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o r i g i n a l a r t i c l e

Hand Hygiene Noncompliance and the Cost of Hospital-Acquired
Methicillin-Resistant Staphylococcus aureus Infection

Keith L. Cummings, MD, MBA; Deverick J. Anderson, MD, MPH; Keith S. Kaye, MD, MPH

background. Hand hygiene noncompliance is a major cause of nosocomial infection. Nosocomial infection cost data exist, but the
effect of hand hygiene noncompliance is unknown.

objective. To estimate methicillin-resistant Staphylococcus aureus (MRSA)-related cost of an incident of hand hygiene noncompliance
by a healthcare worker during patient care.

design. Two models were created to simulate sequential patient contacts by a hand hygiene–noncompliant healthcare worker. Model 1
involved encounters with patients of unknown MRSA status. Model 2 involved an encounter with an MRSA-colonized patient followed
by an encounter with a patient of unknown MRSA status. The probability of new MRSA infection for the second patient was calculated
using published data. A simulation of 1 million noncompliant events was performed. Total costs of resulting infections were aggregated
and amortized over all events.

setting. Duke University Medical Center, a 750-bed tertiary medical center in Durham, North Carolina.

results. Model 1 was associated with 42 MRSA infections (infection rate, 0.0042%). Mean infection cost was $47,092 (95% confidence
interval [CI], $26,040–$68,146); mean cost per noncompliant event was $1.98 (95% CI, $0.91–$3.04). Model 2 was associated with 980
MRSA infections (0.098%). Mean infection cost was $53,598 (95% CI, $50,098–$57,097); mean cost per noncompliant event was $52.53
(95% CI, $47.73–$57.32). A 200-bed hospital incurs $1,779,283 in annual MRSA infection–related expenses attributable to hand hygiene
noncompliance. A 1.0% increase in hand hygiene compliance resulted in annual savings of $39,650 to a 200-bed hospital.

conclusions. Hand hygiene noncompliance is associated with significant attributable hospital costs. Minimal improvements in com-
pliance lead to substantial savings.
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Hospital-acquired infections cause more than 98,000 deaths
annually in the United States1 and are associated with in-
creased cost and duration of hospitalization.2 Each year, hos-
pital-acquired infections occur in 7%–10% of hospitalized
patients during their hospital stay.3

Compounding the issue of hospital-acquired infections is
the increasing degree of resistance of pathogens to antimi-
crobial agents. The foremost such example is methicillin-
resistant Staphylococcus aureus (MRSA). Among intensive
care units that report to the Centers for Disease Control and
Prevention, there has been a nearly 3-fold increase in the
proportion of S. aureus infections caused by MRSA, from
22% in 1995 to 63% in 2004. This trend is worrisome, as
MRSA infections result in greater morbidity and higher costs
than do infections due to methicillin-susceptible S. aureus.
For example, hospital-acquired bloodstream infections due
to MRSA lead to a 3-fold increase in total direct costs com-
pared with total direct costs associated with methicillin-sus-

ceptible S. aureus infections.4 Thus, continuing increases in
MRSA prevalence will cause aggregate costs related to hos-
pital-acquired infection to increase greatly.

Noncompliance with hand hygiene recommendations is
widely recognized as the most important modifiable cause of
hospital-acquired infections.5-8 Indeed, in their 2008 Patient
Safety Goals9 The Joint Commission requires that, as the
primary means of preventing hospital-acquired infections,
hospitals comply with World Health Organization and/or
Centers for Disease Control and Prevention hand hygiene
guidelines.2,10-12 Unfortunately, rates of compliance with hand
hygiene recommendations are unacceptably low in most
hospitals.9,12,13 Results from most studies suggest that overall
hand hygiene compliance rates are below 50%.3

Costs associated with hospital-acquired infections and
MRSA have been widely published.4,14-16 Little is known, how-
ever, regarding the actual costs of individual behaviors that
lead to these infections, such as noncompliance with hand
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table 1. Model Inputs and Calculated Values

Model input Calculation method
Calculated value

(95% CI)

