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P. Aeruginosa Proves to Be a Tough Foe
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Course Objectives

The purpose of this program is to inform nurses about Pseudomonas aeruginosa, a potentially untreatable
hospital-acquired pathogen that causes life-threatening infections in immunocompromised patients. After
studying the information presented here, you will be able to —

e Explain how P. aeruginosa bacteria are able to escape the effects

of the human immune system and antibiotics.
e Discuss how P. aeruginosa uses bacterial communication — cell-to-cell signaling.
e Identify a common hospital source of P. aeruginosa and discuss

infection control measures.

The three ICU patients had undergone coronary artery bypass surgery and were recovering normally. But
suddenly something went horribly wrong: Lab tests revealed all three had developed serious sternal wound
infections with cultures positive for Pseudomonas aeruginosa. At first, the ICU nurses and the rest of the
healthcare team were stumped. How could this have happened with inflection-control measures in place? But
epidemiologic evidence soon provided an explanation. It turned out that that the most likely source of the
infections was a large multidose bottle of betadine that had been used with all three patients for wound care.
Cultures of the betadine solution were positive for P. aeruginosa. The concept that a lethal pathogen could
survive in an antiseptic created to kill pathogens seemed to be a contradiction in terms. But this case, which
occurred in a California hospital, illustrates what a tenacious enemy P. aeruginosa can be.

P. aeruginosa is one of the most common and feared bacterial pathogens found in hospitals. An opportunistic
pathogen, it is a major cause of life-threatening infections in immunocompromised patients young and old,
particularly those with protracted hospital stays, prolonged antimicrobial use, and mechanical ventilation.

Naturally dangerous

The invasive gram-negative bacteria are notorious for their intrinsic (natural) resistance to multiple classes of
antibiotics and for their ability to mutate and develop resistance to virtually any antibiotic used for therapy.
Serious infections with P. aeruginosa have become a desperate problem in hospitals, and now some strains are
resistant to all common classes of antibiotics used for treatment.’-2

P. aeruginosa causes a range of chronic and acute infections in patients who are hospitalized and critically ill. In
the United States, it’s responsible for about 10% of all hospital-acquired infections, and in ICUs, it is the second
most frequently recovered pathogen from patients.23 It ranks as the first or second leading cause of ventilator-
associated pneumonia (VAP) and is among the top five causes of hospital-acquired bacteremia. In ICUs, P.
aeruginosa causes 18.1% of all hospital-acquired pneumonias, as well as 16.3% of urinary tract infections, 9.5%
of surgical wound infections, and 3.4% of bloodstream infections.* In cancer patients, P. aeruginosa is
responsible for up to 30% of culture-proven cases of bacteremia.® Patients with cystic fibrosis, COPD, or
bronchiectasis and those who are transplant recipients, or who are neutropenic, burned, or mechanically
ventilated are the most vulnerable to P. aeruginosa infection. Neonates are also at high risk.2 In these patients,
P. aeruginosa infections are characterized by a rapid systemic spread that often leads to sepsis and death.
Bacteremia and pneumonia mortality rates range from 40% to 60%.° Other predisposing factors for infection
include steroid therapy, surgery, and presence of invasive devices.

The incidence of P. aeruginosa hospital-acquired infections has increased among intensive care patients. From
1975 to 2003, the percent of hospital-acquired pneumonias caused by P. aeruginosa nearly doubled, from 9.6%



to 18.1%. During the same period, the percent of bloodstream infections remained stable while the percent of
surgical site and urinary tract infections roughly doubled, from 4.7% to 9.3% and from 9.3% to 16.3%
respectively.*

As with other opportunistic pathogens, P. aeruginosa rarely causes disease unless there is damage to a normal
host defense mechanism, such as a break or bypass of normal mucosal and skin barriers. These host defense
barriers can be damaged by indwelling catheters, serious burns, chemotherapy, radiation-induced mucositis, and
endotracheal intubation. For example, ET intubation can cause mechanical injury to the airway epithelium,
allowing the attachment and growth (colonization) of P. aeruginosa.2 This colonization of altered epithelium is
associated with a greater risk of VAP, which is one of the most severe complications of intensive care and has
the highest mortality of all hospital-acquired infections.® In a recent ICU study, colonized patients who developed
P. aeruginosa pneumonia had a case-fatality rate of over 71% compared to 41% for patients with pneumonia
from other pathogens.” VAP attributed to P. aeruginosa often occurs from direct contact with contaminated
hands, contaminated water in sinks, and contaminated respiratory devices.?-9

