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Abstract: Increased incidence of food-borne illnesses is dtemaf significant concern for the
community and the government alike. An outbreakE.ofoli O111 that occurred in Australia in 1995
affected 200 people of whom 22 developed HUS white person died. This study analyses the
economic costs of the outbreak. The total costhef dutbreak is estimated to be A$5. 61 million.
Productivity loss represented the highest percentdgoutbreak costs (66%) due to death, disability
and chronic illness. The direct medical costs dbuated 33%. The estimated loss could be even higher
if all costs could be quantified. Nevertheless, fmelings provide an idea of the policy maker
regarding the extent and nature of the damagecthdt result from an outbreak. The severity of the
damage warrants allocation of necessary resouwga®vent such occurrences.
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INTRODUCTION Communicable Disease Control Unit of the Health
Commission (SACDCU) issued a press release noting
There has been an increasing trend of foodbornthe link of this outbreak with a sausage preparethf
illnesses and outbreaks throughout the world. These beef”.
a matter of concern for the community and the A locally produced fermented sausage (mettwurst)
government alike. Foodborne illnesses entail costs was  incriminated by  epidemiological  and
only to the ill person and the immediate familyt blso  microbiological investigation. The outbreak occurees
are a cause of major economic cost to the foodstndu 3 complication of infection associated with the

in producing and marketing food, reducing consumegonsumption of the uncooked, semi-dry, fermented
confidence and to public health regulations andsausagléoylll_

enforcement that set ground rules for food producti The Women’s and Children’s Hospital, Institute of
and preparatioh*?. Estimation of costs of foodborne pagical and Veterinary Science and The National

'"Irl‘esst_ IS ]Ehus important for pf)l'cyddetc'kséoa;‘)m?nd Centre for Epidemiology and Population Health & th
allocation or necessary resources {o uncerta Australian National University reported the outtk@a

ﬁg\r;gog)egr?gl:%nér; i\éir?rl] st:]ued%?{ ()trr\]eefJongsrglca;]rgpacﬁqe basis of their investigation resuls.coli 0111 was
Canadg. identified from the outbreak and from saus&gés.
Australia has experienced outbreaks of foodborne
diseases since 1980. The major outbreaks reporéed a
Norwalk virus outbreak in 1991, the South Australia )
E. coli 0111 outbreak in 1995Salmonella outbreak _The Cost of lliness (COI) approach is used to
1996 in Victoria and Queensland and Hepatitis Aeshma_\te d|re<_:t medical costs and produ_ct|V|ty loss
oysters outbreak 1997 in New South W&lealthough ~ @ssociated with the outbreak due Eo coli O111
a preliminary estimation of costs of total foodbern Nfection in 1995. The method simply conveys the
ilinesses was malfe there does not seem to have beerfd9regate burden of iliness on the society. Botéctli
any comprehensive economic study in this area. Thignd indirect costs are estimated from the outbreak.
study seeks to fill this gap by estimating socioeroic ~ Physician visit, hospital costs, disease investgat

costs of theE. coli Ollloutbreak that occurred in dialysis and kidney transplant are considered e=ctli
Australia in 1995. costs and loss of productivity from missing work fo

both patients and parents/care and travel costs are
The outbreak-a brief overview: An outbreak of Measured as an indirect cost. The estimated costs
Escherichia coli 0111 occurred in South Australia in depend on the severity of iliness as well as the afg
January to February 1995. About 200 people werdhe patient. The economic factors, which may infie
affected by Haemorrhagic Colitis (HC), 23 children the costs of illness, are identified. The calcolasi of
developed Haemolytic Uraemia Syndrome (HUS) withthe estimates are based on some assumptions that ar
one death occurring. The South Australianmade from relevant studies in the literature.
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E.coli 0111 acute illness (200 cases) Age and sex distribution!?: Reported that almost 50%
‘ 1 of the cases were under 5 years and 70% under 16

30% visit year$'. Reported the median age of 23 patients was 4

509% hospitalized Physician and

(100 cases) Recover years. Following this, assumptions are made (d@tisi
) completely tree) for this study and results presented in Tahle

UTWIOM 77&?%31?:%“ Direct medical costs: Acute illness medical costs
| include both hospital and non-hospital costs, cabin
: . — L charges, physician fees, fluid therapy, medicined a
4% Dearh Kidney Failure TH memery drugs, pathological tests, blood transfusion arfterot
T related treatment except surgical interventfinThe
medical costs of patients at hospital stay are cdetp
S0 Dy 0 Trmselant from the data provided by Australian Refined-
Diagnostic Related Group (AR-DRG) version 43,

) o . ) ~ The following direct costs are estimated from the
Fig. 1: Decision Tree foE. Coli Outbreak in 1995 in  gytbreak.