MRSA total hospital prevalence, % … 4.63 (4.53–4.72)
P[pt(�)]a … 0.0463
P[pt(�)]b … 0.9537
Incidence of hospital-acquired MRSA, % … 1.43
Mean no. of daily room visits … 56.38 (52.36–60.40)
Frequency of direct contact per room visit, % … 57.24
Mean no. of days per hospitalization … 6.26
Frequency of hand hygiene compliance, % … 55.13
Rate of infection after colonization … 0.29
Cost of MRSA HAI, lognormal distribution, $ … 7,228–164,392
Projected mean no. of direct contacts per

patient-day
Daily room visits # (direct contacts per room visit) 32.27

Projected mean no. of NDCs per patient-day Direct contacts per patient-day # (1 � compliance) 14.50 (13.26–15.77)
Projected mean no. of CEs per patient-day NDCs per patient-day# P[pt1(�) ∩ pt2(�)] 0.64 (0.57–0.71)
Projected mean no. of CEs per hospitalization (CEs per day) # (days per hospitalization) 4.01
Projected mean no. of hospital-acquired MRSA

colonizations per CE
Incidence of hospital-acquired MRSA

colonization / CEs per hospitalization
0.0036

Projected mean no. of MRSA infections per CE (MRSA colonizations per CE) # rate of infection
after colonization

0.0010

note. CE, contaminated encounter; CI, confidence interval; HAI, hospital-acquired infection; MRSA, methicillin-resistant Staphylococcus
aureus; NDC, noncompliant direct contact.
a Probability that a randomly selected patient is MRSA-positive.
b Probability that a randomly selected patient is MRSA-negative.

hygiene during patient care. Quantifying the cost of hand
hygiene noncompliance will provide clinicians, administra-
tors, and patient advocacy groups with concrete data that can
be used to improve the accountability of hand hygiene non-
compliance among healthcare workers. The purpose of this
study was to quantify the cost of a single episode of hand
hygiene noncompliance by a healthcare worker in a hospital
setting relative to risk for MRSA transmission.

methods

Model Design and Study Setting

A stochastic mathematical model was constructed to simu-
late the outcome of a single episode of hand hygiene non-
compliance. Data regarding hospital admissions and epi-
sodes of contact between patients and healthcare workers
were collected from Duke University Medical Center, a 750-
bed tertiary care hospital in Durham, North Carolina. Other
data, such as MRSA prevalence rates and rates of hand hy-
giene compliance, were extracted from previously published
reports.17,18

The mathematical model was used to simulate a specific
scenario in which a healthcare worker contacts 2 patients
consecutively and fails to comply with hand hygiene guide-
lines after contact with the first patient (patient 1) and before
contact with the second patient (patient 2). Using the model,
we calculated the probability of MRSA transmission from
patient 1 to the healthcare worker and then from the health-
care worker to patient 2. Embedded in this analysis is a cal-
culation of transmission potential, which estimates the prob-

ability that patient 1 was MRSA-positive and the probability
that patient 2 was MRSA-negative. In addition, the model
was used to calculate the probability of patient 2 developing
an infection due to MRSA after becoming colonized. These
probabilities were then used in a simulation of 1 million
episodes of hand hygiene noncompliance.

Published data regarding hospital prevalence of MRSA,
rates of hospital-acquired transmission of MRSA, and rates
of hand hygiene compliance served as inputs to the model
(see Table 1). Data regarding daily contacts between patients
and healthcare workers and data regarding average length of
hospital stay were obtained from quality improvement studies
previously conducted at Duke University Medical Center and
were also included as inputs to the model.

Simulations were performed under 2 different scenarios.
The first scenario (the normal risk scenario) simulated hand
hygiene noncompliance by a healthcare worker between con-
tacts with 2 patients of unknown MRSA status (ie, both pa-
tients 1 and 2 may or may not have been colonized with
MRSA). The second scenario (the high-risk scenario) in-
volved hand hygiene noncompliance between contacts with
2 patients by a healthcare worker in which patient 1 was
colonized or infected with MRSA and the MRSA status of
patient 2 was unknown.

