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ABBREVIATIONS USED INTEXT

ABPA - allergic bronchopulmonary aspergillosis

AFB - acid-fast bacillus

ATS - American Thoracic Society

BCSA - Burkholderia cepacia selective agar

CF - cystic fibrosis

CFF - Cystic Fibrosis Foundation

CFU - colony-forming units

FEV, - forced expiratory volume in | second

HCW- healthcare worker

HEPA - high efficiency particulate air (filtration)

HICPAC - Healthcare Infection Control Practices Advisory Committee
HIV - human immunodeficiency virus

ICU - intensive care unit

IL-8 - interleukin 8

LPS - lipopolysaccharide

MAC - Mycobacterium avium complex

MAI - Mycobacterium avium-intracellulare

MDRO - multidrug-resistant organisms

MMWR - Morbidity and Mortality Weekly Report

MRSA - methicillin-resistant Staphylococcus aureus

MSSA - methicillin-susceptible Staphylococcus aureus
NALC-NaOH - N-acetyl-L-cysteine and sodium hydroxide
NTM - nontuberculous mycobacteria

OFPBL - oxidative fermentative polymyxin B bacitracin lactose agar
PFGE - pulsed-field gel electrophoresis

PC - Pseudomonas cepacia agar

RFLP - restriction fragment length polymorphism

RSV - respiratory syncytial virus

VRE - vancomycin-resistant enterococci
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EXECUTIVE SUMMARY

Infection Control Recommendations for Patients
With Cystic Fibrosis: Microbiology, Important
Pathogens, and Infection Control Practices to
Prevent Patient-to-Patient Transmission updates,
expands, and replaces the consensus statement,
Microbiology and Infectious Disease in Cystic
Fibrosis published in 1994.! This consensus docu-
ment presents background data and evidence-based
recommendations for practices that are intended to
decrease the risk of transmission of respiratory
pathogens among CF patients from contaminated
respiratory therapy equipment or the contaminated
environment and thereby reduce the burden of res-
piratory illness. Included are recommendations
applicable in the acute care hospital, ambulatory,
home care, and selected non-healthcare settings.
The target audience includes all healthcare workers
who provide care to CF patients. Antimicrobial man-
agement is beyond the scope of this document.

From Columbia University, Department of Pediatrics, New York, New
York? and University of Texas Southwestern Medical Center,
Department of Pediatrics, Dallas, Texas.?

Reprint requests: Cystic Fibrosis Foundation, 6931 Arlington Road,
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Copyright SLACK Incorporated. Reprinted with permission of SLACK
Incorporated.
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Infection control recommendations
for patients with cystic fibrosis:
Microbiology, important pathogens,
and infection control practices to
prevent patient-to-patient

The Cystic Fibrosis Foundation Consensus Conference on Infection Control Participants

The following information set the stage for the
development of this guideline:

(@) Studies published since 1994 that further our
understanding of the modes of transmission of
pathogens and effective strategies to interrupt
transmission among CF patients provide the
data needed for evidence-based guidelines.

(b) Improved microbiology methods provide more
accurate detection and further definition of the
epidemiology of pathogens in CF patients.

(c) The publication of the HICPAC/CDC (Healthcare
Infection Control Practices Advisory Committee/
Centers for Disease Control and Prevention)
Guideline for Isolation Precautions in Hospitals
in 19962 defined standard precautions and rec-
ommended universal application to care for all
patients at all times to prevent transmission of
infectious agents that may not yet have been
identified.

(d) The previously published HICPAC/CDC guide-
lines for prevention of healthcare-associated
infections have not included background infor-
mation and recommendations for the specific
circumstances of patients with CE Thus, specif-
ic guidelines for CF patients are needed.

(e) The link between acquisition of pathogens and
morbidity and mortality is well established.
Prevention of acquisition of specific pathogens
may further improve the mean survival of CF
patients, which has increased to 33.4 years in
2001.59
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A multidisciplinary committee consisting of health-
care professionals from the United States, Canada,
and Europe with experience in CF care and health-
care epidemiology/infection control reviewed the
relevant literature and developed evidence-based
recommendations graded according to the pub-
lished peer-reviewed supportive data. The partici-
pants chose to use the following CDC/HICPAC sys-
tem for categorizing recommendations based on
previous experience in crafting infection control
guidelines beyond CF:

e Category IA. Strongly recommended for imple-
mentation and strongly supported by well-
designed experimental, clinical, or epidemio-
logic studies.

e Category IB. Strongly recommended for imple-
mentation and supported by some experimen-
tal, clinical, or epidemiologic studies and a
strong theoretical rationale.

e Category IC. Required for implementation, as
mandated by federal and/or state regulation or
standard.

e Category II. Suggested for implementation and
supported by suggestive clinical or epidemio-
logic studies or a theoretical rationale.

e  No recommendation; unresolved issue. Practices
for which insufficient evidence or no consensus
regarding efficacy exist.

Category IA and IB recommendations are strongly
recommended for implementation by all CF centers
and considered to be “best practice.” Implementation
of Category II recommendations is advised by the
committee, but individual centers may determine
which Category Il recommendations would be appro-
priate for their CF centers.

This document integrates knowledge of microbiolo-
gy laboratory methods, infection control principles,
and epidemiology of respiratory pathogens in CF
patients. Standardization of infection control prac-
tices across CF centers will provide safer environ-
ments for patients by reducing the risk of transmis-
sion of CF pathogens. In addition to infection control
practices that are applicable to all CF patients at all
times, specific infection control practices are recom-
mended for inpatient, ambulatory, and non-health-
care settings, based on the types of activities and
risks associated with the various settings. CF care
teams as well as patients and their families must be
well educated concerning the known risks and the
effective preventive measures to ensure adherence
to the evidence-based recommendations in this doc-
ument. It will be beneficial for each CF center to
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evaluate the effectiveness of its infection control
program to reduce transmission of pathogens and
improve clinical outcomes. Collaboration between
the CF care team and the CF center’s infection con-
trol team will facilitate effective implementation that
takes into consideration the psychosocial impact of
these recommendations.

This document was reviewed by the members of
HICPAC, and the recommendations were found to
be consistent with the principles of infection con-
trol that serve as the foundation of HICPAC/CDC
guidelines for prevention of healthcare-associated
infections. This guideline was formally endorsed by
The Society for Healthcare Epidemiology of America
and the Association for Professionals in Infection
Control and Epidemiology boards in 2002-2003.
The National Committee for Clinical Laboratory
Standards has endorsed the recommendations for
susceptibility testing.

Infection control principles

CF pathogens are transmitted by the droplet and con-
tact routes. Therefore, practices that contain respirato-
ry secretions and prevent transmission of respiratory
tract pathogens must be taught to patients and their
families as well as to CF healthcare workers. Such
practices must be followed with all CF patients and
cannot be implemented according to the specific
microbiology results of individual CF patients because
microbiology methods are not 100% sensitive for the
detection of CF pathogens.!%!! In addition to washing
hands with an antimicrobial-containing soap and
watet, alcohol-based antiseptic hand rubs are now
recommended when hands are not visibly soiled with
blood or body fluids because of the improved efficacy
of these products in removing microorganisms from
the hands.!?!> Use of gowns, gloves, and masks fol-
lows the recommendations for standard, contact, and
droplet precautions that have been developed by
CDC/HICPAC? to prevent healthcare-associated infec-
tions in all patients, ie, both CF and non-CF patients.
Contact precautions plus standard precautions are rec-
ommended for all CF patients infected (or colonized)
with methicillin-resistant Staphylococcus aureus
(MRSA), Burkholderia cepacia complex, multidrug-
resistant Pseudomonas aeruginosa, respiratory syncy-
tial virus (RSV), parainfluenza, or vancomycin-resis-
tant enterococci (VRE). Recommendations for room
placement, activities outside the hospital room, CF
clinic logistics, and adjuvant measures to prevent
infections are provided. No recommendation can be
made for the routine wearing of masks by CF patients
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when leaving an inpatient room or when in the wait-
ing room of a CF clinic.

Specific practices for the use and care of respiratory
therapy equipment recommended in this document
are based on principles of disinfection and steriliza-
tion'#15 as well as findings from investigations of
outbreaks of infections associated with contaminat-
ed respiratory therapy equipment. Cleaning devices,
such as nebulizers, with removal of debris as soon
as possible and before disinfection, and complete
air drying are the critical steps in both healthcare
and home settings.

Microbiology, molecular typing, and
surveillance

Because aggressive antimicrobial treatment of P,
aeruginosa at initial acquistion may be associated
with a delay in chronic infection and an improved
clinical course,!®!8 respiratory tract cultures should
be obtained at least quarterly in CF patients with sta-
ble pulmonary status as well as at the time of pul-
monary exacerbations. Specific recommendations
are made for transport and processing of specimens,
including the preferred selective media. Agar-based
diffusion assays, eg, antibiotic-containing disks or E-
tests, rather than automated commercial microbroth
dilution systems are recommended for susceptibility
testing of P. aeruginosa isolates.!®?! Molecular typing
using appropriate methods, eg, pulsed-field gel elec-
trophoresis (PFGE), rapid amplified polymerase chain
reaction (RAPD-PCR), and repetitive DNA sequence
PCR (Rep-PCR), are recommended to assess strain
relatedness of isolates from different patients when
patient-to-patient transmission is suspected.?>25

Recommendations are made to develop surveillance
in collaboration with the CF center’s infection con-
trol team. S. aureus, including MRSA, P. aeruginosa,
and B. cepacia complex are always targeted, whereas
Stenotrophomonas maltophilia, Achromobacter
xylosoxidans, and nontuberculous mycobacteria
(NTM) are included when considered epidemiologi-
cally important, eg, patient-to-patient transmission
or an outbreak is suspected. Surveillance includes
calculation of incidence and prevalence rates and
review of antimicrobial susceptibility summaries
with trend analysis. Surveillance reports should be
shared between the infection control and CF care
teams at least annually to evaluate effectiveness of
the center’s infection control program. Selected B.
cepacia complex isolates and nonfermenting gram-
negative organisms for which species identification

Infection Control Recommendations-Cystic Fibrosis AlIC

cannot be established after routine analysis should
be submitted to the Cystic Fibrosis Foundation (CFF)
Burkholderia cepacia Research Laboratory and
Repository for further study.

Epidemiology of pathogens in CF patients

Studies of the epidemiology of B. cepacia complex
provide a model for evaluating other pathogens.
With the use of more advanced molecular typing
systems, eg, PFGE, RAPD, patient-to-patient trans-
mission has been demonstrated in the United States,
Canada, and Europe in both healthcare and non-
healthcare settings via droplet and contact routes
with little evidence for true airborne transmission.2°
Transmission has been interrupted successfully by
implementing a variety of infection control prac-
tices that are based on the principle of containment
of respiratory secretions. Although putative viru-
lence factors have been identified in the more com-
mon genomovar III strains, there is no one factor
that is a sufficient marker of transmissibility.?%-2”
Demonstration of the replacement of Burkholderia
multivorans with potentially more virulent strains of
genomovar III supports the recommendation to seg-
regate patients infected with B. cepacia complex
from each other and not cohort them together in
either the inpatient or ambulatory settings.?8-30

Patient-to-patient transmission of P. aeruginosa has
been demonstrated in several different ambulatory
settings,!”>1-37 but not as consistently as has been
observed for B. cepacia complex. Conditions of crowd-
ing, close contact, and failure to observe consistent
hand hygiene and other hygienic practices facilitate
transmission. Implementation of infection control
measures can prevent transmission of P. aeruginosa to
patients with CE The role of environmental water
sources of P. aeruginosa has not been established.

Patient-to-patient transmission of S. aureus (includ-
ing MRSA) occurs among CF patients and therefore
mandates adherence to hospital policies estab-
lished for prevention of transmission of MRSA
among non-CF patients. Similarly, because respira-
tory viral infections in CF patients are associated
with clinical deterioration, methods for preventing
respiratory viral infections in the general popula-
tion, eg, standard plus contact andlor droplet pre-
cautions, influenza vaccine, antiviral agents for
treatment and prophylaxis, must be used. The clin-
ical impact and epidemiology of S. maltophilia, A.
xylosoxidans, and NTM are continuing to be
defined. However, recent studies suggest that infec-
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tion control measures to prevent transmission of S.
maltophilia and A. xylosoxidans are beneficial.?8-4°
In contrast, the risk of patient-to-patient transmis-
sion of NTM and Aspergillus spp. is very low.
Although Aspergillus spp. are ubiquitous in nature,
prolonged exposure to high concentrations of
Aspergillus spores, eg, construction dust, dried
water leaks, is best avoided. It is important to verify
that recommended dust containment and water
leak policies are in place in any facility that provides
care for CF patients.

Finally, recommendations based on the above prin-
ciples of infection control and the epidemiology of
pathogens in CF patients are made to assist CF
patients and their families in decision-making in
non-healthcare settings, eg, homes, schools, CF edu-
cational and psychosocial support programs, use of
swimming pools and hot tubs, and in selecting and
practicing healthcare-related professions.

I. DOCUMENT DEVELOPMENT

A. Rationale for document

During the past two decades, CF patient-to-CF patient
transmission of pathogens has been documented
with increasing frequency. As a result, infection con-
trol policies have been developed within individual
CF centers to prevent transmission of infectious
agents among patients. However, policies vary from
CF center to CF center. These differing policies can
generate controversy and anxiety among members
of the CF community, including patients, their fami-
lies, and their medical care team, particularly if care
is received at different locations with different prac-
tices. Furthermore, there have been many changes in
the epidemiology of CF and CF care delivery. Many
states have instituted newborn screening for CF with
the goal of improving outcomes by initiating CF care,
including preventive measures, earlier. The median
survival of a CF patient has increased to 33.4 years in
2001,% and approximately 37% of all CF patients
are 18 years of age or older. Most CF centers have
separate adult and pediatric clinics. The epidemiolo-
gy of respiratory tract pathogens in CF patients has
become more complex. While S. aureus, Haemo-
philus influenzae, and P. aeruginosa remain the most
common pathogens, B. cepacia complex, S. maltophil-
ia, A. xylosoxidans, Aspergillus spp., NTM, and respi-
ratory viruses are isolated from patients with CF and
are clinically significant. Often, patients are exposed
to numerous broad-spectrum antimicrobials admin-
istered orally, by aerosolization, and intravenously.
Many of these agents are delivered in the home, in
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efforts to preserve pulmonary function and reduce
the frequency and duration of hospitalizations.
However, this frequent exposure to antibiotics may
lead to increasing antimicrobial resistance and poten-
tially the emergence of multidrug-resistant organ-
isms (MDRO).

In 1994, the CFF issued recommendations for infec-
tion control practices and appropriate processing of
CF specimens as part of the consensus document
“Microbiology and Infectious Diseases.”! However, in
the past several years, numerous studies have been
published that further our understanding of the
modes of transmission of different pathogens and
risk factors for acquisition. In May 2001, the CFF
convened a multidisciplinary team to develop evi-
dence-based recommendations for standardized
clinical microbiology and infection control practices.

B. Participants

A multidisciplinary team was selected by the co-
chairpersons. The participants included physicians,
nurses, infection control professionals, respiratory
therapists, social workers, microbiologists, attorneys,
and CF patient representatives from the United
States, Canada, and Europe and they had almost 600
years of cumulative experience in CF care. The co-
chairpersons set the agenda and assigned individual
members the responsibility of presenting the back-
ground information and completing a first draft of the
recommendations. Infection control consensus rec-
ommendations from the United Kingdom, Canada,
Germany, and Denmark were presented. The final
recommendations set forth in this document have
been reviewed by all members of the committee and
several expert reviewers who did not attend the con-
ference. Not all members agree with every recom-
mendation, but these recommendations represent
an overall consensus.

C. Purpose and goals of document

The purpose of this document is to provide a sum-
mary of the relevant data and evidence-based rec-
ommendations for infection control practices for CF
patients in order to standardize care across CF cen-
ters. In the absence of adequate data, some recom-
mendations represent the consensus of the partici-
pants and other expert reviewers based on strong
theoretical rationale. Preparation of this document
therefore has identified areas for future research.
Infection control practices are described for inpa-
tient, outpatient, and non-healthcare settings, and
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guidelines for one setting may not apply to another.
For example, inpatients are generally more sympto-
matic and produce larger amounts of sputum
containing larger quantities of pathogenic micro-
organisms than patients in non-healthcare settings.
The duration and intensity of contact between
patients and healthcare workers (HCWs) in an out-
patient facility may be increased during a visit to
evaluate illness when compared with routine visits.
Some non-healthcare settings may provide the
opportunity for more intimate and prolonged con-
tact between CF patients. Behaviors may vary in
different situations and in children and adults.
Newborns attending a screening clinic may be more
susceptible to particular pathogens than older
patients. Furthermore, every circumstance cannot
be anticipated nor can strict rules be crafted for
every potential contact.

The background discussion and recommendations
that follow provide our current understanding of the
routes of pathogen transmission among CF patients.
Guiding principles for infection control are present-
ed to support the recommendations for specific CF
infection control practices to prevent transmission
of potential pathogens and to facilitate decision-
making when the CF caregiver is confronted with
new situations. The CF and infection control teams
of each facility can work together to implement
these recommendations within the individual CF
center. The recommendations are graded based on
availability of published supportive evidence.
Categories 1A and 1B are strongly supported by
scientific and/or epidemiologic evidence, and
implementation by all CF centers is strongly rec-
ommended. When strong evidence is lacking, but
there is a consensus based on clinical, epidemio-
logic, or theoretical rationale, recommendations
are graded Category II, and individual centers can
decide if specific Category II recommendations
are appropriate for their facilities. An understand-
ing of the guiding principles for infection control
presented throughout the document coupled with
knowledge of a CF center’s specific patient popula-
tion, individual patient’s clinical condition, ongoing
surveillance, and available resources will allow each
CF center flexibility in implementing Category II
recommendations. When relevant, recommenda-
tions from guidelines published by the CDC and
HICPAC are cited. A glossary with definitions of
infection control and microbiology terms is includ-
ed. A separate infection control document prepared
especially for CF patients and families is available
on the CF Foundation website (www.cff.org).
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II. BACKGROUND
A. GENERAL PRINCIPLES OF INFECTION

CONTROL
1. Existing infection control guidelines
applicable to CF patients

1.1. CDC/HICPAC guidelines

The components of an effective infection control pro-
gram include surveillance with feedback to clinicians,
prevention of infection, and control of outbreaks.*!-43
Since 1985, the CDC has published numerous guide-
lines for prevention of infections in healthcare settings
(www.cdc.govincidod/hip). Since 1992, CDC infection
prevention guidelines have been developed primarily
in collaboration with HICPAC, which is composed of
appointed practicing experts in infection control and
healthcare epidemiology outside of the CDC, eg, infec-
tion control professionals, epidemiologists, physicians,
microbiologists, and public health officials. All
CDC/HICPAC guidelines are made available for public
comment before finalization of recommendations.
Guidelines developed before 1998 were written exclu-
sively for acute care hospitals, but those developed in
more recent years include recommendations for
healthcare settings outside of acute care settings. This
change is in response to the shift of health care from
acute care hospitals to ambulatory settings, including
the home. Hence, the term healthcare-associated infec-
tion is now preferred over nosocomial infection to indi-
cate current guidelines are more inclusive and address
all settings. The term “nosocomial” refers to infections
acquired in the hospital.

Several HICPAC guidelines have been published or
are under development/revision and provide useful
background information and graded evidence-based
recommendations that are applicable to patients
with CE These include: (1) Guideline for Isolation
Precautions in Hospitals, which provides recommen-
dations for the use of standard and transmission-
based precautions and management of patients
infected or colonized with MDROs and highly trans-
missible infectious agents (under revision)?; (2)
Guideline for Disinfection and Sterilization in
Healthcare Facilities, which provides methods and
indications for sterilization and disinfection of respi-
ratory therapy equipment!®; (3) Guideline for Hand
Hygiene in Health-Care Settings, which describes the
use of alcohol-based antiseptic hand rubs and
antimicrobial-containing soap and water for hand
hygiene as well as educational programs to enhance
adherence to recommended practices'?; (4) Guideline
Jor Environmental Infection Control in Healthcare
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Table |I. Recommendations for applying standard precautions for the care of all patients in all healthcare settings*

Activity

Recommendation

» After touching blood, body fluids, secretions, excretions,
contaminated items

* Immediately after removing gloves

* Between patient contacts

* For touching blood, body fluids, secretions, excretions,
contaminated items

* For touching mucous membranes and nonintact skin

* During procedures and patient care activities likely to
generate splashes or sprays of blood, body fluids,
secretions, excretions

* During procedures and patient care activities likely to
generate splashes or sprays of blood, body fluids,
secretions, excretions

* Handling soiled patient care equipment

e Environmental control

* Handling linen

e Using sharps

* Patient resuscitation
* Patient placement

Hand hygiene

Gloves

Mask, eye protection, face shield

Gown

Handle in a manner that prevents contamination or transfer of
microorganisms to others and to the environment

Develop procedures for routine care, cleaning, and disinfection of
environmental surfaces

Handle in a manner to prevent exposures, contamination, and transfer of
microorganisms to others and to the environment

Avoid recapping, bending, breaking, or manipulating used needles

Place used sharps in puncture-resistant container

Use available safe needle devices whenever possible

Use mouthpiece, resuscitation bag, or other ventilation devices

If patient is likely to contaminate the environment or does not maintain
appropriate hygiene, maintain patient in single room, if possible

*Adapted from reference.?

Facilities, which addresses air, water, and surface
management to decrease risk of transmission of
infectious agents*?; (5) Guideline for Prevention of
Healthcare-Associated Pneumonia, which provides
recommended transmission-based precautions for
patients with pneumonia according to the epidemiol-
ogy of the etiologic agents, care of respiratory thera-
py equipment, and adjunctive measures to prevent
acquisition of healthcare-associated pneumonia
(under revision)*®; and (6) Guideline Jfor Infection
Control in Healthcare Personnel, which provides rec-
ommendations for HCWs with pre-existing or
acquired medical conditions that could have implica-
tions for transmission of potential pathogens.*® Most
recently, HICPAC and the CDC are identifying param-
eters to measure the dissemination, implementation,
and impact of the guidelines in changing practice
and reducing infection rates. Specific recommenda-
tions for CF patients are rarely included in the CDC
guidelines, hence the impetus for this document.

