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Abstract

Objectives: Although outbreaks of restaurant-associated foodborne illness occur periodically and make the news, a res-
taurant may not be aware of the cost of an outbreak. We estimated this cost under varying circumstances.

Methods: We developed a computational simulation model; scenarios varied outbreak size (5 to 250 people affected),
pathogen (n = |5), type of dining establishment (fast food, fast casual, casual dining, and fine dining), lost revenue (ie, meals lost
per illness), cost of lawsuits and legal fees, fines, and insurance premium increases.

Results: We estimated that the cost of a single foodborne illness outbreak ranged from $3968 to $1.9 million for a fast-food
restaurant, $6330 to $2.1 million for a fast-casual restaurant, $8030 to $2.2 million for a casual-dining restaurant, and $8273 to
$2.6 million for a fine-dining restaurant, varying from a 5-person outbreak, with no lost revenue, lawsuits, legal fees, or fines, to
a 250-person outbreak, with high lost revenue (100 meals lost per illness), and a high amount of lawsuits and legal fees
($1 656 569) and fines ($100000). This cost amounts to 10% to 5790% of a restaurant’s annual marketing costs and 0.3% to
101% of annual profits and revenue. The biggest cost drivers were lawsuits and legal fees, outbreak size, and lost revenue.
Pathogen type affected the cost by a maximum of $337 000, the difference between a Bacillus cereus outbreak (least costly) and
a listeria outbreak (most costly).

Conclusions: The cost of a single foodborne illness outbreak to a restaurant can be substantial and outweigh the typical costs
of prevention and control measures. Our study can help decision makers determine investment and motivate research for
infection-control measures in restaurant settings.
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Restaurants in the United States comprise a multibillion-dol-
lar industry ($780 billion in 2016, composing 4% of the gross
domestic product). The National Restaurant Association esti-
mated that in 2016, 47% of every dollar spent on food was
spent in a restaurant, and in 2015, the average American ate
out approximately 5 times per week.'> From 1998 through
2013, restaurants played a role in 9788 (56%) of the 17445
foodborne illness outbreak events reported; this number
translates to approximately 620 restaurant-associated out-
breaks and 3000 to 11500 illnesses annually.> A total of
742 foodborne illness outbreaks with a single location of
food preparation occurred in 2014, 485 (65%) of which were
linked to restaurants.* Although restaurant-associated food-
borne illness outbreaks periodically appear in the news
media,” individual restaurants might not always be aware
of how much they could cost. We posited that a better under-
standing of the economic burden of a foodborne illness out-
break (in the event that one occurs) could help restaurants

determine how much they could potentially invest in out-
break prevention and control; however, the economic value
(eg, cost benefit, cost effectiveness) of these interventions
would depend on the risk occurrence.

Previous economic studies have focused on reporting
aggregate annual costs of foodborne illnesses to individuals
or society.®” Many were limited to health-related costs of
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foodborne illnesses and varied in component costs.'® One
restaurant-related study reported on the costs of an outbreak
that occurred in the early 1970s,'" and another reported only
the legal expenses for an outbreak that occurred in
1978." However, to our knowledge, no study has yet cap-
tured the full economic costs to a US restaurant. The objec-
tive of our study was to provide cost estimates of a foodborne
illness outbreak to a US restaurant.

Methods

Using Microsoft Excel with a Crystal Ball add-in,"* we
developed a computational Monte Carlo simulation model
to represent a single outbreak of a particular pathogen origi-
nating from a single restaurant to determine the cost of a
foodborne illness outbreak to a restaurant under varying cir-
cumstances. We estimated costs of the 15 foodborne patho-
gens that caused outbreaks in a restaurant during a 6-year
period (2010-2015), as reported by the Centers for Disease
Control and Prevention (CDC).'* Our first step was to define
the number of people affected (ie, who developed symptoms)
by the outbreak (ie, outbreak size) and the pathogen (Bacillus
cereus, campylobacter, Clostridium perfringens, cyclospora,
Escherichia coli, Giardia, hepatitis A, listeria, norovirus,
salmonella, sapovirus, Shigella sonnei, Staphylococcus aur-
eus, trichinella, or Vibro parahaemolyticus). Each person
affected then had a probability of being a restaurant
employee, and each restaurant employee had probabilities
of seeking ambulatory care (eg, outpatient setting or emer-
gency department), being hospitalized, and dying. The prob-
abilities of hospitalization and mortality varied by pathogen
type, and each illness and hospitalization was associated with
a pathogen-specific duration.

We assigned productivity losses caused by absenteeism
by counting each day of work that symptomatic restaurant
employees missed because of illness and hospitalization. We
used daily wages as a proxy for productivity losses.'” We
assumed all sick employees accrued losses for the duration
of illness, except for hepatitis A, which has a long sympto-
matic duration; therefore, we applied the number of missed
employment days reported in the scientific literature. Pro-
ductivity losses for premature death resulted in the net pres-
ent value of missed earnings for the duration of their
remaining employment at the restaurant based on the annual
wage and remaining years of employment at one place.'>'¢

We considered outbreaks in 4 types of restaurants: fast
food (quick service, specific menu, and offers minimal to no
table service), fast casual (specific menu between fast food
and casual dining and offers minimal table service), casual
dining (broad menu and offers table service), and fine dining
(dedicated meal courses and offers full table service). We
assumed that each restaurant incurred reinspection fees as a
result of the outbreak. Although inspection fees typically
depend on the restaurant size and number of seats, we
applied one flat fee regardless of size or type. We also
included increases to a restaurant’s insurance premium.

Because a restaurant’s insurance premium depends on the
restaurant’s size and location, we varied insurance increases
and applied them to the annual insurance premium for gen-
eral liability insurance.'” We assumed that other parts of the
insurance policy (eg, property insurance) would not be
affected.

We assumed that each restaurant would incur costs to
retrain staff members. This retraining included the training
program cost and 8 hours of productivity losses for each staff
member. Employee wages varied by type of employee, and
the number of employees varied by restaurant type. We
assumed that each outbreak was associated with a loss in
restaurant revenue because of decreased meal sales. Because
this loss of revenue can be difficult to determine and highly
variable, we used the number of meals as a proxy. For each
person affected (ie, total number of illnesses in the outbreak),
we assumed that a specified number of decreased meals were
sold (ie, meals lost). We determined total lost meal sales to
the restaurant by estimating the number of meals lost per
illness multiplied by the outbreak size and by the average
cost per meal by restaurant type. Thus, a restaurant’s lost
revenue depended on the restaurant type and outbreak size.

We conducted scenarios that varied the cost of lawsuits,
legal fees, and fines paid by a restaurant, because they varied
widely and data were limited. The amount of lawsuits and
legal fees came from the amount compensated for consumer
plaintiffs in the 26 foodborne illness lawsuits decided by jury
verdicts reported from 2010 through 2014. These cases were
identified through 2 jury verdict and settlement databases
and included foodborne illness cases that were legally
resolved through the court system.'® Given that the variabil-
ity of these awards, which ranged from $9856 to $1428971
in 2012 dollars, and the likelihood that a restaurant will incur
these costs is unknown, we conducted extensive sensitivity
analyses on this parameter (described hereinafter). Similarly,
the amount and likelihood of incurring fines is variable and
not well described; thus, we based estimates for this cost
range on past fines reported in news articles.'*2°

Data Inputs

Model inputs (Table 1) used pathogen-specific data when
these data were available and came from nationally repre-
sentative data sources (eg, wages from the US Bureau of
Labor Statistics,'> duration of hospitalization from the
Healthcare Cost and Utilization Project).*>*® We derived
pathogen-specific probabilities for hospitalization and mor-
tality by using CDC data on the number of illnesses, hospi-
talizations, and deaths from foodborne illness outbreaks
occurring in a restaurant.'* By limiting the CDC data to out-
breaks occurring only in restaurants, we excluded more vul-
nerable or specialized populations (eg, nursing home
residents), which may have more severe outcomes that
require the use of additional health care resources; outbreak
investigations typically generate these data and endeavor to
capture data on all health care use. Restaurant type-specific
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Table 1. Computational simulation model input parameters, values, and sources used to estimate the cost of a foodborne iliness outbreak to

a single US restaurant

Parameter

Value

Data Source

Hourly wages for food preparation and serving occupations,
median (10%-90% range), $

Hourly wages for fast-food workers, median (10%-90% range), $

Cost per fast-food restaurant meal, mean, $b

Cost per fast-casual restaurant meal, mean, $°

Cost per casual-dining restaurant meal, mean, $b

Cost per fine-dining restaurant meal, mean, $°

Reinspection fees, point estimate, $

Cost of training program, mean (SE), $

Probability of ill person seeking ambulatory care, mean (SE), %

Probability of hospitalization for person ill with Bacillus cereus, %

Probability of hospitalization for person ill with campylobacter, %

Probability of hospitalization for person ill with Clostridium
perfringens, %
Probability of hospitalization for person ill with cyclospora, %

