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Background: Clostridioides difficile infection (CDI) is among the most common health care−associated infec-
tions in the United States and is increasingly affecting the elderly. Although carbapenem-resistant Enterobac-
teriaceae (CRE) infections are still relatively uncommon, there are reported increases in the rate of infection
for certain strains, such as Klebsiella pneumoniae. This study examines the burden of mortality and morbidity
for CDI and CRE infections in the United States and estimates the societal willingness to pay to avoid them.
Methods:We use an analytic model to estimate the number of incident cases and associated health outcomes
for CDI and CRE infections.
Results: The number of CDI and CRE infection incident cases in the United States in 2016, is estimated at
468,567 and 9,620, respectively. These infections result in a total of 17,630 estimated deaths and 8,624 lost
quality-adjusted life years among patients who survive per year.
Conclusions: Given the significant mortality and morbidity from these infections, the estimated societal will-
ingness to pay to avoid them is high at $176.7 billion per year, of which 93.9% ($166.0 billion) is for CDI. Our
estimates far exceed the medical care costs for CDIs and CRE infections reported in the literature despite not
capturing the additional costs borne by third-party payers. As incident cases increase or resistant strains
develop, the societal willingness to pay is also expected to increase.
© 2018 Association for Professionals in Infection Control and Epidemiology, Inc. Published by Elsevier Inc. All

rights reserved.
Avoided morbidity value
Avoided mortality value
Quality-adjusted life years
Value of a statistical life
Value of a statistical life year
tern Research Group, Inc, 110

.
S) Department of Health and
ning and Evaluation (contract
).
nt the views of the US Depart-
sistant Secretary for Planning

ion Control and Epidemiology, Inc. Published by Elsevier Inc. All rights reserved.
Growing antibiotic resistance is a significant public health con-
cern. According to a 2013 report from the Centers for Disease Control
and Prevention (CDC),1 more than 2 million people get antibiotic-
resistant infections each year in the United States, resulting in at least
23,000 deaths. The same report also prioritizes bacteria by level of
concern into 1 of 3 categories: urgent, serious, and concerning.1

Among those microorganisms with a threat level of urgent are Clostri-
dioides (Clostridium) difficile and carbapenem-resistant Enterobacter-
iaceae (CRE).
C difficile is a gram-positive, spore-forming bacterium typically
spread through the fecal−oral route.2 Researchers are increasingly con-
cerned with “the emergence of epidemic strains with novel virulence
factors and antibiotic resistance, such as BI/NAP1/027”.3 According to a
prevalence survey of 183 acute care US hospitals, C difficile (12.1%) is
the most common single organism causing health care−associated
infections, followed by Staphylococcus aureus (10.7%).4 C difficile infec-
tions (CDIs) disproportionately affect people of advanced age owing to
their increased health care utilization (especially antimicrobial expo-
sure) and higher comorbidity. Incidence among individuals 65 years of
age and older is 5 times that of younger people.5,6

Enterobacteriaceae, gram-negative bacteria, commonly cause
community- and hospital-associated infections.7 CRE refers to a sub-
set of Enterobacteriaceae that are either not susceptible to imipenem,
meropenem, doripenem, or ertapenem or possess a carbapenemase.8

In the United States, the majority of CRE isolates belong to a single
species of Enterobacteriaceae, Klebsiella pneumoniae.7 According to
the CDC’s National Healthcare Safety Network, which tracks health
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care−associated infections in the United States, carbapenem resis-
tance was detected in 0.9% cases of Escherichia coli and in 10.8% cases
of K pneumoniae infections among patients with central line−associ-
ated bloodstream infections in 2006-2007.9 During 2009-2010, these
rates rose to 1.9% and 12.8%, respectively.10 A similar trend was also
observed for catheter-associated urinary tract infections (UTIs) with
K pneumoniae (10.1% in 2006-2007 to 12.5% in 2009-2010) and venti-
lator-associated pneumonia (3.6% in 2006-2007 to 11.2% in 2009-
2010).9,10 Like CDIs, CRE infections are more prevalent among the
elderly with comorbid conditions. Based on data from the CDC’s
Emerging Infections Program, during 2012-2013, 52.8% of the CRE
infection cases reported to the program involved people aged 65 years
or older, with >90% having a serious underlying comorbidity.11

