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Abstract
Objective: Water exposures in healthcare settings and during healthcare delivery can place patients at risk for infection with water-related
organisms and can potentially lead to outbreaks. We aimed to describe Centers for Disease Control and Prevention (CDC) consultations
involving water-related organisms leading to healthcare-associated infections (HAIs).
Design: Retrospective observational study.
Methods: We reviewed internal CDC records from January 1, 2014, through December 31, 2017, using water-related terms and organisms,
excluding Legionella, to identify consultations that involved potential or confirmed transmission of water-related organisms in healthcare. We
determined plausible exposure pathways and routes of transmission when possible.
Results: Of 620 consultations during the study period, we identified 134 consultations (21.6%), with 1,380 patients, that involved the investigation
of potential water-related HAIs or infection control lapses with the potential for water-related HAIs. Nontuberculous mycobacteria were involved
in the greatest number of investigations (n = 40, 29.9%). Most frequently, investigations involved medical products (n = 48, 35.8%), and most
of these products were medical devices (n = 40, 83.3%). We identified a variety of plausible water-exposure pathways, including medication
preparation near water splash zones and water contamination at the manufacturing sites of medications and medical devices.
Conclusions: Water-related investigations represent a substantial proportion of CDC HAI consultations and likely represent only a fraction of
all water-related HAI investigations and outbreaks occurring in US healthcare facilities. Water-related HAI investigations should consider all
potential pathways of water exposure. Finally, healthcare facilities should develop and implement water management programs to limit the
growth and spread of water-related organisms.
(Received 5 December 2018; accepted 1 March 2019)

Water that is used in health care can harbor pathogenic organisms
that can threaten patient safety.1–3 Patients may be exposed to
water sources and so-called “opportunistic pathogens of premise
plumbing” through a variety of means.4 In healthcare facilities,
water systems often have complex distribution pathways with areas
of stagnation, exposure to a variety of plumbing materials, and
wide variability in temperature, pH, and disinfectant types and
levels. These conditions can promote the development of biofilms and the growth of environmental opportunistic pathogens (eg, Legionella, nontuberculous mycobacteria (NTM), and
Pseudomonas species). These organisms can be transmitted to
patients, directly or indirectly, through typical water uses involving
showers, sinks, and toilets. Moreover, water is widely used in clinical care, often in association with medical devices; it is also a key
component in many drug or medication formulations. Patient
susceptibility to opportunistic pathogens found in water may be
increased by morbidities such as non-intact skin, open wounds,
immunocompromising conditions, or the presence of invasive
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devices. Furthermore, hospital wastewater plumbing, including
sink drains, can harbor multidrug-resistant organisms (MDROs),
such as carbapenemase-producing Enterobacteriaceae (CRE), and
may be a source of transmission to patients and a cause of clusters
of healthcare-associated infections (HAIs).5–7
Outbreaks related to these organisms can be challenging to
identify, investigate, and resolve. A high level of suspicion is
typically needed to recognize that an infection or cluster of infections might be related to some form of water exposure associated
with healthcare delivery. Interruption of transmission may require
multidisciplinary interventions, often involving public utilities,
health authorities, and consultants with expertise in water and
environmental health. Legionella is a well-described cause of
water-related HAIs, and these outbreaks can be associated with
considerable patient harm and costs.8 However, the occurrence
of clusters of other water-related pathogens in healthcare has
been less well described. In this report, we present a summary
of Centers for Disease Control and Prevention (CDC) consultation
experiences that have involved evaluating potential or confirmed
transmission of water-related organisms, exclusive of Legionella.
We describe the distribution of organisms, settings, and potential
routes of transmission.