Probability of hospitalization for person ill with Escherichia coli, %
Probability of hospitalization for person ill with Giardia, %
Probability of hospitalization for person ill with hepatitis A, %
Probability of hospitalization for person ill with listeria, %
Probability of hospitalization for person ill with norovirus, %
Probability of hospitalization for person ill with salmonella, %
Probability of hospitalization for person ill with sapovirus, %
Probability of hospitalization for person ill with Shigella sonnei, %
Probability of hospitalization for person ill with Staphylococcus
aureus, %
Probability of hospitalization for person ill with trichinella, %2
Probability of hospitalization for person ill with Vibrio

parahaemolyticus, %

Probability of mortality for person ill with campylobacter, %

9.81 (8.57-18.18)°

9.66 (8.48-12.54)°
5.44°
.15
15.48°
32.13°
129.78°

162.22 (6.65)>
18.4 (3.3)*

CDC point estimate (range?):
1.1 (1.0-1.2)

Scallan et al point estimate: 0.4

CDC point estimate (range?):
9.0 (8.1-9.9)

Scallan et al point estimate: 17.1

CDC point estimate: 0°

Scallan et al point estimate: 0.6

CDC point estimate (range®):
5.0 (4.5-9.9)

Scallan et al point estimate: 6.5

CDC point estimate (range®):
25.0 (22.5-27.9)

Scallan et al point estimate: 29.5'

CDC point estimate (range?):
20.0 (18.0-22.0)

Scallan et al point estimate: 8.8

CDC point estimate (range?):
34.2 (27.8-37.6)

Scallan et al point estimate: 31.5

CDC point estimate (range?):
81.5 (73.3-89.6)

Scallan et al point estimate: 94.0

CDC point estimate (range®):
1.1 (1.0-1.2)

Scallan et al point estimate: 0.03

CDC point estimate (range®):
11.6 (10.5-12.8)

Scallan et al point estimate: 27.2

CDC point estimate (range?):
1.2 (1.1-1.3)

Scallan et al point estimate: 0.4

CDC point estimate (range?):
11.7 (10.5-12.9)

Scallan et al point estimate: 20.2

CDC point estimate (range®):
1.7 (1.5-1.8)

Scallan et al point estimate: 6.4

CDC point estimate (range®):
23.1 (20.8-25.4)

Scallan et al point estimate: 24.3

CDC point estimate (range?):
7.5 (6.7-8.2)

Scallan et al point estimate: 22.5

CDC point estimate: 0°

Scallan et al point estimate: 0.1

Bureau of Labor Statistics'®

Bureau of Labor Statistics'®

Lutz?!
Lutz?'

The NPD Group??
The NPD Group?*
Los Angeles County

Department of Public Health??
Columbus Public Health?;

SafeServ Training

Hall et al?’; Scallan et al?®

29
Scallan et al

cpc'™
ScaIIa?4et al®®
CDC
Scalla?4et al®®
é:clzlﬁn‘et al®®
CDC
Scalla?4et al®®
CDhC
Scallamet al®®
CDC
ScaIIa?4et al®®
CDC
ScaIIa?4et al®®
CDC
ScaIIa?4et al®
CDhC
Scallamet al®®
CDC

Scallan et al*®
cbc't

Scallan et al*®
cbc't

Scallan et al*®
cbc'

Scallan et al*°
cpc'

Scallan et al*®
cbc't
Scallan et al*®
cbc'
Scallan et al*®

(continued)
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Table I. (continued)

Parameter

Value

Data Source

Probability of mortality for person ill with Clostridium perfringens, %
Probability of mortality for person ill with Escherichia coli, %
Probability of mortality for person ill with Giardia, %

Probability of mortality for person ill with hepatitis A, %
Probability of mortality for person ill with listeria, %

Probability of mortality for person ill with norovirus, %
Probability of mortality for person ill with salmonella, %
Probability of mortality for person ill with sapovirus, %
Probability of mortality for person ill with Shigella sonnei, %
Probability of mortality for person ill with Staphylococcus aureus, %
Probability of mortality for person ill with trichinella, %2
Probability of mortality for person ill with Vibrio parahaemolyticus, %

Duration of iliness for any pathogen, range, d
Duration of illness for Bacillus cereus, mean, d
Duration of illness for campylobacter, range, d
Duration of iliness for Clostridium perfringens, mean, d
Duration of illness for cyclospora, range, d

Duration of illness for Escherichia coli, range, d
Duration of illness for Giardid', range, d

Duration of illness for listeria, range, d

Duration of illness for norovirus, range, d

Duration of illness for salmonella, range, d

Duration of illness for sapovirus, range, d

Duration of illness for Shigella sonnei, range, d

Duration of illness for Staphylococcus aureus, range, d

Duration of illness for trichinella, median (range), d

Duration of iliness for Vibrio parahaemolyticus, median (range), d

Duration of missed workdays due to hepatitis A, mean
(interquartile range), d'

Duration of hospitalization for a food poisoning illness, mean
(SE), d

Duration of hospitalization for a campylobacter illness, mean
(SE), d

Duration of hospitalization for an Escherichia coli illness, mean
(SE), d

Duration of hospitalization for a Giardia illness, mean (SE), d

Duration of hospitalization for a hepatitis A illness, mean (SE), d

Duration of hospitalization for a listeria illness, mean (SE), d

Duration of hospitalization for a norovirus illness, mean (SE), d

Duration of hospitalization for a salmonella iliness, mean (SE), d

Duration of hospitalization for a Shigella sonnei illness, mean (SE), d

Duration of hospitalization for a Staphylococcus aureus illness,
mean (SE), d

Duration of training program, point estimate, d

CDC point estimate: 0°
Scallan et al point estimate: 0.1
CDC point estimate: 0°
Scallan et al point estimate: 0.4°
CDC point estimate: 0°
Scallan et al point estimate: 0.1
CDC point estimate: 0°
Scallan et al point estimate: 2.4
CDC point estimate: 25.93
Scallan et al point estimate: 15.9
CDC point estimate: 0.02
Scallan et al point estimate: 0.1
CDC point estimate: 0.04
Scallan et al point estimate: 0.5
CDC point estimate: 0°
Scallan et al point estimate: 0.1
CDC point estimate: 0.14
Scallan et al point estimate: 0.1
CDC et al point estimate: 0°
Scallan et al point estimate: 0.1
CDC et al point estimate: 0°
Scallan et al point estimate: 0.2
CDC point estimate: 0°
Scallan et al point estimate: 0.9

(3-7)

|

(>-7)
|

(7-14)
(5-7)
(7-28)°

(1-3)
(1-3)
(3-7)
(1-3)°
(5-7)
(2-4)
23.5 (14.0-35.0)
5 (2-8)°
15.5 (7.0-18.0)

2.15 (0.08)
3.60 (0.10)
3.94 (0.43)

3.80 (0.28)
3.87 (0.29)
11.20 (1.13)
2.65 (0.02)
437 (0.16)
3.29 (0.29)
2.50 (0.27)

IC

cbc't
Scallan et al*°
cbc't
Scallan et a
cbc't
Scallan et a
cbpc't
Scallan et al*°
cpc't
Scallan et al*°
cbc't
Scallan et a
cbc't
Scallan et a
cbc't
Scallan et al*°
cbc't
Scallan et al*°
cbpc't
Scallan et a
cpc't
Scallan et al*°
cbc't
Scallan et al*°
Assumption”
HHS?'
Fitzgerald®?
HHS?'
Cama and Mathison®
cbc*
Daly et al35; Gardner and HiII36;
cbc¥
Ooi and Lorber®®
Glass et al39; Patel et a
Dekker and Frank*'
Glass et al39; Patel et a
Dekker and Frank®'
HHS?'
Hall et al
HHS?'; McLaughlin et al*?
Berge et al*!

|30

|30

30
I

|30

30
I

3

40
I

|40

42
I

HCupP*
HCupP*
HCUP*®

HCUP*®
HCUP*
HCUP*®
HCupP*
HCUP*
HCUP*®
HCUP*®

Columbus Public Health?*; SafeServ
Trainingz‘r"26

(continued)
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Table I. (continued)

Parameter Value Data Source

Duration of employment at | place, median, y 4.2 Bureau of Labor Statistics'®

Employees at a fast-food restaurant, mean, n 15.5 Statista*’

Employees at a fast-casual restaurant, mean, n 25 National Restaurant Association,
Deloitte*®

Employees at a casual-dining restaurant, mean, n 32 National Restaurant Association,
Deloitte*®

Employees at a fine-dining restaurant, mean, n 33 National ngtaurant Association,
Deloitte

Abbreviations: CDC, Centers for Disease Control and Prevention; HCUP, Healthcare Utilization Project; HHS, US Department of Health and Human
Services.

?In 2017 US dollars.

PFast-food restaurant: quick service, specific menu, and offers minimal to no table service. Fast-casual restaurant: specific menu between fast food and casual
dining and offers minimal table service. Casual-dining restaurant: broad menu and offers table service. Fine-dining restaurant: dedicated meal courses and offers

full table service.
“Modeled values are pooled across sources cited.
9Range is + 10% of point estimate.

°No hospitalizations or deaths due to this pathogen were reported in the CDC data during the 6-year period.
fAverage of Shiga toxin-producing Escherichia coli (STEC) O157 and STEC non-O157 values reported by Scallan et al.
8Supplemented with data on outbreaks occurring at a camp and private residence; only | restaurant-associated outbreak in the 6-year period with 2 illnesses.

PRange covers most of the pathogen-specific durations modeled.

'Duration can last up to 6 weeks; however, -3 weeks was used to be conservative (excluding more severe illnesses) and capture duration with prompt

treatment.
Values are missed workdays for those seeking outpatient care.

inputs, such as cost per meal and number of employees, came
from survey and industry data and from the National Restau-
rant Association.?'?>*>474% A 3% discount rate adjusted all
past and future costs to 2017 US dollars (Table 1).

