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Abstract

Guillain-Barré syndrome (GBS) is an autoimmune reaction that can cause acute neuro-
muscular paralysis. Of an estimated 2,628 to 9,575 new U.S. cases with GBS annually,
526 to 3,830 are triggered by infection withmpylobacterthe most frequently isolated
cause of foodborne diarrhea. Estimated total annual co€tamopylobacteiassociated

GBS of $0.2 to $1.8 hillion plus previously estimated costs of campylobacteriosis ($1.3
to $6.2 billion) add to total annual costs fr@ampylobacteof $1.5 to $8.0 billion

(1995 dollars). Assuming 55-70 percent of costs are attributable to foodborne sources,
costs of campylobacteriosis from food sources ($0.7 to $4.3 billion) and costs of associ-
ated GBS ($0.1 to $1.3 billion) combined equal total annual costs of $0.8 to $5.6 billion
from foodborneCampylobacter ReducingCampylobactein food could prevent up to

$5.6 billion in costs annually.

Keywords: Campylobactercost-of-iliness, foodborne pathogens, Guillain-Barré syn-
drome, lost productivity, medical costs.
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Summary

Microbial pathogens in food cause between 6.5 million and 33 million cases of human
illness and up to 9,000 deaths each year in the United States. These illnesses and deaths
cost the United States billions of dollars each year in medical costs and lost productivity
Campylobacters one of the most common causes of foodborne diarrheal illness in the
United States. Sources 6ampylobacteinclude raw and undercooked poujtrgw

milk, and polluted wateitUp to $5.6 billion in human iliness costs could be saved each

year in the United States by reduciigmpylobactein food.

Out of an estimated 2,628 to 9,575 patients diagnosed with Guillain Barré syndrome
(GBS) in the United States each ye#26 to 3,830 (20-40 percent) are triggered by
Campylobacteinfection. GBS is a disease of the nervous system characterized by a
rapid onset, various degrees of numbness, pain, and progressive weakness or paralysis.
GBS is believed to be an autoimmune reaction that is triggered by factors such as gas
trointestinal or respiratory illnesswd percent die from the iliness, and up to 65 percent

of patients with GBS report neurological pain. Other potential lingering disabilities
include abnormalities of the nervous system and changes in heart rate, blood pressure,
vision, and body temperature. Most patients are hospitalized and some have relapses.

This report estimates:

* the annual U.S. cost @ampylobacterassociated GBS: $0.2 to $1.8 billion (1995
dollars);

* the annual U.S. cost fro@ampylobacteinfections of $1.5-8.0 billion (total annu
al costs ofCampylobactemassociated GBS plus costs of campylobacteriosis ($1.3-
$6.2 billion)); and

* costs attributable to foodborne sources. Assuming that 55-70 percent of all
Campylobacteinfections are attributable to foodborne sources, costs of foodborne
campylobacteriosis ($0.7-$4.3 billion) and associated GBS ($0.1-$1.3 billion) equal
$0.8-$5.6 billion each year

These costs of foodbor@ampylobactecan be used in costfettiveness studies or
benefit-cost analyses of programs that pre@ampylobactecontamination of food.
Although there are several fdifent triggering factors for GBS, no single factor appears
to cause a greater proportion of GBS cases thanCla@pylobacterWays to reduce
GBS triggered by other factors such agyswy are less understood. Therefore, societal
efforts to reduce GBS caused Gampylobactemay have higher net returns than
efforts to reduce GBS caused by other triggering factors.

As with other cost-of-illness (COI) estimates, the COI estimateSdarpylobacter

associated GBS understate true values because they do not include such components as
pain and sdéring, lost leisure time, the cost of preventive actions, travel costs,

resources spent on research, and lawsuits. The estimates are also conservative in that
they do not reflect the productivity losses of those patients with GBS who returned to
work but had to take a lower paying job because of their iliness.
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Abbre viations
BLS Bureau of Labor Statistics
CDC Centers for Disease Control and Prevention
COI  Cost-of-illness
CPlI  Consumer Price Index
ERS Economic Research Service
GBS Guillain-Barré syndrome
GPO Government Printing Gite
HCFA Health Care Finance Administration

ICD-9 International Classification of Diseases Codes—9th editio

>

ICU Intensive care unit

IVIG Immunoglobulin treatments

LS Landefeld and Seskin

MV  Mechanical ventilation

NHDS National Hospital Dischge Survey

PE Plasma exchange

USDA United States Department of Agriculture
VOSL Value of a statistical life

WTP  Willingness to pay
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Introduction

Microbial pathogens in food include bacteria, viruses,
parasites, and fungi. These pathogens cause between
6.5 million and 33 million cases of human illness and
up to 9,000 deaths each year in the United States
(Council for Agricultural Science and Technology,
1994). These illnesses and deaths cost the United
States billions of dollars each year in medical costs
and lost productivity (Buzby and Roberts, 1996).

The fundamental economic issues surrounding micro-
bial food safety are asymmetric information and mar-
ket failure. Because most pathogens are invisible to
the naked eye, consumers generally are unable to
determine the risk of foodborne illness posed by their
food consumption choices (Crutchfigt al, 1997).
Meanwhile, producers are likely (but not necessarily)
to be better informed than consumers about the food
safety risks of the foods they produce. However,
producers have no direct incentive to supply this
information. This asymmetry in food safety informa-
tion and the lack of producer incentive to supply such
information means that most food safety risks are not
incorporated into market prices and quantities. This
market failure leads to more pathogens in the food
supply, greater risk to human health, and higher lev-
els of illness and mortality related to foodborne
pathogens (Crutchfieldt al, 1997).

Incorporating economics into food safety decisions
would help society achieve a target level of food
safety that either maximizes economic benefits or

Estimated Annual Costs of Campylobacter-Associated GBS

minimizes costs. The role of economics in microbial
food safety is to define the savings of resources asso-
ciated with pathogen reduction, and to assess the
costs and benefits of achieving social goals like the
provision of more healthful foods. This requires
information about the baseline costs posed by food-
borne illnesses. This study estimates the annual costs
of one complication of a foodborne illness—Guillain-
Barré syndrome (GBS) that follows some
Campylobacteinfections. ERS embarked on this
project because foodborne data indicate
Campylobacters the most common cause of bacteri-
al foodborne illness in the United States (CDC, 1997)
and because quantifying societal costs of a foodborne
illness entails a cost analysis of both acute and sec-
ondary complications.

Guillain-Barré syndrome is the leading cause of acute
neuromuscular paralysis in the United States now
that polio has been virtually eliminated by vaccina-
tion programs (Parry, 1993, p. 10; Miséual, 1993,

p. 947). Although paralysis from GBS is generally
reversible to some extent over time, some patients
die prematurely because of the iliness while others
are bedridden for life.

Although the cause of GBS is not well defined, many
believe it is an autoimmune reaction triggered by fac-
tors such as some gastrointestinal or respiratory ill-
nesses, surgery, and certain vaccinations. In particu-
lar, one potential trigger of GBS is infection caused
by Campylobactera common foodborne and water-
borne pathogen that causes the gastrointestinal
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illness, campylobacteriosisThe Centers for Disease
Control and Prevention (CDC) estimate that roughly
1in 100 people are diagnosed with symptoms of
Campylobacteinfection in the United States each
year (Tauxe, 1992, p. 3). auxe (1992) estimated
that of 2.5 million people ill with campylobacteriosis
in the United States each yea00 to 730 die
because of their illness. Although only a smallper
centage of campylobacteriosis cases develop GBS,
there appears to be a strong link between
Campylobacteand GBS. An estimated 20 to 40
percent of GBS cases are causedhynpylobacter
infections (Mishu and Blaset993).

People can get campylobacteriosis by drinking water
or raw milk contaminated wit@ampylobacteand

by consuming contaminated raw or undercooked
meat (Skirrow and Blaset992). Consuming conta
minated poultry is the predominant source of-spo
radic cases ofampylobacteinfections (auxe,

1992, p. 12). The intestine of birds and warm-blood
ed animals is a natural habitat fdampylobacter
(Parket al, 1991, p. 101S) and studies show that
chicken slaughter and processing leads to heavy sur
face contamination (Paek al, 1991; Skirrow and
Blaser 1992, p. 6; Sjogren and Kaijsd©88, p. 3).

Up to 80 percent of poultry at retail are contaminated
with CampylobactefSkirrow and Blaserl992, p.

4), and this contamination appears to peak between
July and October @uxeet al, 1988; Harriset al,

1986, p. 404). @ a lesser extent, turkesaw milk,

cake icing, raw clams, raw hamber, water and
contact with pets have been epidemiologically linked
with campylobacteriosis in the United States (Blaser
et al, 1983, p. 163; Stern, 1992, p. 5@ukeet al,
1988; CAST 1994, p. 1).

This study estimates the annual cost-of-illness of

GBS caused by atampylobacteinfections and by
foodborneCampylobacteinfections in the United

States. Medical costs and the costs of lost productiv
ity provide public health cost estimates of
Campylobacteiassociated GBS. These cost-of-ill

ness estimates can be compared against the estimated

1 Because irdctions withC. jejuniandC. coliare dinically indistin-
guishdle and because mothan 99 peent ofCampylobacterisolaes in
the United Stees ae C. jejuni(Tauxe, 1992),the tem Campylobacteris
used hee to indude bothC. jejuniandC. coli.
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annual costs of new procedures that reduce
Campylobactein the food chain.

One potential procedure to reduce the incidence of
GBS is aCampylobactewraccination program for
people. A high proportion of campylobacteriosis
cases are foodborne (estimated at 55-70 percent) and
75 percent of these foodborne cases are attributed to
meat and poultryHederal RegisterJuly 25, 19963.

The 1996 U.S. Department of AgricultuisgUSDA)
regulation on Hazard Analysis and Critical Control
Point (HACCP) systems for meat and poultry can
indirectly reduce the annual incidence of GBS by
reducing the load a€ampylobactein meat and

poultry. There are other ways to partially reduce the
likelihood of foodborneCampylobactemfections,

such as thoroughly cooking meat and poultry and
preventing raw meat and poultry juices from eom
mingling with cooked meat and poultry or with other
foods. New or expanded educational programs could
help educate consumers and food handlers about safe
food handling techniques to prevent campylobacte
riosis and other foodborne diseases. Therefore, some
portion of the estimated annual costs of GBS in the
United States could be avoided by reducing the inci
dence of campylobacteriosis.

Other thanCampylobactertriggering factors for

GBS include viral infections, sgery, systemic il

ness, and vaccinations (Partp93). Howevemo

single factor appears to cause a greater proportion of
GBS cases than do€ampylobacter Ways to

reduce GBS triggered by other factors such as
sulgery are less understood. Therefore, societal
efforts to reduce GBS caused Gampylobactemay
have higher net returns tharicefs to reduce GBS
caused by other triggering factors.

For those key data points not supported by strong
consensus, sensitivity analyses were performed to

2 Roughy 55 to 70 perent of allCampylobacterinfections ae estiméed
to be bodbone In a Setle-King County D@atment of Pubc Health
suveillance stugl (1984,p. 153),roughly 55 pecent of all
Campylobactercases wre dtributed to bod ofgins: drinking raw milk
(5.2 pecent) and eing poultly (48.2 pecent). Tawe (1992 p. 15) sum
maitized Deminget al’s (1987) esults of a studof campylobacteiosis
cases in students$ a Geogia college, and bund tha 70 pecent were
atributed to eting chicken (30 pecent dtributed to contact with ¢s).
Raw chicken could also hee cioss-contaminied other dods in the
kitchen.

Estimaed Anrual Costs of CampobacterAssocided GBS



determine the impact on costs of variations in adjust
ed productivity losses, days on mechanical ventila
tion (MV),3 and probabilities of patients with
Campylobacteassociated GBS who require MV
plasma exchange (PE), and intravenous immuneglob
ulin (IVIG) treatments.

