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Abstract

Due to the nature of their underlying illness and treatment regimens, cancer
patients are at increased risk of infection. Though the advent and widespread
use of anti-infective agents has allowed for the application of ever-greater
immune-suppressing therapies with successful treatment of infectious compli-
cations, prevention of infection remains the primary goal. The evolutionary
changes of microorganisms, whereby resistance to anti-infective therapy is
increasingly common, have facilitated a paradigm shift in the field of healthcare
epidemiology. No longer is the focus on “control” of infection once established
in a healthcare environment. Rather, the emphasis is on prevention of infection
before it occurs. The most basic tenet of infection prevention, and the
cornerstone of all well-designed infection prevention and control programs, is
hand hygiene. The hands of healthcare workers provide a common potential
source for transmission of infectious agents, and effective decontamination of
the hands reduces the risk of transmission of infectious material to other
patients. Once infection is suspected or established; however, implementation
of effective control strategies is important to limit the spread of infection within
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a healthcare environment. This chapter outlines the basic tenets of infection
prevention, principles of isolation precautions and control measures, and
elements for a successful infection control and prevention program.
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1 Introduction

The area of infection control has undergone substantial changes in the past decade.
The most substantive change has been a shift in emphasis from “control” of
healthcare-associated infections (HAIs) to developing and implementing strategies
for preventing HAIs. This effort has been led by the Centers for Disease Control
and Prevention (CDC), who adopted the addition of “and Prevention” in 1992 to
their name [1]. A variety of published reports support the notion that most HAIs
are preventable. These data challenge the concept of HAIs as a simply the “cost of
doing business” in an increasingly complex healthcare environment. Thus,
developing effective strategies to prevent HAIs is the foundation of any infection
“control” program.

Healthcare-associated infections not only impart substantial morbidity and
mortality upon patients; they are associated with enormous costs to the healthcare
system. As an effort to provide better safer care and to assist in containing costs
associated with HAI, the Centers for Medicare and Medicaid Services (CMS) no
longer provides reimbursement for many hospital-acquired conditions. Several of
these conditions are related to infection including catheter-associated blood stream
infections, catheter-associated urinary tract infections, and selected surgical site
infections.

The increased interest in HAIs has highlighted many important challenges that
institutions must overcome. These include the development of systematic pro-
cesses to ensure hand hygiene compliance and provide acceptable rates of
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healthcare-worker (HCW) influenza vaccination rates, develop methods for
tracking and reporting infection rates, and designing and/or implementing evi-
dence-based practice “bundles” associated with reductions in several HAIs (i.e.,
ventilator-associated pneumonia, catheter-associated blood stream infections, and
surgical site infections). Developing effective infection prevention programs
involves unique challenges under the best of circumstances. Many of these chal-
lenges are exemplified when considering the immune-compromised host. How-
ever, the majority of infection prevention and control initiatives apply to all
patients equally regardless of the immune status of the host. Ensuring adherence to
the basic tenets of infection prevention and control will serve all patient popula-
tions well, especially those already at increased risk of infectious complications.

2 Hand Hygiene

Ignaz Semmelweis demonstrated in 1847 that disinfecting the hands resulted in a
marked reduction in puerperal fever. More than 150 years have passed since
learning of the fundamental role that contaminated hands play in the transmission
of HAIs [2]. Unfortunately, hand hygiene rates remain unacceptably low at around
40 % in most U.S. healthcare institutions. It is accepted by most experts that high
rates of hand hygiene compliance are associated with reductions in HAIs.
Emphasis thus is on improving the rate of hand hygiene compliance in healthcare
institutions rather than continued study into the effectiveness of hand hygiene.