Simulations and Sensitivity Analyses

Each Monte Carlo simulation consisted of 1000 trials that
varied each parameter throughout its distribution (Table 1).
For each pathogen and restaurant type, we used multiway
sensitivity analyses to systematically vary the outbreak size
(5-250 people affected) following reported outbreaks'?; the
proportion of affected people who were employees (5%-
90%); the number of meals lost per illness (0-100); lawsuits
and legal fees (none [$0], minimum [$11426], median
[$85690], and maximum [$1 656 569]); fines ($0-$100000);
and annual insurance rate increase (5%-75%)*>° that was
applied to the annual insurance premium, which ranged from
$545 to $6280." This insurance increase was similar to past
increases in health insurance and restaurant premiums. We
also examined the impact of varying these key parameters
on costs by restaurant type. Additional sensitivity analyses
varied the pathogen-specific probabilities of hospitalization
and mortality to those reported by Scallan et al.>° We report
results as median and 95% credibility intervals (CrIs).

Results

The estimated cost of a foodborne illness outbreak varied by
outbreak conditions (Table 2). The cost of an outbreak for a
fine-dining restaurant was higher than for a fast-food

restaurant under the same conditions even when there was
no loss in revenue (ie, 0 meals lost per illness; $8273 vs
$3968). The cost per person was not constant across out-
breaks of various sizes, because other costs (eg, reinspection
fees and fines, which are relatively fixed) did not scale lin-
early with the outbreak size. For example, at a fine-dining
restaurant, a 5-person outbreak cost $1655 per person,
whereas a 250-person outbreak cost $52 per person, assum-
ing the same conditions. The cost of an outbreak also varied
by pathogen. The most expensive outbreaks were caused by
listeria ($4768-$2915601), because it accrued the highest
productivity losses resulting from its high probability of hos-
pitalization and mortality. The least expensive outbreaks
were caused by Bacillus cereus ($3891-$2 578 714), because
it accrued the lowest productivity losses resulting from its
short duration, low probability of hospitalization, and no
association with mortality. Comparing the 2 most common
causes of foodborne illness outbreaks, norovirus and salmo-
nella, a single salmonella outbreak cost $63-$21 198 more
than a norovirus outbreak under the same conditions because
it accrues higher direct costs as a result of being associated
with a higher probability of hospitalization (Table 3).
Changes in the total cost of an outbreak when varying the
values of different parameters are shown in a tornado diagram
(Figure 1). The diagram is shaped like the funnel cloud of a
tornado: the parameter with the greatest impact is at the top,
and the width of the bar represents the range of the resulting
outbreak costs when that parameter increases or decreases.
The cost of lawsuits and legal fees and the number of ill people
in the outbreak were the biggest drivers of the outbreak cost.
Lawsuits and legal fees had the largest impact on the overall



"92IAJ9S 9|qe3 ||N) SJSYO PUEB SISINOD [ESW PIIBDIPSP :IUBINEISSI SUIUIP-BUI4 "9DIAISS S|qE] SJ9HO pPUE NUSW peo.q

“JUeJnelsa.d SulUIp-[enseD) "9DIAISS 9]qE] [BWIUIW SISO PUE ‘SUIUIp [BNSED PUE POO) ISB) USIMIDG NUSW D1J1D3dS JULINEISSI [BNSED-ISE "3DIAISS S|qEl OU O [BLIUIW SISO PUE ‘NUSW dH1d3ds ‘931A48s Y2Inb ueIneIsa. pooy-ised,
"9SBAIDU| 9DUBINSU %G/ © JNdUl pPU. ‘0879$ JO Wniwaad adueInsul [BNUUE UB dABY ‘696 959 | $ JO S99} e8] pue sunsme| pue 000 001$

JO sauly Jnduj ‘ssauf|l 4ad sjeaw Q| 9SO| SIUBINEISD ‘S99A0|dWS JUBINEISDI DIDM PI1DdYE 3SOYI JO %€ :3dedwil ySiH "9seaudul DUBINSUI YQp © JNdUI PUR ‘S7HES JO winjwaad SdueINSUl [BNUUE UB SABY ‘069 S8 JO S99
[e89] pue sunsme| pue 0O 0S$ JO SaUl Jndul ‘ssaul|l Jad s[eaW (G 9SO| SIUBINEISA (s39A0|dWS JUBINEISD DI9M PIIIYE BSOYI JO %0 | 3edW] BIBISPO|] "BSBIDU| IDUBINSUI %G B INDUI PUE ‘GHG$ JO winjwaad adueansul [enuue
ue 9ARY ‘97 | | $ JO S934 |83 put suINsMme| pue 000 0TS JO Sl ol ‘ssaul|l 4ad s[eaw () 9SO| SIUBINEISA (S9240|dWIS JUBINEBISII DISM PIID3YE ISOYI JO %G 30edW| MOT "SSBIIDUI DDUBINSUI %G B ANDUI PU. ‘GHG$ O wnjwaad
@due.INSUI [ENuUE UE dARY ‘(0$) S99y (B3] pue suNsme| 4o (0 ‘B1) saUY JINdUI 30U Op ‘ssaul|l 4ad S[eaW () ASO| SIUBJNEISA. ($39A0|dWID JUBINEISA DUIM PBIJYE BSOY] JO %G :39edWl MO| AIDA SMOJ|0) SE Bk SOLIBUIDS BY | 4
*saseaoul wnjwaud adueansul pue ‘Bujure.nad yeas (ssaujl 4ad pjos sjeaw

Pases.29p Aq Pa.Jnsesw) SNUSAS. 1SO| ‘s99) [e33] PUE SUNSME] ‘saulj) ‘s99) uondadsul ‘saskojdws aueanelsad || o) sasso| A1Anonpo.d ;papnppul sAndads.ad JueineISS. SY | "[SPOW SY3 Ul PSPN|IUI SSIBWNSS SISA[BUE AIARISUSS
$SO.JE 53503 Jo a3ued & aumded 01 3dwane solieusds asay| ‘(seakojdwa Jo Jaquinu pue ‘sod) eS| puB SUNSME| ‘saulj ‘89) sus1aweded [e19ASs U spuadap sAndadsJad JUBINEISSU SYI WOJ) HBSJGINO Yo’ JO IS0 3Y ],

(11£91-955 01) (609 €1-€T¥6) (6%0 T1-6188) (16% 01-TH28) (8£6-0182) (9%76-9992)
100€l 190 11 69001 0zl6 €vv8 €118 1edwi Mo| AIap
(90 8¥-+88 %) (SL6 ¥¥¥18 OF) (0L€ £¥-vT€ OF) (€€8 1¥-00Z 6€) (S10 1#-S¥T 6€) (989 0v-+11 6£)
Yl vb vISTH WSy LESOF ¥88 6€ 069 6€ 3oedw) MO
(S¥0 £95-£0Z 155) (LO¥ 96£-+£0 68¢) (296 TI€-T19 £0€) (€97 6TT-1T1 920 (S¥0 1£1-2S1 691) (e¥¥ ¥S1-LT8 TSI)
£6995S 658 16€ 01£60€ 8E¥ LTT 688691 8Ep €61 10edwi a1e49pOl|
(18% 1797-086 £857) (T156£TT-T7909C0) (€58601T-#999607) (1010¥6 1-7€8T€6 1) (8T 178 1-L£C8181) (bLTL8L1-THES8LI)
S09109¢ £9169TT TE1T01T L165€6 | 60V 618 | 780987 | yedwi ySiH
uucm._:.mumw._ MC_:_U-w:_u_
(9s¥91-1T€01) (9p£€1-5616) (£8L 11-1658) (ezz 01-%108) (£0T6-£851) (€L68-1¥¥L)
S9. I £1801 9786 8/88 1028 0£08 1edwi mo| AIsp
(808 £+-159 1) (81£¥+-T850%) (801 £+-0600%) (€95 1+-0L 6€) (9€20b-£106€) (€1 0+-6888€)
181 ¥t 9T 6LT ¥ v6T 0¥ W9 6€ 8h¥ 6€ 1oedwi Mo
(5SS pSE-TSTEVE) (017 1£2-0£8€97) W1+ 67726070 (z9¢ £81-L¥TH8I) (9£T8S1-€€4951) (0005 1-S€¥ 8% 1)
YET8HE 6£999T 061 92T 155581 ¥S1 LS| 6206¥1 1oedwi areJspoly
(S8£+0TT-01€1£1T) (88€6707#750107) (866 T¥6 1-¥586T6 1) (##5958 1-2L1€6V8 1) (89656£1-610€6L1) (2£98L£1-88L9LL1)
816¥81T 6¥0610T 91€£5€6 1 S8€7S8 | LLI 6L 60SLLL 1 1edw 43Iy
J3ue.aneasaJ Suluip-jense)
(985 +1-8598) (1S¥ 11-1552) (6¥66-5669) (£¥€8-81%9) (0ze£-1109) (£90£-£989)
S80 11 1T16 €118 €812 ¥059 0£€9 1edwi mo| AIsp
(996 SP-£10 OF) (+¥8 T-9L6 8€) (19T 1+-6.¥8¢) (829 6£-998 £€) (z6L8€-0¥ L£) (015 8£-0€ ££)
oLy T 1LS 0¥ 765 6€ 165 8€ 0F6 LE 0S.LE 15edws Mo
(065 867-685 £87) (606 9€T-682 670) (€26 S0T-058 007) (T69 ¥L1-8¥8 1£L1) (zg1 €51-109 151) (810 L¥1-TLL SH1)
L9V T6T WS TET 988 70T LT0ELI pITTSI 8T ¥ | 10edw a3e49pOoLy
(5L ¥60T-055 1900) (STLT96 1-L86 E¥6 1) (ST6.£681-296+488 1) (+60€££81-650978 1) (1$9£82 1-£68+8L 1) (€€9¥LL 1-9v0€LL 1)
870S/0T 705756 | 6£7068 | 950618 | 00098 | Yr9ELL | pedwi ySiH
uucm._s.mumw._ |ensed-]se4
(S$0 11-€0%9) (1818-%619) (6529-€LL¥) (c6£5-05TH) (015+-598¢€) (88TH-£TLE)
0558 1299 9999 LLLY 13414 896¢ 1oedwi mo| Ausp
(S€€ Tr-T6L LE) (£9£ 6£-0¥L 9€) (z61 8€-£TT 9€) (6£8 9£-599 S€) (£T6 S€-SLT S€) (b£9 SE-1¥1 S€)
1886€ S¥18¢ €01 L€ STT9E T6SS€ 0¥ S€ 3ordw) MO
(866 TTT-050 ¥17) (€61 061-01Z ¥81) (€£8 €£1-8£0 0£1) (60% £S1-66€ SS1) (£66 SF1-6T1 S¥1) (162 T 1-¥81 TH1)
95T8I1T 8T1 /8| 918141 087951 £¥S Shl €SP 10edw a1e49pO
91 €46 1-855916 1) (S9v T8 1490958 1) (097 9€81-908578 1) (128008 I-£¥ES6L1) (1€09££ 17051 ¥LL 1) (816892 1-€10 89 1)
809876 | 01S€98 | ¥07 0€8 | 87661 | 196¥LL | 61V 89L | yedwi ySiH
uur_m.‘_:mumw.‘_ UOOmuummu_
0SZ 0S| 001 0s Sl S qOMEUIIS