Estimates of the total annual costs of GBS caused by
all Campylobacteinfections and by foodborne
Campylobacteinfections can badded to previously
estimated annual costs of campylobacteriosis (Buzby
et al, 1996; Buzby and Roberts, 1996) in the United
States to obtain a more complete accounting of the
economic impact o€ampylobacteto Americans.
These estimates are also compared with cost-of-ill
ness estimates for other foodborne pathogens to esti
mate the relative impact of the pathogens on saciety

Guillain-Barré Syndr ome

Each yearthere are an estimated 2,628 to 9,575 peo
ple who develop GBS in the United States. [See
appendix for details on characterization of disease,
medical care, and estimated cases.] Final outcomes
range considerahlyAlthough most patients with

GBS recover from the paralysis with only minor
residual symptoms, others are permanently bedrid
den, wheelchair-bound, or beset by fatal complica
tions. Most patients with GBS are hospitalized and
some have relapses. GBS carctfpeople of all

ages but older patients with GBS are more likely to
have a poor prognosis than are younger patients with
GBS.

The current standard of care for treating patients with
GBS includes plasma exchange and/or intravenous
immunoglobulin treatments. In recent studies,
approximately 20 percent of all patients with GBS

3 Mechanical entildion is where breahing is egulaed by a mebanical
ventilaor in an intubted paient. MV ma be equird in paients with
GBS whose veakness or palysis is seere.

41n plasma rchang (PE/plasmghekesis),“blood is emoved from the
paient, plasma is gearmted from Hood cells and discded and Bood
cells ae suspended in colloid solution arginfused”(Thomton and
Griggs,1994,p. 262). Thomton and Gggs (p. 260) sta “it is likely

that plasma rchang acts p removing pahogenic antibodiesand thg
offer s&en possile explanaions of hav IVIG, where pooled human IgG
(a plasma motein) is intevenousy administeed works.

Estimaed Anrual Costs of CampobacterAssocided GBS

required mechanical ventilation to assist breathing.
Sunderrajan and Davenport (1985) found that the
probability that patients with GBS will be put on
mechanical ventilation increases with age. The-aver
age age of those patients with GBS requiring
mechanical ventilation was roughly 47 years and the
average age of those patients with GBS who did not
require ventilation was roughly 30 yearse W
assumed these values in the baseline analysis in this
study

Several participants of the 1995 American Neurology
Association meeting suggested that the overall case
fatality rate for patients with GBS has decreased and
is currently around 2 percent. More seriously ill
patients with GBS who are mechanically ventilated
are more likely to die than those less severely ill. In
Sunderrajan and Davenpar{1985) sample of 40
patients with GBS, 28 percent of the mechanically
ventilated patients died while there were no deaths
among those not on mechanical ventilation.

Since the first report dampylobacteimfection
complicated by GBS was published in 1982 (Rhodes
and Tattersfield, 1982), evidence has accumulated
that these infections may be an important trigger of
GBS. Serologic and cultural studies have confirmed
that 20-40 percent of patients with GBS had infection
with C. jejuniin the 1-3 weeks prior to the onset of
neurologic symptoms (Mishu and Blas&993;

Kuroki et al, 1993; Reesgt al, 1995). Assuming

that 20 to 40 percent of all patients with GBS have
prior Campylobacteinfections, there are an estimat
ed 526 to 3,830 new patients diagnosed with
Campylobactesassociated GBS each year in the
United States.

There is little evidence to suggest that significant per
son-to-person transmission @ampylobactetakes
place (huxe, 1992, p.1). Howeverthere have

been a few documented cases of pregnant women
with bacteremia that have been associated with
severe fetal infections (Blaset al, 1983a, p. 165).

This report estimates annual costs for all patients
with GBS who had prio€ampylobactemfections,
regardless of the source Gampylobacteinfection
(foodborne, waterborne, etc.). The study then esti
mates the annual costs of GBS caused by foodborne
Campylobacteassuming that 55 to 70 percent of all

USDA/ERS 3



Campylobacteinfections are foodborrfe Although
some studies suggest tli2ampylobactesassociated
GBS is more severe than GBS caused by other fac
tors (Molnaret al, 1982; Rhodes andaftersfield,
1982; Constangt al, 1983), this distinction is not
made here because of data limitations.

The Cost-of-lllness Method

The cost-of-illness (COI) method, developed by
Malzbeg (1950) and codified by Rice (1966), is a
damage function approach and sums the costs borne
by all individuals dflicted with a given disease.

Most COI studies on foodborne illness estimate the
present value of lifetime medical costs and lost pro
ductivity (i.e., fogone income and household pro
duction caused by the illness) to obtain partial esti
mates of annual costs (e.g., Cole¢ral, 1978;

Roberts, 1989; ddd, 1989; Buzbt al, 1996). One
could ague, following Harbeagers (1971) aygument
confirmed by Wilig (1976), that the opportunity cost
of the resources consumed in treating (or preventing)
acute and chronic foodborne illnesses is a reasonable
measure of society'welfare loss. A more complete
accounting of cost categories would include evalua
tion of the loss of leisure time, pain andfstihg,
industry costs, and public health expenditures by the
government.

Without other information such as the availability of
treatment options and theirfedtiveness, cost-of-Hl
ness studies cannot tell us whether or not scarce
health-care resources should be allocated to treating
(or preventing) the diseases studied (Drummond,
1992, p. 2). Cost-of-illness estimates can, however
serve as useful inputs in costestiveness analyses,
cost-benefit analyses, cost-utility analyses, and other
applied research that may in turn be used to prioritize
resource allocation by policymakérd-or example,

the cost-of-illness estimates for selected foodborne
illnesses (Buzbt al, 1996) were used in the U.S.

5 Buzhy and Robes (1996) assumed tha5 to 70 perent of
Camypylobacterinfections vere foodbone and estintad tha anrual
medical costs and pductvity losses ér campylobacteiosis from food
souces anged from $0.7 billion to $4.3 billion in 1995 dolkar

6 Hodgson (1994) pvides a thaough eview of COIl estimges in cost-
effectveness angbis. Hadlix et al.(1996) povides a eview of cost-
beneft analysis, cost-efectiveness angbis,and cost-utility anafsis with
an emphasis on theaion of health outcomes.

4 USDA/ERS

Department of Agriculture’ cost-benefit analysis for
its Hazard Analysis and Critical Control Point
(HACCP) rule, which was designed to improve the
safety of meat and poultry (Federal Regisiety 25,
1996). Other COI studies have estimated the eco
nomic costs of an assortment of diseases including
obesity (Colditz, 1992); dyspepsia and schizophrenia
(Ament and Evers, 1993); and asthma, lung cancer
and coronary artery disease (Abt Associates Inc.,
1992)7

On the macro level, it is the value of the total societal
burden that should influence the allocation of
resources (Ament and Evers, 1993, p. 31). This
value can be determined by methods such as willing
ness-to-accept (WA and willingness-to-pay (WTP).
“In these methods human life and limb are valued
according to the amount people are willing to spend
to obtain reductions in the probability of death,

injury, or disability (WTP) oralternatively the

amount by which they must be compensated in order
to accept an increased risk (WT (Ament and

Evers, 1993, p. 31).

However obtaining WTP or WA for a specific ilt

ness or injury may be prohibitively time-consuming
or expensive. WTP methods use a variety of-tech
niques ranging from direct questioning to experimen
tal auctions to determine values for nonmarket goods.
And, even if a WTP estimate for a food-safety hazard
is available, the estimate is not easily applied-else
where since the hazard may have &ed#nt inct

dence or case fatality rate. For food safetyat is

being valued are reductions in the risk of acute ill
ness, chronic complications, and premature death
associated with foodborne pathogens. The one WTP
application to foodborne disease by Hageal.

(1995) found experimental-auction participants -will
ing to pay $0.40 to $1.00 to purchase a safer-sand
wich3

Most cost-of-illness estimates account only for med
ical costs and costs of lost productiviand there

fore, underestimate the true economic burden te soci
ety. The scope of COI studies can vary from a spe

7 Javinen (1988) povides an annotad bibdiography of aout 600 cost-
of-illness studies.

8 Bids did not ary with risk levels, suggesting futue work is needed to
undestand &actly what the bids eflect.

Estimaed Anrual Costs of CampobacterAssocided GBS



cific disease with only one type of cost to several dis
eases with an exhaustive cost accounting (Hodgson
and Meiners, 1982, p. 437). The COI method is easy
to apply and uses accessible data on personal earn
ings and medical expenditures (French, 1990, p.
1118). Also, these data are precise enough to allow
for sensitivity analyses of the COI estimates to
changes in medical costs, demographic profiles of
affected individuals, or outcome severities.

One conceptual ditulty with the COI method is

that it usually requires a proxy monetary value for
productivity losses for injury- or illness-related death
and/or a proxy monetary value for premature retire
ment. One commonly used proxy is an estimate of
the value of a statistical life (VOSL). Though there

is no universally accepted method to estimate the
VOSL (Cropper and Oates, 1992; Haygesl, 1995;
Randall, 1993; Smith, 1992;i3¢usi, 1992), there are
two conceptual approaches: the human capital (HC)
approach and the willingness-to-pay (WTP) approach
(Landefeld and Seskin, 1982)The HC approach

aims to capture fgone earnings whereas the WTP
approach aims to capture the value that people place
on small changes in their probability of survival.

Note that analysts use the term “value of a statistical
life” very loosely especially in the case of HC esti
mates, which are crude representations of this contro
versial and ambiguous value, a value likely to be
only loosely related to income.

Human Capital (HC) Appr oach

The human capital (HC) approach assumes that the
value of an individua$ life from a societal perspec
tive can be measured by an individedliture pre
duction potential. This production potential can be
approximated by the discounted present value of
future labor earnings fgone due to premature death
or retirement.

9in estimaing the societal costs of a fiaular illness or injuy, WTP
estimaes can be useful in twways. Frst, WTP estimées can be used
as a diect and theatically preferable replacementdr cost-of-illness
estimdes if theWTP estimées ae available for the specit

illness/injury, incidence ate, and motality rate of inteest. SecondVTP
estimaes br reductions in other mtality risks can be used in a cost-of-
illness anajsis as a @xy monetay value br adjusted prductvity loss
es Pbr those wo die pemdurely or ae undle to ever retum to work
because of an illness or inyur

Estimaed Anrual Costs of CampobacterAssocided GBS

Expected earnings are discounted back to the year of
the incidence (& Doorslaer and Boutet990, p.

259) and therefore one measurement problem is the
choice of the appropriate discount rate. A frequent
ethical/philosophical objection to the HC approach is
that some demographic groups are valued more high
ly than others: values are higher for men than for
women and values are higher for young and middle-
aged adults than for the elderly and children. The
HC approach places little value on reducing risk of
the elderly because they have low future earnings to
forgo. Similarly the method typically attaches low
values to risk reduction for children because future
earnings are discounted to present values. Assigning
low values for reducing risks to children and the
elderly seems illogical because people can and do
spend substantial amounts on risk avoidance for
those groups, especially children. Also, in periods of
high unemployment, it is likely that deceased or sick
workers will not only be replaced but at little cost
(Ament and Evers, 1993, p. 32).

Although the HC approach is criticized because it
incompletely measures the value of a statistical life,

it does measure the earnings component of the bur
den of a disease (e.g., part of the value lost to mortal
ity or morbidity) (Hodgson and Meiners, 1982, p.
438-439). Tme lost from work and other productive
activities is a valuable economic resource that is
unavailable for other uses. Although the WTP
approach is more grounded in economic thetbry

HC approach has some theoretical foundation. Given
the assumption that earnings reflect productjvhg

HC approach can be supported by the economic theo
ry of maginal productivity (Hodgson and Meiners,
1982, p. 442).