Model Inputs, Calculations, and Simulations

Inputs. On the basis of published data, the prevalence of
MRSA in inpatient settings was estimated to be 4.63% (95%
confidence interval [CI], 4.53%–4.72%).4 Therefore, the prob-
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ability of a random patient being MRSA-positive, P[pt(�)],
was 0.0463. Conversely, the probability of a random patient
being MRSA-negative, P[pt(�)], was 0.9537. In addition, it
was estimated on the basis of published data that 31% (95%
CI, 30%–32%) of MRSA cases would be detected more than
48 hours after admission and would thus be categorized as
hospital-acquired.4 The transmission of MRSA in the hospital
to previously uncolonized inpatients was therefore calculated
to occur in 1.43% of inpatients ( ).0.04626 # 0.31 p 0.0143

Direct contact was defined as physical contact between a
healthcare worker and a patient. The numbers of direct con-
tacts per patient-day were estimated from Duke University
Medical Center data and published data.5 At Duke University
Medical Center in February 2008, the mean number of times
a patient room was visited by a healthcare worker was 56.38
(95% CI, 52.36–60.40) per patient-day. A recent study from
another institution revealed that 57.24% of room visits in-
volve direct patient contact.5 From these estimates, we cal-
culated a rate of 32.27 direct contacts per patient-day. The
mean days per hospitalization were calculated from Duke
University Hospital data as 6.26 days per hospitalization.

The aggregate rate of hand hygiene compliance after patient
room visits was estimated to be 45.1%. The rate of compliance
after room visits involving direct patient contact was esti-
mated to be 55.13%.5 The probability of infection among
newly colonized patients was estimated at 29%.6

Published estimates of total hospital cost associated with
hospital-acquired MRSA infection span a broad range: mean
infection cost estimates are $9,275–$110,493, and median in-
fection cost estimates are $5,885–$49,734.2,4,14,19-22 Abramson
and Sexton4 reported a median cost of $27,083 (range,
$7,228–$164,392). The cost distribution reported in their
study represented the median distribution among published
studies; therefore, it was chosen as the basis of this study. In
our model, we assigned a lognormal distribution to the range
reported by Abramson and Sexton. Using the lower and upper
limits of the published range as our 5% and 95% CI values,
we generated a theoretical cost distribution curve with mean
and median MRSA infection costs of $54,153 and $34,494,
respectively. See Table 1 for model inputs and calculations.

Model calculations. The daily noncompliant direct contact
(NDC) rate was calculated by multiplying daily contacts by
(1 � compliance rate). The mean NDC rate was calculated
to be 14.50 (95% CI, 13.26–15.77) per patient-day.

A contaminated encounter (CE) was defined as an NDC
in which transmission of MRSA might occur; that is, the first
patient contacted by the healthcare worker in the scenario
was MRSA-positive and the second patient contacted was
MRSA-negative. For simplification, healthcare workers were
assumed to be MRSA-negative before contact with the first
patient. The expected number of CEs per hospital stay was
calculated as the product of the daily NDC rate, the prob-
ability that the NDC was a CE, and the mean length of a
hospital stay in days. On the basis of these calculations, we
estimated that the expected number of CEs per patient-day
was 0.64 (95% CI, 0.57–0.71) and that the expected number

of CEs per hospital stay was equal to .0.64 # 6.26 p 4.01
The expected rate of MRSA colonization per CE (MRSA/
CE) was calculated by dividing the prevalence of hospital-
acquired MRSA by the number of CEs per hospital stay:

(Table 1).0.0143/4.01 p 0.0036

Simulation

Simulation design. One million NDCs were simulated. The
simulation model determined (1) whether an MRSA infection
occurred after an NDC and (2) the cost of the subsequent
infection. Total infection costs were then compiled and am-
ortized over all 1 million NDCs to calculate a mean cost per
NDC. The simulation was executed for 2 scenarios, a normal
risk scenario (the MRSA status of both patients is unknown)
and a high-risk scenario (patient 1 has positive MRSA status).

