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Abstract Hospital epidemiologists are vital components of
integrated health centers. This central place in the healthcare
landscape has rapidly evolved over a half century. Early hos-
pital epidemiologists possessed a visionary focus on patient
safety many decades prior to the quality revolution of the
1990s. A systematic and scientific approach to infection pre-
vention has facilitated the evolution of hospital epidemiology,
along with advances in technology, and increasing public at-
tention to infectious complications in the hospital. Currently,
the growing expansion of tasks and moving regulatory targets
strain existing resources. These challenges threaten to limit the
effectiveness of some infection-prevention activities, while
also providing important opportunities for improving care. It
will be increasingly important to advocate for appropriate re-
sources to address a diverse set of changing infection preven-
tion priorities.
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Introduction: Evolution of the Hospital
Epidemiologist

A multitude of factors have contributed over the last four
decades to take us from the early days of formal infection
prevention to the current model employed nationally today.
The expanding role of infection prevention programs has been
well documented in a variety of reports in terms of scope of
activities, resource requirements, and accountability [1–3].
Extensive improvements in efficiency of surveillance, an in-
creasing evidence base for infection prevention initiatives, and
increased advanced training have facilitated the evolution of
infection prevention activities over the years. The shift in par-
adigm from infection control to infection prevention reflects
the increasingly proactive role programs are taking to meet
institutional goals. Today’s hospital epidemiologist faces a
new set of challenges in the form of increasing reliance on
information technology, regulatory expansion, implementa-
tion science, the business model for medical practice, as well
as new responsibilities in emergency preparedness and anti-
microbial stewardship (Table 1).

The Rise of Formal Infection Control Programs

Recommendations for formal infection control programs in
the USA began after the 1958 National Conference on
Staphylococcal Disease, convened to address a growing num-
ber of hospital-acquired staphylococcal outbreaks. The rec-
ommendations resulting from this meeting included the estab-
lishment of a multidisciplinary Hospital Infection Committee
which would be responsible for surveillance and reporting of
surveillance data, control of infection, and education regard-
ing infection prevention [4]. However, scant infrastructure
existed to implement these recommendations; as a result, a
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minority of hospitals voluntarily set up programs of varying
scope through the 1960s. Surveillance methods varied; some
reported ward evaluation of each patient and others reviewed
each positive microbiology result [5, 6••, 7, 8]. These labor-
intensive activities were initially performed in the absence of
published data to support a link between surveillance and
decreased hospital-acquired infections. Although the
National Nosocomial Infections Study was established by
the Centers for Disease Control (CDC) in 1969, and had
grown to include 80 hospitals by 1975 [9], the landmark
Study on the Efficacy of Nosocomial Infection Control

(SENIC) results were not published until a decade later in
1985. This report offered the first comprehensive estimate of
the national burden of hospital-acquired infection and provid-
ed evidence supporting surveillance as key to prevention. The
SENIC study compared 500 patient records from 1970 with
500 patient records from 1975 for hospital-acquired infections
from all participating hospitals [6••]. The study team then
compared infection rates to the level of infection prevention
program that had been established at each institution between
1970 and 1975. SENIC found that those programs with essen-
tial components of a dedicated physician hospital

Table 1 Expanding responsibilities of the hospital epidemiologist

Major issues Responsibility description Challenges Opportunities

The science of infection
prevention

Creating and interpreting the evidence
base for infection prevention
practices

Demonstrating benefit of overlapping
interventions affecting relatively
rare outcomes

Limited research funding
Limited time resources for scholarly

pursuits

Cooperative spirit of hospital
epidemiology conducive to research
collaborations within and across
institutions

New areas of study that are expanding
into the clinical setting (i.e.,
microbiome research) necessitating
clinician participation

Implementation of
best practices

Translating efficacy of reported
interventions into effective
provider practices

Human factors: social, behavioral
aspects of the individual and the
culture of an organization

Practical work-flow obstacles

Unique perspective to provide expertise
as clinician, infection expert, and
administrator

Implementation of new technologies to
assist in infection prevention

Development of bundled interventions
and procedures specific to
institutional needs

Mandatory reporting and
regulations

Maintaining knowledge of and
compliance with rules and
regulations from various
external sources

Regulations may have unintended
consequences

Regulations may not accomplish
goals with greatest efficiency

Efforts toward compliance may limit
ability to accomplish other infection
prevention goals