P. aeruginosa infections can also occur when there is a deficiency or alteration in immune defense mechanisms,
such as those occurring in respiratory tract changes of cystic fibrosis, chemotherapy-related neutropenia, AIDS,
diabetes, and steroid therapy.? By age 3, for example, 97% of children with CF are colonized with P. aeruginosa.
It's thought that the pathogen is initially acquired from environmental sources although patient-to-patient
transmission can also occur among families and in health clinics. P. aeruginosa strains have been isolated in
health facilities around sinks and in tap water and on toys, hand soaps, pulmonary function test machines, and
nebulizers.® In patients with CF, the bacteria are rarely, if ever, cleared and can cause a chronic airway
inflammation that eventually results in lung damage and fibrosis. P. aeruginosa infection is the major cause of
respiratory failure and death in CF.26

Although it is uncommon, P. aeruginosa infections can occur outside the hospital, especially if the number of
bacteria is great enough. Skin infections (folliculitis) and swimmer’s ear can result from inadequately chlorinated
hot tubs, swimming pools, and waterslides. Other community-acquired P. aeruginosa infections include
ulcerative keratitis from contaminated contact lens solution; endocarditis in IV drug users who inject
contaminated drugs; malignant external otitis with involvement of underlying tissues and bone, primarily seen in
people with diabetes and the elderly; and osteomylelitis of the foot, occurring as the result of puncture wounds
through tennis shoes, when the feet are warm and sweaty.® Community-acquired P. aeruginosa pneumonia is
rare in healthy people. When it occurs, it's usually in middle-aged people with a history of smoking after heavy
exposure to aerosols of contaminated water.® The resulting pneumonia progresses rapidly and has a 33%
mortality rate.2

Calling all cells

After colonization, P. aeruginosa bacteria produce an arsenal of virulence factors made up of toxic proteins that
interfere with the body’s immune system and cause extensive tissue damage, bloodstream invasion, and
dissemination. These factors include potent toxins and degradative enzymes, such as exotoxin A, exoenzyme S,
elastase, and alkaline protease.® Many of these virulence factors are thought to be controlled by a complex
regulatory system involving bacterial cell-to-cell signaling that allows the bacteria to regulate virulence by
communicating via “signal molecules” released into the host environment. During an infection, as the number of
bacteria increases, the concentration of signal molecules increases as well, allowing the bacteria to sense their
population density — a phenomenon known as “quorum sensing.” When the bacteria “sense” that a quorum has
been reached, they release virulence factors to overwhelm the host defense mechanisms. Quorum sensing
ensures that virulence factors are not released early in an infection, when only a small number of invading
bacteria is present. This prevents the early recognition and eradication of the bacteria by the host’s immune
system. Virulence factors are released only when they can be produced at high enough levels to overcome host
defenses.®

In addition to the coordinated release of virulence factors, quorum sensing also directs the formation of biofilms.
Biofilms are elaborate colonies of bacteria encased within a self-produced, sticky matrix of extracellular
polysaccharides. This biofilm, or slime, allows the bacteria to live adhered to living and nonliving surfaces (e.g.,
the lungs of patients with CF, the middle ear, endotracheal tubes, IV catheters, urinary catheters, mechanical
heart valves, joint implants, billiary stents, dental implants, and extended-wear contact lenses). Biofilms are



important survival mechanisms for P. aeruginosa, and the bacteria can form biofilms on virtually all types of
indwelling devices.® The chemical and physical barrier formed by the slimy matrix protects the bacteria from
immune defenses and antimicrobial agents and disinfectants. Bacteria in a biofilm are up to 3,000 times more
resistant to free chlorine than individual (planktonic) bacterial cells.®

In the matrix

Organisms in a biofilm are crucial in the persistence of device-related infections. Antibiotics are designed to kill
metabolically active cells, not the specialized, slow-growing, and nearly dormant “persister cells” deep in the
matrix of the biofilm. These cells are programmed to survive environmental stresses, such as fluctuations in
temperature, pH, oxygen content, and nutrient availability and exposure to antibiotics. For this reason, antibiotics
can never eradicate biofilms growing on a catheter. When antibiotic therapy ceases, the unaffected “persister”
cells become metabolically active and give rise to a new bacterial population, leading to a relapse of infection. All
invasive devices should be removed promptly once no longer needed since infections can reoccur until the
biofilm-covered catheter is removed.