A comprehensive approach is necessary to sustain high rates of hand hygiene
compliance. While education must be conducted and maintained, the majority of
healthcare professionals accept the value and importance of hand hygiene.
Therefore, directed efforts aimed at ensuring hand hygiene are performed and are
the most beneficial. Such efforts are best focused on modeling of behavior by key
institutional leaders [4, 5] and ensuring wide availability of hand hygiene products
[3]. The selection of hand hygiene products often involves an extensive process
that includes many representatives of the healthcare team (e.g., physicians, nurses,
technicians, phlebotomists, etc.). The CDC recommends the use of alcohol-based
hand-rubs preferentially over the use of soap and water in most situations. Reasons
for such recommendations are severalfold. Because these products do not require
the use of water, can be distributed in a variety of locations, are rubbed onto the
hands until dry, and can be applied while walking to the location of the next task,
hand hygiene is more likely to be performed appropriately and can be done quickly
when using alcohol-based hand-rubs. On the contrary, use of soap and water
requires remaining in a specified location, staying in this location while washing,
and using soap and water for at least 15-20 s. Because of the frequent time-
constraints placed on busy healthcare professionals, it is less likely that use of soap
and water for hand hygiene is performed appropriately. Therefore, preference is
given to the use of hand-rubs.
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However, there are instances when the use of soap and water is preferred over
that of an alcohol-based hand-rub. When hands are visibly soiled, hand-rubs are
not effective in removing debris, and the use of soap and water is necessary to
clean the hands. Another common situation where soap and water is preferred is
when caring for patients infected or colonized with organisms that are not effec-
tively killed or inactivated by hand-rubs. Organisms capable of forming spores are
not inactivated with the use of hand-rubs. Therefore, use of a hand-rub does not
eliminate the organisms from the hands allowing for possible transmission to
another patient. Clostridium difficile is a commonly encountered pathogen that has
the ability to form spores. While soap and water does not kill or inactivate the
spores, the mechanical action of rubbing the hands under running water removes
the spores from the hands. Soap is still necessary in order inactivate other
organisms on the hands and to provide a surfactant for effective removal of spores
from the hands [6].

3 Standard Precautions

Standard precautions encompass a set of infection prevention practices that are
used for all patient encounters [5]. Standard precautions are based on the premise
that all blood, body fluids, secretions, non-intact skin, and mucous membranes
contain potentially infectious material. Therefore, handling of blood or body fluids
demands the use of precautions to protect the HCW from exposure to a potentially
infectious agent and to minimize the risk of transmission of such pathogens to
others. Standard precautions include the practice of hand hygiene, the use of
personal protective equipment (gowns, gloves, masks, and eye protection)
depending on the anticipated procedure, and the performance of safe injection
practices. Hand hygiene is a universal action practiced in all healthcare settings
and with all patient interactions. The use of personal protective equipment (PPE),
however, is designed only when exposure to potentially infectious material (blood
and bodily fluids) may occur.

The 2007 CDC Guidelines for Isolation Precautions include respiratory
hygiene/cough etiquette, a new practice recommendation incorporated as part of
standard precautions [6]. Respiratory hygiene and cough etiquette refer to prac-
tices that minimize transmission of respiratory pathogens (i.e., influenza, common
cold viruses, etc.) and includes covering of coughs/sneezes, use of a surgical mask
for those with respiratory symptoms, and performing hand hygiene after coughing
and/or sneezing. Further, use of signage to provide instruction on the performance
of respiratory hygiene and cough etiquette is suggested. While these practices are
congruent with the notion of standard precautions, they differ in that respiratory
hygiene and cough etiquette applies to all individuals within the healthcare
institution, including visitors and patients in addition to HCWs. Standard pre-
cautions, on the other hand, generally apply only to HCWs.
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4 Transmission-Based Precautions

Transmission-based precautions are utilized to prevent the spread of specific
pathogens and are based on the mode of transmission of the organism in question.
Such precautions generally are of three types: airborne, droplet, and contact. Each
of these sets of precautions has specific environmental components and recom-
mendations for the use of PPE by HCWs. For all circumstances, the implemen-
tation of transmission-based precautions should occur whenever infection or
colonization with a pathogen is suspected or confirmed to be present. Imple-
mentation of precautions early in the course when infection or colonization is
suspected, even before being confirmed, minimizes the risk of disease transmission
to other patients and HCWs. Minimizing the exposure risk is expected to minimize
the risk of transmission to subsequent patients.

Airborne precautions are designed to minimize the transmission of infectious
pathogens spread by the airborne route. Pathogens spread by the airborne route are
highly infectious particles that have the ability to spread via air currents, thus
allowing for easy spread over relatively long distances. These include tuberculosis,
measles, and varicella zoster virus. The spread of novel respiratory viruses (i.e.,
avian influenza H5N1) is often unknown. Recommendations for control of these
viruses includes using airborne precautions as a component of protection until
further data demonstrating other precautions are sufficient for interruption of
transmission [6, 7].

Use of an airborne infection isolation room (AIIR) is necessary for patients
requiring airborne precautions. An AIIR is a room in which the pressure in the
room (where the infected patient is located) is negative relative to the pressure in
the areas adjacent to the room. This design allows for air outside of the room to
flow into the room, pass through a high-efficiency filter, and then be exhausted.
The other major component of caring for patients with suspected or confirmed
pathogens requiring airborne precautions is that all HCWs entering into the room
wear a respirator capable of filtering the potentially infectious material (i.e., fit-
tested N-95 particulate respirator). The design to minimize the risk of transmission
of infectious organisms to patients in adjacent areas and rooms poses unique
challenges to patients with compromised immune systems where the general goal
is to move environmental air from the patient’s environment into adjacent areas,
hence using positive pressure ventilation rather than negative pressure ventilation.
However, positive pressure ventilation allows for the dispersion of airborne
infectious material to potentially be spread to other, often immune-compromised,
patients in adjacent areas or rooms. Because of the risk of disease transmission to
others from patients with infections such as tuberculosis and measles, it is rec-
ommended that all patients requiring airborne precautions, regardless of immune
status, be cared for in negative pressure rooms.