Increased overall attention to
healthcare-associated infections

Increased support for hospital
epidemiology from healthcare center
leadership in order to ensure
regulatory compliance

Potential for collaboration with
governmental and regulatory bodies
to assist in choosing appropriate
target metrics

Emergency preparedness Planning and implementing a
program to prepare for
potential infectious and
non-infectious emergencies

Lack of dedicated resources to
accomplish broad range of tasks

Hospital epidemiologist expertise is
critical to the infection prevention
aspects of the emergency plans,
further adding value to the position

Provides another rationale for demanding
optimal baseline infection prevention
practices

Antimicrobial
stewardship

Promotion of appropriate
usage of antimicrobials in
order to improve patient
safety and decrease drug
resistant pathogens and
Clostridium difficile

Absence of standardized
comparative metrics

Significant time commitment for
prescription review and
interventions

Opportunities for research and
collaboration with other disciplines
such as pharmacy and microbiology

Potential to create new interest in
infectious disease as a specialty

The business model of
infection prevention

Performing multiple infection
prevention-related services
for the institution, providing
staff and trainee education,
while maintaining a financially
productive clinical schedule

Relative value unit (RVU) system
limits quality efforts by promoting
volume over value, may
potentially compete with work
effort of non-reimbursed
infection prevention activities

Hospital epidemiologists have the ability
to self-advocate for additional resources
for non-clinical tasks

Potential for involvement in healthcare
policy due to unique perspectives as
clinician, educator, and administrator
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epidemiologist, one infection prevention nurse for every 250
beds, feedback of infection rates to surgeons, and organized
surveillance and control activities reduced infection rates over
the time period by 32 %; however, given that few hospitals
had developed this level of program, the overall national esti-
mate of prevented infections was only 6 %. Of note, those
hospitals without any infection prevention activities saw an
increase of 18 % in infection rates [10].

Surveillance Activities

Surveillance remains a core infection prevention activity, yet
the manner in which it is performed has changed significantly.
Early surveillance was characterized by individual patient
chart review or individual microbiology lab specimen review
[5]. In addition, many programs performed extensive environ-
mental sampling [11]. In the early 1970s, routine environmen-
tal sampling was questioned and ultimately recommendations
were made against this practice. The American Hospital
Association’s Committee on Infections Within Hospitals pub-
lished a statement attempting to draw the focus back to patient
data, citing Bno evidence that routine environmental sampling
is necessary to maintain good practices in the hospital, nor is
there evidence that this type of routine sampling has contrib-
uted significantly to the prevention of nosocomial infection.^
They further argued that routine sampling, Bdone with no
epidemiologic goal in mind is unnecessary and economically
unjustifiable^ [12]. A nationwide survey of infection preven-
tion practices by the CDC in 1976 revealed a shift away from
environmental culturing coupled with an increase in other
surveillance activities [6••]. Yet even without culturing the
environment, early infection prevention programs had plenty
of recommended surveillance tasks to accomplish. In the early
1970s, the CDC was calling for infection control practitioners
to conduct daily review of microbiology laboratory reports
and chart review for positive cultures, daily ward rounds,
and chart review for any patient with fever, antibiotics, isola-
tion requirements, or Bspecial treatments,^ and to consider
additional activities such as review of autopsy reports, and
follow up on discharged patients [13]. Meanwhile, a surveil-
lance system based on patient risk factors and procedures was
developed in Charlottesville, VA and expanded to be the first
state-wide surveillance system by 1974 [14••]. The approach
used in Virginia recognized early that chart by chart review in
their 500-bed hospital would not be a feasible long-term en-
terprise. Instead, they developed a BKardex System^ in which
a daily or weekly review of a card containing the nursing plan
of care for each patient was reviewed for high-risk conditions
or procedures. The Kardex contained patient diagnoses, pro-
cedures, and any special care needs. Patients found to be at
risk due to specific diagnoses or procedures on the Kardex
were the focus of surveillance efforts. In an arduous validation

effort, the BKardex System^ was compared to the individual
review of each chart and found to be >80 % accurate in de-
tecting hospital infections. In addition, the risk-based method
was more accurate in detecting infection compared to case
detection by microbiology laboratory reports [15].
Eventually, a combination of risk-based and microbiology
lab-based surveillance was adopted nationally and remains
the model employed today for both internal audits and
reporting to the National Healthcare Safety Network (NHSN).