(s1doad |1 Jo "ON) 371§ »edauqIN0o
(1D %S6) uelpal] $ Oea4qInQO SSaU||| UJOGPOO4 PIJBIDOSS\Y-JUBINEISIY € JO IS0D)

J[opow uonenwis jeuoneindwod
B WO.J SINSSJ IS9OUBISWNDIID SNOLIBA J9pUn 9A1dadsuad jueinelsad Syl WoJ) SHE34qIN0O SSSU||l SUJOGPOO) PIIBIDOSSE-1UBINEISAI JO (SJB|JOp SN £]0T ) 2502 (4D %G6) UeIpaly T d|qel



(panunuo>)

(9269077069 2£17)

£07681¢ T6bLLL]
(121662 11) (1¥68-0£41)
LPSEI £708

(15€%077-0892£17)

(44114 6V LLLI

(1€£91-1S¥01) TH6 TI

(0¥6960T-106£907)

WE6L0T VE9ELL |
(267 51-5996) (8¥0£-£589)
7s811 67£9

(9€€ 60 7-9¥6 7907

195520C VE9ELL |
(198¥1-6788) (8¥0£-£589)
67T 11 67£9

(T0L8LLI1-96L9LL 1)

(T0L8LLI1-96L9LL 1)

(1¥68-0€¥2) £T08

(bE9VLL1-€L0ELL )

(bE9PLLI-ELOELLY)

(88€£8£1T¥660917)
800891
(s8121-8v£8)
Y266

(85€8£17-£601917)
¥50891¢

(081 T1-59¢€8) T€66

(£1¥890T+TT 1500)
¥¥1850¢
(£T€01-€5£9)
44

(¥8£8907-67€ 1507)
881850C
(£T€01-1£4L9)
££78

(6€18LL1-L0S9LL 1)

891£LL1
(8868-£9¢1)
SE6L

(6€18LL1-L0S9LL 1)

891 LLLI

(8868-£9¢1) S€6L

(950%££1-99LTLL 1)

SOE€LL |
(890£-£6.5)
€479

(9S0¥2L1-99LTLL 1)

SOE€LL |
(890£-£6L5)
€479

(198£8¥7-9€6 19€7)
YOTL6ET
(9£579-520T¥)
LL18Y

(526 $79T-580TSH 0)
1T686F T

(££058-68£95) £81 59

(122 £L£TT61TSTD)
09€ /8¢
(9 09-8€1 OF)
£L¥ 9%

(1£8SI1STHYIETHED)
15068€¢
(891 €8-15159)
143437

(259582 1-t££18L1)  (9¥9+91 74080917  (L008LL I-TEPILL ) eduw
95978/ | 86191C 1¥0LLL 1 Y34
(10101-+128) (18101-5878) (1888-8££1) 1oedw
9588 S/68 Lb6L mo| A1z
oglE 32 UE|[ed5 Wouy Ajeiow pue uonezijendsoy jo sanyjiqeqoud Suisn
(coes8z1-€€11841) (9149174580917  (L008LL I-TEPILL ) eduw
S6£T8L | SE0T91T 1¥0LLL 1 Y34
(55001-9£18) 1oedw
188 (26101-678) 9868 (1888-8L£1) L¥6L mo| A1z

4 B¥8P D@D wouy paAlap Ayjeriow pue uonezieaidsoy jo s

(665182 1-€924L1)  (Eb9S0T-£801507)  (6£6€LL 1-869TLL 1) 1oedwi
7088LL | £71750C 9L1€LL 1 ysiH
(2618-9€99) (z978-50£9) (6£69-£08S) 1eduw
wIL 9L 1¥T9 mo| A1
ogl® 32 UE|[edS wouy Ajersow pue uonezijendsoy jo ssnijqeqo.ad Suisn
(8TT18L1-€0v£LL1)  (90L¥SOT-€€1150T)  (6£6 €LL1-869TLLI) 1edw
£TS8LL1 0022S0T 9L1€LL 1 ysiH
(££18-6659) (€£28¥1£9) (6£69-£08S) 1eduw
911L SLTL L¥T9 mo| A1

4 B¥EP D@D wouy paALap Ayjeriow pue uoneziendsoy jo sanijiqeqoud Suisn
-$ ‘queJneIsal [ensed-isey

(T115p61-258TT61)  (28889L 1-4089L1) (092076 1-88€906 1) (bbb 89L 1-££L£9L1)  (B99VL1T-144901T)  (€09+LL 1-6€9TLL1)  (SL1806 1-212906 1)  (SET8IL1-9TLLIL 1) eduw
8ESTE6 | TIy89L | w9tle | £L089L | 0bESEIT 9 ELLI 766906 | 656297 | y3iH
(18€ 11-5££2) (992p-¥0£€) (L1€2-145%) (86 14-859€) (9¢6 6+-£58 £€) (€0TS-v6¥¥) (0gzs-0zs¥) (121t-659€) 1eduw
7916 v16€ £9LS I16€ SO 06L¥ 8£8y 168¢€ mo| A1z
0gl® 32 UE|[ed5 Wouy Afeasow pue uonezieadsoy jo senljiqeqoad 3uisn
(zszere 1-0162161)  (28889L 1-4089L1)  (2€£0T6 1-96v906 1) (bbb 89L 1-££L£9L1) (9968877805617  (98THLL 160 TLL1)  (14T806 1-69C906 1)  (SET8IL 1-9TLLIL 1) 1eduw
1£886 | T89L| 91LTl6 I ££089L | 6ESEETT €91 €/L 1 S¥0£06 | 656297 | y3iH
(£50 11-8#59) (992p-v0£€) (T1€£-065%) (86 14-859€) (87689-9€975) (€S15-L5¥¥) (ovzs-8zsy) (121t-659€) 1eduw
1998 v16€ SLLS I16€ 70685 8bLY L¥8Y 168¢€ mo| A1z
41 E3EP DD Wouj paALIap Aijeriow pue uonezijeadsoy jo sanijiqeqo.d Suisn
,$ ‘ueuneisau pooy-iseq
(11D %56) (11D %S6) (11D %56) (11D %S6) (11D %S56) (11D %S6) (11D %56) (11D %S6) qOMeuads
uelpajy uelpajy uelpajy uelpajy uelpajy uelpajy uelpajy uelpajy
yeauqano yeaaqanQo yeauqano yeaaqanQo yeauqano yeauqanQ yeauqano yeauqanQ
uos49d-0ST uosJad-§ uosJ49d-0ST uosJad-§ uos49d-0ST uosJad-§ uosadd-0St uosJad-g

e||]ouowijeg

SNJIA0ION

eS|

snaJad snj|dog

[opow uonejnwis |euoneIndwod & woudy s3nsa.J :9AndadsJad Jueanelsa. ay3 wouy susdoyied 4 Jo SHES.GINO SSIU||I SUIOGPOO) PIIBIDOSSB-IURINEISD JO (SJB[|OP S /|07 U!) 350D *€ 9|qe |



"92IAJSS 3|qE) [N} SUSYO PUE SISINOD [BSW PIEDIPAP :IUBINEISDJ SUIUIP-BUI4 "9DIAISS J|qE] SI9YO PUB NUSW peo.q

‘Jue.ne1sa. SUlUIp-[enseD) "S2IAISS 9|qEl [BWIUIW SIS0 pue SUlUIp [BNSED PUB POO) ISB) US9MIDG NUSW DY1D3dS :JUBINEISS [BNSEI-ISEY "9DIAISS 9|qel OU O3 [BWIUIW SISO PUE ‘NUSW d1123ds ‘931AISS dInb ueINEISOI POO)-ISe