The simulation model used a set of 4 Boolean variables to
define a single path for hospital-acquired MRSA infection
(see Figure 1, for a detailed simulation flow, and Table 2).
Boolean variables included the probability that patient 1 is
colonized with MRSA ( ), the probability that pa-P p 0.0463
tient 2 is not colonized with MRSA ( ), the prob-P p 0.9537
ability of MRSA transmission ( ), and the prob-P p 0.0036
ability of MRSA infection ( ). Variables are sum-P p 0.29
marized in Table 3. In the event that a simulated infection
occurred, a cost was assigned to the event on the basis of a
lognormal distribution (mean, $54,064; median, $34,459;
95% CI, $7,228–$164,392).

Normal and high-risk scenarios. In the normal risk sce-
nario, the MRSA status of patient 1 was unknown. Therefore,
all 4 Boolean variables were used to determine whether an
infection occurred. In contrast, in the high-risk scenario pa-
tient 1 was assumed to be colonized or infected with MRSA.
In this case, only 3 Boolean variables were included in the
simulation (ie, patient 1 MRSA status, ) (Figure 1).P p 1.0

Alternative model. Transmission of hospital-acquired
MRSA is not caused exclusively by direct patient contact.
While the role of the environment in MRSA transmission is
not completely understood, studies have successfully isolated
MRSA from environmental surfaces in rooms occupied by
patients who are colonized with MRSA.23 One study dem-
onstrated an increased incidence of MRSA acquisition by
patients who stayed in rooms that had previously been oc-
cupied by patients who were colonized or infected with
MRSA.24 Thus, it is likely that some hospital-acquired MRSA
infections are caused by contact with contaminated environ-
mental surfaces rather than by direct contact with a healthcare
worker. Environmental surfaces can also become contami-
nated with MRSA during a patient visit by a healthcare worker
who is colonized with MRSA. As a result, contamination of
the environment can occur during a patient visit that does
not involve direct patient contact (ie, during a routine visit,
not necessarily during a CE). To address this environmental
contamination scenario, we included a simulation based on
the total number of room visits instead of the number of
direct patient contacts only. This model derivation assumed
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figure 1. Simulation logic for likelihood of transmission of methicillin-resistant Staphylococcus aureus (MRSA) between 2 patients by
the hands of healthcare workers. The normal risk scenario involves hand hygiene noncompliance by a healthcare worker between contact
with 2 patients of unknown MRSA status. The high-risk scenario involves hand hygiene noncompliance between 2 patient contacts by a
healthcare worker during which patient 1 was colonized or infected with MRSA and the MRSA status of patient 2 was unknown. Descriptions
and probabilities for both scenarios are shown in Table 2. Pt, patient; Pos, positive; Neg, negative.

table 2. Simulation Logic for Likelihood of Transmission of Methicillin-Resistant Staphylococcus aureus (MRSA) between 2 Patients by
the Hands of a Healthcare Worker (HCW)

Step Event Description Probability

1 Noncompliant event HCW is noncompliant with hand hygiene between 2 consecutive patient encounters 1.0
2 Patient 1 MRSA-positive? First patient encountered is MRSA-positive 0.0463 or 1.0a

3 Patient 2 MRSA-negative? Second patient encountered is MRSA-negative 0.9537
4 Colonization? Patient 2 colonized by MRSA as a result of HCW encounter 0.0036
5 Infection? Colonized patient 2 develops infection 0.29
a The normal risk scenario involved patients of unknown MRSA status; community prevalence is 4.63%. The high-risk scenario involved initial patients
who were known to be positive for MRSA.

that each noncompliant event exhibited an equal probability
of MRSA transmission regardless of whether direct patient
contact occurred. In this model, we used the Dedrick18 es-
timate for hand hygiene compliance of 45.1% after a patient
room visit (not limited to direct patient contact). We used
Duke data for mean daily room visits of 56.38 per patient-
day (not limited to room visits with direct contact) as the
basis for the number of room visits.