Numerous studies examine the economic impact of CDIs and CRE
infections on the health care system. CDI-attributable acute care hos-
pital costs reported in the literature range from $3,427-$16,307 per
episode in 2012.12 This translates into $1.2- $5.9 billion per year in
acute care hospital costs in the United States, based on the total num-
ber of discharges in the 2012 Healthcare Cost and Utilization Project
data.12 According to a recent study by Bartsch et al,13 the median cost
of a CRE infection ranges from $22,484-$66,031 for hospitals,
$10,440-$31,621 for third-party payers, and $37,778-$83,512 for
society. The hospital costs capture the opportunity cost of lost bed
days because of additional length of stay attributable to CRE infec-
tions. The costs for third-party payers include direct costs such as
hospitalization, drug treatments, and associated tests. The costs for
society include direct and indirect costs, where indirect costs repre-
sent productivity losses owing to absenteeism and mortality is calcu-
lated as the net present value of missed lifetime earnings based on an
estimate of yearly annual wage and years of life lost (assuming that
patients with CRE infection are aged 60 years or older and a discount
rate of 3%). Based on an infection incidence of 2.93 per 100,000 popu-
lation (9,418 infections), the total cost of CRE infections ranges from
$217-$334 million for hospitals, $129-$172 million for third-party
payers, and $303 million to $1.6 billion for society as a whole.

These cost estimates, however, represent only a portion of the
true economic impact of CDIs and CRE infections, as they fail to con-
sider the willingness to pay for avoiding these illnesses. The CDC,
for example, recently found that the social value of requiring antibi-
otic stewardship programs in hospitals ranged from $31-$438 bil-
lion when including the value of mortality risk reductions in health
care−associated CDIs.14 Here, we estimate the economic burden of
mortality and morbidity associated with CDIs and CRE infections in
Table 1
Mortality rates by type of infection

Infection Clinical state Type Duration

Clostridioides difficile Severe Surgically managed First y
1-y postsurg
2-y postsurg
5-y postsurg
7-y postsurg
11-y postsur

Nonsurgically managed
Mild to moderate
Recurrent

CRE Primary−unidentified site
UTI No secondary bacteremia

With secondary bacteremia
Pulmonary No secondary bacteremia

With secondary bacteremia
Intra-abdominal No secondary bacteremia

With secondary bacteremia
Other No secondary bacteremia

With secondary bacteremia

CRE, carbapenem-resistant Enterobacteriaceae; UTI, urinary tract infection.
the United States using the value of a statistical life (VSL). We then
use quality-adjusted life years (QALYs) to estimate the willingness
to pay to avoid these infections, an approach commonly employed
in the evaluation of policies that impact human health.

METHODS

We used an analytic model to evaluate the value of mortality and
morbidity from CDIs and CRE infections in the United States. Our
model parameters are primarily based on published studies and sup-
plemented with expert opinion. Further, we relied on economic anal-
ysis guidelines published by the US Department of Health and
Human Services15 in monetizing our estimates of mortality and mor-
bidity. The sections below discuss our key model parameters in fur-
ther detail.

Expected number of incident cases in 2016

According to statistics from the CDC’s Emerging Infections Pro-
gram, there were 453,000 incident cases of CDI and 9,300 incident
cases of CRE infection in the United States in 2011.1,6 Assuming a con-
stant incidence rate over time and adjusting these figures for 3.4%
population growth from 2011-2016,16 the numbers of expected CDI
and CRE infection incident cases in 2016 are 468,567 and 9,620,
respectively.