1.2. Applicability of standard precautions and
transmission-based precautions to CF patients

Standard precautions were established as the foun-
dation for recommendations to prevent transmission

of infectious agents in healthcare settings in the
1996 Guideline for Isolation Precautions in Hospitals.?
Standard precautions combine the principles of
universal precautions (UP), which were designed to
reduce the risk of transmission of blood-borne
pathogens, (eg, human immunodeficiency virus
(HIV), hepatitis B virus and hepatitis C virus) and body
substance isolation (BSI), which was designed to
reduce the risk of transmission of pathogens from
moist body substances. Standard precautions con-
sider all blood, body fluids, secretions including
respiratory tract secretions, nonintact skin, mucous
membranes, and excretions (except sweat) to
potentially contain transmissible infectious agents.
To prevent person-to-person transmission of infec-
tious agents, HCWs are to observe the appropriate
combination of practices and barrier precautions
based on the type of exposure anticipated (ie, hand
hygiene; gloves; gown; mask, eye protection, face
shield; and disinfection, containment of respiratory
secretions). Standard precautions extend to the
handling of equipment or items in the patients’
environment likely to have been contaminated
with infectious secretions or fluids. Table 1 sum-
marizes the specific components of standard precau-
tions according to the type of patient care activity.
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Transmission-based precautions are applied to
patients with documented or suspected infection
with highly transmissible or epidemiologically
important infectious agents for which precautions
in addition to standard precautions are required to
prevent transmission. The following categories of
precautions are included: contact, droplet, airborne
infection isolation and protective environment. For
CF patients, the use of contact precautions is partic-
ularly important for preventing transmission of
MDROs, eg, MRSA, B. cepacia complex, multidrug-
resistant P. aeruginosa, or respiratory viruses.

Both standard precautions and transmission-based
precautions are applicable to CF patients. After a
thorough review of the epidemiology of pathogens
in CF patients and published reports of transmission
of infectious agents among CF patients, summarized
in the background section of this document, our
group concluded the respiratory secretions of all CF
patients potentially could be infected with epidemi-
ologically and clinically important microorganisms
for CF patients, even if not yet identified in microbi-
ological cultures. Therefore, HCWs must all use
appropriate precautions when caring for all CF
patients to prevent patient-to-patient transmission
of pathogens. Contact between CF patients should
be limited to avoid transmission of these potential
pathogens by either the droplet or direct or indi-
rect contact routes, even if culture results are
unavailable or negative for CF pathogens. For CF
patients who live together in the same dwelling,
contact cannot be avoided. However, the routine use
of recommended precautions will limit contact with
each other’s respiratory secretions.

1.3. Hand hygiene

The single most important practice for preventing
transmission of infectious agents is observation of
proper hand hygiene between patient contacts and
any time hands are contaminated with respiratory
secretions from either direct patient contact or
from contact with patient equipment that has
become contaminated. Numerous studies have
demonstrated greater efficacy for reducing bacteri-
al contamination of hands with alcohol-based hand
rubs compared with hand washing using water and
plain or antimicrobial-containing soap'?!3; there-
fore, these agents are now the preferred hand
hygiene agents in both hospitals and outpatient set-
tings.!> However, when hands are visibly dirty or
contaminated with body fluids, or are visibly soiled
with blood, hands must be washed with soap and
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water. An antimicrobial-containing soap is pre-
ferred when caring for patients with CF.

The care of fingernails and the skin of hands are
important components of hand hygiene.! Healthcare
workers who wear artificial nails are more likely to
harbor gram-negative pathogens on their fingertips
both before and after hand washing than are HCWs
who have natural nails.*” Furthermore, artificial nails
in HCWs have been associated with transmission of
infectious agents, including P. aeruginosa, during out-
breaks in intensive care unit (ICU) settings.48-5!
Although there are no studies of the role of artifical
nails in transmission of pathogens among CF patients,
the experience in ICUs can be applied to CF settings.
Therefore, only natural nails are recommended for
HCWs who have direct contact with CF patients.

1.4. Care of respiratory therapy equipment

Proper cleaning and sterilization or disinfection of
reusable equipment are essential components of a
program to prevent infections of CF patients associ-
ated with respiratory therapy equipment. Devices
used for respiratory therapy (eg, nebulizers) or for
diagnostic evaluation (eg, bronchoscopes or
spirometers) are potential reservoirs or vehicles for
transmission of infectious organisms. Routes of
transmission may be from a contaminated device to
patient, from one patient to another via a contami-
nated device, or from one body site to the respira-
tory tract of the same patient. Reservoirs of aerosol-
producing devices (eg, nebulizers) are subject to the
overgrowth of bacteria that can be aerosolized dur-
ing device use. Cleaning and drying home respira-
tory therapy equipment between uses was found to
be associated with a decreased risk of acquiring B.
cepacia complex in a multicenter survey of patients
from 21 CF centers conducted in 1986-1989.52 Both
in-line and hand-held small-volume nebulizers can
produce bacterial aerosols and have been implicat-
ed in acquisition of healthcare-associated pneumo-
nia due to contaminated multidose medications
vials®3-57 or from contaminated tap water used for
rinsing and filling the reservoir.#44> Thus, unit dose
medication vials always are preferred. If multidose
medication vials are used, the manufacturer’s direc-
tions for handling, dispensing, and storing must be
followed precisely to prevent contamination and
transmission of potential pathogens. Furthermore,
sterile water is recommended as tap water may har-
bor NTM, fungi, Pseudomonas spp. or Aeromonas
spp.#5-58-60 Water that has been processed through
a 0.2-um filter to remove bacteria also would be
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acceptable. Such filtration systems are not readily
available or maintainable for home use.

Although there have been no published reports of
infections acquired from contaminated equipment
during home therapy, bacterial contamination of
home nebulizers of CF patients has been document-
ed.61:62-64 In a recent study of experimental contami-
nation of nebulizers, hot water and soap effectively
removed the majority of bacteria that had been inoc-
ulated into the nebulizers.%> These experimental con-
ditions may not mimic true use by patients, and there
is concern that potential pathogens from environ-
mental sources (eg, tap water) may contaminate
equipment inadvertently and potentially infect
patients. To prevent this possibility, respiratory thera-
py equipment should be cleaned and disinfected in
the home. Equipment must be cleaned well to remove
all organic and inorganic debris before sterilization or
disinfection, according to the recommendations of
the manufacturer. Dried or baked debris on equip-
ment makes removal more difficult, and the disinfec-
tion or sterilization process becomes less effective, or
even ineffective.?>%¢ After cleaning, reusable items
that touch mucous membranes (eg, nebulizers, tra-
cheostomy tubes) can be disinfected by immersion in
one of the following disinfectants that are easily
obtained for home use: a 1:50 dilution of 6% sodium
hypochlorite (household bleach) for 3 minutes, 70 %
to 90% ethyl or isopropyl alcohol for 5 minutes, or
3% hydrogen peroxide for 30 minutes.!4%” These
preparations will lose activity with time, but the opti-
mal storage time is unknown. For example, chlorine
preparations have a 50 % reduction in activity after 30
days (D. Weber and W. Rutala, personal communica-
tion). Acetic acid (vinegar) is NOT recommended
because it has inadequate activity against some
potential pathogens including gram-positive (eg, S.
aureus) and gram-negative bacteria (eg, Escherichia
coli).%859 However, vinegar does kill P aeruginosa.
After use of a chemical sterilizing agent or disinfec-
tant, rinsing the equipment with sterile or appropri-
ately filtered water is preferred because tap or locally
prepared distilled water may harbor pathogenic
organisms. Sterile water can be prepared in the home
by achieving a rolling boil for 5 minutes. Sterile water
can become contaminated, but the rate at which this
occurs is unknown. Boiling water immediately before
use minimizes this possibility.

Distilled water should not be used for cleaning or
rinsing respiratory therapy equipment because
contamination with B. cepacia complex can occur
during the manufacturing process. The only manu-
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facturing regulations for distilled water relate to
preventing contamination with coliform bacteria,
eg, E. coli and Klebsiella-Enterobacter spp.”°

Equipment can be boiled for 5 minutes to disinfect,
if permissible by the manufacturer.!® The dish-
washer or microwave oven often is used to disinfect
equipment in the home after proper cleaning has
occurred. If the equipment is dishwasher safe, a
temperature greater than 158°F (70°C) for 30 min-
utes must be achieved®?7!:72; unfortunately, this is
higher than the temperature reached by most home
dishwashers. If the equipment is microwave safe,
the microwaves produced by a home microwave
(2.45 Ghz) will completely inactivate microorgan-
isms within 5 minutes.”>7®

In summary, standardized protocols for cleaning to
remove organic debris and disinfecting respiratory
therapy equipment are important in healthcare set-
tings where equipment is used by more than one
patient and in the home where equipment is usual-
ly used by only one patient. Sharing equipment by
siblings in the home has been associated with trans-
mission of B. cepacia.”® Home nebulizers can be
contaminated with pathogens from CF patients, and
tap water is a known source of potentially patho-
genic organisms. Thus, care of respiratory therapy
equipment in the home should be similar to care of
this equipment in the hospital and include cleaning,
disinfecting, and drying.

2. Infection control consensus documents
from other countries

Infection control recommendations from Canada,””-78
the United Kingdom,”® Denmark, and Germany/
France®® were reviewed by the committee. European
recommendations differ from those of North America
in several ways. European centers emphasize surveil-
lance, with frequent cultures of the respiratory tract
and initiation of antimicrobial treatment at first acqui-
sition of P aeruginosa.'®188! They also recommend
cohorting patients by culture status (ie, B. cepacia
complex negative or positive, and P, aeruginosa nega-
tive or positive) in both inpatient and outpatient set-
tings. These efforts have been credited with the reduc-
tion of patient-to-patient transmission of pathogens
in CE®2-84 The routine wearing of surgical masks by
CF patients when in healthcare facilities is not recom-
mended. Differences in the organization of health
care and physical structure of health care facilities in
different countries may account for some of the vari-
ations in recommendations.
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Table 2. Host abnormalities that predispose CF patients to chronic lung infections

Abnormality

Proposed impact

Proposed intervention(s)

Abnormal cystic fibrosis transmembrane
regulator (CFTR)

Increased expression of
asialoganglioside (aGMI)

Defective CFTR-mediated
uptake of P. aeruginosa by
respiratory epithelial cells

Abnormal regulation of
pro-inflammatory cytokines

Increased IL-8 expression and TNF-alpha
Variant mannose-binding lectin (MBL)

Altered secretions (low volume of airway
surface fluid and hypertonicity) leads to thick
dehydrated mucus, impairment of mucociliary
escalator, and impaired defensin-mediated
antimicrobial activity

Increased P. aeruginosa and S. aureus binding to
respiratory epithelial cells

Decreased clearance of internalized P. aeruginosa
with sloughed epithelial cells

* Hyperexuberant neutrophil recruitment and
release of neutrophil oxidants

» Upregulation of human mucin genes
Polymorphisms may differentially bind bacterial
surface carbohydrates

Chest physiotherapy

Inhaled DNase

Gene therapy*

Alter electrolyte and water balance by
aerosolized amiloride (block Na* uptake)*,
uridine triphosphate (UTP) (increase ClI-
efflux),* or provide novel peptidest
Anti-aGM| blocking antibodyt

Gene therapy™

Anti-inflammatory therapy, eg, steroids or
ibuprofen beneficial, but associated with
side effects such as cataracts, poor growth,
or gastrointestinal bleeding

More selective anti-inflammatory agentst
MBL replacementf

*Investigational intervention.
TTheoretic intervention.

3. Overcoming barriers to adherence to
infection control guidelines

Despite the evidence to support both clinical and
cost effectiveness of proper hand hygiene prac-
tices to prevent transmission of infectious agents,
adherence by HCWs to these recommended prac-
tices has been routinely under 50%, even when
caring for the sickest ICU patients.!?!3 Similarly,
efficacy and cost savings of contact precautions
have been demonstrated for controlling endem-
ic or epidemic MRSA,85-87 VRE,8892 or RSV73.94
in acute care hospitals and in a healthcare
region.”® Among the reasons cited by HCWs for
nonadherence are: (1) inconvenience, time, and
the cost of supplies; (2) concern that use of
gloves, masks, and gowns impersonalize care,
increase patient anxiety, and decrease the fre-
quency of HCW and patient contact; (3) lack of
understanding or belief that recommended prac-
tices are effective or applicable to every institu-
tion; (4) lack of support from healthcare leaders
and administrators; and (5) adverse psychosocial
impact on patients. Using behavioral theories,
investigators have concluded that achieving sus-
tained adherence to recommended infection
control precautions is a complex process and
requires a combination of education, motiva-
tion, and systems change.!2:13.96.97

The dynamics of adherence to hand hygiene prac-
tices have been studied extensively.!>!3 Specific
educational programs with active support of health-
care administrators have been associated with
improved rates of adherence to recommended hand
hygiene practices and decreased rates of health-
care-associated infections caused by MRSA and
VRE.12:13.96.98 Based on behavioral theory and pub-
lished experience, recommendations to overcome
barriers to adherence to infection control guidelines
at CF centers are provided below.'?97-9° Ongoing
administrative support, monitoring of infection
control practices and infection rates, and providing
feedback to HCWs are essential components of
implementing and sustaining new guidelines.
Furthermore, the strong motivation of members of
the CF community and proactive approach to
embracing preventive programs are important
assets to achieving consistent adherence to recom-
mended practices.

B. METHODOLOGIES FOR MICROBIOLOGY,
MOLECULAR TYPING, AND SURVEILLANCE

1. Introduction
Delineation of the epidemiology and prevention of

transmission of infectious agents in CF patients
begins with identification in the clinical microbiol-
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Fig. Age-specific prevalence of respiratory pathogens in CF patients: CFF National Patient Registry Data 2001.°

ogy laboratory. Accurate identification of the organ-
isms in the respiratory tract of CF patients has
implications for treatment, epidemiology, and
infection control. Thus, accurate identification,
antimicrobial susceptibility testing, surveillance,
molecular typing when appropriate, and awareness
of the limitations of currently available methods are
the cornerstones for the recommendations provid-
ed in this document.

2. Overview of epidemiology of pathogens
in CF patients

The unique epidemiology of CF pathogens has been
described for decades.!®0-192 The predictable cas-
cade of pathogens is universal, generally beginning
with nontypable H. influenzae and S. aureus and
progressing to P aeruginosa.'® Although a variety
of host factors that predispose CF patients to infec-
tion have been delineated (Table 2), the precise rea-
sons for this sequence of events are not entirely
understood. As reported in the United States CFF
Patient Registry annual data report for 2001
(Figure), the prevalence of S. aureus in respiratory
secretions in CF patients is approximately 40 % dur-
ing the first year of life, rises to 58 % during adoles-
cence, and decreases throughout adulthood. P
aeruginosa may be the first pathogen recovered
from as many as 30% of infants.®° By 18 years of
age, 80% of patients are infected with P. aeruginosa.
Approximately 3% of CF patients of all ages now
harbor B. cepacia complex, and 8% of adults are

infected with these organisms. The prevalence and
clinical implications of other multidrug-resistant
organisms such as A. xylosoxidans, S. maltophilia,
and NTM currently are being elucidated. While the
United States CFF Patient Registry is the largest
database of its kind, there are limitations to the data
due to variations in laboratory methods, reporting,
inconsistent laboratory processing, and lack of val-
idation studies.

3. Use of selective media for the isolation
of pathogens in CF patients

In CF patients’ respiratory tract secretions, the num-
ber of pathogens may be numerous, and for certain
pathogens, the use of selective media for identifica-
tion are required.'%4195 The predominant organism
is P aeruginosa, which often is present in large
numbers (as much as 10° colony-forming units
[CFU] per gram of sputum) and may be mucoid;
such organisms can overgrow and obscure slower
growing and more fastidious organisms (eg, H.
influenzae).'°% In a recent study of CF patients’ res-
piratory tract microbiology performed in a refer-
ence laboratory, the pre-treatment respiratory tract
specimens of 595 patients (6 years old or older)
from 69 centers contained an average of 2.9 organ-
isms per sample.!®

The first use of selective media for CF specimens
was reported by Kilbourn in 1968 to promote the
growth of gram-negative bacilli and staphylococ-
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Table 3. Recommended media and processing for recovery of CF pathogens

Organism

Recommended media or processing*

S. aureus

H. influenzae

Mannitol salt agar
Columbia/colistin-nalidixic acid agar
Horse blood or chocolate agar (supplemented or not with 300 mg/L bacitracin) incubated anaerobically

P. aeruginosa
B. cepacia complex
S. maltophilia

MacConkey agar
OFPBL agar, PC agar, BCSA
MacConkey agar, VIA agar

DNase agar confirmatory media or biochemical or molecular identification

A. xylosoxidans MacConkey agar

Biochemical identification assay
NALC-NaOH and oxalic acid decontamination step
Aspergillus spp. and other molds do not grow well on Mycosel, but do grow well (though not selectively)

Mycobacterial spp.
Aspergillus spp.

on other media used for CF specimens, especially OFPBL

Other gram-positive organisms

Other gram-negative organisms MacConkey agar

Sheep blood agar supplemented with neomycin and gentamicin (streptococcal selective agar)

*Detection of some pathogens may be enhanced by prolonging incubation for as long as 4 days to allow slow-growing colonies to become apparent.All media are com-

mercially available.

ci.!% In 1984, Wong et al. refined processing of CF
specimens to include selective agars for P. aerugi-
nosa (cetrimide), streptococci (blood agar with
neomycin and gentamicin), H. influenzae (N-Acetyl-
D-glucosamine medium, with anaerobic incubation),
staphylococci (mannitol salt agar), and non-lactose
fermenting gram-negative bacilli (MacConkey
agar).!%4 Current recommendations for the use of
selective media are summarized in Table 3.

3.1. Selective media for B. cepacia complex

With the emergence of B. cepacia complex strains
as significant pathogens in CF patients, the need for
selective media for these organisms became appar-
ent. The first of these, Pseudomonas cepacia (PC)
agar, was described by Gilligan et al. in 1985 and
contained nutrients with crystal violet, bile salts,
and ticarcillin and polymyxin as selective agents.!%
In a study of 169 specimens from CF patients, B.
cepacia complex was isolated from 35 specimens
using PC agar and from only 21 using MacConkey
agar. Conversely, non-cepacia organisms were inhib-
ited by PC agar; 221 potential pathogens were
isolated on nonselective media, but only 6 were
recovered on PC agar. OFPBL (oxidative-fermenta-
tive basal medium with polymyxin B, bacitracin,
and lactose) agar, developed by Welch et al., uses
oxidative fermentative basal media as an indicator
with lactose as the nutrient sugar and bacitracin
and polymyxin as selective agents.%® Using OFPBL,
58 (8%) of 725 specimens yielded B. cepacia com-
plex while only 19 (2.6%) were positive using
MacConkey and sheep blood agar.

In collaboration with the CDC, a laboratory profi-
ciency study was conducted using simulated CF
sputum containing B. cepacia.'®® Test 1 evaluated
the ability of laboratories to identify B. cepacia as a
single isolate; 105 (95%) of 111 laboratories did so
successfully. Test 2 evaluated the ability of laborato-
ries to isolate B. cepacia from simulated sputum
containing 10° CFU or greater per mL of B. cepacia,
S. aureus, and P aeruginosa. Overall, 36 (32%) of
115 laboratories detected B. cepacia; 14 (95%) of 15
laboratories using OFPBL or PC agar identified B.
cepacia compared with only 22/100 laboratories not
using selective agar. Test 3 evaluated the improved
proficiencies of the laboratories that failed to identify
B. cepacia in Test 2; 97% were successful using
selective media. The only failures occurred when
selective media were not used. A new B. cepacia selec-
tive agar (BCSA) has been developed!® and is even
more selective when compared with PC agar and
OFPBL agar under clinical conditions testing 656 CF
specimens.!! All 3 of these media are available
commercially.

3.2. Selective media for S. aureus

Selective media for S. aureus have been in use for
several decades. Mannitol salt agar, using sodium
chloride as a selective agent and phenol red as an
indicator of mannitol utilization, is selective for
staphylococci and can distinguish between S. aureus
and nonpathogenic staphylococci.!'? Columbia/
colistin-nalidixic acid media is selective for staphy-
lococci, but does not distinguish S. aureus from
other staphylococcal species. Agar containing
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oxacillin is used to screen for MRSA in most clinical
microbiology laboratories. '3

3.3. Selective media for S. maltophilia

Several media have been used for the identification
and isolation of S. maltophilia. DNase agar contains
DNA and toluidine blue as an indicator of DNase
activity by S. maltophilia.''* However, DNase agar
does not contain selective agents and thus is a con-
firmatory media, rather than a selective media. Use
of a selective VIA agar (vancomycin, imipenem,
amphotericin B) was reported by Denton et al.!'®
Ingredients include mannitol agar base with bro-
mothymol blue as an indicator and vancomycin,
imipenem, and amphotericin B as selective agents.
A study of 814 samples from the respiratory tract
demonstrated good sensitivity and specificity: 129
(55%) of 235 specimens positive on VIA were nega-
tive on bacitracin chocolate agar, while none of the
579 specimens that were negative on VIA were pos-
itive on bacitracin chocolate agar.

3.4. Processing sputum for NTM

To improve recovery of NTM and prevent contami-
nation with P. aeruginosa, sputum specimens being
cultured for NTM from CF patients must be
processed differently than specimens from non-CF
patients. Whittier et al. demonstrated that if the
decontamination step with N-acetyl-L-cysteine and
sodium hydroxide (NALC-NaOH) was followed by
5% oxalic acid, contamination by P. aeruginosa was
reduced from 36% to 5%.!'° However, in a profi-
ciency study performed by laboratories participat-
ing in a natural history study of NTM in CF patients,
laboratories failed to detect NTM when present at a
low inoculum of 104 CFU per mL.!!7 Notably, Bange
et al. reported a reduction in recovery of NTM from
specimens with low concentrations due to Kkilling
by oxalic acid.!'®

4. Antimicrobial susceptibility testing

Accurate antimicrobial susceptibility testing is criti-
cal to ensure effective treatment and accurate
assessment of the epidemiology of resistance. The
1994 consensus document recommended antibiot-
ic-impregnated disks (Kirby Bauer) be used to deter-
mine the antibiotic susceptibility of nonmucoid and
mucoid strains of P. aeruginosa isolated from
patients with CE! In studies to determine the opti-
mal methods for susceptibility testing, 500 mul-
tidrug-resistant strains of P. aeruginosa from differ-
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ent CF patients were tested.!'” Commercial auto-
mated microbroth dilution assays including
Microscan and Vitek were noted to have unaccept-
ably high rates of very major errors (ie, false-sus-
ceptibility) and major errors (ie, false-resistance)!”
when compared with a reference microbroth dilu-
tion assay.?' In contrast, agar-based diffusion
assays, such as antibiotic disks or E-tests (antibiotic-
impregnated strip) were more accurate and com-
pared favorably with the reference method.!!”
These studies confirm the 1994 recommendations
and have been endorsed by the National Committee
for Clinical Laboratory Standards.?® Studies to
determine the optimal methods of susceptibility
testing for other multidrug-antibiotic resistant
organisms, such as B. cepacia complex, S. maltophil-
ia, or A. xylosoxidans, are underway, but results
have not yet been reported.

