteria

O Mycobacterium
tuberculosis

® Symptoms
O respiratory problems

® [ransmission
O air-borne

® Latent TB infection
o ~ Y% global

B asymptomatic
B non-infectious

® Active TB disease
B symptomatic
m infectious




Natural history of TB infection

4-6 weeks

Years-decades

Elimination Elimination
of bacteria of bacteria

Exposure Dondatic £ <~ Initial immune

' = AT control of
Infectlon heierie
1\"'" »)

Inability to
control

Elimination
of bacteria

Lifelong

Latent TB

containment

Reactivation

Active TB




Primary Latent “Reactivation”

Transmission Tuberculosis Tuberculosis Tuberculosis

Progression
after 2 years,
\/ 5% \/

et —

»

Skin-test Spontaneous Progression
conversion in healing in within 2
6to 8 weeks 6 months years, 5%

___) y \ —
Gy

Progression with
concurrent HIV infection,
10% each year

Figure 3. Transmission of Tuberculosis and Progression from Latent Infection to Reactivated Discase.

Among persons who are seronegative for the human immunodeficiency virus (HIV), approximately 30 percent of heavily exposed
persons will become infected. In 5 percent of persons with latent infection, active disease will develop within two years, and in an
additional 6 percent, progression to active disease will occur later. The rate of progression to active disease is dramatically increased
among persons who are coinfected with HIV.

- P Small 2001




berculosis outbreak (2011)
New River Valley

New River Valley jail

o 1 case

m 41 year old

m 6 month history of TB symptoms
m HIV+

o admitted to hospital

m B and HIV drug treatment

m isolation




ew River Valley Regional Jail

Inmate population

o week day
m 380

o weekend
m 930-940

e New inmates
o ~ (50-60) / week

Employees
~ 200




Bl treatment - 3HP

3 month treatment

o once a week
m isoniazid
m rifapentine

e DOT
o directly observed therapy




Bl treatment

35 inmates

o PPT+

O chest x-ray -
O HIV -

® 28 inmates
O 3HP treatment
o 17 completed

e 21 staff
o PRIE
O chest x-ray -
O HIV -

® 10 staff
O 3HP treatment
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= —BSI + YI

+BSI — &

+6E — YI



Ent

Susceptible

Ent L

Lifetime
latent(L)

Ent ES

Y

Exit L

J

Exit S

—P

Short
latent(ES)

Ent

I

Ent EL

\

Exit ES

Long
Latent(EL)

Y

Exit EL.
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Infectious(I

Exit 1

Treatment
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Parameter

Description Differential equations

Uninfected entry rate
Transmission rate dS/dt = A'.BSI' RlS + )/|
Exit rate

1/(treatment period) dEs/dt = AES"'(p/z) ﬁ5| - fsES - RlES

Short latent entry rate

Long latent entry rate dE /dt = )lEL + (p/2) fSI - f.E. —R;E,
Life time latent entry rate

1/(time period until hospitalization) dL/dt — AL + (1_p) ,BS| - R1|.

Fraction of population that may develop active
disease

1/(short latent period) dl/dt = fEs + flE— Ry |- Ryl
1/(long latent period)

dH/dt = R,|—yl



TBin jail TB in jail

2 Infected = |nfected
¢ Long latent ¢ Long latent
Short latent short latent

o
=8
o
]
a
e
o
F*=

# of people

20 40 60 20 40 60

Time in months Time in months




[CER = Effectiveness

New
intervention
more costly

Old intervention X
dominates

New
intervention
less effective

Viaximum acceptab
incremental cost per
disability life year
averted

A

7/
/

7 “New intervention W
7 more effective but
more costly

/

New
intervention
more effective

. . 4
New intervention New intervention Z
Vless effective dominates

but less costly ,~
7/

7
7/

K
New

intervention
less costly




Fungal Meningitis

2012 outbreak



ngal meningitis

Fungus e New England

compounding center
® Symptoms O contaminated lots of
o headache methylprednisolone

o stiff neck acetate
o fatigue m used in epidural

spinal injections

® Transmission
O non-contagious



ngal meningitis outbreak

Health facilities ® Virginia
O 23 states O 54 cases

m received O 5 deaths
contaminated lots

O 20 states

B /51 cases
B 64 deaths




* = location of facility that received
potentially contaminated product

Kate Corvese, 2012




NRHD
Patietns' 3 mor_utr_\s a_fter
Wiormation last injection Done
passed?
Get informed Visit Véluntesrs
about the issue NRHD Facility
Gather
Case Definition Initial contact Approved
and w ith patients Symptoms ?,
Work Instruction
Visit
Roanoke Facility J 7

No
Roanoke Refer to Contact Case Follow up
Patients’ medical care — : sl — Contact ER Definition w ith patient
nts Patient's physician
Infromation and lab test meet? after 10 days

Send patient to
hospital for
further medical care




Volunteer
21%

Planner
5% Director

10%

Epidemiologist
57%

B Epidemiologist
M Director

M Planner

1 EH Management
M Clerical

® Admin

M Nurse Epi

M Volunteer




[CER = Effectiveness

DALY avertec

High cost and low effectiveness
- Reject new intervention

(Dominated)

Low cost and low effectiveness

- CEA

High cost and high effectiveness

- CEA

Effectivenes ——— >

Low cost and high effectiveness
- Adopt new intervention

(Dominant)




Pertussis
Tuberculosis
Fungal Meningitis

Comparative analysis of different interventions

Uniform metric: ICER = S/DALY averted



ioritization of limited public
alth resources

Intervention ICER
Tuberculosis -$15,461/DALY averted
(Cost saving)
Fungal meningitis 5415 / DALY averted
Pertussis $7,468 / DALY averted




able

Organization/group

Australia*

The Netherlands

UK National Institute of
Clinical Evidence
(NICE)*

US Institute of
Medicine (IOM)**

World Health
Organization
(WHO)**

International and
especially US
decision analysts**

US and British health
economists™*

.4 International thresholds for cost-effectiveness

Cost-effectiveness thresholds

Costs per LYG < AU $ 42,000 — 76,000
(costs per LYG < AU $ 42.000:
reimbursement likely,
costs per LYG > AU $ 76,000
reimbursement unlikely)

Costs <€ 20.000 per QALY or LYG:
cost-effective®
Costs < € 80.000 per QALY:
cost-effective**

Costs per QALY < £ 20,000-30,000:
cost-effective
Costs per QALY < £ 45,000:
cost-effective

Saves money and QALY's: most favorable
Costs per QALY < US $ 10,000: more
favorable
Costs per QALY > US $ 10.000 and
< 100.000: favorable
Costs per QALY > US $ 100,000: less
favorable

Costs per DALY < GDP per capita: highly
cost-effective
Costs per DALY = 1x — 3x GDP per
capita: cost-effective
Costs per DALY > 3x GDP per capita:
not cost-effective

Costs per QALY or LYG < US $ 50.000:
cost-effective

Costs per LYG < US $ 60.000:
cost-effective

* Thresholds derived from past decisions
** Officially stated thresholds

LYG = Life year gained

QALY = Quality-adjusted life year
GDP = Gross domestic product

Reference

George et al. (2001)

Welte et al. (2004c¢);
Raad voor de
Volksgezondheid &
Zorg (2007)

Devlin and Parkin
(2004): Appleby and
Devlin, Parkin (2007)

Institute of Medicine
(2000)

WHO (2008)

Grosse (2008)

Newhouse (1998)
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