622

Kiran M. Perkins et al

Table 1. Search Terms Used to Query Division of Healthcare Quality Promotion
Records to Identify Water-Related Investigations, CDC, United States, 2014–2017
Aerator

Burkholderia cepacia

Aerosol

Chronobacter spp

Aerosolization

Cupriavidus pauculus

Bath tub

Elizabethkingia anopheles

Bidet

Elizabethkingia meningoseptica

Burn unit

Enterobacter cloacae

Drain

Methylobacterium spp

Faucet

Pantoea agglomerans

Ice machine

Pseudomonas aeruginosa

Splash

Pseudomonas fluorescens

Splash zone

Pseudomonas putida

Sink

Ralstonia pickettii

Water

Ralstonia mannitolytica

Waterborne

Segniliparus spp

Waterlines

Serratia marcescens

Mycobacterium

Serratia liquefaciens

Acinetobacter baumannii

Sphingomonas paucimobilis

Aeromonas hydrophila

Stenotrophomonas maltophilia

(eg, disseminated, respiratory) was not available for many consultations and was therefore not reported.
We classified investigations as medical-product related if the
use of a medical device or medication was an exposure of interest.
Medical devices included central venous catheters, injections,
endoscopes, ventilators, and other types of medical devices. We
classified investigations that implicated compounded or manufactured medication products as involving either intrinsic contamination (eg, medication supplied in a contaminated state due to a
manufacturing error) or extrinsic contamination (eg, medication
became contaminated at the point of care). Categories were not
mutually exclusive. Although routes of transmission for patient
colonization or infection were not always confirmed or documented for each investigation, we determined plausible exposure
pathways and routes of transmission based on available epidemiologic and laboratory information. We also identified pathways
associated with >1 investigation. Molecular typing methods
are increasingly used to help determine potential transmission
pathways in HAI investigations, but we did not have consistent
or systematic information on molecular typing results for all consultations included in this analysis.
Two authors (K.M.P. and S.C.R.) reviewed a sample of 30% of
the investigations to ensure agreement that all investigations met
the inclusion criteria and agreement on investigation characteristics and classification. One author (K.M.P.) reviewed the remaining investigations.
Results

Methods
The Division of Healthcare Quality Promotion (DHQP) at CDC
assists health departments and healthcare facilities with investigations of potential outbreaks involving the provision of health care.
We reviewed our internal investigation consultation records from
January 1, 2014, through December 31, 2017, using a query that
involved a predefined set of water-related terms and list of
water-related organisms (Table 1).
Investigations were excluded if (1) the consultation was for
laboratory referencing testing only; (2) the infections were likely
community acquired; (3) the organism in question was not a
water-related opportunistic pathogen3; (4) an alternate transmission pathway was determined; or (5) the infections occurred
outside the United States among non-US patients. Infections or
outbreaks occurring abroad among non-US patients residing
outside of the United States were excluded, whereas infections
or outbreaks related to medical tourism where US patients travel
abroad for medical care and acquire infections while abroad
were included. Consultations involving Legionella infections and
outbreaks were excluded because they have been summarized
elsewhere.8,9 Multistate investigations (which may have involved
individual consultations with multiple health departments) were
analyzed and counted as a single investigation.
We compiled the following information for each investigation
identified: (1) number of patients infected or colonized; (2) organism(s) identified, including multidrug-resistant designation;
(3) classification as confirmed or pseudo-outbreak (ie, increase
in positive cultures without evidence of disease in patients);
(4) whether pediatric patients were involved; (5) type of healthcare
facility (ie, inpatient, outpatient, long-term care); (6) whether
hemodialysis was an exposure of interest; (7) whether surgery
was an exposure of interest; and (8) details regarding medical
product exposures. Information regarding the types of infections