A not uncommon situation, though, occurs when immune-compromised
patients present with cutaneous or disseminated varicella zoster virus (VZV)
infections. Due to impaired immunity, these patients are likely to shed virus from
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lesions for prolonged periods. Daily culturing of lesions from immune-compro-
mised patients with cutaneous VZV demonstrated that virus may be viable and
able to be cultured from lesions for up to 8 days (mean 4.7 days) [8]. Immune-
compromised patients are also more likely to develop disseminated disease, and in
this same series of patients, 61 % (11/18) developed disseminated disease after the
third day of rash onset. Because airborne transmission of VZV has been demon-
strated to occur in hospital settings [9], patients with either primary varicella or
disseminated zoster infections are recommended to be cared for using airborne
precautions. The propensity for dissemination, and therefore potential airborne
transmission, after the first day of rash onset in immune-compromised patients
suggests that the use of airborne isolation precautions early in the course of illness
is a prudent strategy for mitigating the nosocomial spread of VZV infections. The
CDC recommends the use of airborne precautions for patients with disseminated
disease, regardless of immune status and any disease severity, including localized
skin eruptions, due to VZV in immune-compromised patients. Discontinuing the
use of airborne precautions is dependent primarily on the pathogen of concern. For
VZV (shingles), for example, it is recommended that patients remain in an AIIR
with airborne precaution use until all lesions have fully crusted.

The next type of transmission-based precautions is droplet precautions. Droplet
transmission occurs when infectious material is expelled from the respiratory tract
of an individual when the person coughs, sneezes, or talks [10]. The droplet
particles are of larger size than particles associated with pathogens that are spread
by the airborne route. The larger size of the droplet particles, therefore, does not
allow the infectious material to be dispersed over long distances via air currents as
occurs with airborne transmission. The specific distance for which droplet particles
remain infectious is largely unknown. Limited data suggest that the risk of
transmission is limited to a distance within three feet of the patient [11, 12].
Personal protective equipment for droplet precautions includes the use of a sur-
gical mask by healthcare personnel. The masks should be donned when within
about six feet of the patient, a distance considered to be safe and recommended as
an additional modicum of caution [6]. Pathogens transmitted via respiratory
droplets include influenza virus, adenovirus, rhinovirus, Bordetella pertussis,
Streptococcus pyogenes, and Neisseria meningitides. Respiratory syncytial virus
may be transmitted by the droplet route, though the primary mode of transmission
is via direct contact with infected material.

Transmission of pathogens within the healthcare environment most commonly
occurs by the contact route. Contact transmission is divided into direct and indirect
contact transmissions. Direct contact transmission is that which occurs when
pathogens are transmitted from one person to another without an intermediary, be
it a person or object. Transmission of hepatitis B virus from an infected patient to
an HCW from a contaminated needle stick and transmission of scabies from a
patient to a HCW are two examples of direct transmission. More commonly,
however, indirect contact transmission of pathogens occurs in the healthcare
environment.
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Indirect contact transmission occurs when a microorganism is transmitted from
one person to another via a contaminated person or object. The contaminated
hands of HCWs are the most important vector responsible for the indirect contact
transmission of microorganisms. Other potential transmission sources include
equipment used in the care of patients (i.e., thermometers, blood pressure mea-
surement devices, stethoscopes, etc.). These objects have the opportunity to
transmit infectious material if not appropriately disinfected between patients.

Equipment necessary for interrupting transmission of organisms spread by the
contact route includes the use of gloves and gowns by HCWs. Ideally, patients
should be cared for in a private room. Cohorting of patients colonized or infected
with the same type of infectious agent is acceptable [6, 13]. Guidelines for dis-
continuation of contact precautions have not been well defined.

5 Environmental Issues

One aspect of infection control and prevention unique to the immune suppressed
population is the use of the protective environment. The protective environment
has been specifically designed for patients who have undergone hematopoietic
stem cell transplantation (HSCT). A primary goal of the protective environment is
to reduce fungal spore counts in the air and, therefore, the risk of invasive fungal
disease. Though many types of fungal spores are likely affected by the environ-
mental controls of the protective environment, control of Aspergillus spores and
mitigation of invasive aspergillosis have been the primary goal.