Australia

Non-hospitalization costs: It is assumed that 50%
Estimation of illness: To estimate the number of cases (100) of the patients affected with mild and modera
of the outbreak a decision tree was constructeédas infection visited a physician. Followind”, it is
on the previous references and the availabl@ssumed that these patients required on average two
information about the outbreak (Fig. 1). The numbier Physician consultations, one simple diagnostic|stess

patients in different severity groups is estimatein and some medicine including oral saline. The
the decision tree. consultation fee of physician is estimated at A§2h

the data of Medibank reimbursement rate (Personal
communication with the local Medibank Private Cdfic
ueensland). The cost for stool test is estimated a
$35. 00 (Personal communication with Laboratory
ection, Cleveland Hospital, Queensland).

Total number of cases. It was reported that 200 cases
developed bloody diarrhoea, abdominal cramp an
vomiting from the outbreak’. This study uses this as g
an estimated total number of cases of the outbreak.

Hospitalization costs for Acute HC: Patients with
Mild case: From the decision tree it is assumed thatHemorrhagic Colitis (HC) were hospitalized for biyo
100 affected people visited a physician and did notliarrhea, dehydration and severe abdominal craihps.
require hospitalization due to a lesser degreewérity  is reported that a gastroenteritis patient requatanost
of illiness. eleven days of hospitalizatid™. Therefore, this study
assumes ten day hospital stay to estimate the obsts
Acute case: It is assumed that all acute cases weredCute illness. Using the formula of AR-DRE, the
required to be hospitalized since the outbreakhOSp'taI1%°5t5 of a patient are calculated at 853, for
Seventyseven Haemolytic Colitis (HC) and 23 10 days™®.
Haemolytic Uraemic Syndrome (HUS) patients were

treated for acute illness. Hospitalization costs for Acute HUS: Of the

estimated 22 HUS patients, sixteen (70%) required
dialysis in acute stage. The average length of itadsp
stay by the acute HUS patient was estimated a6 d
7 Following™, this study uses the assumption of an
average 26 day hospital stay. The cost for theeacut

) HUS patient is estimated at A $7,464 from AR-DRG
Death: Death of one child was reported from the acuteyg¢131

haemolytic uraemic syndrofie

Chronic case: It was reported that 4 patients out of the
23 Haemolytic Uraemic Syndrome (HUS) pati€rt3
suffered chronic renal failure.

o . Chronic illness medical costs: It is reported that a
The number of hospitalized cases: As there is N0 proportion of HUS patients suffered chronic kidney
information about the proportion Of patientS adedtto fa”ure’ requiring dia'ysiS, k|dney transp'ants aﬂmﬂg
hospital from the acute phase of the outbreak stiidy  therapy. Estimated medical costs of chronic illnass
assumes that all acute patients were required to bsalculated by summing the costs of these threesitem
hospitalized. Therefore, 100 patients (50%) wereFrom available dafd, this study assumes that 18 % (4
hospitalized from the outbreak. It is also assurted  patients) suffered renal failure and TTP (Thromboti
50% of the cases were recorded in hospital and thearomcytopenic pupura). Previous studigs! reported
physician recorded the remaining 50% of the cases. that at least 6 months haemo-dialysis were reqdoed