We provided consultation support for 620 investigations between
2014 and 2017. Of those, 134 (21.6%) consultations met our criteria (Table 2). These investigations involved 1,380 patients, with an
average of 10.3 affected patients per investigation (range, 0–163).
Pediatric patients were involved in 21.6% of investigations. More
than 20 different organisms were identified as the pathogen of concern (Table 2). Investigations involving NTM accounted for the
greatest number of investigations (n = 40, 29.9%) and patients
affected (n = 549, 39.8%). Pseudomonas spp accounted for the next
greatest number of investigations (n = 25, 18.7%; patients: n = 152,
11.0%). Burkholderia spp accounted for 10.4% of all water-related
investigations but represented 26.2% of patients. Some waterrelated investigations included >1 organism (n = 10, 7.5%).
One-third of investigations included pathogens that were multidrug-resistant, excluding NTM (n = 45, 33.6%).
Consultations involved a variety of healthcare settings.
Although most occurred in inpatient facilities (n = 94, 70.1%),
many also occurred in outpatient (n = 26, 19.4%) and long-term
care (n = 20, 14.9%) facilities. Surgery was an exposure of interest
among 24 investigations (17.9%) and included cardiothoracic
(n = 8), cosmetic (n = 5), and orthopedic (n = 3) surgeries among
others. Medical products were involved in >35% of investigations,
with medical devices representing the majority (n = 40, 83.3%).
Medical device investigations involved 654 infected or colonized
patients and included heater-cooler devices (n = 8), bronchoscopes (n = 5), other endoscopes (n = 3), and ventilators (n = 3),
among others. Contaminated medications represented 9.7% of
all investigations, with most involving probable intrinsic medication contamination (n = 10, 76.9%) and the remainder involving
probable extrinsic medication contamination (n = 4, 30.8%).
As noted, NTM were involved in more investigations than any
other bacterial pathogen. Of investigations involving NTM, most
were Mycobacterium abscessus only (n = 10, 25.0%) or included
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Table 2. Characteristics of Water-Related Investigations, Division of Healthcare
Quality Promotion, CDC, United States, 2014–2017

Table 3. Possible Exposure Pathways and Routes of Transmission Involved in
Water-Related Investigations, Division of Healthcare Quality Promotion, CDC,
United States, 2014–2017

Investigations
(n = 134),a,b
No. (%)

Patients
(n = 1,380),
No. (%)

Achromobacter spp

1 (0.7)

2 (0.1)

Acinetobacter baumanii

8 (6.0)

40 (2.9)

Contaminated compounded nasal spray used prior to laryngoscopy

Aspergillus niger

1 (0.7)

22 (1.6)

Contaminated water from neonatal intensive care unit (NICU) sinksa

Burkholderia spp

14 (10.4)

361 (26.2)

Candida parapsilosis

1 (0.7)

4 (0.3)

Contaminated sink drainsa

Chronobacter sakazakii

1 (0.7)

1 (0.1)

Contaminated dialysis wall boxesa

CRE unspecified

1 (0.7)

1 (0.1)

Elizabethkingia spp

7 (5.2)

31 (2.2)

Use of nonsterile ice for patient care among immunocompromised
patientsa

11 (8.2)

38 (2.8)

Klebsiella spp

3 (2.2)

35 (2.5)

Malassezia spp

1 (0.7)

4 (0.3)

Methylobacterium
thiocyanatum

1 (0.7)

1 (0.1)

Nontuberculous mycobacteria

40 (29.9)

549 (39.8)

Pseudomonas spp

Characteristic
Organism

Enterobacter spp

25 (18.7)

152 (11.0)

Serratia spp

6 (4.5)

49 (3.6)

Stenotrophomonas spp

1 (0.7)

4 (0.3)

10 (7.5)

85 (6.2)

Multiple
b,c

Investigation characteristics

Investigations (n = 134), No. (%)

Multidrug-resistant organisms

45 (33.6)

Pseudo-outbreak
Pediatric

7 (5.2)
29 (21.6)

Nutrition (including breast milk and infant formula) preparation near
sinka
Patient care supplies stored by sinks and toilets in intensive care unita