High-efficiency particulate air (HEPA) filtration of incoming air, directed room
airflow, positive room air pressure relative to the corridor, and well-sealed rooms
to prevent flow of air from the outside are all part of the protective environment
concept. The neutropenic diet is an additional component of the protective envi-
ronment. The neutropenic diet consists of foods low in bacterial counts with the
goal of limiting the introduction of bacteria into the gastrointestinal tract of
patients and, thereby, potentially reducing infection by reducing the occurrence of
colonization. Many institutions employ the use of the neutropenic diet in an effort
to diminish the risk of infection in patients during periods of neutropenia (neu-
trophil counts < 500 x 10°/L). Prior to the introduction of the neutropenic diet,
food was autoclaved and irradiated prior to serving to patients. This left the food
unpalatable by many. The National Cancer Institute performed a randomized trial
demonstrating little advantage to the sterile diet over a “cooked food” diet
designed by the National Institutes of Health, Department of Dietary and Envi-
ronmental Sanitation. The cooked food diet was more palatable than the sterile
diet. However, it reportedly left patients dissatisfied after prolonged use [14]. Use
of commercially available foods was desirable. Culturing of commercially avail-
able food [15] found that 66 % grew less than 500 colony-forming units of bacteria
per gram of food. Therefore, this became the upper limit of bacterial counts
determined to be acceptable for neutropenic patients. However, only 20 % of
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processed meats and 30 % of fresh fruits and vegetables had colony counts of
bacteria below this threshold. However, data evaluating the specific impact of the
neutropenic diet are lacking. A systematic review and meta-analysis performed by
Schlesinger et al. [16] evaluated the effect on the protective environment. Com-
ponents of the protective environment varied across studies, though primarily
included air quality control, barrier isolation, and the use of nonabsorbable anti-
biotics. The protective environment was associated with a 40 % reduction in all-
cause mortality at 30 days (RR 0.6 [95 % CI: 0.50-0.72]). When evaluated for the
longest period of follow-up (range, 100 days—3 years), mortality reduction was
less substantial for patients when care was provided in a protective environment
with a relative risk for mortality of 0.86 (95 % CI: 0.81-0.91). Examination of the
individual components of the protective environment demonstrates that control of
air quality alone was associated with a 19 % reduction in mortality at 100 days
(RR 0.81 [95 % CI: 0.73-0.91]). Neither barrier isolation (RR 1.25 [95 % CI:
0.66-2.38]) nor suppression of endogenous flora alone (RR 0.88 [CI: 0.63-1.21])
resulted in a statistically significant effect on mortality. Significant reductions in
mortality were also demonstrated among recipients of allogeneic hematopoietic
stem cell transplantation (HSCT) (RRO0.81, [95 % CI: 0.73-0.89]) and autologous
HSCT (RR 0.72, [95 % CI: 0.58-0.88]) when cared for in a protective
environment.

These data support the recommendation that patients undergoing HSCT should
be cared for in a protective environment [17]. Because of the intensity of che-
motherapy and associated prolonged periods of neutropenia associated with
treatment for acute leukemia, it is reasonable to extend the use of a protective
environment to this population, as well. The lack of available data coupled with
dissatisfaction and potential for adverse events associated with isolation of the
patient should temper the widespread use of the protective environment for all
cancer patients. Strict adherence to routine infection prevention practices should
be sufficient to protect non-HSCT patients.

6 Multidrug-Resistant Organisms

A number of bacterial pathogens have emerged demonstrating increased resistance
to common, or more worrisome, many classes of antibiotics. The emergence of
resistance complicates treatment of infections due to these pathogens, made all the
more difficult in patients with underlying immune-compromising conditions. With
the dwindling availability of effective antibiotic therapy, prevention of infection is
paramount. Reducing the transmission of antibiotic-resistant bacteria is not nec-
essarily different from that of other bacterial pathogens. Attention is focused on
these antibiotic-resistant organisms because of their propensity to cause infection,
their associated morbidity and mortality, and limited therapeutic options should
infection be established.
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Staphylococci remain the most common single bacterial cause of HAIs. The
past two decades have seen an emergence of resistant staphylococci, namely
methicillin-resistant Staphylococcus aureus (MRSA) [18-27]. A report by the
CDC estimated that nearly 100,000 persons annually experience infections caused
by MRSA. Infections due to MRSA vary from superficial carbuncles to life-
threatening bloodstream infections, device-associated infections, and necrotizing
pneumonia. Data have emerged demonstrating that infection with MRSA is
associated with an increased mortality compared with an infection with a non-
MRSA strain of S. aureus. Cosgrove et al. [28] conducted a meta-analysis dem-
onstrating an increased odds of death (Odds Ratio OR 1.93, 95 % CI: 1.54-2.42)
among patients with bloodstream infections from MRSA compared with patients
with bloodstream infections due to methicillin-susceptible S. aureus.