Secondary analysis. Simulation results were applied to a
hypothetical 200-bed hospital operating at 85% occupancy
with MRSA prevalence and hand hygiene compliance equal
to national averages and patient contact rates equal to those
of Duke University Medical Center estimates. In this sec-
ondary analysis, all patients in the hospital were assumed to
have an unknown MRSA status. The expected annual hospital
cost attributable to MRSA infection was calculated. Sensitiv-

ity analysis was performed on the hand hygiene compliance
rate to determine the cost benefit of increasing hand hygiene
compliance by 1%.

results

Normal Risk Scenario

The normal risk scenario is defined as hand hygiene non-
compliance by a healthcare worker between contacts with 2
patients of unknown MRSA status. The normal risk simu-
lation resulted in 44,284 CEs over the course of 1 million
NDCs (Table 4). Subsequently, 143 episodes of hospital-ac-
quired MRSA colonization occurred, resulting in 42 hospital-
acquired MRSA infections. The mean cost per MRSA infec-
tion was $47,092 (95% CI, $26,040–$68,146). The median
cost per infection was $22,353 (interquartile range [IQR],
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table 3. Boolean and Lognormal Variables for Simulation Model

Value
Variable

type
Normal
scenario

High-risk
scenario

Patient 1 colonizeda Boolean 0.0463 1.0
Patient 2 uncolonizedb Boolean 0.9537 0.9537
Colonizations per contaminated encounterc Boolean 0.0036 0.0036
Infections per colonizationd Boolean 0.29 0.29
Cost per infection,e 95% CI, $ Lognormal 7,228–164,392 7,228–164,392

note. CI, confidence interval; MRSA, methicillin-resistant Staphylococcus aureus.
a Probability that patient 1 is colonized with MRSA.
b Probability that patient 2 is not colonized with MRSA (1 � [patient 1 colonized]).
c Probability of patient 2 colonization given a contaminated encounter.
d Probability of patient 2 infection given patient 2 colonization.
e Cost given patient 2 infection.

table 4. Results of Normal Risk, High-Risk, and Alternative Normal Risk Simulations

Result
Normal risk

scenarioa

High-risk
scenariob

Alternative
modelc

Noncompliant events 1,000,000 1,000,000 1,000,000
Contaminated encounters 44,284 953,912 44,173
MRSA colonizations 143 3340 83
MRSA infections 42 980 27
Cost of MRSA infection, $

Mean (95% CI) 47,092 (26,040–68,146) 53,598 (50,098–57,097) 57,442 (23,299–91,585)
Median (IQR) 22,353 (17,006–42,996) 35,045 (18,106–72,022) 30,458 (23,291–52,615)

Cost per noncompliant event, $ (95% CI) 1.98 (0.91–3.04) 52.53 (47.73–57.32) 1.55 (0.47–2.63)

note. CI, confidence interval; IQR, interquartile range; MRSA, methicillin-resistant Staphylococcus aureus.
a Hand hygiene noncompliance by a healthcare worker between contact with 2 patients of unknown MRSA colonization status.
b Hand hygiene noncompliance between contact with 2 patients by a healthcare worker during which patient 1 was colonized or infected with
MRSA and the MRSA status of patient 2 was unknown.
c Simulation based on total room visits instead of on direct patient contacts only.

$17,006–$42,996). The mean cost per NDC was thus $1.98
(95% CI, $0.91–$3.04).

High-Risk Scenario

The high-risk scenario is defined as hand hygiene noncom-
pliance between 2 patient contacts by a healthcare worker
during which patient 1 was colonized or infected with MRSA
and the MRSA status of patient 2 was unknown. The high-
risk simulation resulted in 953,912 CEs over the course of 1
million NDCs, resulting in 3,340 episodes of hospital-ac-
quired MRSA colonization and 980 episodes of hospital-ac-
quired MRSA infection (Table 4). These infections resulted
in a mean cost of $53,598 (95% CI, $50,098–$57,097) and a
median cost of $35,045 (IQR, $18,106–$72,022). The mean
cost per NDC was thus $52.53 (95% CI, $47.73–$57.32).

Alternative Model

The alternative model is a simulation based on the total num-
ber of room visits (instead of direct patient contacts only).
The alternative normal risk simulation resulted in 44,173 CEs
over the course of 1 million NDCs, resulting in 83 episodes
of hospital-acquired MRSA colonization and 27 episodes of
MRSA infection (Table 4). The mean cost of MRSA infection

was $57,442 (95% CI, $23,299–$91,585). The median cost of
MRSA infection was $30,458 (IQR, $23,291–52,615). The
mean cost per NDC in the alternative normal risk model was
thus $1.55 (95% CI, $0.47–$2.63).