Willingness-T o-Pay Appr oach

The WTP approach is conceptually appealing
because it can cover more of the potential costs of an
illness or injury than can the HC approach and
because it has some foundation in Pasetiweory of
optimality (Hodgson and Meiners, 1982, p. 443).
While there are several methods that attempt to iso

10 A Pareto eficient allocdion of resouces is virer “it is not possilte
(through futher eallocdions) to mak one peson better dfwithout
making someone elseorse of” (Nicholson,1989,p. 476).
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late willingness-to-pgyrecent attention in estimating
the value of a statistical life has focused on the wage-
risk estimation in labor markets.Wage-risk studies
derive the value of risk reduction by statistically -esti
mating the dkct of occupational mortality and injury
risks on wages. ypically, employers must &dr

workers higher wages to induce them to take a job
with some injury risks, as opposed to a similar job
with no such risks. Converselyorkers accept jobs
with lower wages, given that those jobfeofmini-

mal risks. The “risk premium” is then the increased
wage needed to attract workers to riskier jobs.
However wage-risk estimates can be biased down
wards if real or perceived barriers (e.g., long-term
labor contracts) prevent workers from reacting to
changes in workplace risks or if workers underesti
mate their true exposure to these risks (French, 1990,
p. 118).

The typical wage-risk study uses a measure of mor
tality risk, and measures thdeafts of a small change
in mortality risk on wages; a typical study might find
that an increase in mortality risk of 1 in 10,000 (one
extra death in a year for every 10,000 workers in the
relevant population) would be associated with a wage
increase of $300. In an industry with 10,000 work
ers, then, we could expect one additional worker to
die each year on average, and as a result total wage
payments would be $3 million higher ($300 times
10,000 workers). In that case we would say that the
value of a statistical life was estimated to be $3 mil
lion, because industry had to pay that amount to
induce workers to take on a risk that would likely
leave one dead. Alternativelgne could say that
workers would, in the aggregate, be willing to pay $3
million through wage reductions in order to purchase
a reduction in risk that prevents one death.

In practice, WTP estimates face measuremefit dif
culties and are rarely found in cost-of-illness studies
(Hodgson and Meiners, 1982, p. 443; Ament and
Evers, 1993, p. 31). Most cost-of-iliness studies are
based on HC estimatesgiv Doorslaer and Bouter
1990, p. 259; Ament and Evers, 1993, p. 31). In
wage-risk studies, the VOSL “is not a universal-con

11 Fisheret al. (1989,p. 89) dvide theWTP gproad into thee cée-
gories of studies:(1) contingent maket studies(2) consumer méet
studiesand (3) vage-risk [hedonic-vege] studies. Heg; we discuss ogl
wage-fisk studies because thare the most gplicable to food saéty.
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stant, but reflects the wage-risk tradgudrtinent to

the preferences of the workers in a particular sample”
(Viscusi, 1993, p. 1930). is€usi (1993) found that
estimates from wage-risk studies ranged between
$0.6 million and $16.2 million in 1990 dollars due to
differences in methodology and data sets. These
broad ranges complicate resource allocation-deci
sions.

Landef eld and Seskin Hybrid Appr

The Landefeld and Seskin (LS)(1982) approach is a
hybrid of the HC and WTP approaches. LS-esti
mates include more than thedone earnings found

in HC estimates while capturing considerably less
than what WTP aims to capture (i.e., LS does not
capture reductions in the risk of items such as pain,
suffering, and lost leisure time). The LS approach
generates the present value of expected lifetime
income and housekeeping services at a 3-percent real
rate of return, adjusted for an annual 1-percent
increase in labor productivitand a risk-aversion

factor of 1.6. ®tal income in Landefeld and Seskin
(1982, p. 561) includes labor income adjusted
upwards to include nonlabor monetary income
sources such as rents, royalties, interest, and transfer
payments as well as nonlabor nonmonetary factors
such as the value of housekeeping, which is excluded
from the U.S. gross national product. The risk-aver
sion factor increases the present value of expected
forgone earnings by 60 percent. The risk-aversion
factor is based on the ratio of life insurance premium
payments to life insurance loss payments (Bailey
1980). In most cases, life insurance premiums repre
sent “household WTP for potential losses associated
with the death of an income-earning household mem
ber” (Landefeld and Seskin, 1982, p. 562).

oach

LS estimates are primarily human capital estimates of
forgone earnings with a few adjustments, and thus
can be considered as “adjusted productivity losses”
rather than “VOSL.” In our baseline analysis, we use
LS estimates to represent productivity losses for
those patients with GBS who die prematurely or who
are no longer able to return to work. The LS formula
for adjusted productivity losses is:

Y

T
Adjusted poductivity losses =ft20
- 1+

]a
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where T = remaining lifetime, t = a particular year
Y = after-tax income (labor plus nonlabor) and the

market value of household production, r = heuse
hold’s opportunity cost of investing in risk-reducing
activities, andx = risk-aversion factor We interpe
lated the LS estimates between $ 8-year age

groups, averaged the LS estimates across gender for
each age categqrgnd updated to 1995 dollars using
the change in usual and average weekly earnings
from the U.S. Bureau of Labor Statistics.

For our baseline analysis, we used LS estimates
because they are more conservative than WTP esti
mates, and more importantlyrey incorporate vaiu

able information on age-specific outcomes. The LS
estimates of adjusted-productivity losses are low
compared with VOSL estimates based on the risk
premium in labor markets, a willingness-to-accept
measure which theory tells us mirrors W& H-or
example, ¥scusis (1993, p. 1930) review of labor-
market (wage-risk) studies found that most VOSL
estimates ranged between $3 million and $7 million
in 1990 dollars. After updating to 1995 dollars, LS
estimates ranged from $15,000 to $1,979,000
(depending on the age of the representative individ
ual). This diference is not surprising as the WTP
approach aims to directly capture more than does the
LS approach. This report provides a sensitivity
analysis that shows estimated total costs when the LS
estimates of adjusted-productivity losses are replaced
by the more comprehensive $5-million VOSL esti
mate.

Costs of Campylobacter -Associated
Guillain-Barré Syndr ome

Prior to the actual cost estimation@impylobacter
associated GBS, it was necessary to focus the-analy
sis through assumptions. Assumptions were made
where accurate or representative data were lacking
and sensitivity analyses were performed on the most
critical data points that are not supported by consen
Sus.

12 Landetld and Seskin (1982) used a 3qmat discountate.

13 willingness-to-acaet is paticularly apt for valuing iisks due to od
bome pahogens. When puchasing bod with pahogens,one is tacity
accepting the pthogens along with theobd

Estimaed Anrual Costs of CampobacterAssocided GBS

Assumptions Used in Cost-of-lllness
Analysis

Table 1 provides the assumptions used in estimating
the annual cost d@ampylobacte@associated GBS.

We also assume that people can be infected by
Campylobacterat most, once a yeail his assumyp

tion is reasonable because the antibody response to
infection withCampylobacteshould provide tempo
rary protection from re-infection. All patients with
GBS are assumed to require hospitalization because
of the dificulty in diagnosing GBS and because of
the typical severity and duration of paralysis asseciat
ed with this illness.

For this studythe estimation of the annual cost of
GBS using the cost-of-illness method was complicat
ed by demographic ddrences in patients with GBS
and by the broad array of possible GBS symptoms,
subsequent medical costs, and final outcomes.
Patients with GBS were categorized into workable
groups for cost estimation.

We divided the annual number of patients with GBS
into two age/ventilation categories: mechanically
ventilated patients and those not on mechanical-venti
lation (fig. 1). The first age/ventilation category used
a 30-year-old individual to represent patients with
GBS who were not mechanically ventilatédThe
second age/ventilation category used a 47-year-old
individual to represent more seriously paralyzed
patients with GBS who were mechanically ventilated
to assist breathing. Those who are mechanically
ventilated face more serious complications and rog
noses than those who are not. For each age/ventila
tion categorythree outcomes are considered: those
who (1) resume work, (2) cannot return to work, and
(3) die. Those patients who return to work include

14 Sunderajan and Deenpot (1985) bund tha the aerage aje of
medhanicaly ventilaed pdients with GBS vas 47.0 +/- 5.6gais and the
average aye of those pigents with GBS wao did not equire entilation
was 30.1 +/- 4.3gas.

15 Had we not bcused on mémnical entilation and had w wanted to
select tvo representtive ayes,we might hae chosen a lwader span
between our epresentéive ages. Hallset al. (1988),Moore and dmes
(1981),and Stoey et al.(1989) bund bimodal ge distibutions tha sug
gest a boader ge span. Because Sunagan and Deenpot’s (1985)
average aye of wentilaed and noventilaed pdients ae meansthey are
more centally locged For example although older p#ents with GBS
are moe likely to require mebanical entilaion, a few very young
paients with GBS wo ae metbanicaly ventilaed can pull the mean
toward the center of a maral age span.
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Table 1—Assumptions used to estimate the ann  ual costs of Campylobacter -associated Guillain-Barré
syndr ome in the United States, 19951

Cost categor y

General Assumptions

Medical Costs

Productivity Losses

Other costs 2

Assumptions

* 55 to 70 percent of Campylobacter infections are foodborne (Deming et al., 1987; Seattle-King County
Dept. of Public Health, 1984).
* 20 to 40 percent of all patients with GBS were caused by Campylobacter infections.

* 20 percent were mechanically ventilated, 80 percent were not, and all patients required hospitalization.
* Total fees for physician care, laboratory tests, and other medical items were assumed to be equal to hospital
room costs but were updated to 1995 dollars using different Consumer Price Index (CPI), as appropriate.

A regular hospital room costs $978 per day and associated fees are $962 per day.

An Intensive care unit (ICU) hospital room costs double the cost of a regular room per day (or $1,956) with
$1,924 in fees/day.

* Plasma exchange (PE) and intravenous immunoglobulin treatments (IVIG) were computed separately.
71 percent of all patients were treated with PE and 37 percent were treated with IVIG.
PE costs $5,500 per patient and IVIG costs $5,700 per patient.

Patients on mechanical ventilation Patients not on mechanical ventilation
* Mean hospital stay; 98.5 days. * Mean hospital stay; 19.1 days.
* 68.4 days in ICU, 30.1 days in regular hospital room. * 6 days in ICU, 13.1 days in regular hospital room.

* Mean duration of mechanical ventilation is 68 days.

* The value of an hour of time is the same for all patients of any race, gender, or geographical location
in the United States.

Patients on mechanical ventilation Patients not on mechanical ventilation

* For the 27 percent that cannot work at all and the * For the 19 percent that cannot work at all, estimat-
10 percent that died, estimated productivity losses for ed productivity losses for a 30 year-old individual

a 47-year-old individual were used. were used.

* 63 percent resumed work. * 81 percent resumed work.

For those who resumed work:

* The number of days spent recuperating at home is twice the number of days spent in the hospital, adjusted for
weekends.

* Productivity loss uses the Bureau of Labor Statistics usual weekly earnings for all part-time and full-time wage
and salary earners (pre-tax, no nonsalary benefits) plus an additional 40 percent to account for nonsalary bene-
fits, divided by 5 work days to get a daily rate, and multiplied by the estimated days lost from work (sum of work
days hospitalized and work days recuperating at home, adjusted for weekends).

For those who did not go back to work:

* The present value of adjusted productivity losses was computed as the average of male and female values
given by Landefeld and Seskin (1982) interpolated to the appropriate age (47 or 30) and updated to 1995 values
using the change in average weekly earnings (BLS).

* Excluded due to lack of reliable measurement.

1 case estimates were divided into those who were mechanically ventilated and those who were not.
In this table, “patients with GBS” refers to patients with Campylobacter-associated GBS.

2 «Other costs” include physical, psychological, and other social costs.

8 USDA/ERS
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Figure 1
Estimated ann ual cases and disease outcomes of

Campylobacter
Cases

Campylobacter
Outcomes

>99% Recover

Most cases

>2,500,000 Cases

Campylobacter -associated Guillain-Barré syndr

20% Require ventilation

ome

Campylobacter-associated  Campylobacter-associated
GBS Ventilation Categories GBS Outcome Categories

63% Resume work
66 to 483 Cases

27% Cannot work at all

<1% Develop GBS
526 to 3,830 Cases

ventilation

105to 766 Cases

80% Do not require

28 to 207 Cases

10% Die
11 to 76 Cases

81% Resume work
341 to 2,482 Cases

19% Cannot work at all

421 to 3,064 Cases

patients with GBS who recover completely or find a
less demanding job.