Contaminated water from operating room scrub sinksa

Use of contaminated water in dental water lines10,11,a
Water introduction during respiratory therapya
Use of tap water during bronchoscopy proceduresa
Use of nonsterile water for humidification reservoirs of infant
incubators in NICUa
Use of consumer-grade humidifier in operating room during LASIK
procedures12
Use of nonsterile water and inadequate disinfection of heater-cooler
devices used during cardiac surgery13–15,a
Intrinsic contamination of medical products due to water contamination
at production site16,17,a
Poor medical device reprocessing proceduresa
Contaminated automated endoscope reprocessors
Poor cleaning and disinfection of hydrotherapy rooms and equipmenta
Water from contaminated shower headsa
Improperly cleaned mobile shower trolleys

Facility type
Inpatient

94 (70.1)

Outpatient

26 (19.4)

Long-term care

20 (14.9)

Dialysis

Injection/medication preparation near sinka

7 (5.2)

Surgery related

24 (17.9)

Medical product related

48 (35.8)

Devices

40 (29.9)

Medications

13 (9.7)

Intrinsic contamination

10 (7.5)

Extrinsic contamination

4 (3.0)

Hot tub use by surgical personnela
Water contamination of specimens/reagents in the laboratorya
Building water leaks in patient care areas
a
Indicates a potential exposure pathway or route of transmission that was documented as
the possible source of infection in two or more investigations.

of sinks, contaminated water from operating room and patient care
sinks, and poor practices in the reprocessing of reusable medical
equipment, among others. Most exposure pathways and routes
of transmission were identified in >1 investigation.
Discussion

a

2 investigations involved water-related infection control issues without an identified organism
of concern or confirmed patient infection at the time of consultation with CDC/DHQP.
b
As described in the Methods section, multistate outbreak investigations were counted as a
single consultation, such as the multistate investigation of Mycobacterium chimaera
associated with contaminated heater-cooler devices.
c
Categories are not mutually exclusive.

multiple species of NTM (n = 11, 27.5%). Other NTM species
included M. fortuitum, M. chelonae, M. avium complex, M. goodii,
and M. mucogenicum, among others. NTM water-related investigations often involved a medical device (n = 20, 50.0%) or surgery
(n = 21, 52.5%).
Table 3 lists examples of exposure pathways and routes of
transmission for the investigations included in this study such
as medication and nutrition preparation near the splash zones

Water-related opportunistic pathogens appear to contribute
in important ways to the US HAI burden. Investigations involving non-Legionella water-related organisms or water exposures
accounted for more than one-fifth of HAI consultations supported
by CDC/DHQP from 2014 to 2017. These involved >1,300
patients, both adult and pediatric. Additionally, these water-related
investigations span the spectrum of healthcare settings, including
inpatient, outpatient, and long-term care settings. Table 4 provides
descriptions of selected examples of water-related investigation
consultations that occurred during the study period and represent
a variety of healthcare settings and patient populations.
Our review may not represent the full spectrum of nonLegionella, water-related HAI investigations because we included
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Table 4. Selected Examples of Water-Related Investigations, Division of Healthcare Quality Promotion, CDC, United States, 2014–2017
Year

Healthcare Setting

Description

2015

Outpatient dental clinic

- 24 children with odontogenic infections with Mycobacterium abscessus after undergoing
pulpotomy procedures
- All children required hospitalization and surgical intervention.
- Water samples from dental station waterlines were positive for M. abscessus with laboratory typing
showing matching strains to patient isolates.
- Likely mode of transmission was the use of water from dental waterlines during pulpotomy
procedures without water quality monitoring or disinfection of the waterlines.10,11

2016

Neonatal intensive care
unit (NICU)

- 8 infants colonized or infected with Pseudomonas aeruginosa
- Tap water and surface samples from sinks and expressed breast milk in the NICU were positive for
P. aeruginosa.
- Concern for multiple water transmission routes, including preparation of breast milk and infant
formula near sinks, suboptimal cleaning of breast pump equipment, and use of tap water for filling
humidifier reservoirs of infant incubators