303



American J. Appl. Sci., 1 (4), 302-308, 2004

a chronic HUS patient before undertaking kidneyrequired for recuperation. Adjusted with a weekend
transplant or the start of home dialysis. This gtud caretaker or parent missed 56 days. The same
assumed that one patient went to kidney transflant ~ assumptions as hospitalized HC patients are made to
the second year, one of the third year and ongedtar estimate loss from hospitalized HUS patients.
with home dialysis from the third year. One patient
continued to suffer from TTP. The annual hospitallLoss from premature death: One 4 year child died
dialysis costs for a patient is A$42, 348 and homdrom acute HUS. Productivity loss from this
dialysis is A$29, 5713, Costs for 10 months of the premature death is measured based on the metfdd in
initial year are estimated at A$37, 790. The cdmtsa  The loss is measured from age 4 years old to expect
kidney transplant are estimated at A$21, 594 with a average life 77 years oftf.. The study uses A$66, 699
average length 11 days of hospital $tdlylt is reported annual labor and non-labor income and household
that TTP is a disease similar to HUS but is assedia opportunity cost 5% with 1.6 risk aversion factdr
with some neurological complications in ad@. As  Annual per capita labor and non-labor income is
there is no reference to treatment costs, it isiraed  estimated from total national labor and nonlabor
that the cost for a HUS patient is equivalent mt tf a  income A$650, 675 milion®” to labor force
TTP patient. Assuming a 77 year statistical 8  participation rate for 73% percent for the year P68,
home dialysis costs are estimated from 7 years andihe VOSL (value of statistical life) 104% is given as:
discounted at 5%. The assumptions used for
calculations are set out in Table 1. Ty

VOSL:{Z ! ]a

t

@+r)

Productivity loss from acute infection: Productivity
loss measures the decline in production or output
resulting from illness of the patient as well as L
productivity loss from parents/career who missedkwo Remaining life time income

to care for the sick patients. Regardless of gemder A particular year

race daily average earning is used as a proxy fort = After tax income from labor and non-labor
valuing the daily forgone productivity by a workétris sources _ _ o
assumed that the age groups between 0-15 are the in r Housghold Qpportumty cost of investing in risk
labor force and parents or caretakers were requaed reducing activities

look after these age groups. Assuming a 73% labof Risk aversion factor

participation rate for a typical age group 16 yeans o o

above labor earning per day is estimated at A$260. Productivity loss from chronic iliness due to HUS:
from the weekly wage of A$800. 06 dolldt¥. The Parents/career Loss. Patient and parents/caretaker

following assumptions underlie the estimate ofPoth encounter productivity losses from chronioeBs.
productivity loss. Parents encounter loss of time spent to perforiysitg
for the chronic dialectic patient. It is assumedttbne

Loss from Non-hospitalized patients: Patients who Patient went to kidney transplant from the secoedry
were not hospitalized were taken care of either by?ne of the third year and one started with homeysig
parents or caretaker. Followiflgit is assumed that from the third yed?. Reported that parents encountered
parents or caretakers missed 4 working days. Parenf5% (18 hours out of 40 hours in a productivityslas
encountering productivity loss from missing workrere the initial year followed by a 1% reduction to the
assumed to be only for the 0-15 year age grouplewhi Subsequent year. Followily this study uses the same

the 16 and above age group encounter productigty | @ssumption. The weekly average wage rate is used to
from missing their own work. estimate the yearly loss, considering the labor

participation rate and age of the parents. The

Loss for Hospitalized HC patients: It was reported productivit)_/ loss is calculated for 12 years wheygars
that recuperation period of HUS patient to be tvitve ~ Of age patient become 16 years and can contindie sel
hospital stay’. Followind® this study assumes that 30 dialysis. The reduction stream of productivity lagas
days were required for full recovery. Adjusted with converted to present value at 5% discount rate.
weekend total 22 days’ work was missed by parents.