Mortality

Most cases of CDIs are mild to moderate, resulting in diarrhea and
abdominal cramping that resolves in 7-11 days. Patients with CDI
typically respond well to standard antibiotic treatments (metronida-
zole, vancomycin, or a combination of the 2), although 16% of patients
go on to develop severe (fulminant) CDI colitis, which is the average
range (5%-26%) for progressing to fulminant disease, reported in pub-
lished studies.17 In the most severe, complicated cases, patients may
experience ileus, hypotension, shock or sepsis, toxic megacolon, and
abdominal perforation. In such cases, patients often require intensive
care transfer or hospital admission.2,3,12 Of the severe cases of CDI,
the majority of patients (80%) do not require surgery, but approxi-
mately 20%18 of patients require colectomies.

Mortality rates for CDI vary with severity of infection and chosen
intervention (Table 1). The CDI-attributable mortality rate is approxi-
mately 5.2% for patients who do not require surgery, which is estimated
Probability of death (%) Source

30.7 Halabi et al19

ery 64.5 Dallas et al18

ery 71.1 Dallas et al18

ery 66.9 Dallas et al18

ery 59.7 Dallas et al18

gery 51.0 Cho et al20

5.2 Tabak et al,21 Dubberke et al22

0.0 Assumption
0.0 Assumption
22.7 Neuner et al,23 Hauck et al24

0.0 Hauck et al24

16.7 Neuner et al,23 Capone et al25, Hauck et al24

25.3 Hauck et al24

40.6 Neuner et al,23 Hauck et al24

28.5 Falagas et al,26 Hauck et al24

23.9 Neuner et al,23 Hauck et al24

28.5 Falagas et al,26 Hauck et al24

40.6 Neuner et al,23 Hauck et al24
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as the average of nonsurgical CDI-attributable mortality rates, as
reported in Tabak et al21 (4.5% of 282 patients with CDI) and Dubberke
et al22 (5.7% of 390 patients with CDI), weighted by the number of
patients with CDI included in each study. For patients who require colec-
tomies, the CDI-attributable mortality rate is 30.7%.19 Further, having a
colectomy affects the likelihood of survival postsurgery even if the sur-
gery is successful.

Another consideration for CDI is the relatively high probability of
recurrence. Approximately 1 in 5 patients (20%) have at least 1 recur-
rence of CDI within 1 year of their initial infection.27 However, recur-
rent CDI is typically not associated with a worsening clinical outcome.28

Based on these probabilities derived from the literature, we esti-
mate that the total number of CDI-attributable deaths in 2016 is
16,532 (Table 2), more than twice that of the 7,739 CDI-attributable
deaths in 2012 reported in the National Vital Statistics System, which
is based on death certificates coded with ICD-10 code A04.7
(enterocolitis).29

A study by Vardakas et al30 is the only 1 we identified that provides
bacteremia rates by primary infection site among intensive care unit
patients with carbapenem-resistant K pneumoniae (CRKp) infections in
a general hospital in Thessaloniki, Greece. We used the rates provided
in Vardakas et al30 as a starting point for generating estimates of CRE
infection cases by primary infection site for the United States. We
acknowledge that the infection site-specific estimates of Vardakas et
al30 are not likely to be directly applicable to CRE infections in the
United States given potential differences in hospital infection control
practices, patient characteristics, and geographic variation in carbape-
nemase genes. Thus, based on CDC expert consultation,31 we estimate
that approximately 9% of patients with CRE infections develop cathe-
ter-related primary bacteremia (ie, bacteremia without an identified
site of infection in the United States, as opposed to the 45.2% rate
reported in Vardakas et al).30 Of the remaining 91% of patients, we fur-
ther estimate that 81% of patients develop a primary site infection
without secondary bacteremia (UTI [55%], pneumonia [18%], intra-
abdominal infection [5%], or infection at another site [3%] personal
communication, 2016), and 10%30 of patients develop 1 with secondary
bacteremia.