For the 80 percent of the patients with GBS who
were not mechanically ventilated, we used
Sunderrajan and Davenpar(1985) probabilities: all
survived, 81 percent returned to work, and 19 percent
did not return to work. Several participants of the
1995 American Neurology Association meeting-sug
gested that we use an overall case fatality rate of 2
percent for patients with GBS. Because all the
patients who died in Sunderrajan and Davengort’
(1985) study were mechanically ventilated, we
adjusted the outcome probabilities for mechanically
ventilated patients to reflect this lower case fatality
ratelé In our studyout of the 105 to 766 patients
with Campylobactesassociated GBS on mechanical
ventilation, 1L to 76 die (10 percent) and none of
those not on mechanical ventilation died, for an over
all case fatality rate of 2 percent.

161 the Sundenjan and Deenpot (1985) stug, out of the meleani
cally ventilaed paients with GBS 28 pecent died50 pecent esumed
work, and 22 pearent did notetum to work. We adjusted theségtires
by reducing the caseithlity rate for these casesdm 28 to 10 peent
and popottionaely increasing the other twcaegories a total of 18 per
cent to eflect this deceased casethlity rate.

Estimaed Anrual Costs of CampobacterAssocided GBS

80 to 582 Cases

0% Die
0 Cases

Annual Medical Costs

The annual medical costs Gampylobacteassociat
ed GBS, for each of the two ventilation categories,
are comprised of: (1) IVIG (immunoglobulin treat
ments), (2) plasma exchange, (3) regular hospital
room, (4) Intensive Care Unit (ICU) hospital room,
(5) regular hospital room fees, and (6) ICU hospital
room fees (table 2.

Costs varied depending on the number of days spent
in ICU and the number of days spent in a regular
hospital room. ®tal annual costs for the two types

of hospital rooms and associated fees were calculated
by multiplying the daily cost of each component by
the number of days the component is used and by the
number of patients with GBS receiving that compo
nent. The costs of mechanical ventilation were
assumed to be included in the fees associated with an
ICU room. Ttal costs for IVIG and plasma

exchange were calculated by multiplying the cost per
treatment by the average number of treatments per

17 ThoseCampylobacterassocited pdients with GBS ko died ae
assumed to incur the same costs as theéwng paients in their entila-
tion caegory. Rehailitation costs after hospitaliian were not induded
due to déa limitations.
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Table 2—Estimated ann ual U.S. medical costs of Campylobacter -associated Guillain-Barré syndr ome, by
mechanical ventilation categor vy, 1995
Severity Base rate  Treatment Rate per Low # High # Low High
category per item per day patient patients patients costs costs
$ # $ # # $ million
Nonventilated patients
Immunoglobulin 5,700 1 5,871 156 1,134 0.9 6.7
Plasma exchange 5,000 1.1 5,500 299 2,175 1.6 12.0
ICU room 1,956 6 11,736 421 3,064 4.9 36.0
ICU fees 1,924 6 11,544 421 3,064 4.9 354
Hospital room 978 13.1 12,812 421 3,064 5.4 39.3
Other medical fees 962 13.1 12,602 421 3,064 53 38.6
Sub-total n.a. n.a. n.a. 421 3,064 23.1 167.8
Ventilated patients
Immunoglobulin 5,700 1 5,871 39 283 0.2 1.7
Plasma exchange 5,000 1.1 5,500 75 544 0.4 3.0
ICU room 1,956 68.4 133,790 105 766 14.0 102.5
ICU fees 1,924 68.4 131,602 105 766 13.8 100.8
Hospital room 978 30.1 29,438 105 766 3.1 22.5
Other medical fees 962 30.1 28,956 105 766 3.0 22.2
Sub-total n.a. n.a. n.a. 105 766 34.6 252.7
Total n.a n.a. n.a. 526 3,830 57.7 420.5

n.a. means not applicable. Item means days or treatments, as appropriate. Figures may not total due to rounding. Total fees for physician care,
laboratory tests, and other medical items are assumed to be equal to hospital room costs but are updated with the physician’s consumer price
index (CPI) instead of the hospital CPI. It is assumed that an intensive care unit hospital room costs double the cost of a regular room per day.

patient and by the number of patients with GBS
receiving that treatment.

IVIG

Thornton and Griggs (1994) estimate that the cost of
intravenous gamma globulin or immunoglobulin is
$5,000 to $12,000 per 2 gm/kg coutselo obtain
better cost estimates, we surveyed five neurologists
on the medical advisory board of the Guillain-Barré
Syndrome Foundation International (1994) and found
the average cost of one IVIG treatment to be $5,700.
Patients with GBS were found to require an average
of 1.03 treatments, so in this analysis, the estimated
cost of IVIG per GBS patient receiving IVIG is
$5,871 (table 2). Assuming that 37 percent (also
from the informal survey of neurologists) of all

18 A 1990 Dutdy stugy (van der Mebéet al, 1992) bund thaintra-
venous immnoglobulin treaments (IVIG) gpear to betdeast equayl
effective as plasmaxehang for pdients with GBS after 4 aeks of
treament. Havever, this ma/ not be the same in the United 8t
because the Dutcpaients with GBS o were treaed with plasma
exchange fared pooty when compaerd with paients in the United Stes.
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patients with GBS require IVIG, the estimated total
annual cost of IVIG for all patients with GBS ranged
from $1.1 million to $8.4 million a year

Plasma Exc hang e

Thornton and Griggs (1994) estimate the cost of-plas
ma exchange (PE) per course of 5 treatments ranges
from $6,000 to $12,000 (p. 268).0Our survey indi
cated that the average cost of one course of plasma
exchange is $5,000 and that patients with GBS
require an average of 1.1 courses. Assuming that 71
percent (from the informal survey of neurologists) of
all patients with GBS require plasma exchange, the
estimated cost of plasma exchange for all patients
with GBS ranges from $2.0 million to $15.0 million

a year (table 2).

190ne couse of plasmaxehang usual lasts 2 to 3 hosrand equires
special equipment typicglifound ony in larger medical centsrand hos
pitals. Not all pents espond to plasmacehang and tebnical difi-
culties peiodically interrupt treagment (Thomton and Gggs, 1994,p.
263).
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Regular and ICU Hospital Room

The average length of hospital stay for patients with
GBS varied between studies but was typically longer
for those patients with GBS who required ventilation
(Ropperet al. 1991, p. 264). For the 3,6honvent
lated patients with GBS in Health Care Finance
Administration (HCR)'s 1992 Medicare data, the
mean length of stay was 15.6 days. For the 371
mechanically ventilated patients with GBS in the
Medicare database, the average length of stay was
36.4 days. Sunderrajan and Davenport (1985, p. 334)
found that nonventilated patients with GBS were-hos
pitalized 19.1 (+/- 4.6) days and ventilated patients
with GBS stayed in the hospital an average of 98.5
(+/- 30.5) days. In the current styadyl patients with
Campylobacterassociated GBS were assumed to
require hospitalization and we adopt Sunderrajan and
Davenports figures.

Mechanical ventilation is typically administered in
ICU. Therefore, those patients witampylobacter
associated GBS who were mechanically ventilated
were assumed to spend the same number of days in
an ICU as they spend on mechanical ventilation (68.4
days), with the remainder (30.1 days) spent in regular
hospital rooms. For those not mechanically ventilat
ed, we assume one-third of the 19.1 days spent in the
hospital were spent in ICU (6 days).

Our estimate of the average daily hospitalization cost
was $978 per patient per d&yWe assumed that the
daily cost of an ICU hospital room is double that of a
regular hospital room (approx. $1,956/day). The
estimated total annual cost of regular hospital rooms
for patients withCampylobacteassociated GBS
ranged from $8.5 million to $61.8 million. ICU hos
pital rooms were estimated at $18.9 million to $138.5
million.

Other Medical Fees Associated With Regular and
ICU Hospital Rooms

The above hospital room costs do not include physi
cian fees, pharmacy costs, and medical treatments

201 1992,the daiy hospitalizéion cost per peon in commnity hospi
tals was estimted a $820 per pgent (Ameican HospitaAssocidion in
Stdtistical Abstract of the United Stas 1994table 182). This estimé&e
was updeed to 1995 dollar using the lsange in the hospitalaom CPI
(1992 CPI fom theStdistical Abstact of the United Stas 1994table
163; and the 1995 hospitalam CPI fom pesonal corespondence with
BLS in March 1996).

Estimaed Anrual Costs of CampobacterAssocided GBS

such as mechanical ventilation. Gies for those

items associated with a regular hospital room were
assumed to be the same as the regular hospital room
rate, but were updated with the consumer price index
(CPI) for physician services instead of the hospital
room CPR! Similarly, the fees for the items associ
ated with the ICU room are the same as the ICU
room rate, but we updated these fees with the physi
cian services CPI. ICU care requires more special
ized equipment than does care in a regular hospital
room and therefore fees associated with ICU care are
greater For example, the cost of mechanical ventila
tion is assumed to be incorporated in the fees associ
ated with the ICU hospital room because patients
under mechanical ventilation are in IGUEstimated
daily fees associated with a regular hospital room
were $962 and estimated daily fees associated with
an ICU room were $1,924. The estimated total annu
al cost of fees associated with regular hospital rooms
for patients withCampylobacte&associated GBS
ranges from $8.3 million to $60.8 million; for ICU
fees, $18.7 million to $136.2 million (table 2).

Overall, the estimated total medical costs for the 526
to 3,830 patients witampylobactelassociated

GBS ranged from $57.7 million and $420.5 million a
year The lagest costs for ventilated patients with
GBS was for ICU rooms and for nonventilated
patients, regular hospital rooms.

HCFA Medicare data were used to validate our pri
mary estimates. Of the 3,982 Medicare patients with
GBS in 1992, 371 were on mechanical ventilation
during their hospital stay and 3 6Were noe3

HCFA's medical chaye per patient with GBS who
required mechanical ventilation was (in 1992 dollars)
$103,693; the average per patient with GBS who did

21 As bebre, we used the 1992 hospital cost of $820 per biat we
updaed this cost with the pisician sevices CPI (1992 CPI &m
Stdtistical Abstract of the United Stas 1994table 163; 1995 CPI &m
personal comranicdion with BLS in Mach 1996).

22 personnel aa major midvesten hospital estimad tha the aerage
daily cost of mehanical entilation was $117.We assume thiahis cost
is indirectly covered ly the fes associad with the ICU hospitaloom.