Secondary Analysis

The simulation results were applied to a hypothetical 200-
bed hospital. A 200-bed hospital at 85% occupancy provides
care for approximately 62,050 patient-days per year. Each
patient-day involves 32.27 direct patient contacts with 55.13%
hand hygiene compliance, resulting in 14.50 NDCs per pa-
tient-day, or 899,581 annual NDCs per 200-bed facility. This
translates to an estimated 37.8 hospital-acquired MRSA in-
fections annually and an annual cost related to hospital-ac-
quired MRSA infection of $1,779,283 (95% CI, $1,231,160–
$2,378,120). Increasing hand hygiene compliance by 1% re-
sulted in a decrease of annual NDCs by 20,046, prevention
of 0.84 MRSA infection, and a mean decrease in expected
MRSA-related costs of $39,650 (95% CI, $18,286–$61,014).
A 5% improvement in hand hygiene compliance resulted in
a decrease of annual NDCs by 100,232, prevention of 4.21
MRSA infections, and a mean decrease in expected MRSA-
related costs of $198,250 (95% CI, $91,429–$305,072).
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discussion

Infections are spread to patients in the hospital primarily by
means of the hands of healthcare workers. Typically, this oc-
curs when healthcare workers neglect to perform hand hy-
giene before patient contact. This study quantified the cost
associated with a single episode of hand hygiene noncom-
pliance. Costs ranged from approximately $2 (when a pa-
tient’s MRSA colonization or infection status was unknown)
to more than $50 per episode (when healthcare workers did
not wash their hands after contact with a patient who was
an MRSA carrier). On the basis of these estimates, improved
hand hygiene compliance among healthcare workers in a 200-
bed hospital by as little as 1% would prevent approximately
1 episode of infection due to MRSA and would result in
MRSA prevention–associated cost savings of almost $40,000
per year. If the same hospital improved hand hygiene com-
pliance by 5%, approximately 4 MRSA infections would be
prevented and the cost savings would approach $200,000.

The findings from this study represent a departure from the
conventional method of analyzing costs associated with hos-
pital-acquired infection. Historically, costs have been estimated
as a function of number and types of infection.2,4,20-22 Unfor-
tunately, since the transmission of pathogens in the hospital
occurs silently, it is impossible to attribute an incident of
hospital transmission of a pathogen or the resulting hospital-
acquired infection to the behaviors of an individual healthcare
worker. Because of this inability to attribute causality to a
healthcare worker’s actions, it is difficult to make healthcare
workers accountable for the occurrence of hospital-acquired
infections. Costs presented on a “per infection” basis seem
abstract to many clinicians and often are ineffective in gen-
erating accountability for behavior and improving compli-
ance among healthcare workers. Conversely, presenting cost
as a function of compliance with process (such as hand hy-
giene) is more relevant and tangible to healthcare workers
and, we believe, can be used to elicit greater accountability
for and ownership of suboptimal hand hygiene practices.

This study also presented an additional model that ac-
counted for the possibility that a healthcare worker could
transfer MRSA from 1 patient to a second patient during a
room visit, even if the healthcare worker had contact only
with the room environment but no direct contact with the
second patient. In this alternative simulation, the cost asso-
ciated with each episode of hand hygiene noncompliance was
$1.55.

Several assumptions were made to make the model prac-
tical and clinically useful. First, we assumed steady state
MRSA prevalence. In reality, MRSA prevalence is likely fluid
and has been increasing over time.25 We believe, however,
that in a short-run experiment the assumption of stable prev-
alence is reasonable. While short-term fluctuations in MRSA
prevalence have not been examined, we believe these fluc-
tuations to be the result of infection outbreaks resulting in
increased, rather than decreased, prevalence. Given the like-