Developing effective strategies to reduce transmission of MRSA remains a
challenge. Much attention has focused on efforts to screen patients who may be
harboring (i.e., colonized with) MRSA. This strategy, known as active surveillance
culturing (ASC), has been reported to be beneficial in reducing infections from
MRSA in selected populations [26]. However, other data have demonstrated that
ASC is not useful in combination with several other infection control-based
interventions in reducing infections due to MRSA or MRSA transmission [27].

Unless future data demonstrate conclusively that screening all patients for
MRSA is associated with reduced transmission of and reduced infections due to
MRSA, an approach targeted at a variety of pathogens seems most reasonable. For
institutions that do well with other infection prevention and control activities (i.e.,
hand hygiene, adherence to isolation practices), yet still have high rates of
infection due to MRSA, implementation of a screening program targeted at patient
populations with the greatest risk and/or burden of infection may prove beneficial
in assisting in the control of infections caused by MRSA.

Enterococcus species [29-38] are gram-positive bacteria related to the Strep-
tococcus species. These bacteria have plagued healthcare institutions for years and
have generated much interest among clinicians caring for immune-compromised
patients due to the frequency of infections caused by these organisms as well as the
associated morbidity and mortality. The basic tenets of infection prevention, an
emphasis on hand hygiene, early isolation, and antimicrobial stewardship apply to
this organism just as they do for other antibiotic-resistant pathogens.

Whereas MRSA is associated with increased mortality when compared with
methicillin-susceptible S. aureus infection, data are less clear that VRE is asso-
ciated with increased mortality when compared with vancomycin-susceptible
enterococci. Risk factors for VRE [29, 34, 39-50] have been well described and
most notably include an underlying hematologic malignancy, neutropenia, inva-
sive device use, and prior antimicrobial therapy, of which vancomycin is the most
consistently identified antibiotic associated with an independent risk for either
colonization or infection.

Once either colonized or infected, however, whether VRE is an independent
risk factor for death is less clear. Experience with VRE bloodstream infections
(BSI) in an HSCT unit [51] found that 13 % of patients colonized with VRE
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subsequently developed VRE BSI. The majority of these patients had acute
leukemia. On multivariate analysis, the authors found that VRE BSI was not an
independent risk factor for death and suggested the presence of VRE BSI is more a
marker for severity of underlying illness. Similar findings were noted in another
study of VRE BSI by Han et al. [52]. In contrast, a meta-analysis [53] demon-
strated that vancomycin resistance is associated with increased mortality when
compared with vancomycin-susceptible enterococci causing BSI (OR 2.52, 95 %
CI: 1.9-3.4). In neutropenic patients, prolonged bacteremia may be a possible
explanation [54].

Prevention of infection, then, becomes ever more important. Screening of
patients is a strategy employed by many institutions to determine whether colo-
nization is present. Patients with positive screening cultures are subsequently
isolated in an effort to reduce transmission of bacteria to other patients. Culturing
the perirectal region of patients for the presence of VRE is a strategy performed by
many institutions. The goal of screening patients is twofold: first, to initiate iso-
lation precautions to minimize the risk of transmission of bacteria to other patients
and second, to identify carriage in the event, empirical antimicrobial therapy must
be used for subsequent infection—a common occurrence among immune-sup-
pressed patients. Weinstock et al. [55] followed 92 patients who were screened for
VRE stool colonization at the time of admission for allogeneic HSCT (alloHSCT).
Colonization with VRE was common (40.2 % of patients) and 34.2 % of patients
with positive VRE screens on admission later developed BSI, whereas 1.8 %
without initial VRE positive screens subsequently developed VRE BSI. Thus, for
patients where stool culture is obtained for VRE and it is positive, subsequent
empirical therapy for BSI should include adequate activity against VRE. Though
screening for VRE in high-risk populations has also been associated with an
overall decreased incidence of VRE-related infection in medical and surgical
intensive care units [56], routinely screening all patients is not recommended [13].
If, however, standard infection prevention methods are not associated with control
of healthcare-associated VRE infections, the addition of active screening programs
targeted to the appropriate population should be considered. Such screening pro-
grams, though, must not supplant ongoing and more well-established infection
prevention and control initiatives. Though much interest has been directed toward
the gram-positive organisms, MRSA and VRE, many experts believe a more
concerning situation exists with multidrug-resistant gram-negative pathogens.
A variety of difficulty to treat gram-negative bacteria has emerged over the past
decade. Currently, Klebsiella pneumoniae, Eshershicia coli, Pseudomonas aeru-
ginosa, and Acinetobacter baumannii appear to be the primary gram-negative
organisms exhibiting the most troublesome resistance trends. These range from the
previously known extended-spectrum beta-lactamase (ESBL)-producing patho-
gens to the newly emerged carbapenem-resistant Enterobacteriacae (CRE). Sev-
eral recent reviews detail the changing epidemiology of these antibiotic-resistant
bacteria [57-61]. Perhaps most disturbing is the emergence of CRE, which exhibit
resistance to the carbapenem class of antibiotics, long considered the agents of
choice for resistant gram-negative bacteria. More concerning is that these bacteria
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are frequently accompanied by resistance to many, if not all, other classes of
antibiotics.