Because multiple comorbidities and the severity of underlying dis-
eases in patients with CRE infections, distinguishing between CRE
Table 2
Estimated number of deaths in the United States in 2016 by type of infection

Infection Clinical state Type

Clostridioides difficile Severe Surgically

Nonsurgic
Mild to moderate
Recurrent
Total

CRE Primary−unidentified site
UTI No second

With seco
Pulmonary No second

With seco
Intra-abdominal No second

With seco
Other No second

With seco
Total

CRE, carbapenem-resistant Enterobacteriaceae; UTI, urinary tract infection.
*Numbers may not add up due to rounding.
yDeaths in future years are discounted at 3%. For example, if the number of patients expected
attributable deaths is 1,589, which is equal to 1,843£ (1 � [1 + 0.03]5).
infection-attributable mortality and CRE infection-associated (ie,
crude or all-cause) mortality is difficult.24 Using information reported
in the Hauck et al24 study, as described in the following, we adjusted
the crude CRE infection mortality rates by infection site, as reported
in Neuner et al,23 Falagas et al,26 and Capone et al.25 The Hauck et al24

study constructs a control group of 223 patients with CRKp urinary
tract colonization without CRKp infection. The study reports a mortal-
ity rate of 9.4% (21 of 223 patients) for the control group. Hauck et al24

selected patients with CRKp urinary tract colonization for their con-
trol group because comorbidity and risk factors for these patients are
very similar to those with CRE infections. Because these deaths are
attributable to causes other than CRE infection, we subtracted 9.4%
from the reported crude CRE infection mortality rates by infection
site in the literature to estimate CRE infection-attributable mortality
rates by infection site (Table 1).

Based on the CRE infection mortality rates reported in Table 1, we
estimated the total number of CRE infection-attributable deaths in
2016 to be 1,097, approximately 80% higher than CDC’s estimate of
600 deaths1 in 2013 (Table 2).

Morbidity

QALYs measure the duration and severity of illness and are widely
considered to provide a measure of a patient’s lost “utility” owing to ill-
ness. The QALY loss associated with an illness is the health-related
quality of life (HRQoL) loss times the duration of the illness. The HRQoL
is bounded by 0 and 1, where a value of 1 is equivalent to perfect
health and a value of 0 is equivalent to death. We estimate QALYs lost
as a result of illness i for a given patient in perfect health as follows:

QALYs Lost ¼ 1� HRQoLið Þ � IDi � 365ð Þ ðEquation 1Þ
where HRQoLi is the HRQoL weight associated for illness i, as available
from the Tufts University Cost-Effectiveness Analysis Registry, and IDi

is duration of illness i in days. Since an HRQoL of 1 represents 1 full
year in perfect health, Equation 1 adjusts the effect of the illness on the
individual’s well-being by accounting for the duration of that illness.

Risk of hospitalization because of severe CDI increases with age. In
2009, the average age of patients hospitalized because of CDI was
67.9 years.31 Thus, we estimated the baseline QALY weight for
Duration No. of deaths*

managed First y 4,603
1-y postsurgeryy 1,917
2-y postsurgeryy 1,514
5-y postsurgeryy 1,589
7-y postsurgeryy 1,822
11-y postsurgeryy 1,970

ally managed 3,117
0
0
16,532
197

ary bacteremia 0
ndary bacteremia 80
ary bacteremia 438
ndary bacteremia 78
ary bacteremia 137
ndary bacteremia 46
ary bacteremia 82
ndary bacteremia 39

1,097

to survive 5 y postsurgery is 1,843, then the number of discounted C difficile infection
-



524 A. Sertkaya et al. / American Journal of Infection Control 47 (2019) 521−526
patients with CDI at 0.826 (instead of 1), which is the average of mean
EQ-5D scores (where the EQ-5D is a descriptive system that measures
5 dimensions of health status [mobility, self-care, usual activities,
pain and discomfort, and anxiety and depression] with 3 levels per
dimension [no problem, some problem, and extreme problems35]) for
men and women aged 60-69 years32 (Table 3).

A colectomy reduces the HRQoL of a patient by 0.507 from a base-
line level of 0.826-0.31933 for an average of 27 days,19 during which
the patient is hospitalized. Further, due to changes in urinary and sex-
ual habits postdischarge, a patient experiences a permanent 0.096
reduction in his or her HRQoL to 0.730. However, not all hospitalized
patients require surgery. For those patients whose CDI can be man-
aged via medication, the loss in HRQoL is 0.25617 for an average of
10 days22 spent in the hospital or at home.