lihood of MRSA prevalence to increase over time and as a
result of nonzero probability of the occurrence of an MRSA
outbreak, it is likely that the study results represent an un-
derestimate of the actual cost of hand hygiene noncompli-
ance. Second, we assumed that all MRSA transmission in the
hospital resulted from hand hygiene noncompliance. While
data show that hand hygiene noncompliance is the leading
cause of hospital-acquired MRSA infection,7 there are other
causes of transmission as well, such as contaminated shared
equipment. To the extent that other causes account for hos-
pital-acquired MRSA infection, our results may represent an
overestimate of NDC cost. In addition, the model assumed
rates of hand hygiene compliance among healthcare workers
that were based on published US data.26 If higher rates of
compliance had been included in the model, the resulting
number of MRSA infections and MRSA-associated costs
would have been smaller. The model also did not account
for the proportion of healthcare workers who might be
chronic carriers of MRSA (4.6% of healthcare workers, ac-
cording to 1 study).27 Finally, some might consider the mean
cost per MRSA infection (approximately $50,000) used in the
model to be too high, although we used mean and median
values from published literature. In addition, some reports
have noted that after patients become colonized with MRSA
during hospitalization almost 50% of MRSA infections oc-
curred after discharge,28 and some of these postdischarge in-
fections would not have been accounted for in this model.
Thus, MRSA infection–related costs in this model might have
been underestimated. Furthermore, even if the cost used in
modeling had been as low as one-half the mean value used
(approximately $25,000 per MRSA infection), the annual
MRSA infection–related expenses attributable to hand hy-
giene noncompliance accrued by a 200-bed hospital would
still have been substantial (approximately $500,000).

Each NDC represented a single episode of hand hygiene
noncompliance. Ergo, we assumed that each iteration in-
volved compliant hand hygiene prior to contact with the first
patient. We did not account for the possibility that healthcare
workers who are habitually noncompliant may have a much
higher incidence and burden of contamination or coloniza-
tion with MRSA. While it is likely that a disproportionate
number of transmissions are caused by such a group of ha-
bitually noncompliant individuals, the results are averaged
over the entire population of healthcare workers. Therefore,
we assume that all healthcare workers exhibit the same com-
pliance rate. Again, we believe that this simplification causes
our model to underestimate actual costs, because habitually
noncompliant workers will display a higher transmission rate
resulting from multiple consecutive NDCs. In addition, dur-
ing the study period it was the policy at Duke University
Medical Center to use contact precautions (gowns and gloves
for all healthcare workers entering the room) for patients
known to be infected or colonized with MRSA for the du-
ration of the hospitalization. The association between the use
of contact precautions and the number of direct contacts was
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not studied at Duke during the study period and thus was
not incorporated into the model.

Costs associated with hand hygiene noncompliance were
limited exclusively to nosocomial MRSA transmission and
infection. Many other pathogens are also spread to patients
on the hands of healthcare workers as a result of noncom-
pliance with hand hygiene. In fact, in some reports MRSA
accounts for fewer than 8% of all hospital-acquired infec-
tions.29 Because our model focused on costs associated only
with MRSA transmission, it substantially underestimated the
costs associated with hand hygiene noncompliance. To form
a more complete and accurate estimate of the costs associated
with hand hygiene noncompliance, additional analyses should
be conducted that focus on costs associated with hospital
transmission of other pathogens in addition to MRSA.

Poor practices among healthcare workers lead to patient
harm. Unfortunately, these poor practices occur frequently
in the hospital. Noncompliance with hand hygiene places
patients at unnecessary risk for colonization with and sub-
sequent infection by multidrug-resistant pathogens, such as
MRSA. Despite the well-publicized fact that MRSA leads to
poor outcomes and increased cost for patients, most hand
hygiene campaigns fail to lead to sustained improvements in
hand hygiene compliance. This study provides a relatively
conservative (yet still alarming) estimate of the financial im-
pact of a single incident of hand hygiene noncompliance and
also provides an estimate of the aggregate costs imparted by
noncompliance with hand hygiene for a typical US hospital.
The results from this study can be used to attribute cost to
and improve accountability for suboptimal healthcare worker
behaviors. In addition, these results provide cost estimates
that can be used to model the cost-effectiveness of hand
hygiene interventions and may give hospitals and organiza-
tions the incentive to invest in novel and effective methods
and technologies for improving the hand hygiene culture,
habits, and compliance of healthcare workers.
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