23 For the Medicae dda, whether or not a GBS pant had melganical
ventilaion was detenined ty the pesence of an ICD-9 coderfthe sur
gical procedue #967. The rumber of GBS piients on meleanical enti
lation could be an undestimae if other elevant ICD-9 sugical proce
dure codes should ke been inluded in the angkis. In our anakis,an
estimaed 20 perent of paéents with GBS equired mebanical entila-
tion, whereas ony 9.3 pecent of the 3,982 Medicarpdients with GBS
required medanical entilaion.
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Table 3—Shor t-stay hospital use b y Medicare beneficiaries with dia gnosis 357.0, by age

Per discharge
Age Discharges Charges Payments  Days care Charge Payment

$1,000------------ e 1992 dollars----
All beneficiaries with GBS

Total 3,982 120,647 49,619 70,057 30,298 12,461
<65 520 13,258 5,345 7,556 25,496 10,279
65-69 978 32,722 13,249 18,107 33,458 13,547
70-74 907 28,392 11,394 17,118 31,303 12,562
75-79 882 28,570 11,797 15,959 32,392 13,375
80-84 450 11,893 5,416 7,551 26,429 12,036
85+ 245 5,812 2,418 3,766 23,721 9,869

All beneficiaries with GBS that required mechanical ventilation

Total 371 38,470 13,741 13,518 103,693 37,037
<65 40 3,965 1,367 1,260 99,125 34,179
65-69 108 11,659 4,178 3,983 107,950 38,682
70-74 94 9,707 3,311 3,729 103,263 35,227
75-79 79 7,962 2,872 2,696 100,790 36,351
80-84 37 3,857 1,575 1,606 104,233 42,572
85+ 13 1,321 438 344 101,604 33,670

All beneficiaries with GBS that did not
require mechanical ventilation

Total 3,611 82,176 35,878 56,439 22,757 9,936
<65 480 9,293 3,978 6,296 19,360 8,287
65-69 970 21,064 9,071 14,124 24,211 10,426
70-74 813 18,685 8,083 13,389 22,983 9,942
75-79 803 20,608 8,925 13,263 25,663 11,114
80-84 413 8,036 3,841 5,945 19,458 9,301
85+ 232 4,491 1,980 3,422 19,357 8,535

Source: Charlie Helbing, Health Care Finance Administration, 1994.
Guillain-Barré syndrome (GBS) as diagnosed with ICD-9 code 357.0
Ventilation requirement was identified for those patients requiring surgical procedure 96.7

not require mechanical ventilation was $22,757 (table are olderon average, than all patients with GBS, and

3).24 After updating to 1995 dollars, these Medicare are more likely to die, which would cap total medical

estimates are roughly 38 percent of the average total costs.

medical costs estimated in this analysis for ventilated

patients ($329,860) and 50 percent of the costs for Annual Productivity Losses

patients not requiring mechanical ventilation . _

($54,770). This dference may be due to Medicare Annual .productlvf[y losses were e_stlmated_for (_aach

cost limits; the expenditures by other health agencies ~ ©f the Six categories of patients with GBS in this

may be substantially higheAlso, Medicare patients study (2 ventilation categorles times 3 outcome-cate
gories)(table 4). For patients who returned to work,
productivity losses per patient were approximated by

24 This transldes to $124,809 and $27,3%&spectiely, in 1995 dollas

after updéing with the hospitalaom CPI (1992 fsm Statistical Abstiact multlplylng the baseline d8:I|y Income by the average
of the United Stes 1994table 163; 1995 CPI &im pesonal commni- number of days of work missed. The value of an

cation with BLS in Mach 1996). hour of time was assumed to be the same for patients
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Table 4—Estimated ann ual U.S. productivity losses fr om Campylobacter -associated Guillain-Barré syn

drome, by mec hanical ventilation categor vy, 1995

Average Days Pay missed
Severity daily work per Low # High # Low High
category income missed patient patients patients costs costs

$ # $ # # $ million

Nonventilated patients
Resumed work? 115 41 4,707 341 2,482 1.6 11.7
Could not work n.a. na. 1,809,959 80 582 144.8 1,053.4
Died n.a. na. 1,809,959 0 0 0 0
Ventilated patients
Resumed work? 148 211 31,239 66 483 2.1 15.1
Could not work n.a. n.a. 1,054,788 28 207 29.5 218.3
Died n.a. na. 1,054,788 11 76 11.6 80.2
Total n.a. n.a. n.a. 526 3,830 189.6 1,378.7

n.a. means not applicable. Figures may not total due to rounding.

1 Analysis assumes that for each day spent in the hospital, two days are spent at home recuperating before returning to work.

of any race, gendeor geographical location in the
United States. The baseline daily income was
derived from the usual weekly earnings by adjusting
for nonsalary benefits, the labor force participation
rate, and weekends. eNised the average of “usual
weekly earnings of employed full-time and part-time
wage and salary workers” reported by the U.S.
Bureau of Labor Statisti¢s. The 1995 average
weekly earnings were $490 for a worker aged 25-34
and $650 for a worker aged 45-54 (BLS, 1996). T
this, 40 percent of weekly earnings was added as an
estimate of all nonsalary benefits (e.g., health, vaca
tion, and retirement benefit#). Averaged across
genderthe labor force participation rate was 83.8
percent for those aged 25-34 and 81.4 percent for
those aged 45-54 (U.S. Dept. Commerce, BLS,
1996). These two participation rates were used for
the two representative age groups in this study (30-

25 To avoid double-counting of incomgthe Gavemments lost tax ev-
erue and anser pgyments suk as pension oetief payments ag usual
ly omitted (Cooper and Ric&976). Doule-counting veuld occur if tax
losses were combined with losses in eémgs and it wuld be tiple-
counting if these taes were used to pafor the medical carof GBS
paients (Cooper and Ric&976).

26 personal comersaion with BLS in Dec 1995 povided the Mach
1994 emplger costs ér emplgee compendn per hour wrked divid-
ed into wage/salay ($12.25) and all nonsalabeneit ($4.85) compe
nents. Using these estitea,all nonsalay beneits are roughly 40 per
cent of vage/salay eanings. Therefore, total compend#on is oughly
1.4 times the wage/salay eanings.
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and 47-year-old patients with GBS). The usual
weekly earnings were divided by 5 work days to
adjust for weekends. After adjusting for nonsalary
benefits, labor force participation rates, and week
ends, the estimated average daily productivity loss
per person is roughly $5 for a worker 30 years of
age. For a 47-year-old workehe daily loss of pro
ductivity is $148.

In addition to work days missed while in the hospital,
this analysis assumed that for every day spent in the
hospital, twice as many days were spent at home
recuperating before the patient could return to work
(if at all). After adjusting for weekends, the average
number of days missed from work was 41 days for a
nonventilated patient wit@ampylobacte@associated
GBS (19.1 days in hospital times 3 times 5/7 work
days per week) and 2Hays for a ventilated patient
with Campylobacte@associated GBS (98.5 days in
hospital times 3 times 5/7). Recovery rates and ill
ness duration are likely to vary widely but there are
few published data on the rate of recovery
Sunderrajan and Davenpar(1985) estimate of the
number of days hospitalized was used here because
their study most concisely reported recovery rates for
ventilated and nonventilated patients with GBS. This
study errs on the side of conservatism. Because of
the seriousness of paralysis and the propensity of
patients with GBS to have lingering symptoms, the
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Table 5—Estimated ann ual U.S. medical, productivity , and total costs of

Campylobacter -associated Guillain-

Barré syndr ome and of f oodborne Campylobacter -associated Guillain-Barré syndr ome, 1995

Source Patients Deaths Medical costs Productivity costs Total costs

category Low High Low High Low High
Number $ million

AllL 526-3,830 11-76 57.7 420.5 189.6 1,378.7 247.3 1,799.2

55% foodborne 289-2,107 6-42 31.7 231.3 104.3 758.3 136.0 989.6

70% foodborne 368-2,681 8-53 40.3 294.3 132.7 965.1 173.1 1,259.4

1 Includes GBS associated with Campylobacter infections from all sources (e.g., food, water). Figures may not total due to rounding.

mean duration of illness is probably longer than the
values used here. Kenneelyal. (1978, p. 98) found
that recovery ranged “from 1 to 59 weeks after the
onset.”

Lost productivity for the 341 to 2,482 nonventilated
patients who were able to return to work is estimated
at $1.6 million to $1.7 million per year For the 66

to 483 ventilated patients, estimated lost productivity
ranges from $2.1 million to $15.1 million. The esti
mated annual total cost of lost productivity of all
patients withCampylobacteassociated GBS who
were able to return to work ranged from $3.7 million
to $26.8 million.

To obtain the cost of lost productivity for those
patients who died or did not return to work,
Landefeld and Seskisn'(LS)(1982, p. 563) estimates
of the present value of adjusted productivity losses

were used, after averaging across gender for each age

category and updating to 1995 dollats.

After updating to 1995 dollars, the LS estimate for a
30-year-old (nonventilated) individual is roughly
$1,809,959 and the LS estimate for a 47-year-old
(ventilated) individual is roughly $1,054,788. The
estimated total cost of lost productivity for patients
with Campylobacte@associated GBS who survive
their illness yet do not return to work ranges from
$174.3 million to $1,271.7 million. This includes
$144.8 million to $1,053.4 million for the 80 to 582

27The BLS déa sefes on usual wekly eanings did not hee ealy
enough de&a so ve used another BLS/arage weekly eanings seies (for
nonsupevisory, nonaricultural positions; BL$1996) to updee the LS
numbes from 1977 to 1983 dollar We then updied these 1983um-
bers to 1995 dolles.
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nonventilated patients and $29.5 million to $218.3
million for the 28 to 207 ventilated patients.

Following Sunderrajan and Davenport (1985), it is
estimated that none of the nonventilated patients
died, and of the 105 to 766 patients who were on
mechanical ventilation,11to 76 died. Using the

1995 LS estimates, the estimated total annual produc
tivity loss for those patients with GBS who died
ranges from $IL6 million to $80.2 million. Across

all six categories of patients witampylobacter
associated GBS, the estimated total annual productiv
ity losses fromCampylobactefassociated GBS in the
United States ranges from $189.6 million to $1,378.7
million.

Total Cost Estimates

On average, the cost of lost productivity was over
three times lager than the medical costs (table 5).
Estimated total annual medical costs from
Campylobactesassociated GBS in the United States
range from $57.7 million to $420.5 million a year
and estimated total annual productivity losses range
from $189.6 million to $1,378.7 million. Medical
costs and productivity losses together equal total
annual costs of $0.25 billion to $1.8 billion per year
These estimates do not include costs of campylobac
teriosis.

Sensitivity Anal yses

Some of the estimates used in this study to calculate
medical costs and the costs of lost productivity are
subject to wide variation and controversyensitivity
analyses were performed to handle variations in two

Estimaed Anrual Costs of CampobacterAssocided GBS



Table 6—Sensitivity anal yses under alternate v alue of a statistical lif e assumptions

Adjusted productivity Medical costs Productivity costs Total costs

loss used! Low High Low High Low High
$ million

Baseline 57.7 420.5 189.6 1,378.7 247.3 1,799.2

VOSL = $3.6 mil. 57.7 420.5 432.1 3,140.8 489.8 3,561.3

VOSL = $5.0 mil. 57.7 420.5 598.7 4,351.8 656.4 4,772.3

VOSL = $8.4 mil. 57.7 420.5 1,003.3 7,292.8 1,061.0 7,713.3

1 “Baseline” category uses Landefeld and Seskin's (1982) estimates of adjusted productivity losses. “VOSL=$3.6 mil” is when the LS estimate
is replaced by Viscusi's lower value of a statistical life (VOSL) estimate. “VOSL=$5 mil." is when the LS estimate is replaced by the Department
of Health and Human Service’s standard VOSL estimate. “VOSL=$8.4 mil.” is when the LS estimate is replaced by Viscusi's upper VOSL esti-
mate. Viscusi’'s estimates have been updated so estimates are in 1995 dollars.

key estimates: adjusted productivity losses for those
who die or are unable to return to work because of
their illness, and the probability that patients with
Campylobactesassociated GBS receive mechanical
ventilationz8

Sensitivity Anal ysis - Value of Adjusted
Productivity Losses

The Landefeld and Seskin (1982) estimates used in
this study to represent adjusted productivity losses
are relatively low when compared with otherore
comprehensive valuations.iseusi (1993) found that
most VOSL estimates ranged between $3 million and
$7 million in 1990 dollars (p. 1942). In 1995 dol

lars, Mscusis range becomes $3.6 million to $8.4
million.30 The U.S. Department of Health and

Human Services uses a standard $5 million per statis
tical life (Williams, 1995). In our sensitivity analy

sis, we replaced the LS estimates with these three
values in 1995 dollars. This sensitivity analysis was
particularly crucial to obtain defensible cost-of-ill
ness estimates because the costs of lost productivity
from Campylobacteassociated GBS constitute the

2870 accountdr uncetainty of the dta, three other sensitity anayses
were also pedrmed: (1) the shag treaed with I1VIG was haled from 37
percent to 18.5 peent,(2) the shag treaed with plasmaxehang was
halved fom 71 pecent to 35.5 peent,and (3) the werage rumber of
days GBS péents were on mebanical entilaion was educed fom
68.4 dys to 41.5 dgs (adjustedzerage from five GBS studies). In
these sensitity analses results vere alteed ty less than 2.5 peent.