2016 –2017

Skilled nursing facilities

- 163 bloodstream infections of Burkholderia cepacia complex among patients from 59 nursing
facilities across 5 states
- Isolates from manufactured prefilled saline flush syringes were positive for B. cepacia complex with
laboratory typing showing closely-related strains to patient isolates.
- Nationwide recall of the contaminated saline flush syringes issued
- Inspection of manufacturing facility identified deficiencies that could have contributed to
contamination16

2017

Burn unit

- 5 infections of multidrug-resistant P. aeruginosa among patients in burn unit
- Water samples from hydrotherapy room notable for heterotrophic plate count of >1 million
colony-forming units/mL
- Samples from family handwashing sinks and counters, hydrotherapy room equipment, and various
sink drains were positive for P. aeruginosa of multiple different strains on molecular typing.
- Likely modes of transmission included insufficient cleaning of hydrotherapy equipment and poor
environmental cleaning practices.

only investigations in which CDC/DHQP provided consultation
and assistance. The investigations summarized in our review likely
represent more complex outbreaks and scenarios than those to
which healthcare facilities and health departments might respond
without consultation. Although CDC/DHQP tracks its response
consultation activities, this does not constitute formal surveillance
and final or complete information is lacking for many investigations. Therefore, information such as total number of patients
infected or colonized reported in this review are likely underestimates. The number of patients not clinically infected or colonized
by water-related organisms but affected by water-related outbreaks
(eg, by patient notifications of exposed patients) is likely greater.13
Additionally, as described in the Methods section, multistate
outbreaks were counted as a single consultation, thereby underestimating the total number of consultations. For example, CDC/
DHQP involvement in the multistate outbreak of Mycobacterium
chimaera infections following cardiac surgery associated with
contaminated heater-cooler devices was counted as a single investigation, despite more than a dozen individual consultations with
various states across the United States.14
In our review, a large proportion of water-related HAI investigations involved surgery (17.9%) or a medical device (29.9%). In
the presence of surgical incisions, injections, and invasive devices,
normal surface and mucosal host defenses are breached, potentially leading to invasive infections.18,19 As more invasive medical
procedures are transitioned from the inpatient to the outpatient
setting, patients at risk for becoming infected with water-related
organisms are increasingly being exposed in ambulatory settings.
Although more than two-thirds of water-related investigations
occurred in the inpatient setting, we found that 20% occurred in
outpatient settings. In recent years, increasing attention has
focused on adherence to standard infection control practices in
the outpatient setting because this setting has been identified as