Information Technology

The widespread use of electronic medical records and increas-
ing sophistication of information technology has broadened
the scope of infection prevention. One of the first hospitals
to employ electronic surveillance for healthcare-associated in-
fections (HAIs) was Latter Day Saints (LDS) Hospital in
Utah. Computerized surveillance to capture cases based on
microbiology reports was initiated at LDS in 1984, and found
to be more effective and efficient than manual review of pa-
tient data [16]. In 2009, this group published an update of their
25-year experience with computerized surveillance. Central to
their success has been a strong collaboration between medical
informaticists with clinical knowledge, and clinical ownership
of the electronic surveillance system by infection prevention.
The authors highlight the need for periodic review and rede-
sign of the system to meet evolving surveillance tasks and
assert that every user of the system must understand where
and how the data elements are saved [17].

In recognition of the growing dependence on technology
support for infection prevention activities, the Society for
Healthcare Epidemiology of America (SHEA) published a
set of data requirements for electronic surveillance. In this
report, they outlined the discrete elements required for
NHSN-related surveillance. The authors support the push to-
ward more and more automation not only for efficiency, but
also for standardization of reporting, as manual chart review
and individual judgment are subject to documentation vari-
ability and biases [18]. However, there are needs for clinical
information beyond reporting requirements. In efforts to im-
prove the processes of care that lead to HAI, a more in-depth
review of patient records is often required. Thus, the tension
between how much information could be useful to drive prac-
tice change and the costs of those efforts continues to chal-
lenge infection prevention programs.

Evidenced-Based Prevention

Once practical, useful surveillance methods were developed
and enacted in hospitals in the 1970s and 1980s, the accumu-
lated data began to inform specific prevention efforts.
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Incidence, prevalence, and outbreak reports became the basis
for risk-factor identification, and finally targeted interventions
were explored to improve patient safety (personal communi-
cation, Richard Wenzel). Professional organizations and sci-
entific journals focused on infection prevention played an im-
portant role in establishing an evidence-based field. In 1972,
the Association for Practitioners in Infection Control (APIC)
was the first professional organization to support early infec-
tion prevention programs. The organization was created to
address a need voiced by participants at the CDC’s infection
prevention training courses for better communication and sup-
port of individual hospital programs. APIC’s original mission
was to Bunite healthcare workers of all disciplines who share
the common goal of improving patient care through infection
control activities,^ seeking to achieve this through, Benhanced
communication…education…and standardized techniques.^
[19] The organization published guidance in the form of a
newsletter from 1973 to 1977, then as the APIC Journal from
1978 to 1981, and finally the American Journal of Infection
Control since 1980 [20]. Similarly, the Society for Hospital
Epidemiology of America (SHEA) was founded in 1980 by a
group of physicians to achieve increased visibility and credi-
bility for the fresh field of hospital epidemiology (personal
communication, Richard Wenzel). SHEA also began publish-
ing a journal titled Infection Control in 1980; this journal later
became Infection Control and Hospital Epidemiology in 1987
[20].

Research in infection prevention has been heavily support-
ed by industry over the years, a situation that produces both
opportunity in the form of resource support and limitations in
the quality and reliability of resulting studies. The body of
early infection prevention literature is replete with single-
center observational studies and outbreak investigations.
More recently, there has been a call to improve infection pre-
vention research with more robust study designs and multi-
center collaborations. For example, an Agency for Healthcare
Research and Quality (AHRQ) Systematic Review of process
interventions to prevent several types of HAIs found the bulk
of the data came from single-center, quasi-experimental stud-
ies; the authors expressed an Burgent^ need for higher quality
studies to inform infection prevention initiatives [21•].
However, delivering large-scale collaborative projects will re-
main a significant challenge for today’s hospital epidemiolo-
gist given limited time for academic pursuits. Nevertheless, a
growing global interest in healthcare quality and infection
prevention may result in additional funds to spur well-
organized collaborations into action. Data from the UK from
1997 to 2010 suggests a substantial increase in the amount of
funding for HAI prevention. The majority of initial funding
was dedicated to implementation projects. However, the au-
thors noted a growing portion of preclinical studies sharing
funds, particularly projects aimed at antimicrobial resistance
and rapid diagnostics [22]. Furthermore, the field of

microbiome research poises itself to expand outside of basic
science and into clinical applications, such as infection
prevention.