5. Molecular epidemiology techniques for
typing CF bacterial isolates

5.1. Typing methodologies

Methods for typing bacteria from the CF respiratory
tract for epidemiologic purposes have evolved over
the past decade. While earlier methods were based
primarily on comparison of phenotypic (physical)
features, current methods are based predominantly
on the genetic content of different bacterial isolates.
The ideal typing system is one that is reproducible
and discriminatory and can differentiate strains
that are not epidemiologically related from strains
that are essentially identical or derived from the
same parent strain. Discriminatory power is the
ability to differentiate among unrelated strains and
identify isolates of common lineage with minor
genetic variation.!?? Further attributes of the ideal
typing system include ease of use, low cost, and
unambiguous interpretation 89121

5.2. Phenotypic changes and typing strategies
for P. aeruginosa

CF patients usually are infected with the same
strain(s) of bacteria for many years.!??> However, P
aeruginosa undergoes substantial phenotypic
changes during the process of chronic infection
that include: (1) changes in colonial morphology
from nonmucoid to mucoid!'?3; (2) changes in
lipopolysaccharide (LPS) from smooth to rough!?4;
(3) loss of motility'?3; and (4) development of resis-
tance to multiple antimicrobial agents.'?® These
attributes are rarely found in early isolates.!?®
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The first systems for P. aeruginosa were based on
phenotypic characteristics, such as agglutination by
antiserum to LPS (O-groups or serotyping), phage
susceptibility, pyocin typing, or antimicrobial sus-
ceptibility profile (antibiogram). These methods
were suitable for typing strains of P aeruginosa
from patients with acute infection, such as burn
victims or neutropenic hosts. However, a multicen-
ter study of CF patients’ respiratory tract isolates
demonstrated that these systems were untreliable
for CF isolates.?® For example, serotyping may
prove unreliable as many CF isolates are polyagglu-
tinable, ie, agglutinated by more than one specific
O-serum, or untypable, ie, not agglutinated by any
O-serum tested.'?” In contrast, Speert et al. found
that the genetic method, restriction fragment
length polymorphisms (RFLP), was highly repro-
ducible and discriminated among epidemiological-
ly unrelated strains of P. aeruginosa from CF
patients.?5

5.3. Molecular typing methods for P. aerugi-
nosa and S. aureus

RFLP was the first method to be used widely for
molecular typing of P. aeruginosa strains from CF
patients.!?? In this method, genomic DNA is extract-
ed from the bacterium of interest, digested with a
restriction enzyme, and the DNA fragments are sep-
arated by electrophoresis. A radiolabelled probe
directed to a specific portion of the bacterial
genome then is added to hybridize with the DNA
fragments. The most discriminatory and informa-
tive probes are those that react with a hypervariable
portion of the bacterial genome, such as the probe
for the region upstream from the gene for P. aerug-
inosa exotoxin A (exoA).1%?

However, RFLP has been largely supplanted by
pulsed-field gel electrophoresis (PFGE) and random
amplified polymorphic DNA analysis (RAPD). PFGE
evaluates genetic polymorphisms within the entire
bacterial genome by “macrorestriction.” Genomic
DNA is extracted and then digested with restriction
enzymes, which cleave the DNA into large frag-
ments.!? These fragments are separated according to
size; small fragments travel faster through the gel
than large fragments in a constantly changing electric
field. The DNA fragments are stained and the pattern
examined by eye or by computer-assisted methods.
RAPD analysis is based on polymerase chain reaction
(PCR) and takes a “snapshot” of the entire bacterial
genome.?* A short PCR primer (usually about 10
bases) is used to amplify random sections of the bac-
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terial genome. The amplified DNA segments then are
separated by electrophoresis, stained, and analyzed
by eye or computer, as for PFGE. Further discrimina-
tion among isolates is possible using different PCR
primers and/or digesting the PCR amplification prod-
ucts with restriction enzymes. PFGE is used widely for
typing S. aureus as well,!28.129

5.4. Molecular typing for B. cepacia

The initial molecular typing system used for B.
cepacia complex was “ribotyping” in which a radio-
labelled ribosomal RNA probe was used to probe
digested chromosomal DNA.!3? This method has
been replaced by PFGE and RAPD.?%-131.132 Another
PCR-based method, repetitive DNA sequence PCR
(rep-PCR) typing, has been applied to typing of B.
cepacia complex.?? Furthermore, different specific
pairs of PCR primers can be used to differentiate
among genomovars.?”

Thus, to determine if pathogens have been transmitted
among CF patients, a genotypic method must be used.
However, most genotyping methods cannot be per-
formed routinely in diagnostic clinical microbiology
laboratories. Therefore, research/referral laboratories
for molecular typing have been established by CFF in
Canada, the United States, Denmark, and the United
Kingdom for CF bacterial isolates.These laboratories
use a combination of methods to determine if multi-
ple isolates from specific CF centers are the same or
different types. These centralized laboratories interact
with one another through international networks,
such as the International Burkholderia cepacia
Working Group, and are able to determine whether
bacterial strains have been transmitted from one
country to another (http://go.tolcepacia). Through the
efforts of these laboratories, it has been possible to fur-
ther our understanding of the molecular epidemiolo-
gy of both P, aeruginosa and B. cepacia complex.

6. Surveillance by the CF and infection
control teams

6.1. Components of general infection control
surveillance efforts

Surveillance, defined as the ongoing and systematic
collection, analysis, and reporting of data to care-
givers, is the foundation of infection prevention. The
fundamental goals of surveillance are to monitor col-
onization/infections by calculating rates, ie, the num-
ber of persons with colonization or infection caused
by a target pathogen (cases) divided by the number of
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Table 4. Clinical and epidemiologic features of selected respiratory pathogens among patients with CF

Multidrug resistance

Clinical Selective Route of Transmission Antimicrobial
Organism Prevalence impact Persistence media transmission*  precautionst Mechanism control}
P. aeruginosa +H++ Significant Chronic No PE. S§ Acquired +
B. cepacia complex + Significant Chronic Yes P>E, S,C Intrinsic +
MSSA +++ Significant Variable Yes P>E, S Acquired +/-
MRSA + Variable Variable Yes P>>ES S,C Acquired +
H. influenzae ++ Variable Variable Yes P S Acquired +/-
S. maltophilia ++ Variable Variable Yes Es,r>P SH Intrinsic +
A. xylosoxidans + Variable Variable No E>P S| Intrinsic +
Respiratory viruses  Seasonal Variable No Yes P>E, S,C;add D for Acquired -
influenza, adenovirus

Mycobacterium spp.

Nontuberculous ++ Variable Variable Yes E>>P S Acquired -

M. tuberculosis Rare Variable Rare Yes P A Acquired -
Aspergillus spp. ++ Variable Variable Yes E>>>P( S Intrinsic -

*P, person-to-person; E, environmental reservoir; Er, environment may serve as a reservoir eg, water, sinks, soil, etc; or E;, an environmental surface or patient-care item

that has been contaminated with respiratory secretions.

1§, standard precautions; C, contact precautions; D, droplet precautions; A, airborne precautions.

JPotential prevention strategy.
§Add contact precautions when P. aeruginosa is multidrug-resistant.

[Contact precautions when institution has evidence of person-to-person transmission.

f[Airborne transmission has been documented in setting of high organism burden accompanied by irrigation and debridement of wound.

persons at risk, analyze trends over time, provide
feedback to caregivers, develop interventions, and
ultimately reduce rates of colonization/infection.*3
Authoritative infection control textbooks*!-42.133.134
and review articles*>1%> provide an excellent
overview of surveillance methods applied to the
healthcare setting. To benefit patients, there must be
on-going interval analysis and feedback reporting of
surveillance results to caregivers.

In recent years, targeted surveillance strategies have
been used in healthcare settings to focus efforts on
high-risk patients, infection sites, or invasive proce-
dures, and to focus on microorganisms of greatest epi-
demiologic importance.#133 The following factors
should be considered when designing a surveillance
program: (1) the culturing method; (2) the frequency
of acquisition ie, incidence; (3) the duration of car-
riage; (4) the mode of transmission; (5) the clinical
impact of infection, which includes morbidity, mortal-
ity, and available therapeutic options; (6) the antimi-
crobial resistance phenotype; and (7) the impact of
prevention strategies such as transmission-based pre-
cautions, cleaning and disinfecting respiratory equip-
ment, and antimicrobial restriction policies.

6.2. Specific surveillance efforts in CF

Among CF patients, surveillance is based on the
detection of potential pathogens in the respiratory

secretions by the clinical microbiology laboratory.
General recommendations to detect respiratory
pathogens among CF patients have been pub-
lished.!-135 At present, there are no studies defining
the optimal interval for sampling the respiratory tract
of CF patients. However, increased frequency of
obtaining cultures from the respiratory tract can aid
in refining our knowledge of the incidence, duration
of carriage, prevalence, and route of transmission of
respiratory pathogens,!3® but also increases the cost
of care. There is increasing evidence that early detec-
tion and treatment of P aeruginosa may preserve
lung function.!®!8 Reports from the Epidemiologic
Study of Cystic Fibrosis have shown that centers
whose patients had pulmonary function in the upper
quartile for age had more frequent respiratory tract
cultures performed.!3” Routinely scheduled cultures
of the respiratory tract should be performed: (1) for
all CF patients, regardless of clinical status; (2) for CF
patients who have received a lung or heart-lung
transplant; (3) at the time of pulmonary exacerba-
tions; and (4) when indicated epidemiologically, such
as when an outbreak is suspected. The relative
importance of factors defining clinically and epi-
demiologically important respiratory pathogens
among CF patients is summarized in Table 4.

Individual CF centers should use the data submitted
to the CFF Patient Registry to calculate the annual
incidence and prevalence rates for their entire CF
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patient population as well as for substrata that
could include children 10 years of age or younger,
adolescents 11 to 17 years of age, and adults 18
years of age or older or substrata that address dif-
ferent care areas, ie, adult and pediatric clinics. This
surveillance should be performed at baseline and
then following implementation of the recommen-
dations for use of selective media (if not already
used) and more frequent culturing to understand
the possible contribution of ascertainment bias due
to these recommendations. Additionally, review of
these data will be essential to assess the effective-
ness of new infection control practices.

In summary, surveillance strategies for CF centers
include determination of incidence and prevalence
rates, antibiotic susceptibility profiles and trend
analyses for B. cepacia complex,?3102.138 S qureus!?®
including MRSA,10:129.139.140 and P geruginosa
including multidrug-resistant P aeruginosa.!:343%
Surveillance for other organisms, such as S. mal-
tophilia or NTM, should be monitored if clinically or
epidemiologically indicated within a center.
Surveillance is incomplete until the data are ana-
lyzed, rates calculated, and data summarized and
disseminated to those who will use the information
to prevent and control infections. The frequency of
reporting will vary depending on the size of the CF
patient population and should be determined by the
CF care team following CFF guidelines and in con-
sultation with the hospital infection control commit-
tee and the microbiology laboratory. Collaboration
with the clinical microbiologists and infection con-
trol teams in designing and evaluating the results of
CF surveillance programs and infection control
interventions is recommended to optimize the accu-
racy of the surveillance and the effectiveness of the
preventive strategies implemented within a center.

7. Use of antimicrobial agents in CF
patients

Oral, intravenous, and aerosolized antimicrobial
agents are used with great frequency in CF patients
in efforts to improve pulmonary function or to delay
the progression of pulmonary deterioration.'4! The
indications for antimicrobial agents are: (1) to treat a
pulmonary exacerbation using two or more intra-
venous antimicrobial agents!#?; (2) to prevent chron-
ic infection with P. aeruginosa, by the use of
aerosolized and oral agents“; or (3) as maintenance
therapy for chronic infection with P. aeruginosa, eg,
by the use of aerosolized tobramycin.!4> Despite
antibiotic treatment, pathogens are not generally
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eradicated from the CF patients’ airways, and over
time, resistance to antibiotics develops, thereby limit-
ing therapeutic options and mandating the frequent
use of broad-spectrum agents that are routinely
restricted from use in other groups of patients. To
date, there have not been studies of antibiotic control
programs in the CF patient population.

Although some small studies of chronic anti-
staphylococcal prophylaxis (eg, cephalexin) to pre-
vent the initial infections with S. aureus in young
children less than 2 years of age had been encour-
aging, the largest, most recent randomized study of
cephalexin prophylaxis for 5 to 7 years demon-
strated a significant decrease in colonization with S.
aureus, but a significant increase in the frequency
of infection with P. aeruginosa and no clinically sig-
nificant improvement in major health outcomes.!44
Thus, routine antistaphylococcal prophylaxis is not
recommended for young children with CE

C. SELECTED PATHOGENS OF IMPOR-
TANCE TO CF PATIENTS AND THEIR
EPIDEMIOLOGY

1. 8. aureus, including MRSA

1.1. Virulence factors of S. aureus

S. aureus often is the first pathogen to colonize the
respiratory tract of CF patients and may be isolated in
three morphologic types: mucoid, nonmucoid, or a
small colony variant.!4>-147 All three morphologic
types, especially the mucoid type, bind to respiratory
mucin.!*® CF respiratory epithelial colonization is
further promoted by high affinity binding asialogan-
glioside 1 via the major staphylococcal cell wall com-
ponent teichoic acid.'4° S. aureus may contribute to
chronic inflammation of the CF respiratory tract by
up-regulation of interleukin-8 (IL-8), leading to neu-
trophil chemotaxis and dysregulation of B-cell pre-
sentation of staphylococcal superantigens.?%-150

In the pre-antibiotic era, S. aureus and H. influenzae
were major causes of morbidity and mortality in
infants with CE!®! Beginning in 1944, penicillin thera-
py was associated with increased life expectancy of
infants with CE before the nearly universal acquisition
of beta-lactamases by S. aureus in the 1950s.!5! Today,
the adverse clinical impact of S. aureus in CF patients
is managed relatively effectively by antibiotic treat-
ment. Newly developed S. aureus vaccines,!#>152 one
of which has been shown to prevent invasive MSSA
and MRSA infections in hemodialysis patients,'®? may
have application in CF patients in the future.
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1.2. Epidemiology of S. aureus in CF patients

S. aureus colonization of the anterior nares is an
important risk factor for subsequent disease among
both CF and non-CF patients. Nasal colonization and
disease-producing isolates typically have the identical
genotype.!2%153-155 Goerke et al. found that CF
patients without recent antibiotic treatment had a
significantly higher prevalence of nasal colonization
with S. aureus than did treated CF patients or healthy
controls, suggesting an increased susceptibility to col-
onization among CF patients.'?? In this study, trans-
mission of S. aureus within families and loss or
replacement of the strain after 1.5 years was observed
frequently in both CF and non-CF groups. CF patients
generally harbor the same clone of S. aureus in the
respiratory tract for at least 1 to 2 years.!56

1.3. Prevalence and impact of MRSA in CF
patients

Over the past two decades, the proportion of S.
aureus strains resistant to methicillin (MRSA) and
other B-lactam antimicrobials has increased dra-
matically.!>” First recognized as a healthcare-asso-
ciated pathogen acquired most frequently by criti-
cally ill hospitalized patients, the onset of MRSA
infections outside of healthcare settings has been
recognized with increasing frequency in some US
communities by patients lacking traditional risk
factors.1%8161 Community-acquired onset strains in
non-CF patients have PFGE types that are distinct
from the strains acquired by patients hospitalized in
the same geographic location and contain the
unique SCCmecA type IV gene suggesting a distinct
epidemiology.19%-13 However, many patients with
“community-acquired MRSA infection” have
received care in a healthcare setting within the
recent past, and there is a wide variation in preva-
lence rates.!64-166 Patient-to-patient spread of MRSA
has been well documented in hospitals, particular-
ly ICUs.!'®” MRSA can contaminate the surfaces of
hospital rooms of patients harboring MRSA and can
contaminate the clothing of HCWs. 168

The increase in prevalence of MRSA has been less
dramatic among CF patients than among other
patient populations, such as patients in ICUs or nurs-
ing homes. Seven percent of CF patients in the CFF
Registry had MRSA respiratory isolates in 2001 (range,
0 to 22.7% of patients per center). A study of the
microbiology from patients at 69 CF centers across
the United States found that 18.8% of S. aureus were
methicillin resistant,!© whereas rates as high as 51 %
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have been reported in patients without CE!%® The
proportion of CF inpatients with MRSA isolates is sub-
stantially higher (27 %) than among nonhospitalized
CF patients, likely reflecting differences in age,
underlying severity of illness, increased antimicro-
bial exposure, and increased healthcare-associated
acquisition.%? Patients who may be referred to other
CF centers for transplant evaluation or for emergent
care without complete medical records may harbor
multidrug-resistant pathogens, such as MRSA, and
serve as an unrecognized source for transmission to
other patients (H.W. Parker, personal communication).

The clinical impact of MRSA among CF patients has
been investigated. Miall et al. performed a matched
case-control study among pediatric patients with CF
to determine the effect on clinical status 1 year after
isolation of MRSA.!3 Children with MRSA required
significantly more courses of intravenous antibiotics,
but had worse baseline chest x-rays, suggesting that
matching may not have adequately controlled for dif-
ferences in underlying severity of illness. MRSA
infection did not have a significant effect on growth
or lung function. Among a group of adult CF patients,
MRSA acquisition was associated with poor lung
function, and the duration of colonization was fre-
quently brief, lasting for less than 1 month in 35% of
patients.!”® Similarly, Boxerbaum et al. did not note
clinical deterioration in 14 patients with MRSA and
10 of 14 had transient colonization.!”" In contrast,
Givney et al. demonstrated that the same clone of
MRSA persisted in an individual CF patient for
years.!40 In the study by Thomas et al., MRSA did not
adversely affect the clinical course of 2 patients with
MRSA at the time of transplantation or of 5 patients
who acquired MRSA following transplantation.!”®
Thus, current data describing the clinical impact of
MRSA on lung function in CF are inconclusive.

1.4. Patient-to-patient transmission of methi-
cillin-susceptible S. aureus (MSSA) and MRSA
in CF patients

Schlichting et al. described patient-to-patient trans-
mission of MSSA in summer camp.!?® In this study,
4 typing methods were used to compare MSSA
strains before and after attendance at a 4-week
summer camp for CF patients. Four of 20 patients
acquired a new type that was noted in another
camper at the start of camp, suggesting patient-to-
patient transmission of this strain.

Healthcare-associated transmission of MRSA from
non-CF to CF patients and from CF patient to CF
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patient has been reported and may be facilitated by
hospitalization of CF patients on general pediatric
or adult medical wards.'4° CF patients are likely to
be as susceptible to healthcare-associated transmis-
sion of MRSA as patients without CF.

In summary, both MSSA and MRSA can be trans-
mitted from CF patient to CF patient and among CF
and non-CF patients. Routes of transmission do not
differ between MRSA and MSSA strains. However,
antibiotic-resistant strains may have an adverse
impact on clinical outcome and healthcare costs.
Therefore, hospital policies for precautions to pre-
vent patient-to-patient transmission of MRSA
among patients without CF must be applied to
patients with CF who are colonized or infected with
MRSA at any site.?

2. P. aeruginosa

2.1. Epidemiology and clinical impact of
P. aeruginosa

P, aeruginosa is the most important and prevalent
pathogen in CF patients. Acquisition is almost uni-
versal by adulthood, and this pathogen has an
adverse effect on lung function and survival.!7-172-
174 Children with CF infected with P. aeruginosa
have lower pulmonary function, lower chest radio-
graph scores, and lower 10-year survival than chil-
dren uninfected with P aeruginosa.!”® CF children
identified through newborn screening from 1990
through 1992 who became infected with P. aerugi-
nosa had a lower National Institutes of Health clinical
score, lower % predicted forced expiratory volume
in 1 second (FEV,), and more days of hospitaliza-
tion.!” The appearance of the mucoid phenotype
has been linked to deterioration in lung func-
tion,!75176 and early acquisition of mucoid strains
has been associated with early mortality.!”
However, aggressive antimicrobial treatment of P,
aeruginosa at initial acquisition is associated with a
delay in chronic infection and an improved clinical
course.'®"18 Longitudinal monitoring of P. aeruginosa
antibody titers in CF patients diagnosed through
newborn screening can detect P. aeruginosa pul-
monary infections 6 to 12 months before isolation
of this organism from respiratory tract cultures.!””
Over time, in the CF lung, P. aeruginosa becomes
increasingly resistant to antimicrobials, making
effective therapy progressively difficult.!”®

Most CF patients retain the same clone of P. aerugi-
nosa throughout their lifetime.?4179-180 However, an
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individual patient may be infected with more than
one clone.?® Patients who receive antibiotic therapy
to eradicate P. aeruginosa may experience recurrent
isolation of the initial strain after transient suppres-
sion during antimicrobial treatment.'8!

2.2. Potential sources of P. aeruginosa

The initial source of P. aeruginosa for most patients
remains unknown. The source may be the environ-
ment, another CF patient, contaminated respiratory
therapy equipment, or medication vials, or other
objects that have become contaminated with P,
aeruginosa.

2.2.1. P. aeruginosa in the hospital
environment

Many studies have recovered P. aeruginosa from the
hospital and clinic environment.!82-184 Studies have
shown that P. aeruginosa strains of great genetic
variability may be widespread in and around water
sources including sinks and tap water in a pediatric
ward for CF patients.'84185 P geruginosa, suspend-
ed in saline, can survive on dry surfaces for 24
hours, whereas mucoid strains can survive for 48
hours or longer.!82.184 However, P. aeruginosa sus-
pended in CF sputum can survive on dry surfaces
up to 8 days.!84

Studies by Zimakoff et al. in healthcare settings for
CF patients found P. aeruginosa in 7% of environ-
mental cultures; sinks, toys, baths, and hand soaps
were positive and 12 (60%) of 20 positive cultures
shared the same phage types and LPS O-group
serotypes as those found in the patients.'8?
However, these findings must be questioned
because many strains that were considered to be
the same were typed with polyclonal sera that iden-
tify several different O-types; more recent studies
have shown that these strains may be different
genotypes. Similarly, Speert and Campbell isolated
P aeruginosa from 2 (4 %) of 48 pulmonary function
test machines and 14 (11%) of 126 hospital
drains.!8 Five of 14 sink drain isolates matched the
serotype of the patient(s) hospitalized in that room.
In this study, the hospital had opened 3 months pre-
viously, and over time, contamination of sinks
increased from 14% to 66%. Thus, it is possible
that the CF patients were the source of the strains
isolated from the sink cultures.