Biofilms of P. aeruginosa are common in the tanks, pipes, and plumbing fixtures of hospital water systems. When
the biofilm forms close to the point of water use, such as in a faucet or showerhead, it becomes a reservoir of
microorganisms and constantly disperses bacteria into the water stream. Patients are exposed to the bacteria
while bathing, showering, and consuming tap water and ice and through contact with the physical environment
and with medical equipment rinsed with tap water. About 1,400 deaths occur each year in the United States from
waterborne, hospital-acquired P. aeruginosa pneumonias. Infectious outbreaks have been linked to faucet
aerators, hand washing sinks, showers, tubs, respiratory equipment, bronchoscopes, endoscopes, and
inadequately sterilized reusable arterial pressure transducers. 0

In the NICU

Other outbreaks have occurred from contaminated medications, irrigation fluids, IV nutrition, dialysis fluids,
eyedrops, soaps, hand lotion, antiseptics, and disinfectants. Staffs’ long and artificial fingernails were implicated
in a P. aeruginosa inflection in 2000 that affected 46 newborns in an Oklahoma NICU. Sixteen of the babies
died.™

P. aeruginosa has been isolated from the water used for flowers in patients’ rooms, on the surface of raw
vegetables and fruits, and in the food processing machines in hospital kitchens. To complicate matters, P.
aeruginosa can survive for six hours to 16 months on dry, inanimate surfaces in hospitals.2

Survival instincts

P. aeruginosa can thrive in conditions that other microorganisms cannot tolerate. P. aeruginosa bacteria are
common inhabitants of moist environments but can adapt to many ecological niches — from water and soil to
plant and animal tissues. They have minimal nutritional requirements and can use a wide range of organic
compounds as food sources. In fact, they are often observed growing in distilled water. In the lab, the bacteria
have several identifying features. They can grow at 42 C; they produce two pigments, a bluish-green (blue pus)
pyocyanin and a fluorescent yellow-green pyoverdin; and they have a characteristic fruity odor.26

P. aeruginosa’s intrinsic resistance to multiple classes of antibiotics is due to the relative impermeability of the
bacteria’s outer membrane and to its efflux pump systems, which are capable of pumping out antibiotics from the
cell before they have an effect.! The bacteria’s acquired resistance mechanisms result from three types of
mutations that occur as the result of antimicrobial selective pressures or from the acquisition of new genetic
material from other resistant bacteria. The acquired resistance mechanisms include the ability to destroy or
degrade an antibacterial agent before it can have an effect with the production of enzymes — beta-lactamases
including penicillinases, cephalosporinases, and carbapenemases. The second mechanism involves changes in
the permeability of the cell wall. Mutations allow changes in the outer membrane of the cell wall that reduce the
number of porins (protein channels that let nutrients enter the cell). When porins are lost, antibiotics can no
longer reach their target inside the cell. The third mechanism involves a mutation that results in alterations in
target (binding) sites that reduce the cell’s affinity for the antibiotic.3



With these resistance mechanisms, some P. aeruginosa strains have become resistant to all or almost all
antimicrobial classes, including antipseudomonal penicillins, cephalosporins, aminoglycosides, tetracyclines,
fluoroquinolones, trimethoprim-sulfamethoxazole, and carbapenems.! In ICUs, rates of multidrug resistance
(MDR) increased from 4% in 1993 to 14% in 2002." (MDR is defined as resistance to at least three of the
following: ceftazidime [Ceptaz], ciprofloxacin [Cipro], tobramycin [Nebcin], and imipenem [Primaxin].) The recent
emergence of metallo-beta-lactamase (MBL) producing strains of P. aeruginosa capable of inactivating
carbapenems is ominous since carbapenems have been reserved for treating the most serious infections, those
resistant to advanced penicillins and cephalosporins.'3 As a last resort, medicine has turned to two older, more
toxic antipseudomonal drugs: colistin (polymyxin E) and polymyxin B. They became available for clinical use in
the 1960s but fell out of favor when safer, less nephrotoxic and neurotoxic antibiotics were developed. But P.
aeruginosa strains with reduced susceptibility to polymyxin antibiotics have emerged in New York hospitals, and
at this time, not a single antibiotic is active against 100% of P. aeruginosa infections.3°

The Antimicrobial Availability Task Force of the Infectious Diseases Society of America supports federal
legislation to encourage the pharmaceutical industry to develop new antimicrobials. The task force named six
drug-resistant pathogens as serious threats to public health: P. aeruginosa, Acinetobacter baumannii, Aspergillus
species, extended-spectrum beta-lactamase (ESBL) producing Enterobacteriaceae, vancomycin-resistant
Enterococcus faecium, and methicillin-resistant Staphylococcus aureus. These pathogens are especially
dangerous because few, if any, potentially effective new antimicrobial agents are in the U.S. drug-development
pipeline.’