Outcomes associated with infections due to the resistant gram-negative organ-
isms are difficult to ascertain. Several studies have reported increased attributable
mortality [62-68]. However, other studies have not been able to demonstrate a
specific impact of the multidrug resistance on mortality [69-71]. The difficulty in
ascertaining outcomes associated with gram-negative resistance is likely due to
several factors. First, unlike the gram-positive organisms, where resistance is typ-
ically manifested against one class of antibiotic (e.g., methicillin or vancomycin for
MRSA and VRE, respectively), the gram-negative organisms demonstrate complex
and variable resistance profiles. Second, these pathogens appear to be more common
among severely ill patients who are often hospitalized for prolonged periods of time
and discerning the impact of one variable (resistance) from potentially hundreds of
factors that may contribute to death is extraordinarily difficult. Next, related to the
first, there is not an accepted standard definition for what comprises “multidrug
resistance,” and the heterogeneity of definitions has made interpretation and
investigation of the effect of multidrug resistance elusive. Finally, it has been
demonstrated that initial antimicrobial therapy ineffective against the causative
pathogen is associated with poorer outcomes, even if appropriate therapy is initiated
once susceptibilities are known [72-74]. With complex resistance patterns often
demonstrated by these multidrug-resistant gram-negative pathogens, there is a
greater risk of not choosing an effective empirical antimicrobial agent, and the poor
outcomes observed in these patients may be more reflective of inappropriate anti-
microbial choice rather than the a specific effect of resistance.

From an infection control and prevention perspective, there is no difference in
the management of the patients infected or colonized with these pathogens.
Patients harboring ESBL-producing organisms have long been recommended to
have contact precautions used [6, 13]. The same principles apply to these patho-
gens as they do for others (i.e., MRSA, VRE). The use of active screening cultures
to identify patients that may be colonized with multidrug-resistant gram-negative
bacteria has not proven to be beneficial [75—77]. Emphasis on hand hygiene along
with initiation of contact precautions for patients who are either colonized or
infected is recommended. No specific guidance has been offered as to when
patients can have contact precautions discontinued, though most experts suggest
maintaining contact precautions at least until hospital discharge [13].

7 Other Organisms of Epidemiological Importance

C. difficile is a gram-positive, spore-forming organism that has been well described
to be a common cause of intestinal infection among hospitalized patients [78, 79].
C. difficile is spread by direct or indirect contact with a patient or the environment
of a patient who is either colonized or infected [80-89]. A variety of risk factors
for disease have been described and include prior use of antibiotics, advanced age,
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prolonged hospital stay, and severe underlying disease [90-92]. Persons with
underlying malignancy may be especially at risk given their compromised immune
status. Receipt of chemotherapy has been associated with an increased risk of
developing diarrhea with a toxigenic C. difficile strain (OR 6, [95 % CI: 1.51-23.8]
[93]. The use of interleukin-2, either during the index hospitalization or within
30 days of admission, has also been demonstrated to be associated with a greater
risk of C. difficile infection [94]. The past decade has seen the emergence of a new
strain of C. difficile [95-97]. When considering previously described strains of
C. difficile, this newly described strain has increased virulence, increased toxin
production, increased spore formation, and resistance to the fluoroquinolone
antibiotics. While these factors may cause more severe clinical presentations, there
are no data to suggest that control of infections due this new C. difficile strain
requires an approach different from that of traditional control mechanisms for
C. difficile.

Patients with suspected or confirmed infection with C. difficile should be placed
in contact precautions. The use of gowns and gloves serves as a barrier to mini-
mize the HCWs hands and clothing contamination. Empiric isolation of patients
with diarrhea is a strategy that may help mitigate the transmission of C. difficile
within an institution. A more targeted approach may be to empirically isolate those
patients with a prior known history of C. difficile infection given that, as Boone
et al. [98] described, 15 % of patients readmitted within 6 months of being
diagnosed with C. difficile infection continued to test positive for toxigenic strains
of C. difficile. The use of infection control measures (empiric isolation of patients
with diarrhea, gowns, gloves, hand hygiene with soap/water) has been demon-
strated to be effective in terminating transmission of C. difficile [64] infections,
including among patients with leukemia [99, 100]. As described before, the spores
of C. difficile are not inactivated by alcohol-based hand-rubs. Therefore, the use of
soap and water is recommended for hand hygiene after contact in order to remove
the spores from the hands, particularly in outbreak settings.