In the midst of an exciting era for infection prevention
research, there is a growing realization that the evidence itself
is not enough. Infection prevention has become an implemen-
tation science in which evaluation of interventions is para-
mount to sustainability of successful programs. Thus, imple-
mentation of evidence-based practices is a critical modern
element of infection prevention programs. Hospital epidemi-
ologists must provide expertise not only in relation to the
evidence base, but also must be able to demonstrate an intri-
cate knowledge of social behavioral determinants of institu-
tional culture and the structural elements of an organization
that will contribute to prevention failures or successes. Tools
in the forms of checklists and bundles have been developed to
consolidate multiple infection prevention techniques into a
format easily practiced by providers. Application of imple-
mentation science to infection prevention will further infec-
tion prevention practice, and various regional, national, and
international groups are already working to identify the fun-
damental components of successful implementation [23].

Regulatory Expansion

The past 10–15 years have witnessed a widespread expansion
in the regulatory standards related to patient safety. Regulation
of infection prevention in hospitals has evolved with infection
prevention programs since the late 1960s [24]. Even before
the effectiveness of surveillance and infection prevention pro-
grams in improving patient outcomes was established, the
CDC and AHA were making recommendations on infection
control program structure and practices [12, 13]. In contrast to
the voluntary recommendations made by CDC and AHA, the
Joint Commission on Accreditation of Hospitals (JCAH, now
the Joint Commission on Accreditation of Healthcare
Organizations, JCAHO) established requirements that had im-
plications for Medicare participation. JCAH’s initial standards
for infection control were mostly structural requirements for
the program that were meant to be minimum criteria feasible
for all hospitals tomeet [24]. However, in 1976, JCAH revised
their infection prevention standards to include specific infec-
tion prevention tasks as well as the components that a com-
prehensive infection prevention program should have in order
to complete these tasks [25].

Over the years, as more regulatory bodies took an interest in
hospital-acquired infections, and as the data supporting specific
practices accumulated, the quantity of regulatory requirements
has increased in scope. In parallel, the tasks required of infec-
tion prevention professionals has greatly expanded. In the first
Infection Control Practice Analysis performed by APIC in
1981, the number of discrete tasks reported by professionals
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surveyed was 60; by 2009, this number had risen to 147 [2].
More recent versions of this survey incorporated a task list
condensed by the investigators, rather than eliciting tasks di-
rectly from survey participants [26]. Hospital epidemiologists
have experienced a similar explosion of tasks; in a 2013 survey
of the SHEA Research Network, participants anticipated in-
creasing program focus in a number of areas, particularly sur-
veillance for multidrug-resistant gram-negative rods, antimi-
crobial stewardship, surgical site infection and related interven-
tions, and environmental cleaning [27].

Guidelines, recommendations, and regulations have be-
come a double-edged sword for hospital epidemiologists. On
one hand, public attention, mandatory reporting, and re-
imbursement implications for HAIs have prompted healthcare
administrators to devote resources to infection prevention in
many institutions. Furthermore, evidence-based guidance to
support decisions and implementation is paramount to main-
taining the credibility of an infection prevention program.
However, complications arise when there is an abundance of
recommendations and regulations from stakeholders with dif-
fering underlying agendas. This is especially problematic
when the infection prevention practice itself is controversial,
as demonstrated by the debates surrounding mandated
MRSA/VRE surveillance and isolation in 2007 [28–30].

Even mandates with good supporting evidence have the
potential for adverse consequences; this is particularly a risk
when regulators fail to anticipate the behavior of complex
healthcare systems. An example is the controversy that
surrounded time to antibiotic administration in the emergency
room in the early 2000s. Patients with infections have better
outcomes with timely antibiotic therapy, and delays in antibi-
otic administration have been documented to have mortality
consequences [31]. However, when JCAHO and Centers for
Medicare andMedicaid Services (CMS) set standards requiring
antibiotic administration within 4 h of presentation to the emer-
gency room in 2004, significant concerns regarding this stan-
dard leading to misdiagnosis and overuse of antibiotics sur-
faced [32]. What followed was a prolonged debate around an-
tibiotic timing and eventual concessions on both sides that per-
haps early antibiotic therapy, while essential for good patient
care, is not the best quality measure for regulators to demand.