Using the exoA probe, Wolz et al. examined isolates
from the CF clinic environment. Only two genetically
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identical isolates of P. aeruginosa were detected, and
this strain was not found among patients.'8! In con-
trast, the same strain, as documented by PFGE, had
been isolated from sinks and patients including at
least one documented new acquisition of P, aeruginosa
during hospitalization.'84187 Similar observations
were made in a CF clinic documenting shared clones
in the clinic environment (eg, sinks).'®” In contrast,
despite documentation of a shared strain of P. aerugi-
nosa among adult CF patients, this epidemic strain
could not be found in repeated sampling of sinks,
drains, toilets, showers, or communual surfaces.®

P aeruginosa can be recovered from the hands of
HCWs and patients. Speert and Campbell demon-
strated P. aeruginosa on 5 (3%) of 175 patients’ hand
samples.!8 Zimakoff et al. similarly detected P. aerug-
inosa on 3 (18 %) of 16 patients’ hands, but not on the
hands of 37 staff members.!82 In contrast, Doring et
al. used the exoA probe and PFGE to demonstrate that
sink drains and HCW hands were contaminated with
the same genotypes as those harbored by CF
patients.!8* These investigators performed studies of
experimental hand washing wherein the hands of
study participants became contaminated with the
same strains of P aeruginosa after washing at sinks
with contaminated drains. 84188

The potential for droplet transmission has been
demonstrated by placing agar plates within 3 feet of
a coughing CF patient; P. aeruginosa was recovered
from 11 (65%) of 17 plates.'®? In another similar
study, growth of P. aeruginosa was detected on 1
(17%) of 6 plates held 40 cm (1.25 feet) from the
mouths of coughing CF patients.!'84

True airborne transmission of P aeruginosa has not
been documented. Demonstration of an airborne
route of transmission would require isolation of the
same strain of P. aeruginosa from the sputum of a CF
patient and from air samples obtained in the hallway
outside that patient’s room or in a neighboring room
that did not house a CF patient or from 2 patients
who shared the same air supply, but did not have
contact with each other or with the same medical
equipment. Air samples from a CF clinic obtained
using a centrifugal air sampler demonstrated that
1% of CFU were P. aeruginosa.'®? Similarly, Speert
and Campbell demonstrated P. aeruginosa in 3 (6 %)
of 52 air samples from the rooms to which CF
patients were admitted.'8¢ In contrast, Wolz et al.
examined the air of the CF clinic and did not recover
P, aeruginosa from any air samples.!8! Survival times
of P. aeruginosa in aerosols were dependent on strain
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characteristics, light, and humidity; the strains’ half-
life varied from 3 to 76 minutes.'88 It is unlikely that
P, aeruginosa in CF sputum would remain suspended
in the air long enough to be transmitted to other
patients who share only the same air supply. Thus,
most transmission of P. aeruginosa is via the direct
and indirect contact or droplet routes.

2.2.2. Colonization of home nebulizers

Studies examining colonization of home nebulizers
of CF patients have been performed. Pitchford et al.
found that 9 (25 %) of 36 patients’ home nebulizers
were contaminated.®? Rosenfeld et al. examined the
frequency of colonization of in-use home nebuliz-
ers and found that 17 (55%) of 31 nebulizers from 5
different manufacturers were positive for P. aerugi-
nosa and 11 (35%) were positive for S. aureus.®> In
addition, 6 (19%) were positive for Klebsiella
species, and many were colonized with organisms
that are not common pathogens in CF patients.
Jakobsson et al. demonstrated P. aeruginosa (3 of 41
patients) or B. cepacia (1 of 41 patients) in patients’
nebulizers.!¢4 Similarly, Hutchinson et al. found B.
cepacia complex in home nebulizers.°!

2.2.3. Colonization of whirlpools, hot tubs,
swimming pools, and dental equipment

Colonization of whirlpools (ie, hydrotherapy pools),
swimming pools, hot tubs, and dental equipment
with P. aeruginosa has been evaluated. Whirlpools
and hot tubs both were found to harbor P. aeruginosa,
while chlorinated swimming pools did not.!8°
Outbreaks of folliculitis, nodular lesions, and more
serious infections caused by P, aeruginosa have been
associated with hot tubs and whirlpool bathtubs in
the community and in hospitals.!°%1°! Pools must be
well chlorinated according to standard recommenda-
tions to prevent P aeruginosa contamination.!®!
Dental equipment can be colonized with P aerugi-
nosa. Jensen et al. demonstrated that a patient and
dental equipment shared the same clone.!??
Standard cleaning and disinfection/sterilization pro-
cedures of dental equipment will prevent patient-to-
patient transmission of potential pathogens.

2.3. Transmission of P. aeruginosa among CF
patients

2.3.1. P. aeruginosa transmission among
siblings

The best documented and most accepted instances
of shared strains among CF patients occur among
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siblings. Speert and Campbell demonstrated that 3
of 4 sibling pairs shared the same serotype.!8¢
Thomassen et al. showed that sibling pairs shared
the same serotypes.'? Using the DNA probe exoA,
Wolz et al. examined isolates from 12 sibling pairs
and found that 7 pairs harbored identical strains.'8!
Grothues et al. studied 22 siblings from 8 families
and demonstrated by PFGE that the siblings in 5
families shared identical clones and in 3 families
had closely related clones.!%%

2.3.2. P. aeruginosa transmission in non-health-
care settings among unrelated CF patients

There have been several reports of shared strains of P
aeruginosa among CF patients that were linked to non-
healthcare settings. Using exoA, Wolz et al. examined
the isolates of 46 patients before and after a 6-week
recreational event.'8! Six of 13 previously uninfected
patients had acquired P. aeruginosa, of whom 1 shared
a strain with a previously infected patient. Four previ-
ously infected patients shared strains that were identi-
cal to strains detected in other patients. Similarly,
using PFGE, Ojeniyi et al. examined P aeruginosa
obtained from 22 children and adolescents attending
a week-long winter camp.”® After camp, 5 previously
uninfected children were found to harbor the same
clone of P, aeruginosa 1 to 14 months later. This same
strain was found in 2 previously infected patients.
Fluge et al. examined the isolates of 60 patients in
Norway and detected a large cluster of the same strain
shared by 27 patients and 13 smaller clusters consist-
ing of 2 to 4 patients each.!?® The patients in the large
cluster were more likely to have attended summer
camp and training courses, but were not more likely to
have been hospitalized.

2.3.3. P. aeruginosa strains transmission in
healthcare settings

There are several studies in different centers around
the world that demonstrate patient-to-patient trans-
mission of P aeruginosa. During the 1980s, a Danish
CF center reported an epidemic of a multidrug-resis-
tant strain of P aeruginosa that was typed by
serotyping and phage typing.>” These same investi-
gators used PFGE to examine 200 isolates from 61
patients attending their clinic and reported 2 strain
clusters consisting of 26 and 11 patients each.!”?
This Danish CF center found that implementation of
infection control measures was associated with a
decreased incidence and prevalence of P. aeruginosa
infection. The measures included establishing sepa-
rate clinics for patients with or without P. aeruginosa
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infection, emphasizing good hygiene, especially
hand washing for patients and HCWs, and moving to
a larger clinic.82-84

Hunfeld et al. examined the strains isolated from 30
adult CF patients and found that each patient from a
center in Germany harbored a unique genotype, and
10 of 12 patients from a center in Israel shared 3 pre-
dominant clones.?> Cheng et al. described the spread
of a resistant clone of P. aeruginosa in a CF center in
the United Kingdom.>' These investigators were
alerted to the possibility of patient-to-patient trans-
mission due to an increase in ceftazidime resistance
among patients who had never received this agent
during a period when there was extensive use of cef-
tazidime monotherapy in that center. Using both
PFGE and a probe for the flagellin gene of P. aerugi-
nosa, it was shown that 55 (85 %) of 65 children with
strains resistant to B-lactam agents acquired the
clone, which had been present in this CF clinic for at
least 7 years. The epidemic strain was not recovered
from any environmental cultures. In a cohort of 56
children who were identified by newborn screening
in Australia who underwent follow up until age 7
years, Nixon et al. identified P. aeruginosa in 24 (43 %)
of 56 children, 4 of whom died. These 4 children
were infected by a mucoid, multidrug-resistant strain
of P aeruginosa that was shown to have a common
PFGE pattern and was shared with older children
cared for in the same CF clinic.!”

Farrell et al. examined the acquisition of P. aerugi-
nosa in a randomized study of neonatal screening
for CF performed in Wisconsin from 1985 to 1996
in Madison (Center A) and Milwaukee (Center B).19°
These investigators found that the prevalence of P
aeruginosa was higher at Center B than at Center A
(70% vs 48%) and there was a shorter time to
acquisition of P aeruginosa at Center B.>?> Time to
acquisition of P. aeruginosa was shorter in infants
diagnosed by neonatal screening; the median dura-
tion of P aeruginosa-free weeks was 52 weeks
among screened infants at Center B versus 289
weeks among unscreened patients at Center A. It
was hypothesized that crowded conditions in
Center B’s clinic before June 1990 contributed to
the acquisition of P. aeruginosa. A multivariate
analysis determined that care in Center B before
June 1990 and aerosol use were independent risk
factors for acquisition of P. aeruginosa, while higher
levels of maternal education were protective.!?”

Most recently, 2 groups of CF clinicians in the
United Kingdom described transmission of P. aerug-
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inosa among adults.>*3> In a prospective study of
154 patients, 22 (14%) shared the same clone of
multidrug-resistant P. aeruginosa as demonstrated
by both pyocin typing and PFGE.’* These 22
patients were infected previously with other strains
of P. aeruginosa. No social contact occurred outside
of the CF clinic, but nearly all had been inpatients
at least once during the previous 2 years. This clone
was not isolated from any of the 24 patients co-
infected with B. cepacia complex and P. aeruginosa
who had been segregated for 8 years or from 52
non-CF patients infected with P aeruginosa. The
patients infected with B. cepacia complex shared
outpatient facilities with other CF patients, but vis-
its were scheduled on different days and they were
admitted to different inpatient units. The epidemic
strain was not isolated from any environmental cul-
tures of the inpatient or outpatient units. McCallum
et al. described 5 patients who were superinfected
with a multidrug-resistant strain of P. aeruginosa.>>
No environmental surface cultures were positive for
this strain. The investigators concluded that this
strain was acquired during hospitalization as CF
patients who had never been hospitalized did not
acquire this strain.

In contrast, several investigators have failed to
detect transmission of P aeruginosa among CF
patients. In Vancouver, Speert et al. studied 21 CF
patients attending summer camp and found that 5
children who were free of P. aeruginosa at the start
of camp remained so at the end of camp, 7 days
later.!98 Speert and Campbell also studied 27 hospi-
talized CF patients to examine sharing of strains.
Using serotyping, these investigators found that 3 of
7 pairs of patients hospitalized in the same room
had transient colonization with shared serotypes
that did not persist during the following 2 years.!86
Subsequent analysis revealed isolates that appeared
identical by serotyping were actually different
when analyzed by molecular methods (D. Speert,
personal communication). Mahenthiralingam et al.
examined 385 sequential isolates from 20 patients
and found only one instance of shared RAPD
types.?? In the United Kingdom, Williams examined
496 isolates from 69 patients and found no evi-
dence of cross-infection.!??

In a large prospective study of P. aeruginosa CF iso-
lates, Speert et al. examined at least 3 isolates from
each of 174 patients treated at the CF clinics in
Vancouver, British Columbia, Canada, between 1981
and 2000.290 Bacteria were typed by RAPD and by
PFGE. For groups of patients who were infected with
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the same strain of P. aeruginosa, home location, date
of acquisition, or any contact with other patients
(defined as simultaneous attendance at the hospi-
tal’s school or playroom while inpatients, contact in
CF clinic, or known social interactions) were com-
pared. In all, 157 genetic types of P. aeruginosa were
identified, 133 of which were unique to individual
patients. Twenty-four types were each shared by
more than 1 patient; epidemiologic evidence linked
these individuals only in the cases of 10 sibships and
1 pair of unrelated patients who were close friends.
From these data, the authors concluded that there
was an extremely low risk in Vancouver for patients
with CF to acquire P, aeruginosa from other patients
and that prolonged close social contact, such as
occurs between siblings, is necessary for patient-to-
patient spread.

2.3.4. Transmission of P. aeruginosa from a
CF patient to non-CF household contacts

To our knowledge, there has been only one case
report describing transmission of P aeruginosa
from a CF patient to non-CF individuals. In this
report, an adult with CF infected with the epidemic
strain previously described®® transmitted this strain
to her parents who were each carriers of different
CF mutations. Both developed pneumonia and sub-
sequent chronic colonization with the epidemic
strain.??! However, this strain was not recovered
from gargle samples obtained from the throats of 31
relatives of 23 other CF patients who were infected
with this epidemic P. aeruginosa strain. This report
suggests that this strain had unique virulence prop-
erties that merit further study.

2.4. Summary of transmission of P. aeruginosa

In summary, CF patients can share the same strains
of P. aeruginosa. It is likely that different strains
have different potential for transmission as has
been noted with strains of B. cepacia complex, but
close, prolonged contact facilitates transmission.
Current data suggest a role for environmental con-
tamination with respiratory secretions as a potential
reservoir for P. aeruginosa. It is possible that crowd-
ed physical conditions and the contaminated hands
of HCWs may facilitate transmission. Additional
epidemiologic studies using standardized methods
are needed to further define the relative contribu-
tion of patient-to-patient transmission and potential
environmental acquisition of P. aeruginosa among
CF patients. Environmental cultures should be
obtained only as part of an epidemiologic investiga-
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Table 5. Members of the B. cepacia complex, 2001

Species (Genomovar) Binomial designation = Reference
| B. cepacia 388

1l B. multivorans 388

1] Pending 388

v B. stabilis 388, 389
v B. vietnamiensis 388, 390
Vi Pending 202, 391
4 B. ambifaria 202, 392
Vil B. anthina 393

IX B. pyrrocinia 393

tion. Documentation of the distance between CF
patients in healthcare settings as well as patient
activities within and outside of healthcare settings
is necessary to establish the mechanism of patient-
to-patient transmission. To date, no studies have
evaluated the possibility of transmission of a strain
of P. aeruginosa among CF patients via shared bath-
rooms.

3. B. cepacia complex

3.1. Taxonomy of Burkholderia species

The taxonomy of Burkholderia spp. has become
very complex due to the realization that isolates of
B. cepacia are actually members of multiple distinct
bacterial species called “genomovars.”?%% At pre-
sent, there are at least 9 distinct species in the B.
cepacia complex (Table 5) and at least 15 additional
species within the genus Burkholderia.

3.2. Epidemiology of Burkholderia spp. in CF
patients

Two research centers in North America have been
instrumental in defining the epidemiology of B. cepa-
cia complex in CF patients. The United States CFF B.
cepacia Research Laboratory and Repository was
established in 1997.26-138 CF caregivers are encour-
aged to send isolates for confirmatory identification
and to assess possible patient-to-patient transmis-
sion. Analysis in this laboratory provides identifica-
tion of specific species within the B. cepacia com-
plex. In a study of 606 CF patients from 105 US cities,
genomovar Il and B. multivorans were the most
common species encountered, accounting for 50 %
and 38% of isolates, respectively.?” Nevertheless, all
9 species of the B. cepacia complex have been recov-
ered from CF patients.
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The Canadian B. cepacia Complex Research and
Referral Repository was established in Vancouver,
British Columbia, in 1994. Since that time, 905 B.
cepacia complex isolates have been submitted from
447 patients from 8 of the 10 Canadian provinces.?%?
A total of 80% of the patients were infected with
genomovar III strains and approximately 9 % with B.
multivorans. Substantial regional differences were
documented.

3.3. Clinical course associated with B. cepacia
complex

The first reports of B. cepacia in CF patients then
named Pseudomonas cepacia, occurred in the late
1970s and early 1980s and provided the initial
descriptions of the virulence of this multidrug-resis-
tant pathogen.?04295 The B. cepacia syndrome is
characterized by high fever, bacteremia, rapid pul-
monary deterioration, and death in 62% to nearly
100% of patients. Addition of high-dose intra-
venous corticosteroids to intensive antimicrobial
therapy has been associated with survival in one
patient.?%° B. cepacia complex is found in high con-
centrations in sputum and has prolonged survival
on surfaces.??” Infection with B. cepacia complex
has been associated with decline in lung function
and a markedly shorter median survival 205208-212
There is some evidence that genomovar III, in gen-
eral, may be more virulent and more likely to be
transmitted patient-to-patient, but this needs further
study,30213.214

Although infection with B. cepacia complex is gen-
erally chronic, in some CF patients infection/colo-
nization may be transient or intermittent. The fre-
quency with which transient infection occurs and
the criteria for confirming eradication are not
known. It is likely that unidentified host and bacte-
rial factors are determinants, but further study is
required. Replacement of one strain with another
and association with clinical deterioration was first
documented in 5 adults in the United Kingdom.2!>
In a recent study from Vancouver, the replacement
of B. multivorans by strains of genomovar III was
documented.’® Such replacement was associated
with deterioration in clinical status in some
patients. In an analysis of isolates serially recovered
from 347 CF patients chronically infected with B.
cepacia complex, a change in the infecting strain
was noted in 7.4% .28 Thus, CF patients infected
with B. cepacia must avoid close contact with each
other to prevent acquisition of potentially more vir-
ulent strains.
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Table 6. Factors associated with acquisition of B. cepacia complex

Risk factor(s)

Comments

Attendance at CF summer camp?'®
* Sleeping in same cabin
« Sharing a personal item (eg, eating utensils)
* Dancing or hugging B. cepacia infected camper
Attendance at summer educational program?3
Participation in adult CF group332
Social contact'0%332
* Kissing
* Intimate contact
¢ Prolonged car rides
* Fitness class
¢ Sharing drinking utensils
Sibling with B. cepacia complex2%

Risk of acquisition increased with time spent at camp and prevalence of B. cepacia at
the camp

3 (20%) of 15 patients acquired same ribotype
Disbanded meetings and extensive social contact

Handshaking!0%184217.222 * 2 of 68 cultures positive; | from patient and | from investigator?!”
* Patients’ hands became contaminated after coughing'%?
Inpatient exposures * Risk of acquisition increased if hospitalized within 3 months and if
205217

* Recent hospitalization

hospitalized longer

* Use of specific shower * Interviews with healthcare workers indicated poor adherence to contact precautions

 Sharing hospital room with another patient
infected with B. cepacia®'”

* Cared for by a medical student
Respiratory therapy equipment

* Sharing equipment

* Hospital nebulizers?

* Spirometer204

* Mouthpiece filters'®

27

2

Reservoirs of large volume nebulizers grew B. cepacia

3.4. Transmission of B. cepacia complex
among CF patients

For more than a decade, it has been recognized that
B. cepacia complex can be transmitted from patient-
to-patient in both healthcare and non-healthcare set-
tings. Both indirect and direct contact with infected
secretions and droplet spread have been implicated
in transmission; the risk factors associated with
transmission of B. cepacia complex are summarized
in Table 6.26:76.102.205.216.217 Rihotyping was the first
typing method used to provide evidence of patient-
to-patient transmission among CF patients.?'® In
some instances, detection of transmitted strains of B.
cepacia complex by conventional culture methods
occurred 2 years after exposure in a non-healthcare
setting.?> Similar studies were performed in the
United States; Edinburgh, Scotland; Manchester,
England; and Ontario, Canada, and led to the dis-
banding of CF summer camps worldwide.!9%219 In a
recent study, both inter-city spread of a genomovar
III strain and the 20-year persistence of this epidem-
ic strain in a large CF center were documented, using
molecular typing.??

Contact with healthcare settings has been identified
as a risk factor in several studies.!?3217 Recent hos-

pitalization,?!” poor adherence to hand wash-
ing,217-220 contaminated respiratory therapy equip-
ment,?29-221 and possibly contaminated hospital
showers?!7222 have been associated with transmis-
sion of B. cepacia complex. In contrast, dental care is
unlikely to be associated with acquisition of B. cepa-
cia. During aerosol-generating dental treatments of
four CF patients infected with B. cepacia, B. cepacia
was not recovered from any of the samples from the
dental environment nor from the dentist.??

True airborne transmission of B. cepacia complex is
less certain. Ensor et al. studied 8 adult CF patients
chronically colonized with B. cepacia before and
after chest physiotherapy.??4 Before physiotherapy,
16 % of air samples were positive for B. cepacia, but
during and after chest physiotherapy as coughing
was induced, 47% and 44% of air samples were
positive; no air samples were positive for 3 of 8
patients. Of note, air samplers were positioned 100
cm (39 inches) from the patients, which is approxi-
mately the 3-foot range defined for droplet trans-
mission. B. cepacia was detected in air samples
obtained 15 to 45 minutes after the patients left the
room. All samples obtained at 60 minutes were neg-
ative.??® In a CF clinic, B. cepacia was detected at
very low counts (1 CFU/mm?) in only 2 of 29 air
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samples obtained approximately 39 inches from
patients.??® Other air sampling studies did not
recover B. cepacia from air samples obtained from
rooms in which patients chronically infected with
B. cepacia were coughing and talking®?” or within
39 inches of patients undergoing chest physiother-
apy or in the waiting room.'92217 While B. cepacia
has been detected with air sampling, most studies
obtained samples within approximately 3 feet of
infected patients, indicating a droplet route of trans-
mission. There have been no reports of patient-to-
patient transmission of B. cepacia among CF
patients who have shared only the same air supply.
The same criteria to establish an airborne route of
transmission of P. aeruginosa described above
(Section 2.2.1) are applicable to B. cepacia. Thus,
similar to P. aeruginosa, most transmission of B.
cepacia complex is via the direct and indirect con-
tact or droplet routes.

3.4.1. Bacterial virulence factors associated
with transmission of B. cepacia complex

Patient-to-patient transmission of genomovar III
strains has been associated with two markers: cable
pili (cblA)??® and the B. cepacia epidemic strain
marker (BCESM).!?! The cblA-encoded cable pili is
expressed by the ET12 clone, a specific genomovar
III strain that has caused outbreaks in Ontario,
Canada, and the United Kingdom. In Canada, there
was only evidence of patient-to-patient spread of
genomovar III strains, which harbored either the
cable pili or the BCESM,?%3 and only genomovar III
strains harbored these transmissibity markers.*°
However, the ET12 strain has rarely been found
among strains recovered from CF patients in the
United States, and patient-to-patient transmission
of strains without the cable pili or BCESM has
occurred.???7 Thus, neither the cable pili nor
BCESM is a sufficient marker of strain transmissi-
bility.

3.5. B. cepacia complex transmission
among non-CF patients

Common source outbreaks of B. cepacia infections
related to contamination of antiseptic products dur-
ing the manufacturing process have been well
described.”’ Holmes et al. reported transmission
among non-CF and CF patients in an intensive care
unit.??% Recent studies in non-CF patients have
demonstrated epidemic strains of B. cepacia com-
plex associated with hospital-acquired infection.
Siddiqui et al. described a 2-year outbreak of a strain
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of genomovar III that was found in 17 (85%) of 20
non-CF patients and 2 (1%) of 200 environmental
cultures including a bottle of hand lotion and a
drain.??? None of the CF patients cared for at other
healthcare institutions in the area was infected with
this clone. Infection control interventions that led to
the termination of the outbreak included: contact
isolation for all patients infected or colonized with B.
cepacia complex, education for nurses and respira-
tory therapists, and temporary removal of hand
lotions. Another outbreak of B. cepacia complex
infection/colonization among 9 mechanically venti-
lated patients was thought to be due to contamina-
tion of multidose albuterol vials.5¢ Case-patients
were more likely to have been cared for by a specif-
ic respiratory therapist. Of note, multidose vials
were not always discarded within 24 hours and neb-
ulizers were noted to be inadequately dried after
each treatment. These investigators postulated that
the multidose vial dropper became contaminated by
contact with an incompletely dried nebulizer that
was contaminated with B. cepacia complex.

To assess transmission of B. cepacia from infected CF
patients to HCWs without CE 7 HCWs with repeated
contact with 3 to 5 infected patients in a CF clinic
were studied.?*° During the 3-month study period,
B. cepacia was not recovered from any of the 73
throat cultures that were obtained from the HCWs.