Mild to moderate as well as recurrent cases of CDI often do not
need hospitalization and are treated with oral antibiotics (eg, metro-
nidazole, vancomycin, or a combination of both). There are no HRQoL
weights specifically for CDI. Following precedent in the literature, we
used surrogate HRQoL weights for noninfectious diarrhea and esti-
mate the average reduction in HRQoL for such cases at 0.120.17,34 A
patient with a mild to moderate case of CDI often has complete reso-
lution of symptoms within 7-11 days (average 8.5 days).12 Further, a
recurrent CDI episode typically lasts for 13 days.28 We estimate that a
patient experiences an average of 2 recurrent episodes (26 days total)
within 1 year of the initial episode in the analytical model.

CRE infections typically occur in elderly patients with significant
comorbidities. The most common comorbidities associated with
these patients include diabetes, renal failure, heart disease, chronic
obstructive pulmonary disease, and various malignancies.24 Thus, we
estimate the baseline HRQoL for patients with CRE infections at
0.748, which is the average of the median EQ-5D scores reported in
Sullivan et al35 associated with the CRE infection comorbidities iden-
tified in Hauck et al.24

Depending on the site of infection and whether the infection results
in secondary bacteremia (ie, the infection progresses into the blood-
stream), the HRQoL losses for patients with CRE infections range from
0.218 (CRE infection with secondary bacteremia), 0.168 (pulmonary
CRE infection), 0.106 (primary bacteremia, intra-abdominal CRE infec-
tion, and other type of CRE infection), to 0.018 (UTI CRE)36 (Table 3).
Table 3
HRQoL weights, illness duration, and lost QALYs for patients who survive by type of infection

Infection Health outcome No
(20

Clostridioides difficile Severe Surgically managed First y 10,
1-y postsurgery 1,9
2-y postsurgery 1,6
5-y postsurgery 1,8
7-y postsurgery 2,2
11-y postsurgery 2,7

Nonsurgically managed 56,
Mild 393
Recurrent 90,

CRE Primary−unidentified site 669
UTI No secondary bacteremia 5,2

With secondary bacteremia 401
Pulmonary No secondary bacteremia 1,2

With secondary bacteremia 114
Intra-abdominal No secondary bacteremia 344

With secondary bacteremia 146
Otherz No secondary bacteremia 206

With secondary bacteremia 57

CRE, carbapenem-resistant Enterobacteriaceae; HRQoL, health-related quality of life; QALYs,
*Computed using Eq 1. Figures may not add up due to rounding.
yCalculated as the present value of the QALYs lost over the remaining life years, where the di
for the given patient is computed as (0.826 − 0.730) � (1 + 0.03)1 = 0.0927.
zThe QALY weights and illness durations for the category are assumed to be equivalent to tha
The median length of stay for patients with CRKp urinary tract col-
onization without CRKp infection (ie, the control group of Hauck
et al24) is 9 days. To estimate CRE infection-attributable illness dura-
tion, we subtract 9 days from the site-specific durations reported in
Hauck et al24 for those cases not involving secondary bacteremia.

The median length of hospital stay for patients with CRKp who
develop a secondary bacteremia is 37 days.37 We estimate the average
illness duration for these patients at 28 days, which is the difference
between the median length of stay in Ben-David et al37 (37 days) and
the median length of stay for the control group of Hauck et al24 (9 days).

VSL

VSL is an analytical construct used to value mortality risk reduc-
tions in policy analysis. It reflects the marginal rate of substitution
between income and mortality risk and is estimated by dividing the
value of a small risk reduction by the size of the risk change.15,38 For
example, if one is willing to pay $500 for a 1 in 10,000 reduction in
risk of death in a given year, then the VSL is $5 million (= $500 �
1/10,000) for that year.