The ultimate goal of regulatory bodies as well as infection
prevention programs is reducing the number of HAIs. Yet
focusing directly on these outcome measures in regulatory
attempts has also been controversial, similar to process mea-
sure regulations. Mandatory public reporting is one example.
Starting with Illinois in 2003, mandatory state reporting of
various HAIs has increased to include the majority of states
[33]. Efforts to promote public transparency and to compel
healthcare systems to improve HAI rates have resulted in
availability of much of this data to the public. However, there
is a lack of data to suggest that the collection and release of
this information has improved HAI rates nationally [34, 35].

One reason may be a lack of resources for additional improve-
ment efforts. In a 2011 survey of the SHEA Research
Network, Linkin et al. found that there was no difference in
perceived process measure improvement or infection rate out-
comes between participants in states with and without public
reporting. Participants also noted a perceived lack of time and
resources for implementation of preventive measures [36]. In
contrast, the multicenter Comprehensive Unit-based Safety
Program for Central Line-Associated Blood Stream Infection
(CUSP-BSI) found increased rates of participation and de-
creased rates of central line-associated blood stream infections
(CLABSI) in ICUs from states with public reporting com-
pared to those with no reporting requirements [37]. Perhaps
the additional resources provided by that initiative to partici-
pant ICUs was a key element in an effective response to ex-
ternal pressures of reporting. In addition to resource consider-
ations, public reporting benefits may be limited by an inability
to use the provided information to improve consumer choices
and safety. Many have noted flaws in public reporting’s un-
derlying assumptions including data accuracy and compara-
bility, public ability to understand and use data, and limited
public choice in where and when to receive healthcare [38].
These assumptions remain questionable in our current
healthcare system.

Another example of regulatory focus on outcomes is the
CMS’s non-repayment policy for services complicated by cer-
tain HAIs. Although enacted in 2008, the effects of this policy
on targeted HAI rates remain unclear, with some studies
showing benefit [39] and others no benefit [40, 41]. Some of
the discrepancy has been attributed to already declining rates
for some HAIs such as CLABSI pre-policy enactment [40].
Financially punitive policies raise concerns regarding inap-
propriate changes in clinical practice to avoid penalties, such
as both over-ordering tests to rule out infection on admission
and under-ordering tests to avoid lab-documented infection
during an admission [42]. Fortunately, data suggests that such
Bgaming^ attempts are not widespread practices [43]. A more
substantiated concern may be that focusing on a few condi-
tions chosen by regulators may compromise other infection
prevention opportunities [42, 44]. As one physician unit di-
rector and infection prevention champion observed during the
course of an Infection Control Committee Meeting, BIt’s kind
of like whacka-mole; the minute you have a handle on one
issue, another one pops up^ (Daniel Herr, oral communica-
tion). Infection prevention programs must maintain the flexi-
bility to set priorities appropriate for the unique problems and
cultural context of their respective institutions; too many im-
posed regulations threaten this ability to adapt in a complex
healthcare system. Thus, an additional role for regional
and national infection prevention professional organiza-
tions has become advocacy and policy, in efforts to
ensure that regulatory decisions are based on the best
evidence and advice possible.
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Emergency Preparedness

Involvement of hospital epidemiologists in emergency pre-
paredness represents an expansion outside of the healthcare
system and into the realm of general public health. State and
local health departments have traditionally been the groups
charged with the public health aspects of emergency planning,
receiving dedicated resources for these efforts [45]. However,
the recognition that communicable disease emergencies
would likely first seek treatment in a healthcare center and
that hospitals would be charged with the safe and effective
care of these patients has led to greater involvement of indi-
vidual hospitals in preparedness efforts.

Emergency preparedness in the hospital is a multidisciplin-
ary collaboration of extremely committed individuals
attempting to plan for a wide array of scenarios involving both
infectious and non-infectious causes. Infectious disease trans-
mission remains a serious consideration in managing even
non-infectious events due to the limited surge capacity of
our already maximized healthcare systems [46]. Hospital ep-
idemiologists and infection preventionists are an integral part
of emergency preparedness teams due to their expertise in
both infectious diseases and epidemiology. The expectation
that all healthcare centers are somewhat prepared for infec-
tious disease emergencies was put to the test during the Ebola
outbreak in 2014, when it was widely recognized that there
were many deficiencies in facility preparedness. This lack of
preparedness is partly due to the discrepancy between the
ambitious list of tasks [46] necessary to achieve preparedness
and the resources provided to do so. Even after many tertiary
care centers invested extensively in the facilities required to
care for patients with highly infectious diseases like Ebola, the
human resources to work in these environments is largely
volunteer and not specifically compensated. This makes main-
taining commitment to ongoing intensive training and pro-
gram development a significant challenge. In addition, prepa-
ration for continuously shifting public health threats requires
ongoing review and adaption of procedures and protocols,
which is often an arduous task requiring a significant time
commitment. The allotment of both financial and time support
for individuals in Infection Control charged with these activ-
ities is imperative in order to facilitate the development and
maintenance of effective hospital preparedness programs.