an area with limited to no regulatory oversight.20 Infection control
issues related to water-related HAIs in ambulatory settings pose a
special challenge because freestanding outpatient facilities may
have little awareness or monitoring of their water quality and of
the pathways through which water-related organisms can be transmitted to patients.
Medical products featured prominently in more than one-third
of the investigations on which we consulted, with medical devices
representing the majority. Transmission pathways from medical
devices to patients should always be considered for any device that
utilizes water. Water contamination of medical products can occur
through local exposures at the facility-level or further upstream at
the site of manufacture. Both points of contamination should be
considered at the start of an investigation, but when the latter is
suspected, CDC and the Food and Drug Administration (FDA)
should be alerted early in the investigation because point-source
contamination can manifest as sporadic cases across multiple institutions and can be challenging to detect. As the development of
new medical devices evolves and the use of established medical
devices continues to increase in the delivery of patient care, special
attention to the potential introduction of water-related organisms
is needed at the point of manufacture.16,17,15,21–23
The global outbreak of Mycobacterium chimaera infections
associated with contaminated heater-cooler devices used during
cardiothoracic surgery is a prime example of a medical device that
uses water but had not been historically considered to have a watertransmission pathway from device to patient. During this global
outbreak, heater-cooler devices were discovered to generate bioaerosols that were transmitted into the operating room environment,
exposing patients to NTM and the risk of infection.15,23 Prior to the
outbreak, heater-cooler devices had been used for years during cardiothoracic surgery without an appreciation of this water-related
risk. This example highlights the potential for widespread harm
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associated with contamination of a medication or device during
production and the need for additional safeguards to protect
against the introduction of water-related organisms at the site of
manufacture. Nonetheless, the introduction of water-related
organisms to medical products often occurs proximal to patient
care. Examples include the preparation of injections near water
sources such as sinks and the use of tap water in reprocessing
reusable medical equipment (Table 3).
Nontuberculous mycobacteria featured prominently in our
review as the single most common source of water-related organism infections and consultation requests during the study period.
Surgery and medical devices were each involved in half of NTM
water-related investigations. This finding is consistent with a systematic review of water-related infections of NTM in healthcare
facilities, which found that the most common route of NTM infection transmission was through the use of nonsterile water during
medical procedures, such as insertion of central venous catheters
or with the use of tap water to rinse medical equipment.24 The
presence of NTMs in municipal water systems, their habitation
in biofilms, and their relative chlorine resistance makes these
organisms especially difficult to control or eradicate.4,18,19 Given
that NTM infections are often marked by long incubation periods,
nonspecific symptomatology, and severe clinical impact, standard
case reporting and public health surveillance for extrapulmonary
NTM have been recommended; these measures could facilitate
more timely identification of clusters and outbreaks.25–27
More than one-third of our water-related investigation
consultations included an MDRO (not including NTM, which
are intrinsically resistant to many antibiotics). Many of these
MDROs were Enterobacteriaceae and other gram-negative
organisms, for which routes of transmission other than water, such
as person-to-person transmission, may play a significant role.
Although incoming healthcare-facility water is often hypothesized
as the ultimate source of infections with water-related organisms,
MDROs have been identified in healthcare wastewater plumbing,
such as sink drains and toilets, and these water reservoirs have been