For analyses conducted in 2014 dollars, the US Department of
Health and Human Services guidance15 recommends the use of a cen-
tral VSL estimate of $9.30 million. Adjusting this value to account for
inflation (0.08% from 2014-2016), the 2014 VSL in 2016 dollars,
VSL2014, is $9.31 million.39 Because VSL increases as real income
increases, it is also necessary to account for changes in real income
growth, DRI, from 2014-2016. Thus, assuming a constant income elas-
ticity, we calculate the 2016 VSL in 2016 dollars, VSL2016, at
$9.78million as follows:

VSL2016 ¼ VSL2014 � 1þ DRI2015ð Þ � 1þ DRI2016ð Þ ðEquation 2Þ
where DRI2015 and DRI2016 are 3.42% and 1.60%, respectively, based on
data from the Bureau of Economic Analysis40 and the Congressional
Budget Office.41

VSLY

VSLY is the VSL divided by the discounted expected number of
years remaining. It represents the rate at which an individual
. of survivors
16)

Baseline HRQoL
weight

HRQoL
weight

Illness duration
(days)

QALYs lost*

Per patient Total

391 0.826 0.319 27.0 0.1273 1,308
75 — 0.730 365.0 0.0927y 183
07 — — 730.0 0.1827y 294
43 — — 1,825.0 0.4374y 806
40 — — 2,555.0 0.5950y 1,333
27 — — 4,015.0 0.8836y 2,409
860 — 0.570 10.0 0.0070 400
,596 1.000 0.880 8.5 0.0028 1,100
091 — — 26.0 0.0085 770

0.748 0.642 5.0 0.0015 0.9714
91 — 0.730 1.0 0.0000 0.2609

— 0.530 28.0 0.0167 6.7027
94 — 0.580 10.0 0.0046 5.9553

— 0.530 28.0 0.0167 1.9117
— 0.642 4.0 0.0012 0.3993
— 0.530 28.0 0.0167 2.4479
— 0.642 4.0 0.0012 0.2396
— 0.530 28.0 0.0167 0.9558

quality-adjusted life years; UTI, urinary tract infection.

scount rate is 3%. For example, if the patient survives for 1 y postsurgery, the QALYs lost

t for intra-abdominal CRE infections.



Table 4
Societal willingness to pay to avoid mortality and morbidity in the United States from CDI and CRE infection in 2016

Parameter Value*

CDI CRE infection Total

Total no. (per y, in 2016) Initial 468,567 9,620 478,187
Recurrent 90,091 NA 90,091

No. of deaths Initial First y 7,720 1,097 8,817
1-y postsurgeryy 1,917 NA 1,917
2-y postsurgeryy 1,514 — 1,514
5-y postsurgeryy 1,589 — 1,589
7-y postsurgeryy 1,822 — 1,822
11-y postsurgeryy 1,970 — 1,970

Recurrent 0 — 0
VSL per patient (in 2016, $million) — $9,779,000 —
Burden of mortality (in 2016, $billion) $161.7 $10.7 $172.4

No. of patients who survive Initial First y 460,847 8,522 469,369
1-y postsurgery 1,975 NA 1,975
2-y postsurgery 1,607 — 1,607
5-y postsurgery 1,843 — 1,843
7-y postsurgery 2,240 — 2,240
11-y postsurgery 2,727 — 2,727

Recurrent 90,091 — 90,091
Lost QALYs 8,604 20 8,624
VSLY (in 2016) — $497,800 —
Burden of morbidity (in 2016, $billion) $4.3 $0.01 $4.31

Total burden (in 2016, $billion) $166.0 $10.7 $176.7

CDI, Clostridioides difficile infection; CRE, carbapenem-resistant Enterobacteriaceae; NA, not applicable, QALYs, quality-adjusted life years; VSL, value of a statistical life; VSLY, value of
a statistical life year.
*Figures may not add up due to rounding.
yDeaths in future years are discounted at 3%.
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substitutes money for gains in life expectancy.15 Essentially, this
method amortizes the VSL over the expected years of life, much in
the same way that a 30-year home mortgage is divided into 30 years
of equal monthly payments. For example, if the VSL is $5 million for
an expected 30 years of life remaining, this is financially equivalent
to an annuity of around $255,000 per year over 30 years, where
$255,000 is the value of a statistical life year (VSLY). We compute the
VSLY by dividing the VSL2016 by the discounted expected number of
life years remaining as follows:

VSLY2016 ¼ VSL2016 � Spj;t � 1þ dð Þj�t ðEquation 3Þ
where pj,t is the probability that an individual at age j survives to age
t, and d is the social discount rate (set equal to 3% in our model).
Assuming that the average individual is 40 years old, we used the
EQ-5D results reported in Hanmer et al32 to estimate the HRQoL in
each subsequent year along with the conditional likelihood of sur-
vival for each year of age based on the population-averages reported
by the CDC. This results in a VSLY2016 estimate of $498,000.
RESULTS

The estimated societal value of avoiding mortality and morbidity
from CDI and CRE infection in the United States is significant at
$176.7 billion in 2016 (Table 4). A large portion of this (93.9%) is
attributable to CDIs, which affect almost 50 times more people than
CRE infections. However, the mortality rate for CRE infections overall
(11.4%) is more than 3 times that for CDIs (3.5%). Although CRE infec-
tions are still relatively uncommon in the United States, there is some
evidence that the rate of carbapenem resistance among Enterobacter-
iaceae is increasing. For example, from 2004-2008, there has been an
increase from 0.6%-5.4% in resistant K pneumoniae strains.42 This, cou-
pled with a high mortality rate, is alarming.

Of the $176.7 billion, the estimated societal willingness to pay is
primarily attributable to avoiding mortality owing to CDIs and CRE
infections, which account for $172.4 billion (97.6%). Given the high
number of deaths associated with CDIs (7,720 deaths in the first year
and 8,812 discounted deaths in future years) compared to CRE infec-
tions (1,097 deaths), the estimated social value of avoiding CDI mortal-
ity ($161.7 billion) is more than 15 times higher than that for deaths
owing to CRE infections ($10.7 billion) (Table 2 and Table 4). Should
CRE infection incidence significantly increase in the future, the esti-
mated societal willingness to pay to avoid CRE infections could poten-
tially exceed that for CDIs owing to the higher mortality rate
associated with CRE infections (11.4% for CRE infection vs 3.5% for CDI).

DISCUSSION

The societal willingness to pay to avoid morbidity from CDIs and
CRE infections in the United States is estimated at $4.31 billion in
2016, with most ($4.30 billion) from CDIs. Total lost QALYs among
patients who survive are 8,604 and 20 for CDI and CRE infection,
respectively, with the average QALY loss per case of 0.0190 for CDI
and 0.0023 for CRE infection. The high morbidity cost for CDIs
($4.30 billion) in comparison to that for CRE infections ($9.9 million)
is related to (1) a significantly higher number of CDI cases than CRE
infection and (2) an average QALY loss per case for CDI that is more
than 8 times that for CRE infection.

The costs attributable to mortality and morbidity presented in this
study far exceed the medical care costs reported by Kwon et al12 for
CDI and Bartsch et al13 for CRE infection by orders of magnitude,
although they do not include those costs that would be incurred by
third-party payers (eg, private health insurance and Medicare). Given
the significant estimated willingness to pay to avoid these illnesses,
coupled with growing antibiotic resistance, policies designed to miti-
gate disease transmission in health care settings, improve rapid diag-
nosis, and encourage antibiotic stewardship are expected to have
high societal benefit-cost ratios.

CONCLUSIONS

The burden of CDIs and CRE infections in the United States is signifi-
cant, with an estimated 468,567 and 9,620 incident cases occurring in
2016 for CDIs and CRE infections, respectively. We estimate that the
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societal willingness to pay to avoid mortality and morbidity associated
with CDIs and CRE infections is $176.7 billion ($166 billion for CDI and
$10.7 billion for CRE infection), not including the costs to third-party
payers, which are not quantified in this study. Given the high estimated
societal willingness to pay to avoid these infections, policies designed
to stimulate rapid diagnosis and thereby reduce transmission rates are
desirable.
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