Aspergillosis is caused by a variety of Aspergillus species. The typical person
inhales Aspergillus spores regularly, yet invasive aspergillosis is rare and typically
seen only among those with severe immune suppression. Thus, control of
Aspergillus is of primary concern among patients with severely impaired immune
function, such as HSCT patients. Other patients, namely solid-organ transplant
patients and those with acute leukemia undergoing induction chemotherapy, also
appear to have increased risk for invasive aspergillosis. The control of Aspergillus
spores begins with healthcare facility construction. To minimize the risk of mold
exposure to patients, rooms with false ceilings should be avoided since these areas
may serve as a reservoir for dust and various molds to accumulate. If false ceilings
are present, ensuring a mechanism for routine cleaning and vacuuming is neces-
sary to minimize the exposure risk. Rooms for patients undergoing HSCT should
have HEPA filtration of the incoming air, and the air pressure in the room should
be positive in relation to the corridor. The positive pressure allows air to be moved
from within the room to outside the room, minimizing the risk of drawing in
airborne infectious material, such as Aspergillus spores [6, 17, 101].
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However, as healthcare facilities continue to experience construction and ren-
ovation, it becomes essential to ensure that before any construction begins, an
infection control risk assessment (ICRA) is completed. The ICRA is designed to
evaluate the type of construction that is planned and to determine whether there
may be a potential risk for exposing patients to infectious agents, namely Asper-
gillus spores [17, 102]. While aspergillosis is commonly cited to be associated
with hospital construction [103-105], one matched case—control study among
renal transplant recipients found that an average daily dose of corticosteroid use
equivalent to 1.25 mg/kg per day of prednisone was predictive of subsequent
invasive aspergillosis [106]. Control of dust during construction or renovation
generally involves erecting airtight barriers between the construction area(s) and
patient care area(s). Ensuring a facility-wide systematic approach to evaluate
construction projects, no matter how minor or trivial they may seem, is critically
important to minimize the dissemination of Aspergillus spores, especially in areas
where immune-suppressed patients are housed. Should a patient develop invasive
aspergillosis while hospitalized full epidemiologic evaluation should be under-
taken in an effort to evaluate for an environmental source.

Legionellosis, caused by Legionella species of bacteria, most commonly pre-
sents as pneumonia and has been well described to occur within healthcare
institutions, including among immune-suppressed patients [107]. Outbreaks are
typically associated with a contaminated water source such as a decorative
fountain [107], common water supply [108-111], and cooling towers [112].
Therefore, the finding of even one healthcare-associated Legionella infection
should prompt an investigation into a potentially contaminated water source [102].
Control measures for Legionella are many and varied and most have achieved
inconsistent results [113]. For patients in protective environments or transplant
units, the CDC recommends that heated water temperatures be maintained
>123 °F (>50 °C) and cold water <68 °F (<20 °C). Alternately, heated water
may be chlorinated to achieve 1-2 mg/L of free residual chlorine measured at the
tap. Periodic culturing for Legionellae may also be performed though is not spe-
cifically recommended, as there is little guidance for the optimal culturing
methodology. Showerheads in patient rooms or in inpatient care areas should be
disinfected monthly using a chlorine-based cleaning solution. Use of humidifiers
should be avoided as these may create aerosols increasing the risk of legionellosis.
If the use of a humidifier is unavoidable, high-level disinfection should occur and
only sterile water should be used.

Because of the epidemiologic importance of healthcare-associated legionello-
sis, an epidemiologic investigation should occur if even a single case of nosoco-
mial Legionella is identified. Reporting to the local or state health department may
be required in some jurisdictions. Investigation of healthcare-associated legio-
nellosis will necessarily involve some form of environmental culturing. Sampling
methods for obtaining reliable environmental cultures present unique challenges,
and the resources, especially when attempting to identify fastidious pathogens such
as Legionella, may not be readily available. Molecular typing of identified isolates
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from suspected patients, and also the environment is useful to identify a water
source responsible for patient infection.