linked to patient transmission events.5–7 When investigating a cluster of these water-related MDROs, potential transmission from
wastewater plumbing should especially be considered.
Water is increasingly recognized as a source of HAIs.28 A 2016
review of published literature of healthcare outbreaks associated
with water reservoirs revealed a wide variety of pathogens and
infection types, including bloodstream infections, pneumonia,
and disseminated disease.1 Reservoirs implicated in these outbreaks included potable water, bathing, decorative water fountains, faucets, ice machines, and hospital wastewater systems,
among others, and they were consistent with many of the exposure
pathways and transmission routes identified in our study (Table 3).
CDC and the Centers for Medicare and Medicaid Services (CMS)
encourage hospitals and nursing homes to establish water management programs to prevent water-related HAIs.8,29 CMS recently
clarified a memorandum requiring “all hospitals, critical access
hospitals and long-term care facilities to develop and adhere to
policies and procedures that inhibit microbial growth in building water systems that reduces the risk of growth and spread
of Legionella and other opportunistic pathogens in water.”29
However, water management programs should go beyond mitigating the risk of Legionella and the traditional routes of spread;
they should explore other pathways of transmission, such as
those described in this report. CDC’s “Tap Water Quality and
Infrastructure Discussion Guide for Investigation of Potential
Water-Associated Infections in Healthcare Facilities” is available
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to assist healthcare facilities identify areas of concern.3 Water
management programs should also maintain awareness of the risks
and benefits of water conservation efforts, such as those associated
with green water systems.30
In summary, our review highlights the contribution of waterrelated organisms to healthcare outbreaks and transmission
and helps illustrate some of the challenges surrounding their investigation and prevention. Modern healthcare facilities have large,
complex water systems that predispose them to biofilm formation
and bacterial growth if not properly maintained.18 For this reason,
it is essential that healthcare facilities devise and implement a water
management program that is effective in limiting water-related
organisms from growing and spreading in their facility. Patient
safety depends on assuring that water entering a healthcare facility
meets all applicable quality standards and that the premise plumbing within the healthcare facility is designed and maintained in a
way that minimizes growth and spread of water-related pathogens.
Additionally, careful consideration should be taken of all potential
pathways of water transmission to patients within a facility during
patient care to minimize the risk of infection from water exposure.3
Finally, because the potential exposure pathways for water-related
organisms are numerous and extend from points of production
to distribution, use, and disposal, primary prevention may never
be absolute. Robust systems are needed, bridging healthcare
and public health, to actively monitor and identify evidence of
patient harms involving water-related organisms and to support
timely investigation and effective interventions. This review highlights a wide variety of healthcare exposures and pathways that
inform investigation and prevention of water-related healthcareassociated infections.
Acknowledgments. The authors thank Clifford McDonald, MD and the
Division of Healthcare Quality Promotion Water work group for their helpful
advice and thoughtful feedback on this manuscript. We thank Steven Franklin
for his assistance in database management, and the Prevention and Response
Branch, the Clinical and Environmental Microbiology Branch, and other
DHQP and CDC staff who assisted with the consultations included in this
report. The findings and conclusions in this report are those of the authors
and do not necessarily represent the official position of the Centers for
Disease Control and Prevention.
Financial support. No financial support was provided relevant to this article.
Conflicts of interest. All authors report no conflicts of interest relevant to this
article.