'9SBIJDUI ddUBINSUl %G/ ' Undul pue ‘0879$ jo

wnjwaJd S5uEBINSUL [BNUUE UB DARY ‘695 959 | $ JO S99y [E8D] puE s3INsme| pue 000 00 | $ JO S2uly Andul ‘ssaujji Jad sjeaw (| 3SO| SIUBINEIS ‘s92L0|dWD JUBINEISDI DI9M PaIddYe 3s0Y3 Jo %€ 3oedwi ySi "aseausul adueansul
%S € 4ndul pue ‘GHS¢ Jo wnjwaud Sduednsul [ENUUE Ue dA.Y (0$) S23) [ES9] PUE SUNSME| 4O (0$ ‘B1) AUl INdUI 20U OP ‘ssaU|l Jad s[EaW () 9SO SIUBINEISA (532A0|dWS JUBINEISD DJ9M PIIIBYE 35O JO %G 0edwl MO| AIdp,
"$)[e3.1q3IN0 $S3U||I SUIOGPOO) JO SISNED LUOWWIOD ISOW 7 U3 3B B[[UOW[ES PUE SNIIACION| [E3.1gIN0 Susod-1saySiy ay3 SeM BLISISI| PUE YE3.1GIN0 SUIISOD-1SIMO| SY3 SeM SnaJad snjjiopg :pattoda. susSoyied G| Jo 4 AluQ,

(879€797-55€+6ST)  (€0€£8L 1-HES8LI)

988509¢C 79098/ |
(98€£1-6T511) (11267%592)
66L€1 0£28

(950 1797-25€6857)  (€0€£8L 1-HHES8LI)
111209C 79098¢ |

(96691-88901) 821 €1 (11267594) 0£T8

(4605657999 £L5T)

889485 ¢

(1% 21-9£58)

69101

(590565 T-0£L£LST)

€ELYBS T

(991 71-€658) ££101

‘leadLaul AIGIPRJD ‘|0 :UONEBIADIGQY
(£€££98L1-65058L 1)  (£L5¥06T-£098LLT)  (LSTH6L1-ST668L1)  (8VE185T-99K£L5T) (80998 1-986 8L 1) 1edw
6££58L | €88¢€18¢ €€T16L 0998/5¢ €1958L | Y34
(2926°1651) (862797605 T¥) (92£01-6£+8) (SS¥01-0158) (€516-€092) oedw
LL18 1Th8F 6606 8176 0618 mo| Aiop
ogl® 32 UE|[ed5 Wouy Ajeraow pue uonezijeaidsoy jo sanijiqeqo.ad 3uisn
(£€££98L1-65058L 1)  ($69TH0€-€528987) (206 €64 1-£8968L1) (614 18ST-L15£L5T) (80998 1-586#8L 1) edw
6€LS8L | 109516€ 89606/ | ¥1£81ST €1958L | y3iH
1oedwi
(z92671652) 2218 (S0£58-920£S) ST¥S9  (0£€01-00+8) £506  (99%01-6158) 8TT6 (€5167€092) 0618 Mmo| A1aA

41 B¥EP D@D wouy paAusp Ayjeriow pue uonezijendsoy jo sanijiqeqoud Buisn
,$ ‘aueJneasau Suluip-auiy4

(11D %S6) (11D %S6) (11D %S6) (11D %S6) (11D %S6) (11D %S6) (1D %S6) (11D %S6) qOMEeUadS
uelpaly uelpapy uelpaly uelpapy uelpaly uelpapy uelpaly uelpapy
NeaaqanQo yeauqino yeaaqanQo yeaaqanQo NeaaqanQo yeaaqanQo yeaaqanQo yeaaqanQo
uos.49d-0S uosJad-g uos.49d-0S uosJad-g uos.49d-0S uosJad-g uosa9d-0St uos.ad-g
e||]ouowijes SNJIAOION eLI193s17 sNaJ3d sn||pbg

(ponunuod) ‘¢ a|qe



Bartsch et al 9

A. Fast-Food Restaurants

Varying cost of lawsuits and legal fees

Varying outbreak size ==

Varying amount of fines =

Varying meals lost per illness O

Varying proportion cases employees o

Varying cost of annual insurance premium —

Varying percent increase in insurance premiums —
(I) 0. II 4 0.I34 0.:’:4 0.I74 0.94 | .II 4 | .534 | 4154 | .I74 | .:?4

Total Cost of a Foodborne lliness Outbreak ($, millions)

B. Fast-Casual Restaurants

Varying cost of lawsuits and legal fees

Varying outbreak size

Varying amount of fines

I |

Varying meals lost per illness [
[
o

Varying proportion cases employees

Varying cost of annual insurance premium —

Varying percent increase in insurance premiums —
L 1

0 0.18 038 058 078 098 1.8 138 158 178 198
Total Cost of a Foodborne lliness Outbreak ($, millions)

C. Casual-Dining Restaurants

Varying cost of lawsuits and legal fees

Varying outbreak size [
Varying meals lost per illness I —

Varying amount of fines [

Varying proportion cases employees o
Varying cost of annual insurance premium —

Varying percent increase in insurance premiums —

0.01 0.21 0.41 0.6l 0.8l 1.01 1.21 1.41 1.61 1.81 2.01
Total Cost of a Foodborne lliness Outbreak ($, millions)

D. Fine-Dining Restaurants

Varying cost of lawsuits and legal fees

Varying outbreak size I ——

Varying meals lost per illness [ —
Varying amount of fines [ |
Varying proportion cases employees o

Varying cost of annual insurance premium —

Varying percent increase in insurance premiums —

0.12 032 052 072 092 1.12 1.32 1.52 1.72 192 212
Total Cost of a Foodborne lliness Outbreak ($, millions)

Figure. Impact of key parameters on the cost of restaurant-associated foodborne illness outbreaks from the restaurant perspective for (a)
fast-food, (b) fast-casual, (c) casual-dining, and (d) fine-dining restaurants. The x-axis shows the total cost of an outbreak; the vertical line
indicates the cost for which all variables on the y-axis are held at their midpoint values. The width of the bar shows the range of impact each
parameter had when varied from its minimum value to its maximum value. Outbreak size (number of ill people) varied from 5 to 250;
proportion of cases that are restaurant employees varied from 0% to 90%; meals lost per illness varied from | to 100; lawsuits and legal fees
varied from $0 to $1 656 569; fines varied from $0 to $100000; annual insurance premium varied from $545 to $6280; and increase in
insurance premium varied from 5% to 75%. Fast-food restaurant: quick service, specific menu, and offers minimal to no table service. Fast-
casual restaurant: specific menu between fast food and casual dining and offers minimal table service. Casual-dining restaurant: broad menu
and offers table service. Fine-dining restaurant: dedicated meal courses and offers full table service.
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cost of a foodborne illness outbreak, regardless of restaurant
type. For example, the median cost of an outbreak at a fast-
casual restaurant was $979793 (95% Crl, $969073-
$994 842); attributing the highest lawsuits and legal fees (ie,
$1656569) resulted in the outbreak costing a total of $1.81
million (95% Cr1, $1.80 million-$1.82 million). Additionally,
lawsuits and legal fees had an additive effect on the total
outbreak cost. For example, to a fast-food restaurant, a S-per-
son foodborne illness outbreak with no lawsuits and legal fees
cost an estimated $3868; with $500 in lawsuits and legal fees,
it cost $4480; and with $100 000 in lawsuits and legal fees, it
cost $103 987 (all other variables being equal).

Cost of an Outbreak in a Fast-Food Restaurant

The total cost of a foodborne illness outbreak to a fast-food
restaurant varied by pathogen; however, the total cost of an
outbreak did not vary by more than 16% (ie, <$326494)
across all pathogens, outbreak sizes, and probabilities of
hospitalization and mortality. The maximum difference was
between a single outbreak of Bacillus cereus ($2.2 million)
and a single outbreak of listeria ($2.5 million) under the
high-impact scenario (Table 3). Fines had the third-largest
impact of all key parameters explored via sensitivity analysis
on total outbreak costs (Figure 1a); however, this parameter
only increased or decreased the total cost by approximately
$50000. The marginal increase in cost for an additional per-
son affected varied by the number of meals lost per illness,
ranging from $68 (10 meals lost per illness) to $330 (50
meals lost per illness). For every 10 additional meals lost per
illness, the total cost increased by a marginal $262 to $285
for a 5-person outbreak and $13 348 to $13 839 for a 250-
person outbreak.

Cost of an Outbreak in a Fast-Casual Restaurant

Although the total cost of a foodborne illness outbreak to a
single fast-casual restaurant varied by pathogen, the total
cost did not vary by more than 15% (<$336 852) across all
pathogens, outbreak sizes, and probabilities of hospitaliza-
tion and mortality (Table 3). Following lawsuits and legal
fees and outbreak size, the number of meals lost per illness
had the next largest impact on total outbreak costs (Figure
1b), increasing or decreasing total costs by $70000. Total
outbreak costs increased by a marginal $83 to $642 per addi-
tional illness (assuming 10-50 meals lost per illness) and
varied by meals lost per illness. For every 10 additional
meals lost per illness, total costs increased by a marginal
$539 (5-person outbreak) to $27 914 (250-person outbreak).