3.6. Environmental reservoirs of B. cepacia
complex

Because implementation of infection control mea-
sures has reduced, but not eliminated new acquisi-
tion of B. cepacia complex by CF patients, several
studies have examined strains recovered from vari-
ous environmental sources in an attempt to identi-
fy possible reservoirs for these species.?3!1:232
Mortensen et al. cultured numerous sites within the
homes of 14 CF patients and 13 controls to look for
possible reservoirs.?! B. cepacia complex strains
were found in 5 of 916 cultures: 3 from the homes
of CF patients and 2 from the homes of controls.

B. cepacia complex are soil and plant commensal
bacteria. It is likely that the various species of the B.
cepacia complex occupy different niches in the nat-
ural environment. This distribution, however,
requires further elucidation. Genomovar III strains
have been recovered from agricultural soil?33-234
and from maize rhizosphere.?>> Recently, a strain
known to infect persons with CF was identified
from among isolates recovered from fields planted
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Table 7. Infection control interventions that have been associated with decreased patient-to-patient transmission

of B. cepacia complex among CF patients

Intervention

Reference

Emphasize hand hygiene for CF patients and HCWs

Educate patients, families, and HCWs about risk factors for transmission of B. cepacia complex
Use single patient rooms with separate showers for hospitalized patients with B. cepacia complex*

182, 193,238
22,193,238,239
22,102, 193,216,238,239,212

Place hospitalized patients with B. cepacia complex on contact precautions 217,238
Eliminate socializing between CF patients infected with B. cepacia and other CF patients while in hospital 193

No CF patients share rooms 238
Inpatients and outpatients wear mask 22
Inpatients wear gloves 22
Improve microbiological detection 193,238

Segregate outpatient clinics, ie, B. cepacia complex patients attend differen clinic or different clinic day

Decontaminate environment including respiratory equipment

Monitor environmental decontamination (eg, drains, showers, exercise equipment, and physiotherapy equipment)

22,102,238, 239
22,182, 193,238,239
182,238

Reduce social contact between patients infected with B. cepacia complex and other CF patients in non-healthcare facilities 102, 193, 238, 239

Separate summer camps for CF patients with B. cepacia complext
Ban patients with B. cepacia complex from attending CF conferences

193
212,394

*Thomassen et al. admitted patients with B. cepacia complex to a different hospital ward.

Tt is recommended that CF summer camps be discontinued.

with onions.?3® However, genomovar III was infre-
quently recovered from soil samples from urban
settings.>>” To date, B. multivorans has not been
found in soil samples. Further studies are needed to
more clearly define the preferred niche that species
of the B. cepacia complex reside. Thus, the risk to CF
patients posed by strains residing in the natural
environment has yet to be defined.

3.7. Misidentification of B. cepacia complex

B. cepacia complex bacteria are frequently misiden-
tified. In a study of 1,051 isolates referred from 608
patients receiving care in 91 US cities, 88 (11 %) of
770 isolates identified by referring laboratories as B.
cepacia were found to be other genus or species. In
addition, of the 281 isolates referred as other
species, 101 (36%) were identified as B. cepacia
complex based on genotypic testing.!! Such
misidentification of B. cepacia complex isolates can
thwart infection control efforts.

3.8. Successful infection control interventions

Successful infection control interventions to prevent
patient-to-patient transmission of B. cepacia complex
have been described (Table 7). In general, multiple
interventions were introduced simultaneously, mak-
ing it difficult to assess the relative impact of individ-
ual interventions. These have included segregating
patients with B. cepacia complex from other CF
patients; discouraging CF patients from visiting each
other while hospitalized; emphasizing hand hygiene;

discouraging socializing in non-healthcare settings;
educating staff, patients, and families; hospitalizing
patients harboring B. cepacia in single rooms with
separate showers; monitoring environmental decon-
tamination by culturing water samples from showers
and drains; and obtaining cultures from exercise and
physiotherapy equipment 22193238259 Clinics that
have failed to practice segregation have documented
ongoing transmission of epidemic clones.?>238-239 I
all patients with B. cepacia are grouped together on a
separate clinic day, they must still avoid contact with
each other because of the risk of replacement of less
virulent genomovars by newly acquired virulent
genomovars,?2:28.30.215

At present, there are no studies demonstrating the
efficacy of placement of surgical masks on CF
patients in preventing patient-to-patient transmis-
sion of potential pathogens, but this intervention
has proven useful in preventing droplet transmis-
sion of certain infectious agents, such as influenza,
Bordetella pertussis, or adenovirus, from non-CF
patients to HCWs.?4® Several centers have reduced
the incidence of B. cepacia complex without requir-
ing patients to wear masks,!%> but the efficacy of
mask use has not been studied for other pathogens
acquired by CF patients.

3.9. Summary of transmission of B. cepacia
In summary, the potential for transmission of

Burkholderia species from CF patient to CF patient
has been well established in both healthcare and
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non-healthcare settings. Transmission is facilitated
by prolonged close contact between CF patients,
sharing of equipment, and intrinsic bacterial fac-
tors that are poorly understood at present. A refer-
ence laboratory can provide accurate identification
to species level and molecular typing. Numerous
interventions have been implemented successfully
to prevent transmission, but the relative contribu-
tions of individual interventions cannot be mea-
sured as they have been employed in combination.

4. Emerging pathogens

To develop rational infection control guidelines for
emerging pathogens, such as S. maltophilia, A. xylosox-
idans, and NTM, in CF patients, it is critical to establish
prevalence in CF patients, pathogenicity in CF lung dis-
ease, and transmissibility among CF patients.

4.1. S. maltophilia and A. xylosoxidans
4.1.1. Epidemiology of S. maltophilia

S. maltophilia is an intrinsically multidrug-resistant
pathogen and is well known to cause healthcare-
associated infections including sepsis and pneumo-
nia, particularly in ICU patients.?40-242 Broad-spec-
trum antimicrobial use, eg, the carbapenems
imipenem and meropenem and extended spectrum
cephalosporins, has been shown to be a risk factor
for acquisition of S. maltophilia.?*!-?4> Based on the
most recently available data,’ the overall prevalence
of S. maltophilia in American CF patients was 8.4%.
There were significant differences among CF care
centers; 11 (9%) of 117 centers reported no patients
with S. maltophilia, while other centers reported a
prevalence as high as 25%. In single CF center stud-
ies of S. maltophilia, prevalence rates were much
higher than generally reported to the CFF Registry;
10% to 25% of patients harbored this organ-
ism 244245 Fyurthermore, Burns et al. compared the
prevalence of S. maltophilia among patients 6 years
old or older reported to the registry with the preva-
lence among similarly aged participants enrolled in
aerosolized tobramycin trials; in 1996 and 1997,
2.9% and 3.9% of patients, respectively, in the reg-
istry harbored this organism. This contrasts with
10.7% of study participants.!® These differences
may be due to the selective media and special cul-
ture techniques used in the clinical trials.! Thus, the
CFF Patient Registry may underestimate the preva-
lence of S. maltophilia colonization/infection.

It is unclear whether the prevalence of S. maltophil-
ia in CF patients is increasing. Talmaciu et al. exam-
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ined 58 patients who acquired S. maltophilia from
1993 to 1997 and found that the annual incidence
increased from 2.8% to 6.2%.24¢ These investiga-
tors found that chronic treatment with antibiotics,
including oral, aerosol, and intravenous agents, and
the number of days of intravenous antibiotics were
risk factors for acquisition of S. maltophilia.
Misidentification of S. maltophilia as B. cepacia may
account, in part, for the lower prevalence in the ear-
lier years.?4” The United States B. cepacia Reference
Laboratory can provide genotypic confirmatory
testing of S. maltophilia using PCR.?48

4.1.2. Clinical impact of S. maltophilia

Investigators have used several definitions of patho-
genicity to determine whether newly emerging
organisms are true pathogens in CF patients. These
definitions include the association of the organisms
with: (1) acute pulmonary exacerbations; (2) chron-
ic decline in pulmonary function; and (3) increased
mortality. Saiman and Edwards examined the CFF
Registry between 1990 and 1997 and reported
increased rates of pulmonary exacerbations
(defined as the use of intravenous antibiotics)
among patients with S. maltophilia compared with
patients infected with H. influenzae or S. aureus.?*°
The rates were comparable to those noted in chil-
dren and adolescents 6 to 17 years old infected with
P aeruginosa and comparable to the rates of pul-
monary exacerbations in patients 18 years of age or
older infected with B. cepacia.

Numerous investigators have attempted to identify
an association between S. maltophilia and chronic
decline in lung function and/or mortality. Gladman
et al. used 13 patients with S. maltophilia as a con-
trol group to examine the virulence of B. cepacia
and noted no deaths or unexpected decline in pul-
monary function in the S. maltophilia group.?>°
Karpati et al. studied 12 patients who harbored S.
maltophilia for longer than 6 months.?>! No differ-
ence in lung function was identified after 2 years,
but lung function decreased 2 to 7 years after acqui-
sition. Demko et al. compared the survival of 211
patients with S. maltophilia with 471 patients whose
cultures were negative for S. maltophilia.>** There
was no significant difference in survival after 2
years, but among patients who initially had severe
lung disease, survival after 5 years was 40% in S.
maltophilia patients compared with 72% among
patients without S. maltophilia. Of note, 50% of
patients had transient colonization with S. mal-
tophilia; no subsequent cultures were positive for
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this organism. The study by Saiman et al. did not
demonstrate a difference in pulmonary function
associated with the presence of S. maltophilia com-
pared with P. aeruginosa, but did suggest an
increase in mortality.?4? Goss et al. also examined
the impact of S. maltophilia using CFF Registry data
from 1991 to 1997 and found after stratifying for
age and lung function, there was no significant dif-
ference in mortality due to S. maltophilia.>>?

4.1.3. Epidemiology of A. xylosoxidans in
CF patients

In 1997, the prevalence of A. xylosoxidans in the CFF
Patient Registry was only 2.7 % . However, the baseline
data from inhaled tobramycin trials found a preva-
lence of 8.7 % in patients 6 years of age or older, while
the registry data reported 0.5% and 1.9% prevalence
in this age group in 1996 and 1997, respectively.+510
Saiman et al. examined isolates sent to the CF Referral
Center for susceptibility and synergy testing. Of 114
isolates identified as Alcaligenes spp., 12 were
misidentified by referring laboratories and found to
be P, aeruginosa (n= 10), B. cepacia (n = 1), or S. mal-
tophilia (n=1).?%3> The United States B. cepacia
Reference Laboratory can provide confirmatory
genetic testing of A. xylosoxidans using PCR.2%*

4.1.4. Clinical impact of A. xylosoxidans in
CF patients

The pathogenicity of A. xylosoxidans in CF is poor-
ly defined. An association of A. xylosoxidans with
pulmonary exacerbation has been reported,
although most patients were co-infected with P
aeruginosa.?°>25% However, studies examining the
effects of A. xylosoxidans on lung function and
mortality in CF have not been performed.

4.1.5. Potential transmissibility of S. mal-
tophilia and A. xylosoxidans

The transmissibility of S. maltophilia has been inves-
tigated in several studies. The majority of these have
typed isolates with PFGE and PCR-based method-
ologies to examine a single CF center or hospital set-
ting or sequential isolates from an individual
patient.39:40.244.245256.257 1 2 studies, patient iso-
lates were unique, but the same genotype generally
persisted in an individual patient.4%257 Denton et al.
isolated numerous strains of S. maltophilia from the
homes of both colonized (20 sites, 36 % positive) and
noncolonized CF patients (25 sites, 42% positive),
the hospital ward (18 sites, 32% positive), and CF

May 2003 S3|

clinic (4 sites, 17% positive).?4® For a year, the sites
within the hospital were colonized with same clone
of S. maltophilia and 1 patient harbored the same
genotype as a strain isolated from a hospital sink,
but that patient was never hospitalized. Krzewinski
et al. examined S. maltophilia recovered from
patients at 61 CF centers participating in aerosolized
tobramycin trials.®® Six centers had 5 or more
patients who harbored S. maltophilia. Three centers
had patients with shared isolates (1 sibling pair and
2 pairs who did not have a known epidemiologic
link). Similarly, Valdezate et al. demonstrated that 3
patients shared the same strain of S. maltophilia.*°

Relatively few studies have addressed the molecular
epidemiology of A. xylosoxidans. Two studies did not
identify shared isolates among CF patients.?56-257
However, another study found that 2 of 8 chronical-
ly infected patients shared a single genotype of A.
xylosoxidans. Although no environmental source
was identified, the patients had been hospitalized at
the same time.>® Krzewinski et al. examined the
molecular epidemiology of A. xylosoxidans isolates
from patients at 46 CF centers.>® These investiga-
tors found that 5 of 7 centers with more than 4
patients harboring A. xylosoxidans had pairs of
patients with shared isolates. Of these, 2 pairs were
siblings, 1 pair was friends who had been hospital-
ized at the same time, and 2 pairs did not have a
known epidemiologic link.

4.1.6. Summary of transmission of S. mal-
tophilia and A. xylsoxidans

In summary, the prevalence of S. maltophilia and A.
xylosoxidans in CF patients is likely to be underesti-
mated by the CFF Registry data. Current data suggest
that these organisms may be pathogenic in CF
patients and there is evidence of some patient-to-
patient transmission. Well-designed epidemiologic
studies of the risk of transmission, risk factors for
acquisition, and the impact of colonization/infection
have not been conducted. It is particularly important
to determine whether increased exposure to broad-
spectrum antimicrobial agents is associated with
infection caused by these organisms.

4.2. Nontuberculous mycobacteria

4.2.1. Impact of NTM in non-CF and CF
patients

The epidemiology of NTM in the general population
has been reviewed.?58-259 NTM predominantly caus-
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es four clinical sydromes: pulmonary disease, lymph-
adenitis, skin and soft-tissue disease, or disseminat-
ed disease in persons with acquired immune defi-
ciency syndrome?°? or with rare gamma interferon
receptor defects.?®! All four clinical syndromes are
increasing in frequency, especially in immunocom-
promised hosts. A consensus statement has defined
the criteria for the diagnosis of pulmonary disease
caused by NTM and provided recommendations for
treatment.?%? Multiple nosocomial outbreaks of
NTM in non-CF patients have been reported due to
either inadequate disinfection/sterilization of med-
ical devices or environmental contamination of
medications or medical devices.?%> Patient-to-
patient transmission of NTM has not been
described except via inadequately cleaned and dis-
infected medical devices.?®> An outbreak of NTM
furunculosis that resulted from inadequate clean-
ing of whirlpool footbaths has been reported
recently in a non-healthcare setting.2%4

During the past 15 years, it has been increasingly
appreciated that CF patients may become infect-
ed/colonized with mycobacterial species. Smith et
al. reported that 7 (3 %) of 223 patients observed for
a 6-year period had positive sputum cultures for
mycobacteria including 3 with Mycobacterium
tuberculosis and 3 with NTM.2%° Kilby et al. report-
ed that from 1981 to 1990, 17 (20%) of 87 adult CF
patients had at least 1 positive culture for NTM, 11
had Mycobacterium avium-intracellulare (MAI), 2
had both MAI and Mycobacterium chelonae, 3 had
M. chelonae, and 1 had Mycobacterium fortuitum.?°°
Another single CF center study conducted by
Aitken et al. found that 8 (13%) of 64 adult CF
patients harbored NTM.?¢” From 1988 to 1989,
Hjelt et al. found that 7 patients at their center had
more than 1 culture positive for mycobacteria,
while an additional 6 had only 1 positive culture
consistent with transient colonization.?°®8 From
1990 to 1994, 8 North American and European CF
centers reported a series in which patients were
prospectively screened for mycobacteria; the com-
bined rate for NTM was 13% (range among centers,
2.3% to 28.2%).2°° From 1992 to 1998, Olivier and
colleagues conducted a multicenter study of 986
American CF patients 10 years of age or older and
found that the prevalence of NTM (defined as the
proportion of patients with more than 1 positive
culture for NTM) was 12.5% .27 Among these 21
sites, the prevalence ranged from 5% to 31%. M.
avium complex (MAC) was the most common
species isolated (72 %) followed by Mycobacterium
abscessus (16%).
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4.2.2. Risk factors for NTM in CF patients

Risk factors for NTM colonization/infection in CF
patients have been assessed. Torrens et al. found
that intravenous and aerosolized antibiotics were
risk factors for NTM in their center.?”! In the multi-
center prevalence study performed by Olivier et al.,
patients with NTM compared to patients without
NTM were significantly older (3.9 years), had a
5.8% higher percent predicted FEV,, an 11.6%
higher frequency of S. aureus, and a 10.4% lower
frequency of P. aeruginosa.?”® These data have been
interpreted to be consistent with a “healthy sur-
vivor” effect.

4.2.3. Clinical impact of NTM in CF patients

There are reports of NTM causing clinical lung dis-
ease in CF patients who responded to antimycobac-
terial therapy.?’>274 Biopsy and autopsy studies
have demonstrated caseating granulomas in
patients with clinical disease caused by NTM.275:276
However, there also are reports of patients with pos-
itive sputum cultures for NTM who were not treated
and showed no adverse clinical consequences.?’# In
the multicenter study reported by Olivier et al., the
demographic and clinical characteristics of patients
who did (n = 25) or did not (n = 103) meet the
American Thoracic Society’s?%? criteria for NTM dis-
ease were compared; no differences, including pul-
monary function, were noted between the two
groups. Culture-positive patients (n = 59) have
been matched to culture-negative patients (n =
100) and are undergoing follow up to evaluate the
effect of NTM colonization/infection on their clini-
cal course.?”0

4.2.4. Transmission of NTM

To date, there are very few studies that have used
molecular typing of NTM isolates in CF patients to
examine the possibility of patient-to-patient trans-
mission. In the analysis of a large number of NTM
isolates from the multicenter study by Olivier and
colleagues, all NTM strains were unique with the
exception of single pairs of isolates from two cen-
ters.?’”7 In both cases, the matched pairs were
obtained on the same day and collection or labora-
tory cross-contamination could have accounted for
this matching. Unfortunately, at least one member
of each pair failed to yield an additional isolate of
NTM at later sampling, making it impossible to con-
firm cross-contamination. Thus, this study does not
support patient-to-patient transmission or common
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source acqusition of NTM. Furthermore, NTM colo-
nization/infection did not correlate with the number
of outpatient clinic visits or hospitalization, suggest-
ing that acquisition in a healthcare setting was less
likely. Bange et al. analyzed NTM strains from five
patients at a single CF center and reported that all
strains had unique genotypes, indicating that
patient-to-patient transmission had not occurred.?”8

4.2.5. Summary of transmission of NTM

In summary, CF patients are at risk of acquiring
mycobacteria species, the vast majority of which
are NTM. However, there are reports of M. tubercu-
losis in CF patients. Thus, acid-fast bacilli must be
identified to the species level to prevent patient-to-
patient spread of M. tuberculosis and to direct
appropriate treatment. The role of antimycobacte-
rial therapy in CF patients harboring NTM is
unclear, and the risk of patient-to-patient transmis-
sion of NTM is very low. Treatment decisions must
be made on a case-by-case basis.

5. Fungi and molds

5.1. Epidemiology and clinical impact in CF
patients

It is well known that Aspergillus spp. can colonize the
lungs of CF patients and in some patients can cause
allergic bronchopulmonary aspergillosis (APBA). In
addition, there have been rare case reports of
aspergilloma and invasive aspergillosis in CF patients
who were not lung transplant recipients.?7%-280

Most isolates from CF patients are Aspergillus fumi-
gatus, although some patients harbor other
Aspergillus spp. and, rarely, other molds. The CFF
Patient Registry data indicate an annual prevalence
of 10.6 %, but data from an aerosolized tobramycin
study demonstrated that 114 (25%) of 465 patients
6 years of age or older were colonized with
Aspergillus spp., 108 (95%) of which were A. fumi-
gatus.'® During the trial, more frequent acquisition
of Aspergillus spp. occurred among patients treated
with aerolized tobramycin (18%) compared with
those patients in the placebo group (8 %), but this
was not associated with ABPA or fungal pneumo-
nia.?8! The clinical significance of these findings
associated with long-term use of aerosolized
tobramycin remains to be determined. Bargon et al.
found that prophylactic antibiotics (both oral and
aerosolized agents) were risk factors for coloniza-
tion with Aspergillus spp. among adult CF patients,
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but there was no difference in lung function
between patients with and without colonization.?®?

Saprophytic fungi other than Aspergillus spp. were
detected in only 2.4% of patients in a tobramycin
trial.!® A recent European study, however, reported
an 8.6 % incidence of Scedosporium apiospermum in
sputum samples from 128 CF patients who under-
went prospective follow up over a 5-year period,
suggesting that the frequency of colonization with
this organism may be underestimated.?8> The sig-
nificance of Scedosporium spp. as a pulmonary
pathogen in CF is unknown.

The presence of A. fumigatus in the airway may trig-
ger an immunologic response that results in APBA.
The prevalence of ABPA in CF is poorly defined, in part
due to the vagaries in making the diagnosis of ABPA.
However, prevalence rates reported from large multi-
center databases of CF patients in North America and
Europe were 2% and 7.8%, respectively,?84285 with
regional variations noted in both studies.

5.2. Transmission of Aspergillus spp.

Aspergillus spp. are ubiquitous in nature and there-
fore it is not possible to completely prevent expo-
sure to these fungi. Large concentrations of fungal
spores may become aerosolized during some activ-
ities, such as construction or renovation within
healthcare facilities, or gardening and lawn cutting.
Water leaks that are not dried within 72 hours are
an important source of Aspergillus spp. within the
healthcare environment.** Specific recommenda-
tions for dust containment during construction and
renovation must be followed to minimize exposure
of vulnerable patients to Aspergillus spores.44286

Patient-to-patient transmission of Aspergillus spp.
has been reported only once. This occurred when a
non-CF patient hospitalized in an ICU had undergone
liver transplant and developed a deep abdominal
wound infection with A. fumigatus. The extensive
infection, a large burden of organisms, subsequent
deep debridement, and frequent dressing changes
resulted in aerosolization of spores as documented
by positive air sampling cultures and transmission
to other patients in distal locations (> 6 feet) in a
multi-bed ICU.287

6. Respiratory viruses

Most respiratory tract illnesses are viral, and most
viral illnesses have a seasonal pattern. The incidence
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varies inversely with age, and young children can
have as many as eight episodes of respiratory viral
illnesses per year. Most viral illnesses are acute, rel-
atively mild events, but severe illness can occur in
young infants, the chronically ill and immunocom-
promised hosts. RSV, influenza, parainfluenza, ade-
novirus and rhinoviruses are the most frequent
viruses that cause respiratory tract infections. These
viruses have relatively short incubation periods (< 1
week), and transmission occurs primarily via direct
contact with infected persons and items handled by
them. Droplet transmission of infective respiratory
secretions onto the mucous membranes of unin-
fected individuals within 3 feet is an important
mode of transmission for influenza and adenovirus-
es. Viral particles are introduced through the
mucous membranes of the eyes and nose of sus-
ceptible individuals and multiply in the respiratory
epithelium, subsequently interfering with normal
ciliary movement and mucus production.?4°

Patients with CF are not more susceptible to viral
respiratory tract infections than non-CF individuals.
In a 2-year prospective study, Ramsey et al. found
no difference in the rate of respiratory viral infec-
tions in school-aged CF patients when compared
with their non-CF siblings.?88 Similarly, Hiatt et al.
found no difference in the number of respiratory
illnesses in CF infants when compared with age-
matched controls.?8?