. o - . Table 1: Assumption Made for Estimating Cost forr@tic lliness
Like a non-hospitalized patient it is assumed feaents Medical Costs from South Australian Outbreak 1995

here:

encountered productivity loss only for the 0-15ryage No. of

group while patients 16 years old or older encaegte No. of Kidney

productivity loss from missing their own work. Actual Dialysis Transplant
Year Year Patients Patients

Loss for Hospitalized HUS patients: Followind® like Tooe 5 (10 months) N

HC patients the same assumption is made for the HUS 1997 1 (home dialysis) 1

patients and an average 78 days were assumed to be 1(TTP)

304



American J. Appl. Sci., 1 (4), 302-308, 2004

Patient loss: Patients encountered productivity loss are assumed to have taken place. The ambulancg cost
from their disability due to chronic dialysis anilitkey  per journey is A$706 for the emergency pati&fitsThe
transplant. Following® the disability loss due to cost of one journey by car is estimated at A$15
dialysis and kidney transplant is calculated frage 46  including parking costs assuming an average travel
to expected average life 77 yddfsin 1995 by distance 50 kms.

adjusting the individual annual earnings by ageisit

assumed that dialysis patients lost productivity3G9  Sensitivity analysis: The estimate in this study is based
aged between 16 and 40 years, by 46% if aged betwe®n the assumptions stated earlier. The resultshef t
40 and 64 years and 5% if aged 65 years and abovestimate may be subject to error. To accommodate th
The loss for kidney transplant patient is 23% fa 16- likely error the estimated result is subjected to
40 year age group, 39% for the 40-64 year age grougensitivity analysis according to the assumption
old and 13% for 65 plus years ofd. Both kidney provided in Table 3b.

transplant and chronic dialectic patients required

medicine therapy to avoid some complications. AnTable 2a: Number of Patients by Category

average medicine cost is estimated at A$3, OO@atient category Number %
(Personal communication with a physician, at Redilan Visit to physiciai 100 50
Hospital, Queensland). Hospitalised 100 50
The estimated productivity loss from chronic Total: 200 100
. . p y . Hospitalized:
patients is computed by summing the losses fronMaemorrhagic colitfs 77 77
dialectic patient and kidney transplant and dis¢éedin Haemolytic uraemic syndrome 23 23
them at 5% to derive present value. Total: _ 100 100
Haemolytic uraemic syndrome:
Renal failuré 4 17.39
Travel costs: It is assumed that at least 50% (n = 50) ofDeatt 1 4
the hospitalized patients travelled by Ambulance an Recovery 18 78
Total 23 100.00

50% travelled either by family car or by taxi. latis ~ . —— — p—

7. According to assumptions in decision tree in Fig. 1
below 16 years were assumed to be visited by parentgqoyind™
or career at least once a day. As a result twongys  Following®

Table 3a: Summary Costs of E. coli 0111 OutbredlO®5, Australia: Most Probable Scenario

Cost items Costs in A$ % in sub-total % in total efage cost (n = 200)
Direct medical costs

Non-hospitalized patient 8900. 00 0.51 0.16 44.50
HC patients:

Hospital costs 104643. 00 5. 96 1.86 44.50
Acute HUS patient:

Hospital costs 171672. 00 9.78 3.06 858. 36
Chronic illness 1546996. 94 83.76 27.54 7734.98
Ambulance/transport 37550.00 1.06 0. 67 187.75
costs

Sub-total 1869761. 94 100.00 33.28 9348.81
Indirect cost/Productivity Loss

Productivity loss from Non- 64300.00 1.82 1.14 301,
Hospitalized patients

Loss from hospitalized patients 479356. 50 7.70 385 2396.78
Parent loss from Chronic patient 406426. 41 11.49 247 2032.13
Loss for patients disability 580682. 14 15.27 10.34 290341
Loss from premature death 2180488. 07 61.64 38.82 090244
Travel costs by relatives 36480. 00 1.03 0.65 B2.4
Sub-total 3747733.12 100.00 66.72 18738.67
Grand total 5617495. 06 100.00 28087.48

Table 3b: Summary Costs Bf coli 0111 Outbreak in 1995, Australia: Scenarios InvolvirenSitivity Analysis (Figures in million Australian
dollars)

A. Cost overrun scenario

Percentage increase in most

probable scenario of A$ 5.61 million

10% 20% 30% 40% 50%

6.18 6.74 7.3 7.86 8.43

B. Cost under run scenario

Percentage decreases on most

probable scenario of A$ 5.61 million

10% 20% 30% 40% 50%

5.06 4.49 3.93 3.37 2.81
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Travel costs D 0.65% ‘