Cost of an Outbreak in a Casual-Dining Restaurant

Although the total cost of a single outbreak varied by patho-
gen, it did not vary by more than 14% (ie, <$336 886) across
all pathogens, outbreak sizes, and probabilities of hospitali-
zation and mortality (Table 3). Increasing outbreak size by 1

illness (holding all else constant) increased the total costs by
a marginal $132 to $845, varying with the number of meals
lost per illness (10-50 meals). For every 10 additional meals
lost per illness, total costs increased by a marginal $750 to
$814 for a 5-person outbreak and a marginal $38595 to
$38794 for a 250-person outbreak. Fines, the proportion of
affected people who were employees, annual insurance pre-
miums, and increases in insurance had relatively little impact
on total costs (increasing or decreasing cost by $50000)
(Figure 1c).

Cost of an Outbreak in a Fine-Dining Restaurant

Across all pathogens, outbreak sizes, and probabilities of
hospitalization and mortality, the total cost of a foodborne
illness outbreak to a fine-dining restaurant did not vary by
more than 12% (ie, <$336888), which was the maximum
difference between a single outbreak of Bacillus cereus and a
single outbreak of listeria under the same conditions (Table 3).
For each additional ill person, total costs to a fine-dining
restaurant increased by a marginal $303 to $419 (with 10
meals lost per illness) and $1605 to $1681 (with 50 meals lost
per illness), all else being equal. In addition, total costs
increased by a marginal $1583 to $1647 for every 10 addi-
tional meals lost per illness for a 5-person outbreak and a
marginal $80212 to $80430 for every 10 additional meals
lost per illness for a 250-person outbreak.

Discussion

Our study aimed to fill a gap in the literature on the cost of
foodborne illness outbreaks. Restaurants can use our results
to help determine the potential economic burden of a single
foodborne illness outbreak under various circumstances and
what factors have the largest impact on these costs (ie, law-
suits and legal fees and outbreak size). By demonstrating
how much a single outbreak might cost under varying cir-
cumstances, our study can help decision makers (eg, restau-
rant owners) determine how much they should consider
investing in improving their infection-control measures. It
may also motivate further research to identify effective stra-
tegies for preventing foodborne illness outbreaks in restau-
rant settings, because the potential cost savings of preventing
an illness are not inconsequential. However, the potential
economic value (eg, cost benefit and cost effectiveness) of
such infection-control measures would depend on and
increase with the likelihood that a restaurant has an outbreak.

To help benchmark this cost, a single foodborne illness
outbreak might cost a fast-food restaurant 0.1 to 57.9 times
the amount that the restaurant spent on marketing (approxi-
mately $33 000) in 1 year.’'*>* This cost shifts to 0.1 to 16.5
times (approximately $132 661 spent on marketing®>-*) for a
casual-dining restaurant. To add perspective, a single out-
break could account for the annual wages of 2 to 127 restau-
rant staff members or could consume a substantial proportion
of a single fast-food restaurant location’s annual profit. For
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example, a single 15-person foodborne illness outbreak
could constitute 0.2% to 68.3% of a single fast-food restau-
rant’s average annual profit ($2.6 million>®), 0.3% to 72.3%
of a fast-casual restaurant location’s average annual revenue
($2.47 million®®), and 0.5% to 101.1% of the $1.8 million
average annual revenue of 1 franchise location among the top
100 independent restaurants in 2015.%7

Foodborne illness outbreaks may be avoided in some
cases by infection prevention and control measures in restau-
rants, many of which may cost less than an outbreak itself.
For example, giving a sick employee time off may cost $78
to $3451 depending on the length of the employee’s illness
(1-42 days) and the person’s wages (assuming 8 hours of
productivity losses per day), with most illnesses lasting less
than 1 week. The examination associated with staff training
can cost $162 plus 1day of productivity losses that it con-
sumes.>*?® A food-handler training program focusing on
basic food safety, cross-contamination, time and tempera-
ture, and cleaning and sanitation costs $15 for an online
course and assessment.’® Surveillance testing of high-risk
foods to identify potential contamination before reaching a
restaurant costs $18 to $266 per test for in-house laboratories
in the meat and poultry production industry.>® The cost and
availability of these options may vary by location and other
circumstances. Although these costs may be lower than the
costs of an outbreak, their economic value would depend on
the risk of an outbreak occurring.

Although analyses at both the national level”™ and state
level®! have not found associations between routine health
inspection scores and incidence of foodborne illness out-
breaks, evidence shows that various contributing factors are
associated with foodborne illness outbreaks at restaurants.
Many factors and conditions in restaurants are known to
contribute to foodborne illness outbreaks, such as unsanitary
conditions, ill employees not given paid sick leave, subopti-
mal safe and proper food-handling practices, or inadequate
cleaning practices.®®> Some associations between these fac-
tors and foodborne illness may be difficult to measure,
because some behaviors (eg, employees working while ill)
may not be well monitored or recorded. Nonetheless, out-
breaks may be prevented through food safety precautions.
For example, restaurants that have not had foodborne illness
outbreaks were more likely than restaurants that have had an
outbreak to have a certified kitchen manager, which was
associated with less barehand contact with food.®®> These
food-safety precautions and prevention and control measures
aimed at reducing contributing factors and violations can be
less costly than an outbreak itself.

The cost of an outbreak to a restaurant could exceed our
estimates. Smaller establishments could lose even more cus-
tomers after an outbreak because they do not have the mar-
keting and damage-control mechanisms to recoup their
image. Repeated outbreaks could have an additive effect
on lost customers and even lead to closures of locations for
periods of time. For example, in 2015, Chipotle Mexican
Grill had several foodborne illness outbreaks (norovirus,
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E coli, and salmonella) beginning in July and continuing
through November that resulted in numerous closures in sev-
eral states, leading to considerable media coverage.” As a
result, sales dropped 14.6% in the fourth quarter of 2015
alone compared with the same quarter the previous year.**
An even more drastic example is the closure and bankruptcy
of Chi-Chi’s restaurants in the United States after an out-
break of hepatitis A in 2003.

Limitations

This study was limited in that all models are simplifications
of real life and, as such, cannot include every possible event
or outcome.®> We did not include some circumstances that
may further increase costs, such as employees suffering
severe illnesses and outcomes, which would result in larger
productivity losses. We did not include any subsequent
costs that restaurants may incur after an outbreak. For
example, restaurants may need to invest in special cam-
paigns (eg, advertisements and sales promotions) to regain
consumer confidence, and staff turnover may result in train-
ing new hires.

Conclusions

Our study shows that a single foodborne illness outbreak can
incur substantial costs, enough to compose a large portion of
a restaurant’s annual profits. Many of these costs outweigh
the costs of various infection prevention and control mea-
sures that are available to restaurants. To our knowledge, our
study is the first to quantify these costs to a restaurant. Res-
taurant decision makers can consider these results when
planning investments in appropriate policies and interven-
tions to prevent foodborne illness outbreaks.

Declaration of Conflicting Interests

The authors declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The authors disclosed receipt of the following financial support for
the research, authorship, and/or publication of this article: This
article was supported by the Agency for Healthcare Research and
Quality via Grant No. RO1HS023317, the Eunice Kennedy Shriver
National Institute of Child Health and Human Development
(NICHD) Office of Behavioral and Social Sciences Research and
the Global Obesity Prevention Center via Grant No.
U54HD070725, and the NICHD via Grant No. UO1HD086861. The
funders had no role in the design and conduct of the study; collec-
tion, management, analysis, and interpretation of the data; and pre-
paration, review, or approval of the article.

References

1. National Restaurant Association. 2016 Restaurant Industry
Pocket Factbook. Washington, DC: National Restaurant Asso-
ciation; 2016.



12

Public Health Reports XX(X)

[\

10.

11.

12.

13.
14.

16.

17.

19

Zagat. The state of American dining in 2015. https://www.
zagat.com/b/the-state-of-american-dining-in-2015. Published
January 20, 2015. Accessed October 24, 2017.

. Angelo KM, Nisler AL, Hall AJ, Brown LG, Gould LH. Epi-

demiology of restaurant-associated foodborne disease out-
breaks, United States, 1998-2013. Epidemiol Infect. 2017;
145(3):523-534.

. Centers for Disease Control and Prevention. Surveillance for Food-

borne Disease Outbreaks, United States, 2014.: Annual Report.
Atlanta, GA: US Department of Health and Human Services; 2016.

. Lee BY. How to avoid restaurant food poisoning: lessons from

recent norovirus outbreaks. Forbes. January 9, 2016. https://
www.forbes.com/sites/brucelee/2016/01/09/how-to-avoid-res
taurant-food-poisoning-lessons-from-recent-norovirus-out
breaks/#523753211{b8. Accessed January 9, 2017.

. Scharff RL. State estimates for the annual cost of foodborne

illness. J Food Prot. 2015;78(6):1064-1071.

. Hoffmann S, Maculloch B, Batz M. Economic Burden of Major

Foodborne lllnesses Acquired in the United States, EIB-140.
Washington, DC: Department of Agriculture, Economic
Research Service; 2015.

. Minor T, Lasher A, Klontz K, Brown B, Nardinelli C, Zorn D.

The per case and total annual costs of foodborne illness in the
United States. Risk Anal. 2015;35(6):1125-1139.