While presenting substantial challenges for hospital epide-
miologists, emergency preparedness efforts also provide op-
portunities to stress the importance of a baseline infection
prevention excellence. As noted by Ippolito et al., BAll
healthcare workers have the responsibility to ensure that their
clinical practice prevents transmission of infection, and puts
neither their own health, nor that of their patients, coworkers,
or others at risk.^ They point out that complacency is prob-
lematic not only for general patient and staff safety but also
leaves us more vulnerable to infectious disease emergency

events [47]. Thus, in addition to specialized protocols for var-
ious emergency scenarios, emergency preparedness should
include an ongoing assessment of readiness in terms of basic
infection prevention procedures including standard and con-
tact precautions, and staff proficiency in these areas should be
an ongoing focus at the institution level.

Antimicrobial Stewardship: Old Problems and New
Efforts

Multidrug-resistant organisms and antimicrobial overuse have
been areas of interest for hospital epidemiologists from the
beginning of formal infection prevention programs. Control
of the spread of drug-resistant organisms is an obvious priority
for infection prevention, and prevention efforts in the form of
antimicrobial usage review and/or restriction are not new strat-
egies [48, 49]. However, over the last two decades, the field of
Antimicrobial Stewardship has exhibited explosive growth
both nationally and internationally. Intensified efforts to stan-
dardize usage data and metrics for meaningful interventions
are bringing the discipline closer to the ultimate goal of de-
creasing antimicrobial resistance within healthcare institu-
tions. Antimicrobial stewardship programs are not necessarily
housed within the infection prevention program, nor do the
programs always involve hospital epidemiologists. However,
hospital epidemiologists are uniquely suited to assist in the
data collection and analysis necessary for antibiotic usage re-
view. In addition, many of the skills required for providing
tactful feedback and education to colleagues are similar to
those practiced in other areas of infection prevention.

There are several parallels that can be drawn between early
hospital-acquired infection surveillance and the antimicrobial
usage reviews in operation today. Challenges of generalizabil-
ity of data, comparability between institutions, and uncertainty
regarding best metrics limit the evaluation of Antimicrobial
Stewardship Programs to determine most effective practices.
Furthermore, the lack of information technology infrastructure
to accomplish tasks puts significant strains on healthcare insti-
tutions and the individuals charged with the operation of the
Antimicrobial Stewardship Program. However, a shift has al-
ready been noted in the evidence base to support Antimicrobial
Stewardship. When the Cochrane Collaboration initially sys-
tematically reviewed the effectiveness of antimicrobial stew-
ardship programs in 2005 [50], they found a disappointing
focus on process measures as opposed to patient-centered out-
comes in most of the published literature. However, by 2013
when the group updated their review, they identified growing
evidence of clinical benefits derived from Antimicrobial
Stewardship interventions. Of note, their included, well-
designed studies represented a minority of reports from a liter-
ature still dominated by studies of sub-optimal quality [51•].
Thus, there is opportunity along with the challenges in defining
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optimal methods for reviewing, reporting, and changing pro-
vider prescribing practices. As governmental bodies are in-
creasingly eager to mandate Antimicrobial Stewardship
Programs in various healthcare settings [52–54], good evidence
to inform program practices is urgently needed.

The Business of Medicine and Infection Prevention

The effects of applying a business model to medicine are long-
reaching and have been lamented by medical professionals as
well as health policy analysts. Relative value unit (RVU) sys-
tems of physician recognition and procedure based re-
imbursement puts financial incentives firmly on volume and
at odds with quality. The Institute of Medicine published rec-
ommendations for restructuring of the healthcare system
around quality, specifically calling for a more responsive
healthcare system that provides patient access via phone or
internet in addition to in-person visits, customized care and
shared decision making, as well as communication and collab-
oration between physicians [55]. Yet all of these tasks, while
loosely expected by a healthcare institution, depend on the
provider’s diligence to complete them in Bspare time,^ after
finishing with the long line of physically present (and billable)
patients. Furthermore, the assembly line approach to patient
care promotes error, discourages independent thought, and cre-
ates waste in the form of unnecessary tests and procedures.