29 Fisheret al. (1989) bund thathe most defnside empiical estimaes
for aVOSL range from $1.6 million to $8.5 million (in 1986 dolis).

30 Updéaed using werage of the usual eekly eanings of emplged
pat-time and full-time vege and salarworkers (BLS 1995).

Estimaed Anrual Costs of CampobacterAssocided GBS

bulk of the cost-of-illness estimates. When the base
line LS estimates of adjusted productivity losses are
replaced with VOSL estimates of $3.6, $5.0, and
$8.4 million, estimated costs increase dramatically
(table 6).

Sensitivity Anal ysis - Pr obability of
Receiving Mec hanical Ventilation

The baseline analysis assumed that 20 percent of all
patients with GBS required mechanical ventilation.
Yet, higher probabilities are likelyAfter adjusting

for different sample sizes in 12 separate studies, 30
percent of patients with GBS, on average, were put
on a ventilator (app. table 2). The average was even
higher for the four American studies (36.5 percent).
In contrast, the 1992 U.S. Medicare Statistical
Support data revealed that 9.3 percent of the 3,982
patients with GBS required mechanical ventilation
(table 3)(Helbing, 1994). This sensitivity analysis
considered the impacts on costs of a 9-percent and a
37-percent mechanical ventilation rate for patients
with GBS.

Table 7 provides cost estimates for using both a low
mechanical ventilation requirement rate (9 percent)
and a high mechanical ventilation requirement rate
(37 percent) in the baseline analysis (LS estimates)
and in the scenario where the adjusted productivity
loss per person is set at $5.0 million. The estimated
number of deaths changed along with the new esti
mated range of ventilated patients for each scenario.
For the low (9 percent) mechanical ventilation rate, 4
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Table 7—Sensitivity anal yses on the share of patients with Guillain-Barré syndr
ventilated 1

ome that are mec hanicall y

Productivity loss scenario:

Landefeld and Seskin $5 million
Medical scenario: Type Low High Low High
$ million
Low (9%) mechanical Annual medical cost 41.7 304.7 41.7 304.7
ventilation Annual productivity loss 185.4 1,352.3 542.8 3,965.1
Total annual cost 227.1 1,657.0 584.5 4,269.8
High (37%) mechanical ~ Annual medical cost 82.5 599.6 82.5 599.6
ventilation Annual productivity loss 195.0 1,418.7 680.1 4,947.1
Total annual cost 277.5 2,018.3 762.6 5,546.7

1 For each mechanical ventilation requirement rate scenario, table 7 provides both low and high estimates of the medical costs, costs of lost
productivity, and total costs to reflect the range of patients with GBS in each category. The two paired columns of numbers distinguish between
the two productivity loss scenarios. The first column presents cost estimates using the Landefeld and Seskin (1982) estimates (which varies by

age) of adjusted productivity losses. The second column presents cost estimates when the LS estimates are replaced with a $5.0 million esti-
mate for every individual who cannot return to work or dies prematurely because of their iliness, regardless of age.

to 34 patients died as compared with 19 to 141 in the
high (37 percent) mechanical ventilation rate.

Under both productivity loss scenarios, the low rate
reduced total estimated annual medical costs to
between $41.7 million and $304.7 million (table 7).
Estimated productivity losses also changed because
the number of patients witBampylobacteiassociat

ed GBS in each outcome category was tied to the
number of patients in the two ventilation categories.
Under the low mechanical ventilation assumption,
estimated productivity losses and total cost

decreased. Estimated total annual costs under the LS

scenario dropped to between $227.1 million and
$1,657.0 million, $584.5 million to $4,269.8 million
under the $5.0 million adjusted productivity loss-sce
nario.

The high mechanical ventilation rate (37 percent)
increased total estimated annual medical costs to
between $82.5 million and $599.6 million.
Estimated productivity losses and total costs
increased with the higher rate of mechanical ventila
tion. Estimated total costs under the LS/high
mechanical ventilation rate increased to between
$277.5 million and $2,018.3 million, $762.6 million
to $5,546.7 million under the $5.0 million VOSL
scenario.
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Foodborne Campylobacter -

Associated Guillain-Barré Syndr ome

Based on the findings of the Seattle-King County
Department of Public Health (1984) and Deméng

al. (1987), we assumed that 55 percent to 70 percent
of all Campylobacteinfections are foodborne. At

55 percent, an estimated 289 to 2,107 cases of GBS
are caused by foodbor@ampylobacteinfections

each yearincluding 6 to 42 deaths (table 5).
Estimated annual medical costs range between $31.7
million and $231.3 million and estimated annual-pro
ductivity losses range from $104.3 million to $758.3
million. Estimated annual total costs range from
$136.0 million to $989.6 million.

Assuming that 70 percent of &lampylobacteiasse
ciated GBS has foodborne origins, an estimated 368
to 2,681 cases (8 to 53 deaths) incur medical costs
between $40.3 million and $294.3 million and-pro
ductivity losses from $132.7 million to $965.1 mil
lion. Estimated total annual costs range from $173.1
million to $1,259.4 million.

Thus, assuming that 55 percent to 70 percent of all
Campylobacteinfections and associated GBS ill
nesses are from food sources, annual costs of
Campylobactefassociated GBS linked to food is
$136.0 million to $1,259.4 million. These estimates

Estimaed Anrual Costs of CampobacterAssocided GBS



Table 8—Estimated U .S. costs of f oodborne ill -
ness fr om select pathog ens

Estimated costs
Low High

$ billion (1995)

Pathogen

Campylobacter jejuni or coli 1

(including related GBS costs) 0.8 5.6
Clostridium perfringens 0.1 0.1
Escherichia coli O157:H7 0.3 0.7
Listeria monocytogenes 2 0.1 0.3
Salmonella (non-typhoid) 0.9 3.5
Staphylococcus aureus 1.2 1.2
Toxoplasma gondiii 3 3.2 3.2

Total 6.6 14.6

1 campylobacteriosis accounts for $0.7-$4.3 billion (Buzby and
Roberts, 1996) and Campylobacter-associated GBS accounts for
$0.1-$1.3 billion (current study), combined the costs are $0.8 to
$5.6 billion.

2 Due to data limitations, this estimate only includes patients who
were hospitalized.

3 Includes congenital cases only. Immunocompromised patients
such as patients with Acquired Immunodeficiency Disease
Syndrome (AIDS) also face high risks from this parasite.

Source: Buzby and Roberts (1996). These estimates used
Landefeld and Seskin’s estimates of adjusted productivity losses.

can be compared against the costs of reducing
Campylobactein the U.S. food supply

Conclusions

Buzby and Roberts (1996) provide cost-of-iliness
estimates for seven common foodborne pathogens
(SalmonellaCampylobacterE. coliO157:H7,

Listeria monocytogenes, Clostridium perfringens,
Staphylococcus aaus, ©xoplasma gondjiin 1995
dollars. They estimate that foodborne
Campylobactecosts society $0.7 billion to $4.3 bil
lion each year in 1995 dollars. This range increases
to $0.8 billion to $5.6 billion when the estimated cost
of GBS caused bZampylobacte@associated infec
tions attributed to food sources is added (table 8).

When looking at the low cost estimates for these
seven pathogen€ampylobacteis the third most
costly of the pathogens, aft@wxoplasma gondiand
Salmonella When looking at the high cost estimates,
Campylobacteis the most costly of the seven
pathogens. Although comparing estimates between

Estimaed Anrual Costs of CampobacterAssocided GBS

different cost-of-illness studies should not be-ana
lyzed cardinally because of thefdifent assumptions
involved, comparisons can pinpoint those pathogens
that may need extra attention by policymakers and
members of the food industry

In our primary analysis, which used the LS estimates,
the estimated total annual cost@dmpylobacter
associated GBS from all sources ranges between
$247.3 million and $1,799.2 million. LS estimates of
adjusted productivity losses are relatively low eom
pared with the VOSL estimates, so our baseline esti
mates tend to be conservative. As with other cost-of-
illness estimates, the COI estimates for
Campylobacterassociated GBS understate true val
ues because they do not include components such as
pain and sdéring, lost leisure time, the cost of pre
ventive actions, travel costs, resources spent on
research, and lawsuits (table 9). The estimates are
also conservative in that they do not reflect the pro
ductivity losses of those patients with GBS who
returned to work but had to take a lower paying job
because of their iliness.

The portion of the estimated annual human illness
costs ofCampylobacterassociated Guillain-Barré
syndrome attributed to preventable foodborne campy
lobacteriosis cases can be weighed against the costs
of implementing improvements for preventing these
foodborne illness cases to determine net societal ben
efits. Currentlycost estimates specific to the preven
tion of Campylobactealone have not been devel
oped. Howevercost estimates of implementing
USDAs HACCP rule for meat and poultry are avalil
able (Federal Registefuly 25, 1996). HACCP

when implemented, will likely reduce contamination
of meat and poultry by many pathogens, including
Campylobacter Therefore, the estimated human ill
ness costs fror@ampylobacte@associated Guillain-
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Table 9—Social costs of f oodborne illness

Costs to Individuals/Household$
Human lliness Costs:
Medical costs:
Physician visits
Laboratory costs
Hospitalization or nursing home
Drugs and other medications
Ambulance or other travel costs
Income or productivity loss for:
Il person or person dying
Caregiver for ill person
Other illness costs:
Travel costs to visit ill person
Home modifications
Vocational/physical rehabilitation
Child care costs
Special educational programs
Institutional care
Lost leisure time
Psychological costs:
Pain and other psychological costs
Risk aversion
Averting behavior costs:
Extra cleaning/cooking time costs
Extra cost of refrigeratpfreezer etc.
Flavor changes from traditional recipes (especially meat, milk,
egg dishes)
Increased food cost when more expensive but safer foods are
purchased
Altruism (willingness-to-pay for others to avoid illness)

Industry Costs
Impact of pathogens on animalgoluction costs:
Morbidity and mortality of animals on farms
Reduced growth rate/feedfiefency and increased time to market
Costs of disposal of contaminated animals on farm and at
slaughterhouse

Risk assessment modelling by industry for all links in the food
chain

Price incentives for pathogen-reduced product at each link in the
food chain

Outbreak costs:

Herd slaughter/product recall

Plant closings and cleanup

Regulatory fines

Product liability suits from consumers and other fidms
Reduced product demand because of outbreak:

Generic animal product - all firmsfatted

Reduction for specific firm at wholesale or retail level
Increased advertising or consumer assurances following outbreak
Impact of outbreaks on tourism industry

Regulatory and Public Health Sector Costs for Foodborne
Pathogens
Disease sureillance costs to:
Monitor incidence/severity of human disease by foodborne
pathogens
Monitor pathogen incidence in the food chain
Develop integrated database from farm to table for foodborne
pathogens
Reseath to:
Identify new foodborne pathogens for acute and chronic human
illnesses
Establish high-risk products and production and consumption
practices
Identify which consumers are at high-risk for which pathogens
Develop cheaper and faster pathogen tests
Risk assessment modelling for all links in the food chain
Outbreak costs:
Costs of investigating outbreak
Testing to contain an outbreak (for example, serum testing and
administration of IVIG in persons exposed to Hepatitis A)
Costs of cleanup

Legal suits to enforce regulations that may have been viglated

Increased trimming or reworking at slaughterhouse and process-Other considerations:

ing plant

Distributional efects in diferent regions, industries, etc.

lliness among workers because of handling contaminated animals Equity considerations, such as special concern for children

or products

Increased meat product spoilage due to pathogen contaminationg Willingness-to-pay estimates for reducing risks of foodborne dis-

Contmol costs for pathogens at all links in the food chain:

ease is a comprehensive estimate of all these categories (assuming

New farm practices (age segregated housing, sterilized feed, etc_t.')at the individual has included employer-funded sick leave and med-

Altered animal transport and marketing patterns (animal i.d.,
feeding/watering)

New slaughterhouse procedures (hide wash, knife sterilization,
carcass sterilizing)

ical programs in their estimates). The estimate is comprehensive and
covers reduced risks for everyone—those who will become ill as well
as those who will not.