Loss/premature death I 38[R20%

Loss/patients disability ] 1034

Parent loss/Chronic patient 7.24%
Loss/hospitalised patients 8.53%

Productivity loss/nonhospitalised D 1.14%

Ambulence/transport costs D 0.67%

Chronic illness ] 27 545

Hospital costs 4.92%

Nonhopitalised medical costs I 0.16%

0.00% 5.00% 10.007% 15.00% 20.00% 25.00% 30.00% 35.004% 40.00% 45.00%
Fig. 2: Summary of Costs for tiie Coli Outbreak in 1995, Australia
RESULTS DISCUSSION

The summary results of the estimated total costs 0 The estimated total cost of the outbreak amounted
the outbreak are presented in Table 3. The resitte/  to A$5. 61 million. Average costs per patient A$289
that an estimated loss of A$5. 61 million is ineardue  with an assumed 50% hospitalization rate.
to the outbreak. If the total cost direct medicastcis The results of the study indicate that produdtivit
estimated at A$1. 87 million (33.28%) and estimatedoss contributes ~significantly to the total costs.
indirect cost is A$3. 74 million (66.72%). Of thetal
costs highest costs incurred from the loss ofeauifiich
accounted for 38.82% of the total costs followeddss
from chronic illness (27.54%), disability (10.34%6¥s

Productivity losses comprise those from parents or
caretakers for taking care of sick patients whibe i
hospital and at home until recovery; losses frometi

of productivity from a hosbitalized patient (8.53 spent due to haemo-dialysis of chronic patientssde
shc?wn iLrj] ;}g_yz' pitalized patient ( ) from travel costs to commute hospital. This alskesa

The bulk of direct costs (83.76%) was associatedt0 account losses from disability due to chronic
with chronic medical costs followed by hospitaligat ~ dialectic and kidney transplant recipient patieritbe

costs (9.78%) from HUS patient and 5.96% from thefindings of this study are supported By*** Eighty _
HC patient (Table 3a). seven percent of costs are incurred due to progiycti

More than 60% of the productivity loss is due to loss fromE. coli 0O157: H7 foodborne illness in the
loss of future productivity as a result of death.USA®® 94% costs were due to productivity loss in UK
Productivity loss from chronic patients (15.27%pda . However, in Japan less than 40% of the totalscost
their disability, while parents’ productivity lossérom  were due to loss of productivity. This lower

chronic patient accounted for 11.49% and loss ef thcontribution of productivity loss in Japan was doe
hospitalized patients 7.7% (Table 3a). The resuthe  exclusion of death from estimation.

sensitivity analysis shows that the estimated totsts The productivity loss is greatly influenced by the
may vary from A$2. 8 million to A$8. 4 million (Té&  premature death, which has contributed 61% to the
3b). productivity loss. A higher level (97%) of the

The medical costs are estimated for 200 patientyroquctivity losses were due to premature death in
according to the severity of the illness at A$0. 285423 and 76% loss were due to premature death in
million, chronic therapy required in 4 patients andyk@ The variation of productivity loss due to

estimated at A$1. 54 million. Productivity loss 130 remature death might be due to variation of miytal
nonhospitalized patients is estimated at A$0. 0643te from the outbreak.
million and from 100 hospitalized patients estindass This estimate includes loss of lifetime income of

A$0. 47 million. Parent’s productivity losses frofl  one premature death that resulted from acute 8lns
chronic patients are measured at A$0. 40 milliod anthe number of deaths increased the productivitgdes
patient productivity loss due to disability measl@  and the total costs from the outbreak would havenbe
A$0. 58 million. Travel costs encountered by visito  higher. This study estimates the value of staibfife
hospitals are measured in 100 patients at A$0. 03Bom 4 years to 77 years at A$2. 2 million by usiiy
million and ambulance costs for 50 journeys at A$0.method. The future value of life varies across the
037 million. studies depending upon the methods used, labor and
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non-labor income, opportunity costs household  However, the estimated costs could be even higher
expenditure, risk aversion factor and life expecyan if losses from further complications and resultaeath
across the populatiof:”! estimated VOSL at A$ 1.2 due to this outbreak were taken into consideratié®.
million in 1993 dollar at 3% discount rate in th&A reported that there might be further complicatifmosn

while ® used £2.3 million to value the life from UK E coli 0157: H7 outbreak but this study did not
Department of Transport at 1995 price to estimhée t agtimate these costs due to lack of data.