Finally, various respiratory viral pathogens, such as respiratory syncytial virus
(RSV) and influenza, can cause HAIs in the immune-compromised patient. While
transmission of these pathogens may differ (i.e., RSV is spread primarily via direct
contact, while influenza is spread mainly by respiratory droplets), control of febrile
respiratory infections (FRI) due to these pathogens occurs through several core
infection control practices. Patients with FRI should be identified upon entry to a
healthcare facility. Such patients can then be cohorted from other noninfected
patients and placed into appropriate isolation precautions. Strict adherence to hand
hygiene, use of PPE, restriction of ill visitors and healthcare workers, and source
control of the infected patient (such as having the patient wear a surgical mask
when in public areas) are all important infection control measures [6].

For some respiratory pathogens, particularly influenza, vaccination remains a
cornerstone of efforts to prevent nosocomial FRI. Healthcare workers are rec-
ommended as a target group for influenza vaccination due to their close contact
with patients at high risk for complications of influenza [114]. Many healthy
healthcare workers may become infected with influenza yet have no or minimal
symptoms. These persons can still shed and spread influenza virus to their patients.
In addition, in the 24 h prior to development of classic influenza symptoms (i.e.,
myalgias, high fevers, cough, fatigue), infected persons can shed virus. Studies
have shown that influenza vaccination of healthcare workers reduces laboratory-
confirmed influenza, sick days due to respiratory illness, and days lost from work
[115]. Perhaps most striking are findings in several studies in long-term care
facilities that demonstrate that vaccination of healthcare workers significantly
reduced the mortality of their patients [116—119]. Despite the benefits of health-
care worker influenza vaccination, coverage rates of healthcare workers remain
unacceptably low at approximately 65 %. Because of these low rates, several
medical centers and hospitals have moved to requiring influenza vaccination as a
condition of employment for healthcare workers [120]. Whatever the strategy
utilized, increasing healthcare worker influenza vaccination rates is important to
protect patients from healthcare-associated infections.

8 Essential Elements of a Successful Infection Control
and Prevention Program

Essential for discovery of HAIs and developing processes to prevent infection is a
strong infection prevention, control, and epidemiology program. Critical to the
success of any program are highly trained nurses specially trained in infection
prevention, control, and hospital epidemiology—infection preventionists (IP). The
CDC recommends a staffing ratio of 1 full-time equivalent (FTE) IP for the first
100 beds of a hospital to 1 FTE IP for every additional 250 beds [121, 122]. The
basis for this recommendation is the Study on the Efficacy of Nosocomial Infection
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Control (SENIC) Project [123], sponsored by the CDC in the 1970s and the Delphi
project [124] which recommended a staffing ratio 0.8—1 IP for every 100 occupied
beds. The investigators of the SENIC Project, for the first time, provided evidence
supporting the link between an established infection control and prevention pro-
gram and fewer HAIs. The role of the IP has undergone substantial changes since
the original SENIC Project, from initially gathering data and reporting infection
rates to now requiring an understanding of process improvement, data analysis,
transmission of infectious diseases, and epidemiology, to name a few. With the
complexities of infection prevention and control along with the specialized
knowledge necessary to implement and maintain a successful prevention program,
formal certification in the specialty is available. All institutions, though especially
those where care for severely immune-compromised patients is delivered, should
have at least one certified IP leading the program of infection prevention.

Another important element of successful infection prevention and control
programs is the use of standardized definitions, such as those provided by the CDC
[125], for determining HAIs. The universal application of validated, standardized
definitions for surveillance of HAIs provides several advantages. First, there is less
variability in what is deemed an infection, and second, the use of standardized
definitions allows for tracking trends over time. Institutional data on infection rates
are most helpful for that specific institution in order to determine how successful a
program is at reducing HAIs. Next, the use of standard definitions allows for data
to be aggregated from multiple institutions to develop mean and median rates of
specific types of infections. Only if definitions are applied in a consistent manner
throughout multiple institutions is the development of such statistical “bench-
marks” possible. Such benchmarks, then, allow institutions to develop an under-
standing of their specific HAIs and which types may be either significantly above
or below that of other institutions, thus serving to direct resources where most
appropriate. The CDC publishes aggregated infection rate data by infection type
and care location annually [126]. These data are helpful to help understand how
hospitals compare to one another and where there may be opportunities for
improvement.

By directing appropriate resources to infection prevention programs and
ensuring that these programs are staffed with specially trained infection preven-
tionists and epidemiologists, healthcare institutions can substantially mitigate
HAIs. Though achieving a rate of zero infections may not be possible, especially
among severely immune-suppressed patients, the goal of having zero preventable
infections is possible and is recommended to be the goal of all healthcare insti-
tutions. Focusing on effective prevention initiatives such as active surveillance for
HAIs, minimizing exposure hazards (i.e., mold from construction, poorly main-
tained water sources), ensuring appropriate isolation of patients, and hand hygiene
adherence will serve to provide a safe environment for the care of the immune-
suppressed patient, as well as all other patients.
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