2 Some industry costs may fall with better pathogen control, such
as reduced product spoilage, possible increases in product shelf-life,

New processing procedures (pathogen tests, contract purchasing,g extended shelf-life permitting shipment to more distant markets

requirements)

Altered product transport (increased use of time/temperature
indicators)

New wholesale/retail practices (pathogen tests, employee
training, procedures)

18 USDA/ERS

or lowering shipment costs to nearby markets.

31n adding up costs, care must be taken to assure that product lia-
bility costs to firms are not already counted in the estimated pain and
suffering cost to individuals. However, the legal and court expenses
incurred by all parties are social costs.

Estimaed Anrual Costs of CampobacterAssocided GBS



Barré syndrome could be added to the HAGO#RR
efits of reducingCampylobacteto get an improved
estimate of the true benefits of USBAIACCP rule.
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Appendix:
Guillain-Barré Syndr ome

Characterization of the Disease

GBS is believed to be an autoimmune reaction and
has been associated with various prior events includ
ing infection, trauma, or immunization (see box).
Although GBS is relatively rare, it is a severe illness.
Ropperet al. (1991, p. 128) state that GBS “is usual
ly a monophasic illness, with a rapid initial onset,
progressive weakness over one to four weeks, and
recovery over subsequent months.” GBS is charac

terized by inflammation and damage to the myelin,
which is the insulation surrounding the central-con
ducting core or axon of the peripheral nerves (i.e.,
those extending out from the spinal cord). In severe
cases, there can be complete paralysis of the axial,
respiratory cranial, and peripheral muscles whereby
the patient, though alert, can only communicate by
eye movements (Parrg993, p. 12).

Final GBS outcomes range considerabilthough
most patients with GBS recover with only minor
residual symptoms, others are permanently bedrid
den, wheelchair-bound, or beset by fatal complica
tions. Other potential lingering disabilities include
abnormalities in the autonomic nerves and changes in
heart rate, blood pressure, vision, and body tempera
ture (GBS Foundation, 1990, p. 7). Most patients
with GBS are hospitalized because of paralysis and
some have relapses. Hughes (1990, p. 173) states
that the prognosis of GBS varies and “up to 13 per
cent die and a further 20 percent are left significantly
disabled” (e.g., unable to work after a year).

A common cause of death among patients with GBS
is cardiac arrhythmias secondary to autonomie ner
vous system dysfunction. In 15 separate studies of

Triggers for Guillain-Barré Syndr ome

cipitating factors. figgering factors other than
Campylobacteinclude viral infections, sgery, systemic
illnesses, and vaccinations (Part993, p. 16). Some

Jordan in 1978 upon exposure to polluted water and in
Finland after a national oral poliovirus vaccination (GBS
Foundation, 1990, p. 5).

Another outbreak occurred in 1976 and 1977 following
the U.S. Government sponsored mass inoculation using
the A/New Jersey/1976/HIN1 (swine) influenza vaccine.
This National Influenza Immunization Program was dis
continued on December 16, 1976 and the Centers for

al surveillance program for those patients with GBS

ation between the vaccination and GBS (Breman and

As with other autoimmune diseases, GBS has several prelinicians gathered by State epidemiologists and was sUp

women get GBS during pregnancy and may be paralyzedMichigan study conclusively found that the swine flu-vag
during childbirth. There have been reported outbreaks incination increased the risk of GBS and that the risk was

Although the A/New Jersey strain is no longer used, its
the possibility that vaccination is a precipitating factor fo
found no association between the vaccinations and the
Disease Control and Prevention (CDC) launched a ratior289 army patients diagnosed with GBS (p. 95581, Y

whose disease onset occurred between October 1, 1976 future vaccine formulations because the swine flu episofle

and January 31, 1977 to determine if there was an assocsuggests that the risk from GBS may vary wittiedént
vaccines (p. 955).

Hayner 1984, p. 881). The national surveillance progral
relied primarily on reports from neurologists and other

plemented by a CDC hospital discharstudy performed

in cooperation with the Michigan Department of Public
Health (Breman and Hayner984, p. 880). The

elevated for only 6 weeks after the immunization
(Breman and Hayngfi984, p. 886).

connection with the upsge in patients with GBS raised

=t

GBS. Roscellet al's (1991) retrospective study of
active duty soldiers vaccinated between 1980 and 1988

Roscelliet al.recommend continued surveillance with

Estimaed Anrual Costs of CampobacterAssocided GBS
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Appendix tab le 1—Case fatality rates of Guillain-Barré syndr

ome patients in recent studies

Death

Study (year) Nationality Patients Deaths rate
----- Number - - - - - Percent

Loffel et al. (1977) Swiss 123 3 2.4
Moore and James (1981) Australian 33 1 3.0
Andersson and Sidén (1982) Swiss 60 4 6.7
Beghi et al. (1985)1 American 48 2 4.2
GBS Study Group (1985) American/Canadian 245 7 2.9
Sunderrajan and Davenport (1985) American 40 5 125
Winer et al. (1985) English 71 8 11.3
French Coop. Group (1987) French/Swiss 220 14 6.4
Singh et al. (1987) Indian 24 2 8.3
Halls et al. (1988) Danish 34 0 0.0
Storey et al. (1989) Australian 110 5 4.5
de Jager and Minderhoud (1991) Dutch 63 5 7.9
Koobatian et al. (1991) American 51 4 7.8
van der Meché et al. (1992) Dutch 147 3 2.0
Winner and Evans (1993) English 72 4 5.6
Total 1,368 67 —2

1 Kennedy et al. (1978) used the same Olmstead County data.

2 pfter adjusting for sample size, the average death rate in these studies is 4.9 percent and the average for the four U.S. studies is 4.7 percent.

case fatality rates associated with GBS, 12.5 percent
of patients is the highest percentage that died (appen
dix table 1). The simple average of the case fatality
rate over these 15 studies is 5.0 percent, and when
each study is weighted by its sample size, the case
fatality rate becomes 4.9 percent. The adjusted aver
age case fatality rates for the four American studies
is slightly lower (4.7 percent), perhaps reflecting dif
ferences in case severity or medical treatment.
Several participants of the 1995 American Neurology
Association meeting suggested that the overall case
fatality rate for patients with GBS has decreased and
is currently around 2 percent.

Patients with GBS who are mechanically ventilated
are more likely to die than those who do not require
mechanical ventilation (roughly 20-30 percent are
mechanically ventilated). In Sunderrajan and
Davenports (1985) sample of 40 patients with GBS,
28 percent of the mechanically ventilated patients
died, with no deaths among those not on mechanical
ventilation.

Up to 65 percent of patients with GBS report neuro
logical pain (Beghet al, 1985). One patierst’pain
persisted for more than 1 year (Andersson and Sidén,
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1982). Muscle cramping, foot drag, and minor-sen
sory abnormalities such as tingling and pain €om
monly persist in otherwise recovered patients with
GBS!

The rates of recovery following GBS vary between
studies. This may be due to the subjective definition
of “recovery” or to the lack of followup outcome
data. Parry (1993, p. 89) states that 85 percent of
patients with GBS achieve a “complete functional
recovery” while Roppeet al. (1991, p. 265) state

that 75 percent of patients with GBS recover enough
to return to normal life within 6-12 months.
Functional recovery may not mean a complete recov
ery but rather a return to participation in normal daily
activities. Neurologic symptoms may linger and-pre
vent a complete recoveryn one studyless than 15
percent had “absolutely no residual symptoms”
(Ropperet al, 1991, p. 265). Potential barriers to
regaining a normal lifestyle and resuming work are
the pain, tingling, muscle aches, and physical exhaus

1 Foot dig refers to a condition in Wich paients equire braces or spe
cialized shoes to helpelg their toes up hile walking to pevent acci
dental &lls.
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tion that may follow a certain amount of activity
(GBS Foundation, 1990, p. 26). Excessive exercise
can lead to temporary relapses (GBS Foundation,
1990, p. 26).

The incidence of GBS does not vary according to
race, seasonal variabiljtgr region of the United
States. Although there may appear to be “pockets”
of higher GBS incidence in some parts of the United
States, this is likely due to thfences in reporting
systems and varying medical awareness of GBS.

Most of the studies reviewed for this analysis had
samples with more male patients than females, (e.g.,
Andersson and Sidén, 1982; Beghil, 1985;
Kennedyet al, 1978; Koobatiaret al, 1991; Lofel

et al, 1977; Singtet al, 1987; Storet al, 1989;
Rantalaet al, 1991). A few studies had more
females than males (e.g., Moore and James, 1981;
Winner and Evans, 1993). This study does not segre
gate outcome categories for patients with GBS by
gender because the dollar value of one day of lost
productivity due to GBS is assumed to be equal for
both genders.

GBS can d&ct people of all ages. Patients with

GBS range in age from 9 months to 97 years. It
appears that there is an increasing incidence of GBS
with age (Kennedgt al, 1978; Koobatiaret al,

1991)2 Beghiet al.(1985) found that people over

the age of 60 have higher GBS age-adjusted inci

dence rates than people under 18 years old (p. 1054).

Other studies showed bimodal or biphasic distribu
tions (e.g., Hallet al, 1988, p. 18; Moore and
James, 1981; Storet al, 1989). In general, these
studies showed an initial peak of GBS incidence for
people in their twenties, a lower incidence for people
in their thirties and forties, and thedast peak for
people older than 50. Older patients with GBS are
more likely than younger patients to have a poor
prognosis

2n Northem China,a variant of GBS associad withC. jejuni Acute
Motor Axonal Neuopahy (AMAN), stikes mosy children and yung
adults and danges the nere fibers themseles instead of the yelin
insuldion (GBS undaion, 1990,p. 4). This variant is belieed to be
connected with lticken dioppings.

Estimaed Anrual Costs of CampobacterAssocided GBS

Common Medical Pr ocedures f or Treating
Patients with GBS

Between 6.3 and 50 percent of all patients with GBS
are mechanically ventilated to assist breathing during
some portion of their hospital stay (appendix table 2).
After adjusting each of these studies for sample size,
30 percent of patients witiampylobactefassociated
GBS are on mechanical ventilation. In the most
recent studies, approximately 20 percent of all
patients with GBS required mechanical ventilation.
This is the value assumed in the baseline analysis in
this study The adjusted average percent of mechani
cally ventilated patients in the four American studies
is higher (36.5 percent).

Charles Helbing of the Health Care Finance
Administration (HCR) provided 1992 Medicare
Statistical Support data for short hospital stays by
Medicare beneficiaries (those over 65 years old).
Out of 3,982 Medicare patients with GBS in 1992,
only 9.3 percent required mechanical ventilation.
Sunderrajan and Davenport (1985) found that the
probability that patients with GBS will be put on
mechanical ventilation increases with age, that the
average age of those patients with GBS requiring
mechanical ventilation was 47.0 +/- 5.6 years, and
that the average age of those patients with GBS who
did not require ventilation was 30.1 +/- 4.3 years.

After weighting each study by its proportion of
patients with GBS relative to the total for the five
studies, the adjusted average number of days a
patient with GBS is on a ventilator is 41.5 days (app.
table 3). Older patients with GBS are more likely to
spend more time on mechanical ventilation than
younger patients with GBS. Sunderrajan and
Davenport (1985) found that patients under 46 years
old were on mechanical ventilation for an average of
21.4 days and those older than 46 were on mechani
cal ventilation for an average of 98.3 days.