Guidance galore

A great deal of data exists on infection control strategies to prevent transmission of multidrug resistant
organisms, including a new CDC guideline, Management of Multidrug-Resistant Organisms in Healthcare
Settings, 2006. It addresses administrative issues, education of workers, surveillance for MDR pathogens,
patient isolation, judicious use of antimicrobial agents, environmental cleaning, and intensified interventions to
use when MDRs do not decline despite routine infection control measures.'3 Other guidelines have addressed
intravascular device-related infections, health care-associated pneumonias, isolation precautions, and hand
hygiene. More specifically, the CDC’s Guidelines for Environmental Infection Control in Healthcare Facilities
covers measures to prevent infections caused by waterborne pathogens, including hand hygiene, barrier
precautions, cleaning and disinfection, elimination of fluid reservoirs, maintenance of adequate hot water
temperatures and water circulation, and precautions involving ice machines and the distribution of ice. The
guidelines discuss hydrotherapy tanks, pools, and other medical equipment, as well.'4

Hand hygiene during patient care, along with the use of gowns and gloves (contact precautions), is the most
important method to prevent horizontal transmission of antibiotic-resistant bacteria. But unlike MRSA infections,
which are normally spread directly or indirectly person to person via the hands of health workers, infections with
P. aeruginosa, while also spread person-to-person, are more often transmitted from an environmental reservoir.
Workers’ hands are a bridge between the inanimate environment and the patient.3

A survivor

Transmission is enhanced by the fact that P. aeruginosa can survive for months on inanimate surfaces.? It can
survive for up to three hours on health workers’ hands that have been contaminated with sputum. Incidentally,
unless hands are visibly soiled, alcohol-based hand sanitizers are preferred for decontamination in hospitals;
alcohol-based hand sanitizers reduce bacterial contamination of hands even more effectively than antibacterial
soap (e.g., chlorhexidine or triclosan) and water.'#

As noted, the most important hospital environmental reservoir for P. aeruginosa bacteria is the water system.
Tap water is the predominant source of P. aeruginosa infection outbreaks.® Contaminated water can spread
microbes to environmental surfaces, medical equipment (through rinsing in tap water), the hands of health
workers, and the bodies of patients (through bathing and the consumption of ice and water). Patients can be
exposed through direct contact with water, inhalation of aerosols, ingestion, or indirect contact from
contaminated surfaces through workers’ hands. One study of contaminated tap water in a surgical ICU reported
that faucets were the source of infection for 35% of patients colonized or infected with P. aeruginosa. The
genotypes of the P. aeruginosa isolates infecting the patients were identical to isolates recovered from the



faucets in the patients’ rooms. The study concluded that faucets contaminated with P. aeruginosa were a
continuous source for transmission of the pathogen.!®

A plea for action

Authors of an article titled “The Hospital Water Supply as a Source of Nosocomial Infections: a Plea for Action”
reviewed articles from 1996 to 2001 on waterborne outbreaks. They found 10 outbreaks of P. aeruginosa
infections in hospitals in which water was the source.'® Because P. aeruginosa and other hospital-acquired
waterborne pathogens are so dangerous, the authors recommend hospitals follow a CDC guideline on
preventing infections among stem cell transplant recipients when hospital water is colonized with Legionella
species. Furthermore, they recommend that the guideline be expanded to all high-risk patients, even in the
absence of Legionella.'® The guideline includes the use of sterile water for drinking, brushing teeth, and flushing
NG tubes of immunodepressed patients. It also advises that patients avoid showering and exposure to tap
water.10.16 Rinsing nebulization devices and other semicritical respiratory care equipment with sterile water is
also recommended.

With nearly 10% of P. aeruginosa isolates resistant to multiple drug classes and an increasing number of isolates
resistant to all available drugs, preventing infections is essential. With water as a significant source of pathogens,
hospitals should address CDC guidelines to lessen contamination risk.

Much of the responsibility for preventing patient exposure to tap water falls on nurses. Nurses can educate high-
risk patients and coworkers about waterborne infections and the urgent need for hand disinfection and
meticulous disinfection of the hospital environment. They can caution immunocompromised patients about the
danger of inhaling aerosolized pathogens in water droplets when using the sink, taking a shower, or bathing. The
patient care environment should be cleaned and disinfected daily, with special attention to frequently touched
surfaces, such as doorknobs and bed rails. Clean linen should be provided daily for bathing and should not be
reused. Nurses can recommend disposable sterile sponges as a safer choice for bathing until patients’ immune
function improves.' Nurses can ensure that only sterile water (not distilled) is used for rinsing nebulization
devices and other semicritical respiratory care equipment and for filling reservoirs of nebulization devices.
Nurses can provide immunodepressed patients and others at risk with sterile or bottled water for drinking,
brushing teeth, or flushing NG tubes.'® Nurses should consult with the hospital infection prevention and control
department to check what steps have been taken to prevent contamination of the water system.

Current literature suggests that by reducing exposure to tap water and by following other proven infection control
measures, we can improve the safety of patients and lessen their risk of acquiring untreatable — possibly even
lethal — P. aeruginosa infections.°
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