value of lives lost in rail track accidents. Age the
patient greatly influences the value of statistldaland
the younger has a higher value on life than theroftf’
used an average age 4 years whéefeased actual age

This study did not include the estimation of the
costs of public health sector, food industry costs,
psychological and overactive behavior costs. It is
. obvious that public expenditure was incurred for
from their survey. The present study uses the hage investigation apnd contIrDoI of the outbreak. The

of the patlgnt. . . estimation of pain and suffering of family and friks
Chronic patients account for a significant cost ofiS cumbersome due to lack of aporopriate data. Food
the productivity loss than the acute patients. The pprop )

losses are associated with productivity loss 0flndustry encountered a significant loss due to the

parent/caretaker to undertake dialysis for theiahit outbreak as mettwurst was identified as a suspected

. vehicle for the outbreak. It was reported that
year and subsequent year until 16 years when the )
) : : . ; mettwurst sale decreased to 40% throughout Auatrali
sickest patients himself can carry out dialysis. A

. . and 400-500 small businesses closed down as a
remarkable proportion of costs are also incurreadnfr 26] .
. . . result?®. However, the estimated losses from the
disabled patients. These are involved due to

continued dialysis or due to a kidney transplartisT outbreak could have been much higher if these were

study estimates these losses from two-dialectiénduoieOI in the estimate of the present study. The

) L : . Tnability to estimate the above loss has beencizid
patient and two transplant recipient patient byngsi : .
. 4] . . . as a weakness of the cost of illness methods and it
the assumption frorft. Precise estimation of loss

. ) . o . therefore, does not reflect the true social cosid a
associated with disability in the real world is liga -
e . L . ) only measures the lower bound of the willingness to
difficult and there is not sufficient informationno

H 4,23
this estimation. But there are many losses asstiat pay of society* .
with disability. However, estimation of costs is CONCLUSION
influenced by weekly income and labor participation
force and life expectancy between the countries. In
the USA, loss from chronic patients contributed 5%
to the total costs”, while in UK 73% to the total

costé’. In contrast, in this study chronic patient ;¢ quantifiable while others may not be. A prematu
contributes 27% costs to the total. This variationyaath and chronic patients contributed to the ritgjof
might be due to the differences in assumption angye prden to the society. The estimated lossois fa
differences in proportion of chronic patients ireth single outbreak oF. coli and may be huge if loss from

studies. _ __other foodborne illness and outbreaks are takem int
Hospitalization costs have an impact on med'cal:onsideration

costs as well as on total costs. These costs depend The results of the study provide an idea of the
the length of hospitalization and the recuperatiorbo"Cy maker regarding the extent and nature of the
period. The longer the stay in hospital the higtier  gamage to the society due to an outbreak. Conaigleri
medical costs and parents’/caretakers’ productivitithe severity of the damage necessary resourceean
losses. Hospital stay and recuperation period alsallocated to prevent such damages.
depends on the severity of the illness. Hospitttina This study suffers from a limitation in that itcks
times increase, as the case turns into chronic. Aempirical data and is based on assumptions from
average 6.5 day hospital stay were used for 0S8/ existing studies in the literature. The limitations
contrast to 25.4 days for the UR ™ estimated an notwithstanding, it can be argued that some basic
average hospital stay of 26 days for HUS patients a estimates could be useful in providing significant
highest 11 days for gastroenteriti§. However, the pointers to the policy makers. Furthermore, the
variation in hospital stays among countries migat b robustness of the basic results can be tested using
due to variations of strains &. coli and geographical sensitivity analysis.
distributions. With medical costs, the higher The above points to the need for a detailed
proportions of costs are associated with only 4ifer  economic analysis a control program for the
patients out of 200 patients. The higher chronidica@  prevention of foodborne ilinesses including
costs resulted from dialysis and kidney transptdithe  verotoxon-producinge. coli. This, however, requires
chronically ill patients. a separate study.
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