3 McKhannet al. (1988) assessed thelationship betveen outcome of
the disease andya as a contimous \ariable. They found tha outcomes
were less &vorable with gge. Winner and Eans (1993p. 164) comm
pared dinical feaures in péents with GBS ge 20-59 with those 60 or
older They found“no significant diferences beteen old and gung in:
occurence or type of gceding illness; site of symptomisamset; seeri-
ty of maximal newlogical impaiment....equirement br atificial vent-
lation; case dtality rate..”
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Appendix tab le 2—Probabilities surr
ventilated

ounding patients with Guillain-Barré syndr

ome who were mec hanicall y

Percent on

Study (year) Nationality Patients Deaths mechanical
ventilation

- - - Number - - - Percent

Loffel et al. (1977) Swiss 123 18 14.6
Moore and James (1981) Australian 33 9 27.3
Andersson and Sidén (1982) Swiss 60 10 16.7
Beghi et al. (1985)1 American 48 3 6.3
GBS Study Group (1985) American/Canadian 245 109 44.5
Sunderrajan and Davenport (1985) American 40 18 45.0
French Coop. Group (1987) French/Swiss 220 82 37.3
Halls et al. (1988) Danish 34 5 14.7
Chevrolet and Deléamont (1991) Swiss 10 5 50.0
Koobatian et al. (1991) American 51 10 19.6
Rantala et al. (1991) Finish 27 5 185
Winner and Evans (1993) English 72 15 20.8
Total 963 289 —2

1 This Olmstead County data is updated every few years and was also used by Kennedy et al. (1978).

2 After adjusting for sample size, the average probability of a GBS patient requiring mechanical ventilation in the studies listed above is 30 per-

cent and the average for the four U.S. studies is 36.5 percent.

Appendix tab le 3—Average number of da ys patients with Guillain-Barré syndr

ventilation (MV)

ome were on mec hanical

Average

Patients Patients days on

Study (year)l Nationality in study on MV MV
-------- Number - - - - - - - -

Moore and James (1981) Australian 33 9 63

Andersson and Sidén (1982) Swiss 60 10 30

Sunderrajan and Davenport (1985)2 American 40 18 68.4

Chevrolet and Deléamont (1991) Swiss 10 5 24.9

Winner and Evans (1993) English 72 15 28.6

Total 215 57 —3

1 We did not include Halls et al. (1988) because the paper had a typographical error. They stated that the duration of mechanical ventilation for

their “five” patients was “10, 19, 19, 19, 64, and 215" days.
2 sunderrajan and Davenport (1985) found that their non-ventilated patients averaged 19.1 days in hospital.

3 The simple average number of days a GBS patient is on a ventilator is 43 days and after weighting each study by its sample size, the adjusted

average number of days a GBS patient is on a ventilator is 41.5 days.
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The current standard of care for treating patients with
GBS includes plasma exchange (plasmapheresis)(PE)
and/or intravenous immunoglobulin (IVIG) treat
mentst Nerve growth hormones may be another
promising treatment for GBS. These hormones are
proteins that are injected directly into nerves and are
currently being tested for other diseases.

Estimates of Cases

The National Center for Health Statistipsovided
three sources of data regarding the number of GBS
cases occurring in the United States each year: (1)
1990 National Ambulatory Medical Care Survey
data, (2) 1990 National Mortality Follow-back
Survey data, and (3) 1979-93 National Hospital
Dischage Survey data. All three surveys incorporat
ed International Code of Diseases classification sys
tem (ICD-9) codes, thus maintaining consistency
across samples.

The 1990 National Ambulatory Medical Care
(NAMC) survey lists the diagnoses for each patient
made by dice-based physicians in randomly chosen
regions or counties in the United Statek the

NAMC survey no outpatients were diagnosed with
GBS using the ICD-9 code for GBSThis may

reflect the severity of GBS whereby most patients are
hospitalized. The National Mortality Follow-back
Survey (NMFS) data indicated that 402 patients with
GBS died in 1990 and that 203 of these patients had
GBS listed as the primary illness.

The National Hospital Dischge Survey (NHDS)
provides information on the duration of hospital stays

4In PE,"blood is emoved flom the pHent, plasma is gearted from
blood cells and discded and Hood cells ag suspended in colloid selu
tion and einfused”(Thomton and Gggs,1994,p. 262). Thomton and
Griggs (p. 260) sta “it is lik ely tha plasma rchang acts g removing
pahogenic antibodiesand thg offer seen possite explandions of hav
IVIG works, which is less undstood IVIG is wher pooled human 1gG
(a plasma motein) is intevenousy administeed

5 The Ndional Center ér Health Sttistics is par of U.S. Depatment of
Health and Human Seéces’Centes for Disease Condt and Pevention.

6 The ICD-9 codedr GBS is 357.0.

7 The most acqeted guidelinesdr dignosing GBS & piovided Ly the
ad hoc N#onal Institute of Newlogical and Comruanicdive Disoders
and Stoke (NINCDS) committee

8 Diagnosis of GBS typicafi relies on obtaining spinal abifluid to
detect eleated ceebrospinal fuid protein and on nee conduction
velocity-electomyography (NCV-EMG) to detect nee conduction
blocks or slaving.
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Appendix tab le 4—Estimated n umber of patients
with Guillain-Barré syndr ome who were dis -
charged from U.S. hospitals b y year!

Patients
Year with GBS
1979 6,618
1980 8,677
1981 9,185
1982 13,323
1983 9,061
1984 7,061
1985 11,341
1986 9,736
1987 11,805
1988 11,969
1989 6,996
1990 7,706
1991 7,168
1992 7,562
1993 15,417

1 These data include Guillain-Barré syndrome (GBS) caused from
all factors. The average is 9,575 patients with GBS per year.

Source: National Hospital Discharge Survey data, 1979-93.

for 10 percent of all non-Federal short-stay hospitals
in the United States. Up to seven diagnoses are
assigned to each patient, with the first diagnosis rep
resenting the primary illne§sThe NHDS annual
average of 9,575 patients with GBS (for 1979-93, as

1 of 7 diagnosed illnesses) suggests an incidence rate
of 3.64 in 100,000 for the same population (appendix
table 4).

The NHDS incidence rate is high when compared
with rates found in most GBS studies where 1 to 2
cases occur per 100,000 people (e.g., Mishu and
Blaser 1993; Beghet al, 1985; Hughes, 1990;
Ropper 1992). For example, in a 42-year epidemio
logical and clinical study in Olmstead County
Minnesota, the mean annual incidence of GBS was
1.7 in 100,000 people (Kennedyal, 1978)10 We
spoke to several neurologists at the 1995 Annual
Meeting of the American Neurological Association
who told us that an incidence rate for GBS of 1 in

9 The NHDS estimtes of the omber of GBS piéents ae conserative
because theinclude ony those ptents dignosed with GBSand like

other illnessesGBS is undereported (eg., diagnoses mpabe dassifed
as miscellaneous).

10The OImstead County tlmae updéed every few years. Kenneg et
al. (1978) is one of manpapers tha use these da.
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Appendix tab le 5—Estimated ann ual incidence of Campylobacter infections, Guillain-Barré syndr ome
(GBS), and Campylobacter -associated GBS in the United States

Annual incidence

Disease (patients/100,000 pop.) Total patients/year

Campylobacter infection 1,0002 2,627,55016

Patients with GBS Low High Low High
All GBS 1.08 3.6414 2,62813 9,5754
GBS associated with Campylobacter infection 0.2015 1.4615 5265 3,830°

1 Based on estimated 1995 U.S. population of 262,755,000 people (U.S. Bureau of the Census, 1995).

2 Tauxe, 1992.

3 Low estimate from Mishu and Blaser (1993) and Hughes (1990, p. 101) and from advice from neurologists at the 1995 Annual Meeting of the

American Neurological Association.

4 National Center for Health Statistics’ National Hospital Discharge Survey (NHDS) data, average 1979-1993.

S Estimated at 20 percent to 40 percent of all patients with GBS. 526 patients is 20 percent of the estimate of 2,628 patients with GBS per year.
3,830 patients is 40 percent of the NHDS estimate of 9,575 patients with GBS per year. Here we consider Campylobacter infections from all

sources, not just foodborne.

6 For every 100,000 people that have Campylobacter infections each year, 20 to 146 develop GBS. This estimate of the number of
Campylobacter infections uses the same procedure as Tauxe (1988) but is applied to a larger population.

100,000 people was a reasonable low estimate for
our analysis. This rate translates into 2,628 new
patients with GBS in the United States annually for a
1995 population of roughly 262.8 million people

(U.S. Bureau of the Census, 19%5)ere, we use a
range of 2,628 to 9,575 patients with GBS per year to
reflect the uncertainty about the true number of
patients with GBS per year (appendix table 5).

Guillain-Barré Syndr ome Attrib uted to Food

Since the first report dEampylobacteinfection
complicated by GBS was published in 1982 (Rhodes
and Tttersfield, 1982), evidence has accumulated
that these infections may be an important trigger of
GBS. Serologic and cultural studies all over the
world have confirmed that 20-40 percent or more of
patients with GBS had infection wiftB. jejuniin the

1-3 weeks prior to the onset of neurologic symptoms
(Mishu and Blaserl993; Kurokiet al, 1993; Reest
al., 1995). In 50 to 75 percent of all patients with
GBS, onset is preceded 1 to 3 weeks by an acute
infectious illness of the gastrointestinal or respiratory
tract (Mishu and Blased 993, p. 104). Although
respiratory symptoms are reported most frequently

11 For this analsis,incidence is défied as the mumber of n& cases tha
develop in 1 year per 100,000 people
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gastrointestinal symptoms are common and precede
GBS in 10 to 30 percent of cases.

Kuroki et al. (1993) isolatedCampylobactefrom

stools of patients with GBS and used serological evi
dence to conclude that 41 percent of patients with
GBS were linked t@ampylobacteinfection. Not

all patients with GBS in whor@ampylobacters cuk
tured report gastrointestinal symptoms, meaning that
the immune systemm’production of antibodies to
Campylobactehas stopped the intestinal infection,
but the antibodies have already triggered GBS.
AsymptomaticCampylobacteinfections are not
uncommon; up to 50 percent of persons with culture-
provenCampylobacteinfections may be asympto
matic (Riordan, 1988)Campylobacteinfections

may trigger GBS even in the absence of gastrointesti
nal symptoms. In Kurokét al. (1993), 26 percent of
Campylobacteinfected patients with GBS had no
preceding gastrointestinal symptoms.

Campylobactemay be the most common bacterial
foodborne pathogen in the United States. Dairy
products are the most common cause of reported out
breaks ofCampylobacteinfections, whereas poultry

is the most common source for sporadic
Campylobacteinfections. Contaminated water and
all undercooked meats are other common vehicles of
transmission oCampylobacter The CDC estimate

Estimaed Anrual Costs of CampobacterAssocided GBS



that roughly 1 in 100 people are diagnosed with
symptoms ofCampylobactemfections in the United
States each yeardiixe 1992, p. 3). auxe (1988)
estimated that of 2.5 million people ill with campy
lobacteriosis in the United States each y2@0 to
730 die because of their illness.

Assuming that 20 to 40 percent of all patients with
GBS are caused by anteced€aimpylobactemfec-
tions (Mishu and Blasefl993), there are an estimat
ed 526 to 3,830 new patients diagnosed with
Campylobacterassociated GBS each year in the
United State$? The current study focuses on this
range of cases.

The current study estimates annual costs for all
patients with GBS who had antecedent

Campylobacteinfections, regardless of the source of

Campylobacteinfection (i.e., foodborne, water
borne, etc.). The study then estimates the annual
costs of GBS caused by foodbot@ampylobacter
assuming that 55 to 70 percent of@dmpylobacter
infections are foodborné. Although some studies
suggest thaCampylobacteiassociated GBS is more
severe than GBS caused by other factors (Mahar
al., 1982; Rhodes andaftersfield, 1982; Constant
al., 1983), this distinction is not made in this study
because of data limitations.

12526 paients with GBS is equal to 20 pent nultiplied by the lov
estimde of 2,628 ptents with GBS pergar 3,830 p#ents with GBS
is equal to 40 peent multiplied by the NHDS estimiz of 9,575 ptents
with GBS per par

13 Buzby and Robés (1996) assumed 55 to 70 pemt of
Camypylobacterinfections vere foodbone and estintad tha anrual
medical costs and pductvity losses ér campylobacteiosis fom food
souces ange from $0.7 billion to $4.3 billion in 1995 dolksr
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