However, the outcome of respiratory viral illnesses
can be more severe in CF patients than non-CF
patients. Viral illnesses are more likely to result in
acute infection of the lower respiratory tract,
impaired pulmonary function, and hospitaliza-
tion,!72-289-291 and decreased pulmonary function
may persist for several months in young
infants.!72-289 Viral respiratory infections may predis-
pose the CF lung to bacterial infection, although the
pathophysiology of this process is not well under-
stood.?89-292.293 There is a direct relationship between
the number of annual viral infections and the pro-
gression of pulmonary disease in CF patients.?"!

6.1. Respiratory syncytial virus

RSV infection is most frequent in infants and young
children, but causes acute respiratory illness in peo-
ple of all ages.?°* Children of any age with pul-
monary or cardiac disease or who are immunocom-
promised can develop severe lower respiratory tract
disease associated with substantial morbidity and
mortality. A severe giant cell pneumonia with pro-
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longed shedding of the virus occurs in immuno-
compromised patients.2> RSV infection provides
only limited immunity; therefore, repeated infections
may occur throughout life. Each year an estimated
90,000 hospitalizations and 4,500 deaths are attrib-
uted to RSV lower respiratory tract disease in both
infants and young children in the United States.?%®

RSV can cause severe acute illness and residual
impairment in lung function in CF patients. Abman
et al. studied 48 infants with CF who developed RSV
infection; 7 infants required prolonged hospitaliza-
tion, including 3 who were mechanically ventilated
for respiratory failure.2°” Upon follow up (mean, 26
months after RSV infection), the 7 hospitalized chil-
dren had persistent chronic respiratory symptoms
and lower Brasfield chest x-ray scores than the 41
children who had not been hospitalized. Hiatt et al.
compared CF infants with normal age-matched
controls and found that 7 of 30 CF infants acquired
RSV infection and 3 were hospitalized for a mean of
9 days.?8? None of the controls were hospitalized.
After 3.2 months, the CF infants with RSV infection
continued to have decreased pulmonary function. A
similar increase in morbidity associated with RSV
infection in CF infants has been reported by
Armstrong et al.?

RSV immune globulin intravenous (RSV-IGIV) and
palivizumab, an RSV monoclonal antibody adminis-
tered intramuscularly monthly during the RSV sea-
son, have been approved and are recommended for
prevention of RSV disease in children younger than
24 months of age with bronchopulmonary dyspla-
sia or with a history of premature birth.2%8 Several
investigators have suggested that infants with CF
should be considered prime candidates for RSV pre-
vention trials using RSV immune globulin or
palivizumab.?89-293.299 A safety trial of palivizumab
was conducted in approximately 106 infants with
CE but these results are pending (P. Campbell, per-
sonal communication). Studies using an investiga-
tional RSV subunit vaccine in CF patients are being
performed.>®°

Cost-effective infection control strategies shown to
reduce the incidence of healthcare-acquired RSV
infection include laboratory confirmation of RSV
using rapid diagnostic testing, patient placement in
a single room or cohorting RSV-infected non-CF
patients together with dedicated staff, consistent
adherence to standard plus contact precautions,
screening visitors for signs and symptoms of respi-
ratory tract infection, and infection surveillance.”’
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6.2. Influenza

Influenza viral infections can exacerbate underlying
medical conditions and lead to secondary bacterial
pneumonia or primary influenza pneumonia.>%!
Rates of infection are highest among children.
Hospitalization rates among children 4 years of age
or younger without high-risk conditions are 100 per
100,000 population and increase to 500 per 100,000
population for those with high-risk conditions.>°!

Influenza infection has been associated with respi-
ratory deterioration and increased hospitalization
among patients with CE299-302 Pribble et al. demon-
strated that 29 % of pulmonary exacerbations in 54
CF patients between the ages of 10 months and 32
years (mean, 15.4 years) were due to nonbacterial
infection and influenza was associated with greater
deterioration in lung function than other nonbacte-
rial infections.?”° Conway et al. observed similar
respiratory deterioration among CF patients with
influenza.3%> Influenza vaccine has been shown to
be safe and effective in preventing influenza in CF
patients3%43%5 and is recommended annually for all
patients with CF who are 6 months of age or older
and their close contacts.>®! The antiviral agents
rimantidine, oseltamivir, and zanamivir are effec-
tive agents for treatment of influenza infections and
for postexposure prophylaxis of unimmunized
patients exposed to influenza.

6.3. Other respiratory viruses

Adenovirus, rhinovirus and parainfluenza viruses
have been identified as causes of pulmonary dis-
ease in children with CE172:289292 Hjatt et al. found
that adenovirus infection was significantly associat-
ed with worsening lung function and increased air-
way obstruction beyond the acute phase of ill-
ness.?8? Rhinoviruses are the most common cause
of respiratory infection and cause the majority of
common colds. However, rhinoviruses also can
infect the lower airway and cause a local inflam-
matory response. Rhinoviruses are associated with
exacerbations of asthma, including severe episodes
requiring hospitalization, but the impact of rhi-
noviruses on CF patients has not been studied.?%®

D. LUNG OR HEART-LUNG TRANSPLANT
RECIPIENTS
Lung or heart-lung transplants are performed in

selected severely ill CF patients to provide interme-
diate-term survival as the 1-, 3-, and 5-year survival
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of transplant recipients is 70%, 53% and 48%,
respectively.>”” After transplant, CF patients are at
risk of colonization or infection of the transplanted
lungs with pretransplant pathogens retained in the
upper airways or at risk of acquisition of new
pathogens.?%8

1. B. cepacia complex in CF transplant
recipients

Posttransplantation complications due to B. cepacia
complex have been described.?? Snell et al. exam-
ined the clinical course of 22 patients undergoing
lung transplantation and found that B. cepacia
caused significant morbidity and mortality.’'® Ten
patients had infection with B. cepacia pretransplant
and 5 patients acquired B. cepacia posttransplanta-
tion. Seven of 15 died with infectious complications
due to this pathogen, and the median survival of the
15 patients with B. cepacia infection posttransplan-
tation was 28 days. Steinbach et al. evaluated 5 CF
patients infected with B. cepacia before transplant
and noted that posttransplant, 3 of 5 patients
became infected with the same clones that were
present before transplant and 2 remained free of B.
cepacia infection.?!!

More recently, the outcome of infection with specific
genomovars following transplantation has been
described. Aris et al. found that 5 of 12 patients infect-
ed with genomovar III had mortality related to B. cepa-
cia complex while 0 of 8 patients infected with other
species of Burkholderia died.?!® DeSoyza et al. report-
ed significantly improved survival rates for non-
genomovar lll-infected patients compared with
genomovar Ill-infected patients.?!* Reduced mortality
in genomovar III lung transplant recipients has been
reported with the use of triple antibiotic regimens.?!?
Thus, infection with B. cepacia has not been an
absolute contraindication to lung transplantation.3%”

2. Pseudomonas and other pathogens in
CF transplant recipients

Posttransplant complications due to other pathogens
have been described. Walter et al. typed P. aeruginosa
isolates by PFGE from 11 CF patients undergoing
lung transplantation from 1988 to 1994 and found
that all patients became colonized or infected post-
transplant with the same clone detected pretrans-
plantation.'® Kanj et al. reported 12 of 21 patients
had infectious complications after transplanta-
tion.?'* One patient died within 24 hours of trans-
plantation from S. maltophilia sepsis and 3 of 21 died
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with P aeruginosa pneumonia. Of the 17 patients
who survived, 8 had infectious complications includ-
ing bacteremia with B. cepacia or Burkholderia gladi-
oli (all of which were present preoperatively), MRSA,
P aeruginosa, or Pseudomonas fluorescens. Similar
observations were made by Nunley et al. who com-
pared the outcome of CF patients and non-CF
patients undergoing lung transplantation and found
that CF patients were more likely to develop earlier
infections with P, aeruginosa. However, the mortality
was not increased in CF patients; 9 (28%) of 32 CF
patients and 4 (19 %) of 21 non-CF patients died with
P, aeruginosa pneumonia.>!®

3. Invasive aspergillosis in CF transplant
recipients

CF patients undergoing lung transplantation are at
risk of invasive aspergillosis, although the inci-
dence is low despite high pre- and posttransplant
colonization rates.’!4316¢ Paradowski reported one
center’s experience with saprophytic fungal infec-
tions in 126 lung transplant recipients, of whom 65
had CE>!7 Before transplant, 52 % of the CF patients
were colonized with Aspergillus spp., and after
transplant, 40% were colonized; 7% were colo-
nized both pre- and posttransplant. None of the CF
patients received prophylactic antifungal therapy,
and none developed infection with Aspergillus spp.
In all, 5 of 126 patients died from invasive mold
infection after lung transplantation; 1 CF patient
died of a brain abscess and ventriculitis due to S.
apiospermum, which was not identified in pre- or
posttransplant sputum cultures, and 4 non-CF
patients died of invasive aspergillosis.?!”

Nunley et al. compared the prevalence of coloniza-
tion and infection with Aspergillus spp. in lung
transplant recipients with and without CE Seven
(22 %) of 31 CF recipients had Aspergillus spp. colo-
nization before transplant, and 15 (48 %) of 31 had
Aspergillus spp. isolated from sputum or bronchial
alveolar lavage posttransplant, including 4 of 7 col-
onized before transplant. In contrast, none of 53
non-CF recipients were colonized before trans-
plant, but 21 (40%) of 53 had Aspergillus spp. iso-
lated from the lower respiratory tract after trans-
plantation. A 40% acquisition rate in non-CF
patients suggests a nosocomial source of
Aspergillus spp. Serious Aspergillus infections
occurred in 3 (14%) of 21 non-CF patients and 4
(27%) of 15 CF patients, of whom 3 of 4 were
known to be colonized with Aspergillus spp. before
transplantation.’'® No typing studies were per-
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formed to determine if the pre- and posttransplant
strains were the same genotype or if patients shared
the same type.

Based on published reports of efficacy, the CDC now
recommends placing allogeneic hematopoietic stem
cell transplant recipients in a protective environment
during the period of highest risk for the prevention of
invasive aspergillosis.**3!® These same recommen-
dations have not been made for patients undergoing
solid organ transplantation, including lung trans-
plantation in CF patients, because there are no pub-
lished data to support efficacy of a protective envi-
ronment in these other groups of patients.

4. Summary of transmission of pathogens
after transplantation in CF patients

In summary, morbidity and mortality can occur in CF
patients after lung transplantation due to pretrans-
plant pathogens. CF patients undergoing transplanta-
tion are usually infected with multidrug-resistant bac-
teria and are a potential reservoir for other CF and
non-CF patients in the hospital. Although there are no
data to support routine placement of CF patients in a
protective environment posttransplant, it is important
to ensure that proper dust containment and water
leak protocols are in place in the facility performing
the transplants. Transplant centers with high rates of
new Aspergillus infections acquired posttransplant
should evaluate potential environmental sources of
Aspergillus and consider placing patients in a protec-
tive environment during the period of greatest risk.

E. PSYCHOSOCIAL IMPLICATIONS OF
INFECTION CONTROL GUIDELINES

1. Studies among CF patients

It is critical to acknowledge the psychosocial impact
of infection control guidelines for CF patients, but at
present, there is a paucity of studies in this area.
Acceptance of recommendations to segregate CF
patients from each other has led to a shift among CF
patients in their friendship and support groups away
from other CF patients to non-CF patients.?8319
Because families are limiting social interactions with
other CF patients, similar limitations set within the
healthcare environment are most likely expected
and accepted.

Physicians at the Danish CF center acknowledged
the pyschosocial consequences of isolation precau-
tions, but stated that reducing the risk of chronic
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infection outweighed the negative impact of social
isolation.®> In addition, changes in pathogen status
can be associated with adverse psychosocial conse-
quences (N. Hoiby, personal communication). Stern
noted that isolation of patients infected with B.
cepacia was associated with adverse psychosocial
effects, but similar effects were observed in CF
patients without B. cepacia infection (R. Stern, per-
sonal communication). These effects included sep-
aration from friends, loss of familiar hospital sur-
roundings, guilt, depression regarding worsening
prognosis, paranoia about acquiring B. cepacia, and
change in social activities among patients with CE

2. Studies among non-CF patients

While there are limited studies in CF populations,
there are studies examining the impact of isolation
among non-CF patients with MRSA, tuberculosis,
and cancer. There are obvious differences between
these illnesses and CF and the isolation require-
ments, but there are similarities that can be extrap-
olated to CF patients. Several studies concluded that
significant psychological effects result from isola-
tion.320-326 These included feelings of confinement,
abandonment, neglect, frustration, anxiety, depres-
sion, low self-esteem, stigmatization, and boredom.

The impact of isolation on family members has
been explored as well. Powazek et al. evaluated the
emotional reactions of the mothers of 123 hospital-
ized children who required isolation precautions
and found that both mothers and children experi-
enced anxiety and depression.??” Casey reported
that young children in respiratory isolation demon-
strated behaviors ranging from irritability to sad-
ness and from misery to withdrawal.??® These chil-
dren were very demanding of parents and nurses as
they sought human contact and security.

In contrast to these examples, single patient rooms
are recommended for CF patients, but in most
instances, patients are allowed to leave their rooms
and visit other common areas of the hospital as long
as no other CF patient is present at the same time.
The ability to leave the room reduces the feelings of
social isolation. Additionally, by observing standard
precautions for all CF patients, singling out patients
because of their pathogen status is minimized.

Not all of the psychosocial effects of isolation pre-
cautions are negative. Ward found that patients iso-
lated in single rooms felt the rooms were quiet, pri-
vate, and relaxed.>2°
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3. Interventions to minimize impact of
Isolation precautions

Many studies have emphasized that some negative
effects of isolation precautions can be ameliorated
by implementing interventions to improve commu-
nication and physical facilities. Oncology patients
wanted to receive information about isolation pre-
cautions along with information about their disease,
treatment, and prognosis.?*° To be useful, this infor-
mation was provided at the patient’s cognitive level.
Ward stressed that both written and verbal forms of
communication should be used.’?° Many authors
have emphasized that patients in isolation require
frequent contact with other humans through visi-
tors (family and friends), other patients (if appropri-
ate), and healthcare professionals to prevent bore-
dom and loneliness.??!-329-330 Communication can
be enhanced by human touch and humor displayed
by healthcare professionals, especially nurses.

The physical facilities of a patient’s isolation area can
be altered to decrease the impact of isolation.
Gammon described the need to provide children
with opportunities for exploration with play and to
provide familiar surroundings with television, music,
and computers.??? Familiar items from home, such
as pictures, personal belongings, a clock, and radio,
can decrease the impact of isolation. Other studies
reiterated these findings and emphasized the impor-
tance of providing facilities that connect patients to
the outside world with windows that have a view of
the ward or a view of the outdoors.2?-330

4. Organized CF social and educational
activities

There are many educational and fund-raising activi-
ties that take place in the CF community. To date,
there have been no reports of transmission of CF
pathogens at CF Education Day or at Great Strides
Walks. Great Strides is an outdoor activity, and CF
patients can easily maintain a minimal distance of 3
feet between each other. It is imperative that patients
and families anticipate and avoid social situations
with a risk for acquisition of CF specific pathogens
that could arise as a result of attending CF Education
Day (eg, sharing car rides, meals, or hotel rooms).

5. Summary of psychosocial implications
of infection control guidelines

In summary, while infection control guidelines for
patients with CF serve to protect them from
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acquiring pathogens, it is imperative to protect
their autonomy and to alleviate the negative psy-
chosocial effects of isolation. Awareness and
early recognition of the potential adverse psycho-
logical effects of isolation should prompt the
healthcare team to implement measures that will
alleviate these effects and improve adherence to
infection control guidelines and the quality of the
hospital stay or clinic visit. Education of patients
and their families about the importance of infec-
tion control will enhance adherence. Encouraging
patients and families to express their feelings and
to obtain counseling, if indicated, may be impor-
tant interventions.

F. THE HEALTHCARE WORKER WITH CF

HCWs with CF present special challenges for infec-
tion control. A survey of CF patients performed in
the United Kingdom in 1995 found that 6.6% of
respondents were working in healthcare profes-
sions.?3! Informal discussions with CF center direc-
tors in the United States support the conclusion
that a small but significant number of people with
CF are employed in healthcare professions. There
are no published studies that systematically evalu-
ate the risk of transmission of pathogens from
HCWs with CF to either the CF and non-CF patients
they serve or from patients to the HCW with CE

Employment laws that govern the protections and
procedures for HCWs with CF include the
Americans With Disabilities Act (ADA) and Section
504 of the Rehabilitation Act as described in the
Appendix.

In the absence of specific data on which to base
recommendations for HCWs with CE the commit-
tee reviewed transmission of pathogens among
CF patients and concluded: (1) CF patients con-
sidering entering the healthcare profession
should be counseled about the potential risks and
the options within the healthcare profession
available to them; (2) the modes of prevention
and modes of transfer of infectious agents
between a HCW with CF and a CF patient are the
same as between any two individuals with CF; (3)
a HCW with CF should know his or her B. cepacia
complex status; (4) each HCW with CF must be
evaluated on an individual basis and the follow-
ing factors should be considered when making
patient care assignments: frequency and severity
of coughing episodes, quantity of sputum produc-
tion during these episodes, ability to contain res-
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piratory tract secretions, and known coloniza-
tion/infection with epidemiologically important
pathogens; and (5) the occupational (employee)
health service should be aware if a HCW has CF to
assist in preventing exposures to potential
pathogens. A similar approach has been recom-
mended by Walters in the United Kingdom (per-
sonal communication, 2001).

III. RECOMMENDATIONS FOR INFECTION
CONTROL GUIDELINES FOR CF PATIENTS

A. GRADING OF THE EVIDENCE

Each recommendation was categorized by the par-
ticipants on the basis of existing scientific data and
theoretical rationale. Grading of evidence assists cli-
nicians to understand the importance of following
those recommendations with strong supporting data
(Category IA and IB) and to prioritize the implemen-
tation of such recommendations. Recommendations
are graded Category Il when strong evidence is lack-
ing, but there is consensus based on theoretical,
epidemiologic, or clinical rationale, allowing indi-
vidual choices according to local circumstances and
experience. Applicability and economic impact are
additional considerations for those recommenda-
tions lacking sufficient supportive evidence
(Category 1I). When there were insufficient or incon-
sistent data, or no consensus could be reached, rec-
ommendations were not graded and categorized as
no recommendation; unresolved issue. The partici-
pants chose to use the following CDC/HICPAC sys-
tem for categorizing recommendations based on
previous experience in crafting infection control
guidelines beyond CF:

e Category IA. Strongly recommended for imple-
mentation and strongly supported by well-
designed experimental, clinical, or epidemio-
logic studies.

e Category IB. Strongly recommended for imple-
mentation and supported by some experimen-
tal, clinical, or epidemiologic studies and a
strong theoretical rationale.

e Category IC. Required for implementation, as
mandated by federal and/or state regulation or
standard.

e Category II. Suggested for implementation and
supported by suggestive clinical or epidemio-
logic studies or a theoretical rationale.

e No recommendation; unresolved 1issue.
Practices for which insufficient or conflicting
evidence exists and no consensus regarding
efficacy has been reached.
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B. APPLICABILITY OF STANDARD PRE-
CAUTIONS AND TRANSMISSION-BASED
PRECAUTIONS FOR CF PATIENTS IN
HEALTHCARE SETTINGS

1. General principles for healthcare
settings

Assume that ALL CF patients could have trans-
missible pathogens in respiratory tract secre-
tions. Category IA10-11

Apply standard precautions to ALL CF patients
to contain their secretions and to minimize the
potential for CF patients to come into contact
with the secretions of other CF patients.
Category IA?

Implement standard plus transmission-based
precautions according to CDC/HICPAC pub-
lished recommendations for use of contact,
droplet, or airborne precautions as defined by
special circumstances, eg, B. cepacia complex,
multidrug-resistant P. aeruginosa, MRSA, or M.
tuberculosis. Category I1A?

Avoid activities and risk factors that have been
associated with transmission of pathogens in
CF patients as shown in Table 6. Category
[A23.102,184,205,216,217,222,332

No recommendation for criteria to discontinue
contact precautions for patients who have been
historically culture positive for multidrug-resis-
tant organisms, eg, MRSA, B. cepacia, and mul-
tidrug-resistant P aeruginosa, but are currently
culture negative. Unresolved issue

2. Use of specific barrier precautions

2.1. Hand hygiene for HCWs (the following
recommendations are supported by evidence
summarized in!213)

When hands are visibly dirty, contaminated

with proteinaceous material, or visibly soiled

with blood or other body fluids, including res-

piratory tract secretions, wash hands with an

antimicrobial soap and water. Category IA

If hands are not visibly soiled, use an alcohol-

based hand rub or wash hands with an antimi-

crobial soap and water to routinely decontami-

nate hands in all clinical situations. Category 1A

Use proper hand hygiene whether or not gloves

are worn. Category IA

Perform hand hygiene in the following clinical

situations:

e After removing gloves. Category IB

e Before and after contact with any patient.
Category IB
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e After contact with personal or patient’s:

~ Mucous membranes. Category IA

—~ Respiratory secretions. Category IA

- Objects contaminated with respiratory

secretions. Category IA

~  Respiratory device after use. Category IA
Ensure ready availability of waterless antisep-
tic, eg, alcohol-based hand rubs, or similar dis-
penser, or similar FDA-approved product, in all
patient rooms, pulmonary function testing
rooms, and in waiting area for patients and
families. Category IA
Only natural nails are permitted for HCWs with
direct patient contact. Category I1*%-5!
No recommendation on wearing rings by HCWs
in healthcare settings. Unresolved issue

2.2. Gloves for HCWs (the following recom-
mendations are supported by evidence sum-
marized in!%13)

Wear gloves when caring for patients who
require contact or droplet precautions. Category
1A%

Wear gloves for handling respiratory secretions

or objects contaminated with respiratory secre-

tions of any patient. Category IA?

Change gloves: Category IB>>>

e After handling respiratory secretions or
after handling objects contaminated with
secretions from one patient and before
contact with another patient, object, or
environmental surface.

e When moving from a contaminated body
site to a clean body site or to the respirato-
ry tract or to a respiratory device on the
same patient.

e Before and after contact with a patient.