. Scharff RL. Economic burden from health losses due to foodborne

illness in the United States. J Food Prot. 2012;75(1):123-131.
McLinden T, Sargeant JM, Thomas MK, Papadopoulos A,
Fazil A. Component costs of foodborne illness: a scoping
review. BMC Public Health. 2014;14:5009.

Levy BS, Mclntire W. The economic impact of a food-borne
salmonellosis outbreak. JAMA. 1974;230(9):1281-1282.
Mann JM, Lathrop GD, Bannerman JA. Economic impact of a
botulism outbreak. Importance of the legal component in food-
borne disease. JAMA. 1983;249(10):1299-1301.

Oracle. Crystal Ball. Redwood City, CA: Oracle; 2015.
Centers for Disease Control and Prevention. Foodborne out-
break online database (FOOD tool). https://wwwn.cdc.gov/
foodborneoutbreaks. Updated August 25, 2016. Accessed
November 16, 2017.

. US Department of Labor, Bureau of Labor Statistics. Occupational

employment statistics: May 2015 national occupational employ-
ment and wage estimates, United States. https://www.bls.gov/oes/
current/oes_nat.htm. Published 2016. Accessed December 3,2016.
US Department of Labor, Bureau of Labor Statistics. Employee
tenure summary. https://www.bls.gov/news.release/tenure.nr0.
htm. Published 2016. Accessed December 18, 2016.

Insureon. Restaurant insurance costs. https:/foodservices.insur
eon.com/resources/cost/restaurants. Published 2017. Accessed
December 18, 2016.

. Mahdu O, Boys KA, Geyer L, Ollinger M. Penalties for food-

borne illness: jury decisions and awards in foodborne illness
lawsuits. Paper presented at: Agricultural and Applied Econom-
ics Association and Western Agricultural Economics Associa-
tion Joint Annual Meeting; July 26-28, 2015; San Francisco, CA.
. SFGate. Redwood City/Mexican restaurant’s owners fined
$55,000. San Francisco Chronicle. June 2, 2001. http://www.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

33.

34.

35.

sfgate.com/bayarea/article/REDWOOD-CITY-Mexican-restau
rant-s-owners-fined-2913258.php. Accessed December 29, 2017.
Walter K. Restaurant owners fined $15,000 for E. coli out-
break. The Standard. April 11, 2009. http://www.stcatharines
standard.ca/2009/04/11/restaurant-owners-fined-15000-for-e-
coli-outbreak. Accessed December 29, 2017.

Lutz A. How much it costs to eat at every major fast food chain.
Business Insider. September 4, 2015. http://www.businessinsi
der.com/cost-to-cat-at-every-major-fast-food-chain-2015-9.
Accessed November 23, 2016.

U.S. fine dining restaurants increase visits for last three years
versus double-digit declines during recession, reports NPD [press
release]. Port Washington, NY: The NPD Group; April 8, 2014.
County of Los Angeles, Department of Public Health, Environ-
mental Health. FY 2015-2016 public health and financial manage-
ment fee schedule. Report #6002. http://publichealth.lacounty.gov/
eh/docs/licensepermitfees.pdf. Accessed December 18, 2016.
Columbus Public Health. 2016 food protection workshop
schedule. https://www.columbus.gov/uploadedFiles/Colum
bus/Departments/Public_Health/All_Programs/Food_Protec
tion/DMS_Documents/2016FoodSafetyWorkshopSchedule.
pdf. Published 2016. Accessed December 18, 2016.

Hoosier Hospitality Consulting, LLC. Frequently asked ques-
tions about the ServSafe® Food Protection Manager classes and
exam sessions offerred by Hoosier Hospitality Consulting,
LLC. http://www.hoosierhospitalityconsulting.com/servsa
fereg-fags.html. Accessed December 18, 2016.

Indiana Restaurant and Lodging Association. ServSafe training:
food manager training. http://www.inrla.org/?page=ServSafeTrain
ing. Published 2016. Accessed December 18, 2016.

Hall AJ, Rosenthal M, Gregoricus N, et al. Incidence of acute
gastroenteritis and role of norovirus, Georgia, USA, 2004-
2005. Emerg Infect Dis. 2011;17(8):1381-1388.

Scallan E, Majowicz SE, Hall G, et al. Prevalence of diarrhoea
in the community in Australia, Canada, Ireland, and the United
States. Int J Epidemiol. 2005;34(2):454-460.

Scallan E, Jones TF, Cronquist A, et al; FoodNet Working
Group. Factors associated with seeking medical care and sub-
mitting a stool sample in estimating the burden of foodborne
illness. Foodborne Pathog Dis. 2006;3(4):432-438.

Scallan E, Hoekstra RM, Angulo FJ, et al. Foodborne illness
acquired in the United States—major pathogens. Emerg Infect
Dis. 2011;17(1):7-15.

US Department of Health and Human Services. Causes of food
poisoning. https://www.foodsafety.gov/poisoning/causes/
index.html. Published 2016. Accessed November 29, 2016.

. Fitzgerald C. Campylobacter. Clin Lab Med. 2015;35(2):

289-298.

Cama VA, Mathison BA. Infections by intestinal coccidia and
giardia duodenalis. Clin Lab Med. 2015;35(2):423-444.
Centers for Disease Control and Prevention. E. coli (Escherichia
coli): general information. https://www.cdc.gov/ecoli/general/
index.html. Published 2014. Accessed November 29, 2016.
Daly ER, Roy SJ, Blaney DD, et al. Outbreak of giardiasis
associated with a community drinking-water source. Epidemiol
Infect. 2010;138(4):491-500.


https://www.zagat.com/b/the-state-of-american-dining-in-2015
https://www.zagat.com/b/the-state-of-american-dining-in-2015
https://www.forbes.com/sites/brucelee/2016/01/09/how-to-avoid-restaurant-food-poisoning-lessons-from-recent-norovirus-outbreaks/#523753211fb8
https://www.forbes.com/sites/brucelee/2016/01/09/how-to-avoid-restaurant-food-poisoning-lessons-from-recent-norovirus-outbreaks/#523753211fb8
https://www.forbes.com/sites/brucelee/2016/01/09/how-to-avoid-restaurant-food-poisoning-lessons-from-recent-norovirus-outbreaks/#523753211fb8
https://www.forbes.com/sites/brucelee/2016/01/09/how-to-avoid-restaurant-food-poisoning-lessons-from-recent-norovirus-outbreaks/#523753211fb8
https://wwwn.cdc.gov/foodborneoutbreaks
https://wwwn.cdc.gov/foodborneoutbreaks
https://www.bls.gov/oes/current/oes_nat.htm
https://www.bls.gov/oes/current/oes_nat.htm
https://www.bls.gov/news.release/tenure.nr0.htm
https://www.bls.gov/news.release/tenure.nr0.htm
https://foodservices.insureon.com/resources/cost/restaurants
https://foodservices.insureon.com/resources/cost/restaurants
http://www.sfgate.com/bayarea/article/REDWOOD-CITY-Mexican-restaurant-s-owners-fined-2913258.php
http://www.sfgate.com/bayarea/article/REDWOOD-CITY-Mexican-restaurant-s-owners-fined-2913258.php
http://www.sfgate.com/bayarea/article/REDWOOD-CITY-Mexican-restaurant-s-owners-fined-2913258.php
http://www.stcatharinesstandard.ca/2009/04/11/restaurant-owners-fined-15000-for-e-coli-outbreak
http://www.stcatharinesstandard.ca/2009/04/11/restaurant-owners-fined-15000-for-e-coli-outbreak
http://www.stcatharinesstandard.ca/2009/04/11/restaurant-owners-fined-15000-for-e-coli-outbreak
http://www.businessinsider.com/cost-to-eat-at-every-major-fast-food-chain-2015-9
http://www.businessinsider.com/cost-to-eat-at-every-major-fast-food-chain-2015-9
http://publichealth.lacounty.gov/eh/docs/licensepermitfees.pdf
http://publichealth.lacounty.gov/eh/docs/licensepermitfees.pdf
https://www.columbus.gov/uploadedFiles/Columbus/Departments/Public_Health/All_Programs/Food_Protection/DMS_Documents/2016FoodSafetyWorkshopSchedule.pdf
https://www.columbus.gov/uploadedFiles/Columbus/Departments/Public_Health/All_Programs/Food_Protection/DMS_Documents/2016FoodSafetyWorkshopSchedule.pdf
https://www.columbus.gov/uploadedFiles/Columbus/Departments/Public_Health/All_Programs/Food_Protection/DMS_Documents/2016FoodSafetyWorkshopSchedule.pdf
https://www.columbus.gov/uploadedFiles/Columbus/Departments/Public_Health/All_Programs/Food_Protection/DMS_Documents/2016FoodSafetyWorkshopSchedule.pdf
http://www.hoosierhospitalityconsulting.com/servsafereg-faqs.html
http://www.hoosierhospitalityconsulting.com/servsafereg-faqs.html
http://www.inrla.org/?page=ServSafeTraining
http://www.inrla.org/?page=ServSafeTraining
http://www.inrla.org/?page=ServSafeTraining
https://www.foodsafety.gov/poisoning/causes/index.html
https://www.foodsafety.gov/poisoning/causes/index.html
https://www.cdc.gov/ecoli/general/index.html
https://www.cdc.gov/ecoli/general/index.html

Bartsch et al

13

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Gardner TB, Hill DR. Treatment of giardiasis. Clin Microbiol
Rev. 2001;14(1):114-128.