Application of RVU systems to academic medicine result-
ed in a substantial culture shift: suddenly, focus was placed on
just one of the many tasks academic physicians were charged
to perform. While once thought to be integral to academic
medicine, tasks such as teaching or scholarly activity became
secondary considerations for providers who are neither com-
pensated nor receiving Bprotected time^ for these activities
[56]. The long-term effects of this shift in valued activities
have yet to be fully discerned, with the newer generations of
providers training in a very different environment compared to
their predecessors.

Hospital epidemiologists are specifically affected by the
business model in a variety of ways. First, like the traditional
academic physician, most hospital epidemiologists are re-
sponsible for a variety of job functions, and similar to acade-
mia in general, few of these tasks are actually compensated.
For example, in a 2006 survey of SHEA members, only 65 %
were compensated for providing general hospital infection
prevention expertise. When asked about related tasks such as
antimicrobial stewardship, employee health, emergency pre-
paredness, and patient safety, the group receiving compensa-
tion for services fell to 25 % [1]. Secondly, the collaborative,
safety focused environment essential to implementation of
infection prevention and other patient safety initiatives is at
odds with an RVU-based system. It becomes a significant
imposition to even request meetings with colleagues for

feedback and discussion of infection rates, much less depend
on them for thorough case review and participation in perfor-
mance improvement. Yet the commitment of frontline pro-
viders to shared infection prevention goals is essential. The
ability of frontline staff to implement programs that produce
sustained decreases in hospital-acquired bloodstream infec-
tions on a large scale was well documented by Pronovost
et al. in their multi-ICU study partially funded by AHRQ.
However, in this study, hospital administrators were not only
committed to the initiative by declarations of support, they
also allowed providers to devote 20 % of their time to project
activities. The authors note that administrative decisions to
continue in the program may have been impacted by insurer
incentive payments for decreased bloodstream infections oc-
curring simultaneously [57]. Adoption of this model may not
be feasible in other settings; in fact, even in the study, several
institutions declined participation in the longitudinal portion
of the study that evaluated sustainability. Since implementa-
tion of infection prevention initiatives remains one of the big-
gest challenges faced by hospital epidemiologists and infec-
tion prevention programs, a careful re-evaluation of the busi-
ness of medicine is required. If the work of hospital epidemi-
ologists and infection preventionists is not assigned a concrete
value, such as protected time, without significant expectation
of RVU generation or financial and non-monetary program
support resources, sustained commitment to infection preven-
tion will be challenging. With the changing scope of hospital
infection prevention programs, a critical reassessment of need-
ed resources is long overdue. This includes defining the nec-
essary monies and support for hospital epidemiologists, infec-
tion preventionists and related program elements such data
collection, information technology, antimicrobial stewardship,
emergency preparedness, mandatory public reporting, and
responding to all relevant regulatory commitments.

Conclusion: Perpetual Challenges and Future
Opportunities

Over the last four decades, hospital epidemiology has evolved
significantly. There has been a shift from the descriptive and
analytic approach of infection control toward a more proactive
interventional approach in infection prevention. The evolution
has been propelled by the increasing strength in the science to
support infection prevention practices, which in turn has ex-
panded the responsibilities for hospital epidemiologists.
Implementation science is seen as increasingly important
and relevant to infection prevention. Bundled approaches to
infection prevention best practices have improved outcomes.
Regulatory mandates have added to the scope of infection
prevention programs, at times with questionable benefit.

Threats of multidrug-resistant organisms and public health
emergencies have exposed the need for more robust
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antimicrobial stewardship and collaborative emergency pre-
paredness. While these threats are not new, the coordinated
effort to effectively manage them at the national, regional, and
institution level is a step beyond previous sporadic and isolat-
ed attention. Lastly, financial pressures such as RVU genera-
tion are likely to compete with the expanding roles and expec-
tations of physician-epidemiologists thereby underscoring the
need to formally protect the time and effort of infection
prevention.

In facing the challenges of a changing healthcare land-
scape, there will also be great opportunities for hospital epi-
demiologists. The diversity of roles and skill sets required
present a new standard for infection prevention, one that,
when met with the appropriate resources, collaborations, and
rigor, can significantly enhance and improve patient safety in
the modern healthcare facility.
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