Do not wash gloves and then reuse. Category
IB333,334

2.3. Gowns for HCWs

Wear gown as defined by standard precautions.
Category IB?| IC335

Wear gowns for patients who require contact or
droplet precautions when close contact with the
patient or patient’s immediate environment is
anticipated. Category IB>88

When soiling with respiratory secretions from a
patient is anticipated, eg, during chest physio-
therapy, suctioning or examining a patient
known to have coughing spasms, wear a gown
and remove the gown after such contact and
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before providing care to another patient.
Category IB?| Category 1C335

2.4. Use of masks and eye protection for HCWs

Wear mask and eye protection or a face shield to
protect mucous membranes of the nose, mouth,
and eyes from becoming contaminated when
splashes or sprays of secretions, body fluids,
blood, or excretions are anticipated during pro-
cedures or patient care activities. Category IB>

3. Environmental infection control

3.1. General measures for sterilization/disin-
fection and care of equipment

Follow published recommendations for steril-
ization and disinfection of patient care equip-
ment, particularly respiratory therapy and den-
tal equipment. Category IA'*15

Clean patient care equipment and devices of vis-
ible organic residue (eg, blood, respiratory tract
secretions, or tissue) as soon as practical with a
detergent or enzymatic cleaner and water before
high-level disinfection or sterilization. Soiled
materials that become dried onto instruments
cause disinfection or sterilization to be less effec-
tive or even ineffective. Category IA156506.336-341
Following high-level disinfection of semicritical
equipment and devices (eg, nebulizers and
humidifiers) used on the respiratory tract, use
one of the following rinse methods: tap water
followed by 70% to 90% ethyl or isoprophyl
alcohol with forced air drying, or sterile water,
or 0.2-um filtered water. Do not use tap, bot-
tled, or distilled water only to rinse equipment.
Air dry the equipment completely after rinsing.
Category [B45:58-60,336,342

Dedicate noncritical patient care equipment to
patients on contact precautions and disinfect
before use by another patient or use disposable
equipment. Category IB?

Disinfect environmental surfaces that have
become contaminated with respiratory tract
secretions, eg, during pulmonary function test-
ing, body plethsmography, and in hospital
activity rooms. Category B>

3.1.1. Indications for sterilization, high-level
disinfection, and low-level disinfection

Sterilize critical medical and surgical devices
and instruments that enter normally sterile tis-
sue or the vascular system, or through which a
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sterile body fluid flows (eg, blood) before each
patient use. Category IA15-337.539.343

At a minimum, high-level disinfect semicritical
patient care equipment that touches mucous
membranes (eg, respiratory therapy equip-
ment, bronchoscopes) or nonintact skin. Follow
disinfection with appropriate rinsing with tap
water followed by 70% to 90% ethyl or isopro-
phyl alcohol with forced air drying, or sterile
water, or 0.2-um filtered water. Following rins-
ing, dry and store the device, taking care not to
contaminate the item(s) in the process.
Category IA15:336344-346

Low-level disinfect noncritical patient care

equipment that touches intact skin. Category
1347-350

3.2. Wall humidifiers

Follow manufacturers’ instructions for use and
maintenance of wall oxygen humidifiers.
Category IB45,351-353

Change the tubing, including any nasal prongs
or mask, used to deliver oxygen from a wall
outlet before and after each new patient’s use.
Category IB®

Discard disposable items between patients as
these are intended for single patient use.
Category IC3%*

3.3. Small-volume medication: “in-line” and
hand-held nebulizers

Follow the manufacturers’ recommendations
on the proper use and care of all equipment
including nebulizers and air compressors.
Category 1B*5-3%5

Use air compressor for the duration recom-
mended by the manufacturer and maintain
machine parts. Category 1B3>°

Between treatments on the same patient, disin-
fect, rinse with sterile or filtered water (0.2 um),
and air-dry small-volume in-line or hand-held
medication nebulizers. Category [B*>-61-64.356
Ensure proper cleaning, drying, and storage of
patient’s mask used to deliver aerosol therapy
according to manufacturers’ recommendations.
Category Il

Use only sterile fluid for nebulization and dis-
pense the fluid into nebulizer aseptically.
Category IA5>-57:357

Use single-dose vials for aerosolized medica-
tions whenever possible. If multidose medica-
tion vials are used, handle, dispense, and store
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them according to manufacturers’ instructions.
Category IA45,53-57,358,359

e Do not share nebulizers (eg, between siblings).
Category 1A61:62.76:205.216

3.4. Other devices used in association with
respiratory therapy

e Sterilize or high-level disinfect portable
respirometers and other respiratory devices

between uses on different patients. Category
B45.360,361

3.5. Pulmonary function testing equipment

e Do not sterilize or disinfect the internal
machinery of pulmonary function testing
machines between use on different patients.
Category 1145,362,363

e Use a disposable in-line bacterial filter for each
patient performing a pulmonary function test.
Category Il

e Disposable mouthpieces are preferred. Category
I

e Sterilize, or high-level disinfect, reusable
mouthpieces, tubing, and connectors between
uses on different patients or follow manufac-
turers’ recommendations for reprocessing.
Category IB>%4

3.6. Disinfection in ambulatory care settings

3.6.1. Equipment

e Follow the same classifications for patient care
equipment used in ambulatory care settings
(eg, outpatient medical/surgical facilities) and
home care as used in the hospital setting!%33:
e (Critical devices require sterilization.

e Semicritical devices require at a minimum
high-level disinfection.

e Noncritical equipment requires low-level
disinfection.

3.6.2. Environmental surfaces

e Use a one-step process and an EPA-registered
hospital grade disinfectant/detergent designed
for housekeeping purposes in patient care
areas. Category IB'>44

e C(Clean surfaces in examining room and around
equipment according to hospital policy and
after room is vacated if contaminated with res-
piratory tract secretions, eg, from patient with
productive cough. Category IB**

e Clean housekeeping surfaces (eg, floors, walls,
and tabletops) on a regular basis and as spills
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occur or when visibly soiled. Category
IBl5,44,365

e Follow manufacturers’ instruction for proper
use of disinfecting products, especially the rec-
ommended use dilution. Category 1B44-366.367

e Promptly clean and decontaminate spills of
blood and other potentially contaminated
materials. Category IC335

e Use EPA-registered phenolic or quaternary
ammonium compound for disinfecting noncrit-
ical surfaces, eg, blood pressure cuffs, therapy
vests, bedpans, and furniture. An alternative is
to use 1:100 to 1:500 diluted household bleach
(chlorine preparation). Category II°%®

e Disinfect noncritical medical equipment with
disinfectant at the use dilution and contact time
of at least 30 seconds. Category IB'®

e Implement regular disinfection schedule for
sinks in examining rooms and waiting area
bathrooms. Category II

C. MICROBIOLOGY, MOLECULAR TYPING,
AND SURVEILLANCE

1. Perform respiratory tract cultures in CF
patients: Category 1B10-16-18,22,81,136,369

e At least quarterly in patients who are clinically
stable and not having pulmonary exacerba-
tions, including those who have received a lung
or heart-lung transplant.

At the time of pulmonary exacerbations.

With change in clinical status.

When hospitalized.

When epidemiologically indicated.

2. Respiratory tract specimen processing

e Ensure that respiratory specimen type and han-
dling adhere to CFF standard practice guide-
lines, which include: Category IB'©

e Rapid transport and processing of speci-
mens after collection. If immediate pro-
cessing is not done, store specimens at 4°C
(on ice, do not freeze specimens) for no
more than 24 hours before processing.

e Inoculate respiratory tract specimens
(throat, sputum, and bronchoalveolar lavage
fluid) on selective media described below
and incubate for at least 48 hours. Slower
growing organisms may require up to 4 days.

e Determine susceptibility of isolates of P. aerug-
inosa with distinctive colony morphology.

e Use biochemical panels or molecular test-
ing to identify non-P. aeruginosa, gram-neg-
ative nonlactose fermenters.
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3. Use of selective media
e Use the following selective media to improve
the rate of recovery of clinically and epidemio-
logically important CF pathogens including:
Category IA10-104
e P aeruginosa - MacConkey agar.
e S aureus - mannitol salt agar or Columbia/
colistin-nalidixic acid.!%°
e B. cepacia complex - BCSA, OFPBL, or PC
agar are acceptable, but BCSA has superior
specificity, 107:108.110.111
e Use selective media for H. influenzae (horse
blood or chocolate agar with or without the
addition of bacitracin, incubated anaerobical-
ly), fungal pathogens, and other nonlactose fer-
menting gram-negative bacilli as clinically or
epidemiologically indicated. Category IB37°
e Identify and report S. maltophilia using DNase
agar or molecular methods for identification.
Category IB14
e Identify and report A. xylosoxidans using bio-
chemical or molecular methods for identifica-
tion. Category IB>53-254
e Use special processing techniques for AFB to
prevent overgrowth by P aeruginosa: NALC-
NaOH decontamination followed by 5% oxalic
acid. Category IB!16:117

4. Antimicrobial susceptibility testing

e Use agar-based diffusion assays, such as antibi-
otic disks or E-tests, rather than automated
commercial microbroth dilution systems for
susceptibility testing of nonmucoid and
mucoid P aeruginosa. Category IB!9-21:119

5. Other diagnostic and identification

testing

e Perform diagnostic tests for respiratory viral
pathogens (eg, influenza A and B,>’! parain-
fluenza,3”? RSV,>"® and adenovirus®’4) by rapid
antigen detection test, direct fluorescent anti-
body, or viral culture, when clinically or epi-
demiologically indicated. Category IB*88:289

e Identify gram-negative bacteria by standard
biochemical testing or molecular methods, not

by rapid or automated methods. Category
JB11.248,253,254,575-577

6. Use of the CFF B. cepacia Research

Laboratory and Repository

e Send the following CF isolates of Burkholderia
spp. to the laboratory at the University of
Michigan for confirmation of identification,
speciation, and molecular typing: Category IB*?
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e All initial isolates from every patient.

e At least one isolate per patient per year.

e Any isolates suspected of being associated
with transmission or an outbreak.??

e Any nonfermenting gram-negative organism
for which species identification remains
equivocal after routine analysis.!->77

CFF Burkholderia cepacia Research Laboratory and
Repository

University of Michigan

8323 MSRB III, 0646

1150 West Medical Center Drive

Ann Arbor, MI 48109-0646

Telephone: (734) 936-9767

Fax: (734) 764-4279

e-mail: jlipuma@umich.edu

7. Surveillance strategies

e Collaborate with the CF center’s infection con-
trol team when developing surveillance strate-
gies and when analyzing and reporting data
related to infection. Category II

e Target B. cepacia complex, S. aureus including
MRSA, and P. aeruginosa, including multidrug-
resistant and mucoid P. aeruginosa for surveil-
lance. Category IB10-31:102.129.140.218

e Target other potential pathogens including S.
maltophilia, A. xylosoxidans, or NTM if epidemi-
ologically or clinically indicated (eg, patient-to-
patient transmission or an outbreak suspected).
Category Il

e Report the prevalence of A. xylosoxidans to the
CFF Patient Registry. Category Il

e Survey CF patients who have undergone lung
transplantation separately from other CF
patients and as part of hospital-wide surveil-
lance for transplant recipients. Category IB398-310

e Target Aspergillus spp. and multidrug-resistant
pathogens, such as B. cepacia complex, MRSA,
or P. aeruginosa, in CF transplant recipients.
Category [B?87314-316

e (Calculate the incidence and prevalence rates of
target organisms and summarize antimicrobial
susceptibility profiles. Category IB*-43-134

e Share reports of surveillance summaries of tar-
geted organisms between the Infection Control
Team and CF Care Team at least annually.
Category IB*3:134
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Perform epidemiologically directed environ-
mental cultures in consultation with infection
control team if an environmental reservoir is
suspected to be associated with transmission of
pathogens in CF patients. Category IB**

. Molecular typing

Use the B. cepacia Research Laboratory and
Repository or another reference laboratory for
molecular typing. Category IA*?

Perform molecular typing of B. cepacia complex
isolates and other organisms when epidemio-
logically indicated. Category IA%%26218
Perform molecular typing using an appropriate
genotyping method (eg, PFGE, RAPD-PCR, or
Rep-PCR). Category IA?*-25

It is anticipated that selective media, increased fre-
quency of obtaining respiratory tract specimens for
culture, use of reference laboratories, and enhanc-
ing surveillance will increase the prevalence of
some pathogens due to improved ascertainment.

D. INPATIENT SETTINGS

1

N

. Transmission precautions

All HCWs must observe standard precautions
when caring for patients with CE. Category IA?
Place CF patients who are infected (or colonized)
with MRSA, B. cepacia complex, multidrug-
resistant P. aeruginosa, RSV, parainfluenza
virus, or VRE on contact precautions in addition
to standard precautions. Category IA?

Place CF patients who are infected with ade-
novirus on contact and droplet precautions in
addition to standard precautions. Category
[A245

Place CF patients who are infected with
influenza on droplet precautions in addition to
standard precautions. Category IA%4°

. Room placement

Place all CF patients who are colonized or
infected with B. cepacia complex, MRSA, or VRE
in a single patient room that does not share
common facilities (eg, bathroom or shower)
with other patients. Category 1A%22.193.238
Admit CF patients who are not colonized or
infected with B. cepacia complex, MRSA, or VRE
to a single patient room whenever possible or
to a room shared with a patient without CF and
at low risk for infection. Category II

CF patients who sleep in the same room at
home may share a hospital room. Category I

W

S

May 2003 S43

Place all CF patients who are lung, heart-lung,
or liver transplant recipients in a single patient
room in accordance with hospital policy.
Positive pressure and HEPA filtration are not
required. Category Il

Ensure that proper dust containment and water
leak policies are followed in areas where CF
patients are hospitalized, especially those
patients who have received lung, heart-lung, or
liver transplants. Category IB,** IC378

. CF patient activity outside hospital room

Evaluate CF patient activity outside of hospital

room in accordance with hospital policies for

specific pathogens (eg, MRSA or B. cepacia).

Category Il

Evaluate CF patients not on transmission-based

precautions on a case-by-case basis in accord-

ance with hospital policy. Considerations
include capability of a patient for containing his
or her respiratory tract secretions, age, ability to
use proper hygiene, endemic levels of pathogen
in individual center, and adherence to the fol-

lowing practices: Category II

e Perform proper hand hygiene immediately
before leaving the room.

e Avoid direct contact between CF patients in
the hospital unless they are co-habitants
(eg, sleep in the same room at home).

e Use the hospital activity rooms (eg, play-
room, exercise room, or schoolroom) only
when no other CF patient is present.

e Go to public places in the hospital (eg, cafe-
teria, lobby) but remain at least 3 feet from
other CF patients in such places.

After a CF patient has left the hospital activity

room, clean surfaces and items handled by the

patient with a disinfectant/detergent. Category

IB44,207

No recommendaton for CF patients to routinely

wear a mask when leaving the patient room

unless on droplet precautions. Unresolved issue

. Respiratory therapy

Assume that ALL CF patients could have trans-
missible pathogens in respiratory tract secre-
tions even if not yet identified by culture or if
culture results are unknown. Category IA'0-23

Perform all respiratory interventions, including
aerosol therapy, airway clearance and sputum
collection, in the patient’s room. Category IB***
Adhere to standard precautions (using the appro-
priate combination of hand hygiene, gloves,
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gown, mask, and eye protection) when perform-
ing cough-inducing procedures. Category IA%2?*
Dedicate airway clearance devices (eg, flutter,
acapella, pep device, and therapy vest) to single
patient use during inpatient hospitalization.
Category Il

Encourage patients to use their own home air-
way clearance devices (eg, flutter, acapella, pep
device, and therapy vest) during inpatient hos-
pitalization in addition to professional chest
physiotherapy. Category II

Dispose of sputum/soiled tissues into covered,
no-touch receptacles. Category Il

. AMBULATORY SETTINGS

. Clinic logistics

Develop a reliable method, eg, computerized
access, to ensure ready availability of each
patient’s most recent respiratory secretion cul-
ture and antimicrobial susceptibility results.
Category IB'0

Alert other diagnostic areas (eg, radiology or
pulmonary function test laboratory) of patients’
transmission precautions, especially if they
harbor organisms that are a threat to non-CF
patients, eg, MRSA or VRE. Category IB?
Schedule and manage patients to minimize
time in common waiting areas. Strategies
include: a staggered clinic schedule, placement
of patients in an examining room immediately
on arrival at the clinic, use of a pager system
whereby patients are summoned when an
examining room is available, and keeping the
patient in one examining room while the CF
team rotates through the rooms. Category II

No recommendation for restricting the use of com-
mon bathrooms in the clinic. Unresolved issue

. Waiting area behaviors

Instruct patients and family members to
observe proper hand hygiene on arrival at the
clinic and when leaving the clinic. Category
B102.184,217,222

Ensure ready availability of dispensers contain-
ing a waterless antiseptic, eg, alcohol-based
hand rub or similar FDA-approved product, in
the waiting area for use by patients and fami-
lies. Category IA'>

Instruct patients to cough into a tissue and
immediately discard tissue into a covered, no-
touch receptacle or toilet and perform hand
hygiene after coughing. Category II

W
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Discourage handshaking and physical contact
between CF patients to prevent direct and indi-
rect contact with respiratory secretions.
Category IA182.184193

Maintain a minimal distance of 3 feet between
patients in the waiting area to prevent droplet trans-
mission of respiratory pathogens. Category IB'82
Discourage patient use of common items, eg,
the clinic’s computer and toys in the waiting
area, that cannot be cleaned between patients.
Category Il

No recommendation for CF patients to routinely
wear masks while in the waiting room in a CF
clinic. Unresolved issue

. Organism-specific circumstances

Observe contact plus standard precautions when

caring for a CF patient who is coughing and

infected with epidemiologically important
pathogens (eg, B. cepacia, MRSA, or multidrug-
resistant P. aeruginosa). Category IA?

B. cepacia complex: observe the following for

patients infected with B. cepacia complex:

Category [B%17:22.238.239

e Segregate from other CF patients.

e Segregate from other CF patients infected
with B. cepacia complex to prevent replace-
ment of one strain with another potentially
more virulent strain.

e Schedule on a separate day or schedule at
the end of the clinic session.

¢ Place in examining room immediately.

Multidrug-resistant P. aeruginosa: place in

examining room immediately. Category IB!7-3%

35,82-84,197

Other multidrug-resistant bacteria: manage

CF patients harboring other multidrug-resistant

organisms, such as S. maltophilia or A. xylosox-

idans, according to hospital policy. Category II

Acid-fast bacilli: observe the following:

e  Place CF patients who are AFB smear positive
in airborne infection isolation until M. tuber-
culosis disease has been excluded. Category
TA379

e Use standard precautions for patients with
NTM. Category IB>277-278

e Place patients with documented M. tuber-
culosis in airborne infection isolation until
clinically improved and three AFB sputum
specimens obtained at 8-hour or longer
intervals are smear negative. Category IA>7°

4. Adjunctive measures to prevent respi-
ratory infections

Administer all vaccines, especially pneumococcal,
measles and pertussis, to CF patients and their
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close contacts according to the Advisory
Committee on Immunization Practices (ACIP)/
American Academy of Pediatrics/American
Academy of Family Physicians recommendations.
Category IA>80381

Administer annual influenza immunization to
CF patients who are 6 months of age or older
and to close contacts of all CF patients accord-
ing to ACIP recommendations. Category IA>%!
Use amantadine/rimantadine/oseltamivir accord-
ing to ACIP recommendations for the preven-
tion of influenza in exposed, unimmunized
patients. Category 1A3%!

No recommendation for routine administration
of palivizumab to CF patients who do not meet
criteria established for non-CF patients to pre-
vent RSV infections. Unresolved issue

F. NON-HEALTHCARE SETTINGS

.

2.

. Multipatient family

Co-inhabitants who live together in the same

house:

e Do not share items that come into contact
with mucous membranes (eg, toothbrush,
utensils, and respiratory therapy equip-
ment). Category IB70:205.216

e Perform home physiotherapy in different
rooms and at different times whenever
possible with only one patient in the room
at the time of treatment. Category II*%4

At family gatherings at which there are multiple

family members with CF who do not live

together, instruct them to avoid activities asso-
ciated with transmission of pathogens, includ-
ing handshaking, and to maintain a distance of
greater than 3 feet between each other.

Category I

Emphasize hand hygiene and containment of

respiratory secretions for CF patients while in

non-healthcare settings. Category II>13

Care of nebulizers and other therapy

equipment in the home

Manage all respiratory therapy equipment, eg,
handheld nebulizers and tracheostomy tubes,
used in the home setting according to the same
principles applied in the hospital setting.
Category IB°1.62

First, Clean by removing all respiratory tract
secretions from reusable objects that touch
mucous membranes (semicritical items, eg,
nebulizers and tracheostomy tubes) by washing
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with soap and water as soon as possible and
prior to disinfecting. Category I1'*°7

Then, Disinfect these reusable items with one
of the following methods if acceptable accord-
ing to manufacturers’ recommendations:

e Boil in water for 5 minutes. Category IB'®

e Immerse* in one of the following:

— 1:50 dilution of 5.25% to 6.15% sodi-
um hypochlorite (household bleach)
for 3 minutes.

— 70% to 90% ethyl or isopropyl alcohol
for 5 minutes.

— 3% hydrogen peroxide for 30 minutes.

*If immersed in one of the above, rinse

with sterile or filtered water (0.2 um). Do

not rinse with tap, bottled, or distilled
water. An alternative is to rinse equipment
with tap water, then 70% to 90% ethyl or
isopropyl alcohol. Category I1**45-342

e Use a standard cycle dishwater, if the water
temperature is 70°C (158°F) or higher and
maintained for at least 30 minutes.

Category IB>82

e Microwave for 5 minutes. Category IB7>75-383

e Do not use acetic acid (vinegar) to disinfect
reusable objects that touch mucous mem-
branes. Category IB%8:%9

Finally, air dry all equipment.

Clean noncritical items (eg, therapy vest) with a

detergent. Category II'4

3. CF-specific camps and overnight CF
education retreats

Discontinue all CF-specific camps and
overnight CF education retreats. Category
JB36.181,195,218,219

Encourage CF patients to participate in camps
and sports with non-CF individuals. Category II

4. Schools

Maintain the diagnosis of CF and the results of
respiratory tract cultures as confidential med-
ical information unless the family chooses to
make this information known to the school.
Category Il

CF patients may attend the same school.
Category Il

When it is known that CF patients attend the
same school, do not place CF patients in the same
classroom, whenever possible. If in the same
classroom or other communual areas in the
school (eg, lunchroom), separate by greater
than 3 feet. Category II
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Minimize CF patient exposure to other CF
patients by scheduling common activities at
different times (eg, lunch or gym). Category Il
Emphasize hand hygiene and containment of
respiratory secretions for CF patients while in
school. Category 11%13

. Family education days and great strides

Educate CF patients to avoid contact with each
other’s respiratory secretions and to observe
frequent hand hygiene while attending these
events. Category II

CF patients who are not infected with B. cepacia
complex may attend CF Family Education Days
or Great Strides Walks. Category II

Develop alternative CF education programs, eg,
videotapes, video-conferencing, and CD-ROM
web-based learning, that do not require face-to-
face meetings among all CF patients. Category 1l
Emphasize hand hygiene and containment of
respiratory secretions for CF patients while at
such events. Category II>1>

6. Construction, renovation, gardening,
and lawn cutting

Avoid areas of construction, renovation, gar-
dening, and lawn cutting to decrease prolonged
exposure to large concentrations of Aspergillus
spp. Category II

7. Swimming pools, hot tubs, and
whirlpool spas used by CF patients

Ensure chlorination.