Centers for Disease Control and Prevention. Giardia: general
information. https://www.cdc.gov/parasites/giardia/general-
info.html. Published 2015. Accessed June 30, 2017.

Ooi ST, Lorber B. Gastroenteritis due to listeria monocyto-
genes. Clin Infect Dis. 2005;40(9):1327-1332.

Glass RI, Parashar UD, Estes MK. Norovirus gastroenteritis.
N Engl J Med. 2009;361(18):1776-1785.

Patel MM, Hall AJ, Vinje J, Parashar UD. Noroviruses: a com-
prehensive review. J Clin Virol. 2009;44(1):1-8.

Dekker JP, Frank KM. Salmonella, Shigella, and yersinia. Clin
Lab Med. 2015;35(2):225-246.

Hall RL, Lindsay A, Hammond C, et al. Outbreak of human
trichinellosis in Northern California caused by trichinella mur-
relli. Am J Trop Med Hyg. 2012;87(2):297-302.

McLaughlin JB, DePaola A, Bopp CA, et al. Outbreak
of Vibrio parahaemolyticus gastroenteritis associated
with Alaskan oysters. N Engl J Med. 2005;353(14):1463-1470.
Berge JJ, Drennan DP, Jacobs RJ, et al. The cost of hepatitis A
infections in American adolescents and adults in 1997. Hepa-
tology. 2000;31(2):469-473.

US Department of Health and Human Services. HCUP facts
and figures: statistics on hospital-based care in the United
States. http://hcupnet.ahrq.gov/HCUPnet.jsp. Published
2014. Accessed November 29, 2016.

US Department of Health and Human Services. HCUP facts
and figures: statistics on hospital-based care in the United
States. http://hcupnet.ahrq.gov/HCUPnet.jsp. Published 2013.
Accessed November 29, 2016.

Statista. Number of employees per establishment in the
United States fast food restaurant industry from 2004 to
2018. https://www.statista.com/statistics/196672/employees-
per-establishment-in-us-fast-food-restauants-since-2002.
Accessed December 18, 2016.

National Restaurant Association, Deloitte. Restaurant Industry
Operations Report 2010 Edition. Washington, DC: National
Restaurant Association; 2010.

Lerner M. Commercial liability rate increases slow as more
insurers vie for business. Business Insurance. January 4,
2015. https://www.businessinsurance.com/article/20150104/
NEWS04/301049989. Accessed December 8, 2016.

Loria K. Prepping for the premium: how operators can soften
the blow from climbing insurance rates. QSR. January 2013.
https://www.qsrmagazine.com/exclusives/prepping-premium.
Accessed December 8, 2016.

Chalabi M, Burn-Murdoch J. McDonald’s 34,492 restaurants:
where are they? The Guardian. July 17, 2013. https://www.
theguardian.com/news/datablog/2013/jul/17/mcdonalds-restau
rants-where-are-they. Accessed January 9, 2017.

Bhasin K. This one statistic shows just how much McDonald’s
tries to entrench itself in everybody’s minds. http://www.busi
nessinsider.com/this-one-statistic-shows-how-much-mcdo

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

nalds-tries-to-entrench-itself-in-everybodys-minds-2012-3.
Published March 14, 2012. Accessed January 9, 2017.

Jones A. Analyzing Panera Bread’s advertising and marketing
spend. Yahoo! Finance. http:/finance.yahoo.com/news/analyz
ing-panera-bread-advertising-marketing-174749630.html.
Published December 23, 2014. Accessed January 9, 2017.
Darden Restaurants reports decreases in fourth quarter and fis-
cal year 2013 diluted net earnings per share and increases its
quarterly dividend 10 percent [press release]. Orlando, FL:
Darden; June 21, 2013.

Jones F. Top 10 most profitable restaurant franchises in the
United States. Food, Drink & Franchise. http://www.
fdfworld.com/top10/495/Top-10-Most-Profitable-Restaurant-
Franchises-in-the-United-States. Published February 27, 2015.
Accessed January 9, 2017.

Tice C. 7 fast-food restaurant chains that rake in $2M+ per store.
Forbes. https://www.forbes.com/sites/caroltice/2014/08/14/7-fast-
food-restaurantchains-that-rake-in-2m-per-store/#5{f411a9ff82.
Published August 14, 2014. Accessed January 3, 2017.
Restaurant Business. Top 100 independents: the ranking.
http://www.restaurantbusinessonline.com/special-reports/
top-100-independents. Published 2016. Accessed January 3,
2017.

National Restaurant Association. ServSafe food handler online
course & assessment. https://www.servsafe.com/ss/catalog/pro
ductDetail.aspx?ID=1710. Accessed January 12, 2017.

Viator CL, Muth MK, Brophy JE. Costs of Food Safety Invest-
ments: Revised Final Reports. Research Triangle Park, NC:
RTI International; 2015.

Petran RL, White BW, Hedberg CW. Using a theoretical predic-
tive tool for the analysis of recent health department inspections at
outbreak restaurants and relation of this information to foodborne
illness likelihood. J Food Prot. 2012;75(11):2016-2027.

Jones TF, Pavlin BI, LaFleur BJ, Ingram LA, Schaffner W.
Restaurant inspection scores and foodborne disease. Emerg
Infect Dis. 2004;10(4):688-692.

Gould LH, Rosenblum I, Nicholas D, Phan Q, Jones TF. Con-
tributing factors in restaurant-associated foodborne disease out-
breaks, FoodNet sites, 2006 and 2007. J Food Prot. 2013;
76(11):1824-1828.

Hedberg CW, Smith SJ, Kirkland E, et al. Systematic environ-
mental evaluations to identify food safety differences between
outbreak and nonoutbreak restaurants. J Food Prot. 2006;
69(11):2697-2702.

Chipotle Mexican Grill, Inc. announces fourth quarter and full
year 2015 results; CDC investigation over; Chipotle welcomes
customers back to restaurants [press release]. Denver, CO:
BusinessWire; February 2, 2016. http://www.businesswire.
com/news/home/20160202006613/en/Chipotle-Mexican-Grill-
Announces-Fourth-Quarter-Full. Accessed October 24, 2017.
Lee BY. Digital decision making: computer models and anti-
biotic prescribing in the twenty-first century. Clin Infect Dis.
2008;46(8):1139-1141.


https://www.cdc.gov/parasites/giardia/general-info.html
https://www.cdc.gov/parasites/giardia/general-info.html
http://hcupnet.ahrq.gov/HCUPnet.jsp
http://hcupnet.ahrq.gov/HCUPnet.jsp
https://www.statista.com/statistics/196672/employees-per-establishment-in-us-fast-food-restauants-since-2002
https://www.statista.com/statistics/196672/employees-per-establishment-in-us-fast-food-restauants-since-2002
https://www.businessinsurance.com/article/20150104/NEWS04/301049989
https://www.businessinsurance.com/article/20150104/NEWS04/301049989
https://www.qsrmagazine.com/exclusives/prepping-premium
https://www.theguardian.com/news/datablog/2013/jul/17/mcdonalds-restaurants-where-are-they
https://www.theguardian.com/news/datablog/2013/jul/17/mcdonalds-restaurants-where-are-they
https://www.theguardian.com/news/datablog/2013/jul/17/mcdonalds-restaurants-where-are-they
http://www.businessinsider.com/this-one-statistic-shows-how-much-mcdonalds-tries-to-entrench-itself-in-everybodys-minds-2012-3
http://www.businessinsider.com/this-one-statistic-shows-how-much-mcdonalds-tries-to-entrench-itself-in-everybodys-minds-2012-3
http://www.businessinsider.com/this-one-statistic-shows-how-much-mcdonalds-tries-to-entrench-itself-in-everybodys-minds-2012-3
http://finance.yahoo.com/news/analyzing-panera-bread-advertising-marketing-174749630.html
http://finance.yahoo.com/news/analyzing-panera-bread-advertising-marketing-174749630.html
http://www.fdfworld.com/top10/495/Top-10-Most-Profitable-Restaurant-Franchises-in-the-United-States
http://www.fdfworld.com/top10/495/Top-10-Most-Profitable-Restaurant-Franchises-in-the-United-States
http://www.fdfworld.com/top10/495/Top-10-Most-Profitable-Restaurant-Franchises-in-the-United-States
https://www.forbes.com/sites/caroltice/2014/08/14/7-fast-food-restaurantchains-that-rake-in-2m-per-store/#5ff411a9ff82
https://www.forbes.com/sites/caroltice/2014/08/14/7-fast-food-restaurantchains-that-rake-in-2m-per-store/#5ff411a9ff82
http://www.restaurantbusinessonline.com/special-reports/top-100-independents
http://www.restaurantbusinessonline.com/special-reports/top-100-independents
https://www.servsafe.com/ss/catalog/productDetail.aspx?ID=1710
https://www.servsafe.com/ss/catalog/productDetail.aspx?ID=1710
https://www.servsafe.com/ss/catalog/productDetail.aspx?ID=1710
http://www.businesswire.com/news/home/20160202006613/en/Chipotle-Mexican-Grill-Announces-Fourth-Quarter-Full
http://www.businesswire.com/news/home/20160202006613/en/Chipotle-Mexican-Grill-Announces-Fourth-Quarter-Full
http://www.businesswire.com/news/home/20160202006613/en/Chipotle-Mexican-Grill-Announces-Fourth-Quarter-Full


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