[B190,191

adequate Category
For CF patients with central venous catheters in
place: do not submerge the catheter under
water. Showering may be permitted if precau-
tions can be taken to reduce the likelihood of
introducing organisms into the catheter, eg, the
catheter and connecting device should be pro-
tected with an impermeable cover during the
shower. Category 11784386

G. PSYCHOSOCIAL IMPACT OF INFEC-
TION CONTROL GUIDELINES

Educate HCWs, CF patients, their families, and
when appropriate, friends, teachers, employers,
and coworkers about the rationale and the
potential psychosocial impact of infection con-
trol guidelines. Category II

Identify CF center specific issues for potential
psychosocial impact of guidelines for CF
patients in the hospital, clinic, community,
school, and home. Category Il
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Develop age- and culture-specific educational
tools in written, audiovisual, and audio format
in lay person’s language. Category II

Inform patients, family members (when appli-
cable), and HCWs of the microbiological status
of patients. Category Il

Monitor adherence to infection control guide-
lines by HCWs, patients, and family members
and provide feedback of adherence to the CF
care team. Category IB'3

Ensure that a counselor is available to address
psychosocial issues that may be induced by
implementation of the infection control guide-
lines. Category II

Collaborate with child life staff to ensure indi-
vidualized programs consistent with the recom-
mended infection control guidelines. Category Il
Make accommodations, eg, providing entertain-
ment, enhancing communication with the out-
side world, facilitating visits with non-CF indi-
viduals, and adapting child life programs, to
relieve the psychosocial stress of inpatient and
outpatient infection control guidelines without
placing the patient at risk of transmission or
acquisition of pathogens. Category Il

. HEALTHCARE WORKERS WITH CF

Provide career counseling to CF patients con-

sidering careers in health care and include:

e Education about the modes of transmission
of infectious agents

e Examples of specialty areas (eg, radiology,
pathology, primary care, and social work)
where the job duties minimize the risk of
transmission or acquisition of potential
pathogens. Category II

Educate HCWs with CF about the modes of

transmission of infectious agents and the

importance of observing standard precautions

at all times for the protection of both HCWs and

patients. Category IA/IC?335

Avoid direct or indirect contact (eg, within 3

feet) with patients who have CE Category

JB84.102,193,216,552

When it is known that a HCW with CF is infect-

ed/colonized with B. cepacia complex, segregate

the HCW from patients with CE Category

B22.26,193,238,239

When it is known that a HCW is infected/colo-

nized with MRSA, make work assignments

according to hospital policy. Category II

Make assignments for the care of patients who

do not have CF on a case-by-case basis, consid-
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ering the following health-related factors:

Category Il

e Frequency and severity of coughing
episodes, quantity of sputum production
during these episodes, and ability to con-
tain respiratory tract secretions.

e Known colonization/infection with epi-
demiologically important pathogens.

e A HCW's ability to use barrier precautions
and adhere to infection control guidelines,
institutional  guidelines, Centers for
Medicare and Medicaid Services (CMS, for-
merly Health Care Financing Administration
or HCFA), HICPAC, and CDC Guidelines.

e Evaluate risk of transmission of pathogens
between patients by HCW in the context of
the specific job.

e Advise HCWs with CF to seek guidance concern-
ing patient care assignments from their CF physi-
cian and/or occupational (employee) health ser-
vice, if their health status changes. Category Il

IV. DISSEMINATION AND EDUCATION
FOR CF INFECTION CONTROL
GUIDELINES

A. MEASURES TO ACHIEVE SUSTAINED
ADHERENCE TO INFECTION CONTROL

GUIDELINES

e Define clearly the rationale and specific inter-
ventions using language and beliefs that are
consistent with the culture of the local medical
and CF community. Category IA %°7-387

e Stage the interventions. Category II

e Choose interventions to implement those that
are compatible with the healthcare facility’s
existing physical structure. Category II

e Optimize acceptance of interventions by
involving the infection control team, CF team,
residents, medical staff, and administrative/
organizational leaders. Category Il

e Identify and use internal and external rein-
forcers (eg, rewarding adherence to recom-
mended infection control practices). Category II

e Use the term adherence rather than compliance
to promote a feeling of active participation.
Category 11787

B. EDUCATION OF PATIENTS, FAMILIES,

AND HCWS

e Educate patients, families, and HCWs about the
routes of transmission of infectious agents and
methods to prevent patient-to-patient spread,
using the following strategies: Category II
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e Disseminate this document to all CF centers,
infection control professionals, pulmonolo-
gists, and infectious disease specialists, in
collaboration with appropriate professional
societies.

e Place information about the document on
the CFF Website and publish the document
in professional journals.

e Within a center, educate all members of the
medical, nursing, respiratory therapy, and
support staff who care for CF patients in the
principles of infection control to prevent
transmission of pathogens among CF
patients.

e Distribute a summary document approved
by the consensus committee to CF patients
and their families written in lay person’s
language, including a guide for care of CF
respiratory therapy equipment.

e Place patient/family summary document on
CFF Website and local institutional Website.

e Distribute a PowerPoint presentation to CF
care providers and CF center infection con-
trol departments to facilitate implementa-
tion of these infection control guidelines.

C. AMERICAN SOCIETY OF MICROBIOLO-

GY ENDORSEMENT

e Seek the endorsement of the American Society
for Microbiology (ASM) for these guidelines for
processing clinical specimens from CF patients
to achieve national standards for processing
such specimens. Category II

V. PROPOSED RESEARCH PROJECTS
A. HOST FACTORS

Evaluation of differences in CF hosts including
genetic, treatment, and environmental exposures in
determining rates of infection.

B. PATHOGENS IN PATIENTS WITH CF

1. P aeruginosa: patient-to-patient transmission
using improved molecular typing studies to
compare environmental to clinical isolates, par-
ticularly in outpatient settings.

2. B. cepacia complex: delineation of natural histo-
ry of colonization, assessment of virulence and
clinical outcomes according to specific
genomovars, replacement of one strain by
another, and assessment of natural reservoirs.

3. S. maltophilia, A. xyolsoxidans, and NTM: patho-
genic role and transmissibility.
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4. Aspergillus spp.: predictors and risk factors for
development of ABPA and invasive aspergillosis,
especially environmental factors.

5. Validation of CFF Registry microbiology database.

C. ROLE OF ANTIMICROBIAL AGENTS

1. Impact of antimicrobial control programs on
rates of emerging pathogens and antibiotic
resistance.

2. Quantification of the selective pressure of
aerosolized antibiotics on antimicrobial resis-
tance patterns in hospitals and outpatient clinics.

D. ENVIRONMENT

1. Determination of the optimal duration of use of
hospital nebulizers for individual patients.

2. Surveillance of the healthcare environment of
CF patients in the ambulatory setting to ascer-
tain possible sources and routes of transmis-
sion of potential pathogens.

E. HCWS WITH CF

1. Determination of the number of HCWs with CE
career counseling received, nature of patient
care assignments, and their microbiological
and clinical status.

2. Obtain cultures from the environment of HCWs
with CF to examine the risk of contamination
with their respiratory tract flora.

F. INFECTION CONTROL PRACTICES

1. Validation of recommendations; the relative
contributions of specific recommendations (eg,
masks and different clinic days for P. aeruginosa
positive and negative patients) in preventing
transmission of pathogens should be assessed.

2. Comparison of infection control practices at
centers with ongoing patient-to-patient trans-
mission of B. cepacia complex with practices at
centers without transmission.

3. Evaluation of dissemination of these infection
control recommendations.

4. Evaluation of implementation of these guide-
lines, HCW adherence to recommended infec-
tion control practices and their impact on out-
come, using measures including quantification
of infection rates, antimicrobial utilization
rates, hospitalization rates, and cost analysis of
infection control strategies. Identification of
needed modifications to guidelines.

5. Psychosocial aspects of infection control practices:
e Acceptance of recommended isolation pre-

cautions by parents and patients according
to age groups, evaluation of rates of adher-

Infection Control Recommendations-Cystic Fibrosis AlIC

ence to recommended precautions, and atti-
tudes of CF team members and other HCWs.

e The impact of interventions to counterbal-
ance the negative impact of isolation pre-
cautions.

e Understanding the beliefs systems that
motivate CF team members.

e Suggestions on alternative means of edu-
cating patients and effectiveness of non-
face to face interventions for education and
support of patients.

GLOSSARY

Airborne transmission/airborne infection isola-
tion: transmission of infectious agents by dissemina-
tion of either airborne droplet nuclei (small-particle
residue <5 pm in size of evaporated droplets contain-
ing microorganisms that remain suspended in the air
for long periods of time) or dust particles containing
the infectious agent. Microorganisms carried in this
manner can be dispersed widely by air currents and
may be inhaled by susceptible hosts within the same
room or over a longer distance from the source-
patient, depending on environmental factors.
Therefore, special air handling and ventilation, eg,
negative pressure relative to the corridor, high effi-
ciency particulate exhaust to the outside, and 12 air
changes or more per hour are required to prevent air-
borne transmission. Microorganisms spread by air-
borne transmission include M. tuberculosis, measles,
and varicella-zoster (chickenpox/shingles) viruses.

American Thoracic Society (ATS) diagnostic
criteria for disease caused by NTM: (1) three
AFB smear negative specimens that are culture pos-
itive for NTM; or (2) two positive cultures for NTM
with at least one positive AFB smear.

Antiseptic agents: antimicrobial substances that
are applied to the skin to reduce the amount or level
of microbial flora. Examples include alcohols, chlo-
rine, chlorhexidine, hexachlorophene, iodine, qua-
ternary ammonium compounds, disinfectants,
parachlorometaxylenol, and triclosan.

Antiseptic hand rub: applying a waterless anti-
septic agent to all surfaces of the hands to reduce
the number of microorganisms present. Alcohol-
based products are the most frequently used.

Antiseptic hand wash: washing hands with water
and soap or other detergents containing an antisep-
tic agent.
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Clone: strains of microorganisms (bacteria or
fungi) that are derived from the same parent as
defined by genotyping.

Colonization: presence of a microorganism, eg,
bacteria or fungi, on a mucosal surface without
active replication, evidence of clinical signs or
symptoms, or histologic evidence of disease.

Contact transmission/precautions: there are
two types of contact transmission:

(1) Direct contact transmission: direct body sur-
face-to-body surface physical transfer of an
infectious agent(s) between a susceptible host
and an infected or colonized person, eg, kissing
or touching hands contaminated with secre-
tions, patient-care activities that require direct
patient contact.

(2) Indirect contact transmission: contact of a sus-
ceptible host with an intermediate object that
has been contaminated with secretions con-
taining an infectious agent, eg, eating utensils,
respiratory therapy equipment, toys, gloves that
have not been changed between patients.
Contact precautions require the use of gown
and gloves by HCWs caring for patients colo-
nized or infected with epidemiologically and/or
clinically important infectious agents or when
handling objects or environmental surfaces
that have been touched by the patient or con-
taminated with infected patient secretions to
prevent transmission to patients or HCWs. A
single patient room is preferred.

Critical item: any medical device that enters ster-
ile tissue or the vascular system must be sterile,
because of the high risk of infection if such an item
is contaminated with any microorganism, including
bacterial spores. This category includes surgical
instruments, intravascular and urinary catheters,
and implants.

Discriminatory power: for genotyping, differen-
tiates between unrelated strains, but varies as
species vary in genetic stability under the influence
of selective pressure.

Disinfectant: a chemical or physical agent that
destroys infectious pathogens on environmental
surfaces or medical devices, but may not Kill bacte-
rial spores; thus, disinfectant refers to substances
applied to inanimate objects. The EPA categorizes
disinfectants by product label claims as “limited,”
“general,” or “hospital” disinfection.
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Disinfection: the destruction of pathogenic and
other kinds of microorganisms by thermal or chem-
ical means. Disinfection is a less lethal process than
sterilization because it destroys most recognized
pathogenic microorganisms, but not necessarily all
microbial forms, such as bacterial spores. Organic
matter, eg, blood, must first be removed from the
object for disinfectants to be effective. Other factors
that can adversely affect disinfection efficacy are:
(1) the type and level of microbial contamination;
(2) the concentration of and exposure time to the
germicide; (3) the nature of the object (eg, crevices,
hinges, lumens); (4) the presence of biofilms; and
(5) the temperature and pH of the disinfection
process.

Droplet transmission/precautions: person-to-
person spread of infectious agents by large particle
(>5 um) droplets generated primarily during
coughing, sneezing, or talking, and during the per-
formance of certain procedures such as suctioning
or bronchoscopy. Transmission occurs when infec-
tious droplets are propelled a short distance (<3
feet) through the air and are deposited on the con-
junctivae, nasal mucosa, or mouth of a susceptible
host (or in the environment). Special air handling
and ventilation are NOT required to prevent droplet
transmission. Standard surgical masks (with or
without face shield) are required for those working
within three feet of a patient placed on droplet pre-
cautions to prevent transmission (+ face shield).

Ease of interpretation: for genotyping, multiple
users of the typing system obtain the same results
and reach the same conclusions. Ideally, guidelines
exist for interpretation.

Ease of performance: for genotyping, the rapidi-
ty, convenience, cost of equipment, and personnel
needed to perform a technique.

Environment: can refer to a reservoir, eg, water,
sinks, soil, etc. (E), or an environmental surface or
patient care item that can be contaminated with
infectious materials (Ey.

Epidemiologically important microorgan-
isms: highly transmissible infectious agents that
have a proclivity toward causing outbreaks, are
associated with a severe clinical outcome, or are
especially difficult to treat.

Genomovars: species of a genus that are distin-
guished genetically.
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Hand hygiene: a general term that applies to
either hand washing, antiseptic hand wash, anti-
septic hand rub, or surgical hand antisepsis.

Hand washing: washing hands with plain (nonan-
timicrobial) soap and water.

High-level disinfectant: an agent capable of
killing bacterial spores when used in sufficient con-
centration under suitable conditions. It is therefore
expected to Kill all microorganisms.

Incidence: the number of new cases that occur in
a defined population at risk during a specified peri-
od of time. The incidence rate is calculated by
dividing the number of new cases (eg, patients with
the respiratory pathogen) in a given period by the
number of patients at risk during that period.

Incidence density: the instantaneous rate at
which disease is occurring, relative to the size of
the disease-free population, calculated as the num-
ber of new cases per 1,000 patient-days.

Intervention: A change(s) in practice implement-
ed in response to identification of a clinical prob-
lem that is associated with an undesirable patient
outcome. Interventions are identified from evi-
dence in the medical literature or strong theoretical
rationale. Ongoing surveillance is essential to ascer-
tain the safety and effectiveness of the newly
implemented intervention.

Low-level disinfectant: an agent that destroys all
vegetative bacteria (except tubercle bacilli), lipid
viruses, some nonlipid viruses, and some fungi, but
not bacterial spores.

Multidrug-resistant organism: an organism (eg,
MRSA, VRE, P. aeruginosa, B. cepacia complex, S.
maltophilia, A. xylosoxidans) resistant to all of the
agents in two or more classes of antibiotics (eg, B-
lactam agents, aminoglycosides, quinolones).

Noncritical item: medical equipment that comes in
contact with intact skin, but not mucous membranes.
Intact skin acts as an effective barrier to most microor-
ganisms and sterility is “not critical.” Examples of
noncritical items are bedpans, therapy vests, crutches,
bed rails, linens, some food utensils, bedside tables,
patient furniture, and floors. In contrast to critical and
some semicritical items, most noncritical reusable
items may be cleaned where they are used and do not
need to be transported to a central processing area.
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Noncritical patient care items occasionally serve as
vectors for transmitting pathogens between patients.
Environmental surfaces such as walls and floors are
rarely, if ever, involved in patient-to patient transmis-
sion of pathogens. However, noncritical surfaces in
direct contact with patients (eg, bed rails) potentially
contribute to transmission by contaminating the
hands of healthcare workers or other equipment.>%>
However, noncritical items could potentially con-
tribute to secondary transmission by contaminating
the hands of healthcare workers or other medical
equipment that will contact patients.

Period prevalence: prevalence, or total number of
cases present, is calculated during a specified time
period.

Personal protective equipment: materials used
to protect healthcare workers from acquiring infec-
tion when exposed to blood or body fluids during
patient care activities and to prevent transmission
of pathogens to others, ie, gloves, gowns, masks,
goggles, or face shields.

Phage typing: phage are viruses for bacteria that
Kkill certain strains and spare others and can be used
as a phenotypic method of distinguishing bacterial
isolates.

Point prevalence: prevalence calculated at a spec-
ified point in time.

Prevalence: the total number of active (existing)
patients with the respiratory pathogen divided by
the number of patients cultured during a period or
interval.

Protective environment: designed for allogeneic
hematopoietic stem cell transplant (HSCT) patients
or other high-risk immunocompromised patients to
minimize fungal spore counts in air by maintaining:
(1) filtration of incoming air by HEPA filters; (2)
directed room airflow with supply on one side of
the room, across the patient, and out through
exhaust on the other side of the room (ie, laminar
flow); (3) positive room air pressure relative to the
corridor; (4) well-sealed rooms to prevent infiltra-
tion from the outside; and (5) 12 air changes or
more per hour for new construction. Laminar air
flow is unnecessary to maintain a protective envi-
ronment. Wearing N95 respirators is advised when
patients leave the protective environment for diag-
nostic tests or treatments to prevent inhalation of
respirable particles and reaerosolization of exhaled
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particles, but clinical efficacy in preventing
aspergillosis has not been fully evaluated. A protec-
tive environment is not recommended routinely for
solid organ transplant patients.

Pyocin typing: technique based on the production
of antibiotic-like bacteriocins by P. aeruginosa.
Strains are typed by their spectrum of inhibition
patterns and each unique pyocin typing pattern is
assigned a number. More than 100 pyocin types of
P. aeruginosa have been recognized.

Reproducibility: the same result is obtained when
the same strain is tested repeatedly and may be
influenced by technical factors (day-to-day varia-
tion) and biological factors (variation in the stability
of the characteristic).

Restriction endonucleases: enzymes that cleave
DNA at known base sequences.

Segregation: separation of patients from one
another.

Semicritical item: medical device that comes in
contact with mucous membranes or nonintact skin.
They should be free of all microorganisms,
although small numbers of bacterial spores may be
present. Intact mucous membranes are generally
resistant to infection by common bacterial spores,
but susceptible to other organisms, such as bacte-
ria, mycobacteria, and viruses. Respiratory therapy
and anesthesia equipment, endoscopes, laryngo-
scope blades, esophageal manometry probes,
anorectal manometry catheters, and diaphragm fit-
ting rings are included in this category.

Serotyping of gram-negative bacilli: use of
antiserum raised against specific lipopolysaccha-
ride O-groups to agglutinate bacteria; can be used
as a phenotypic method of distinguishing bacterial
isolates of the same genus and species from each
other.

Standard precautions: apply to ALL patients,
regardless of diagnosis or presumed infection sta-
tus. Standard precautions combine the principles of
universal precautions and body substance isolation
and consider all blood, body fluids, secretions,
excretions except sweat, non-intact skin, and
mucous membranes to have the potential for con-
taining transmissible infectious agents. To prevent
person-to-person transmission of infectious agents
when an HCW anticipates contact or has contact
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with potentially infectious body substances, the
HCW must observe the appropriate combination of
the following: hand hygiene, gloves, mask, eye pro-
tection, face shield, gown, handling patient equip-
ment or items likely to have been contaminated
with infectious fluids in a manner to prevent trans-
mission of infectious agents.

Sterilization: the complete destruction of ALL
forms of microbial life, including fungal and bacte-
rial spores. Sterilization is accomplished in health-
care settings by either physical or chemical
processes. Chemicals (ie, ethylene oxide) used for
this purpose are referred to as “chemical sterilants”
and prolonged exposure times (6-10 hours) are
required to Kill spores.

Surveillance: the ongoing, systematic collection,
analysis, and interpretation of health data essential
to the planning, implementation, and evaluation of
health practices, closely integrated with the timely
dissemination of these data to those who need to
know (eg, caregivers, program evaluators).

Transmission-based precautions: apply to
patients with documented or suspected infection
with highly transmissible or epidemiologically
important infectious agents for which precautions
in addition to standard precautions are required to
interrupt transmission. Categories include: contact,
droplet, airborne, and protective environment or a
combination when a disease has multiple routes of
transmission.

Typability: for genotyping, likelihood of obtaining
an unambiguous result for each isolate analyzed.
Nontypable isolates give a null or uninterpretable
result.

APPENDIX

Employment laws relevant to the HCW
with CF

Employment laws that govern the protections and
procedures for HCWs with CF include the
Americans With Disabilities Act (ADA) and Section
504 of the Rehabilitation Act. These laws require
that (1) medical inquiries in a job interview be lim-
ited to those which are job related; (2) individuals
with disabilities be evaluated on a case-by-case
basis based on their job qualifications and their indi-
vidual skills for that job; and (3) reasonable accom-
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modations be provided by employers in certain cir-
cumstances.

An employer cannot inquire about an individual’s
health in a job interview, but can ask how an indi-
vidual will perform a job. An employer may con-
duct a medical examination after an offer of
employment is made providing such an examina-
tion is required of all job applicants. The offer of
employment can only be withdrawn if it is deter-
mined that the HCW poses a direct threat to the
health of patients and there is no accommodation
that would reduce or eliminate the risk to an
acceptable level. However, a diagnosis of CF alone is
insufficient to interfere with the hiring of HCWs
with CE

For institutions employing HCWs with CFE, the insti-
tution must individually assess the risks that the
HCW with CF poses to others. The assessment
should include the ability of the individual to do the
job with or without a reasonable accommodation
that would reduce or eliminate the risk. Examples
of reasonable accommodations are: regular training
in infection control guidelines, strict adherence to
infection control guidelines, regular screening of
infectious status, or assignment of the HCW to
areas of the hospital with less risk for infection con-
trol problems.

Institutions should already have policies in place
that monitor and assess all HCWs for their contin-
ued ability to safely and effectively perform their
jobs. Monitoring and assessing a HCW with CF is
not unique or different from the policies already in
place at most institutions, and HCWs with CF
should not be treated differently from other HCWs
with conditions that may potentially pose risks to
patients (eg, HIV, tuberculosis, hepatitis C, hepatitis
B) or other conditions that may place the HCW at
risk (eg, pregnancy).

A medical examination given during the course of
employment is permitted if it is job-related and
consistent with business necessity. The most com-
mon reasons for postemployment examinations
are (1) to assess the worker’s continued ability to
safely perform the essential functions of the job;
and (2) to assess the need, scope, and nature of a
requested reasonable accommodation. Otherwise,
there is generally no legitimate reason to conduct a
medical examination during the course of employ-
ment. An example of a job-related examination
would be an examination that is given to all HCWs,
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including an HCW with CE to test for the presence
of harmful microbiological organisms. When harm-
ful microbiological organisms are found to be pre-
sent, an HCW could request a reasonable accom-
modation, which could include a modification in
the job to reduce or eliminate risks caused by the
presence of the organism. Another possible reason-
able accommodation could be a reassignment of
the HCW’s duties to areas of the institution where
the HCW does not pose a risk. If no reasonable
accommodation is possible to reduce or eliminate
the risk to patients, it is possible the individual
could be dismissed from employment.

The authors thank Sherrie Myers and Elizabeth Garber for their assistance in the
preparation of this document.
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