References
1. Kanamori H, Weber DJ, Rutala WA. Healthcare outbreaks associated with
a water reservoir and infection prevention strategies. Clin Infect Dis 2016;
62:1423–1435.
2. Williams MM, Armbruster CR, Arduino MJ. Plumbing of hospital premises
is a reservoir for opportunistically pathogenic microorganisms: a review.
Biofouling 2013;29:147–162.
3. From plumbing to patients: water management programs for
healthcare facilities. Centers for Disease Control and Prevention website.
www.cdc.gov/hai/prevent/water-management.html. Published 2017. Accessed
November 2018.
4. Falkinham JO 3rd, Hillborn ED, Arduino MJ, Pruden A, Edwards MA.
Epidemiology and ecology of opportunistic premise plumbing pathogens:
Legionella pneumophila, Mycobacterium avium, and Pseudomonas
aeruginosa. Environ Health Perspect 2015;123:749–758.
5. Tofteland S, Naseer U, Lislevand JH, Sundsfjord A, Samuelsen O.
A long-term low-frequency hospital outbreak of KPC-producing
Klebsiella pneumoniae involving intergenus plasmid diffusion and a
persisting environmental reservoir. PLoS One 2013;8(3):e59015.

626
6. Kizny Gordon AE, Mathers AJ, Cheong EYL, et al. The hospital water
environment as a reservoir for carbapenem-resistant organisms causing
hospital-acquired infections—a systematic review of the literature. Clin
Infect Dis 2017;64:1435–1444.
7. Carlin PC. Wastewater drains: epidemiology and interventions in 23 carbapenem-resistant organism outbreaks. Infect Control Hosp Epidemiol 2018.
doi: 10.1017/ice.2018.18.
8. Soda EA, Barskey AE, Shah PP, et al. Vital signs: healthcare-associated
Legionnaires’ disease surveillance data from 20 states and a large metropolitan area—United States, 2015. Morb Mortal Wkly Rep 2017;66:584–589.
9. Benedict KM, Reses H, Vigar M, et al. Surveillance for waterborne disease
outbreaks associated with drinking water—United States, 2013–2014. Morb
Mortal Wkly Rep 2017; 66:1216–1221.
10. Peralta G, Tobin-D’Angelo M, et al. Notes from the field: Mycobacterium
abscessus infections among patients of a pediatric dentistry practice—
Georgia, 2015. Morb Mortal Wkly Rep 2016;13:355–356.
11. Hatzenbuehler LA, Tobin-D’Angelo M, Drenzek C, et al. Pediatric dental
clinic-associated outbreak of Mycobacterium abscessus infection. J Pediatr
Infect Dis Soc 2017;6:e116–e122.
12. Edens C, Liebich L, Halpin AL, et al. Mycobacterium chelonae eye infections
associated with humidifier use in an outpatient LASIK clinic—Ohio, 2015.
Morb Mortal Wkly Rep 2015; 64:1177.
13. Marra AR, Diekema DJ, Edmond MB. Mycobacterium chimaera infections
associated with contaminated heater-cooler devices for cardiac surgery:
outbreak management. Clin Infect Dis 2017;65:669–674.
14. Perkins KM, Lawsin A, Hasan NA, et al. Notes from the field:
Mycobacterium chimaera contamination of heater-cooler devices used in
cardiac surgery—United States. Morb Mortal Wkly Rep 2016;65:1117–1118.
15. Schreiber PW, Sax H. Mycobacterium chimaera infections associated
with heater-cooler units in cardiac surgery. Curr Opin Infect Dis 2017;30:
388–394.
16. Brooks RB, Mitchell PK, Miller JR, et al. Multistate outbreak of Burkholderia
cepacia complex bloodstream infections after exposure to contaminated
saline flush syringes—United States, 2016–2017. Clin Infect Dis 2018.
doi: 10.1093/cid/ciy910.
17. Glowicz J, Crist M, Gould C, et al. A multistate investigation of healthcareassociated Burkholderia cepacia complex infections related to liquid docusate sodium contamination, January—October 2016. Am J Infect Control
2018;45:649–655.
18. Decker BK, Palmore TN. The role of water in healthcare-associated
infections. Curr Opin Infect Dis 2013;26:345–351.
19. Crist MB, Perz JF. Modern healthcare versus nontuberculous mycobacteria:
who will have the upper hand? Clin Infect Dis 2017;64:912–913.

Kiran M. Perkins et al
20. Maki DG, Crnich CJ. History forgotten is history relived: nosocomial
infection control is also essential in the outpatient setting. Arch Intern
Med 2005;165:2565–2567.
21. Jhung MA, Sunenshine RH, Noble-Wang J, et al. A national outbreak
of Ralstonia mannitolilytica associated with use of a contaminated
oxygen-delivery device among pediatric patients. Pediatrics 2007;119:
1061–1068.
22. Block C, Ergaz-Shaltiel Z, Valinsky L, et al. Déjà vu: Ralstonia mannitolilytica infection associated with a humidifying respiratory therapy device,
Israel, June to July 2011. Euro Surveill 2013;18:20471.
23. Haller S, Höller C, Jacobshagen A, et al. Contamination during production
of heater-cooler units by Mycobacterium chimaera potential cause for
invasive cardiovascular infections: results of an outbreak investigation in
Germany, April 2015 to February 2016. Euro Surveill 2016;21:30215.
24. Li T, Abebe LS, Cronk R, Bartram J. A systematic review of waterborne
infections from nontuberculous mycobacteria in health care facility water
systems. Int J Hygiene Environ Health 2017;220:611–620.
25. Bancroft J, Shih D, Cassidy PM, et al. Standardized case definition for
extrapulmonary nontuberculous mycobacteria infections. Council of State
and Territorial Epidemiologists website. www.cste.org/resource/resmgr/
2018_position_statements/17-ID-07_RevisedApr2018.pdf. Published April
2018. Accessed March 11, 2019.
26. Winthrop KL, Henkle E, Walker A, Cassidy M, Hedberg K, Schafer S.
On the reportability of nontuberculous mycobacterial disease to public
health authorities. Ann Am Thorac Soc 2017; 14:314–7.
27. Shih DC, Cassidy PM, Perkins KM, Crist MB, Cieslak PR, Leman RL.
Extrapulmonary nontuberculous mycobacterial disease surveillance—
Oregon, 2014–2016. Morb Mortal Wkly Rep 2018; 67:854–857.
28. Hanlin JH, Myers ER. Healthcare plumbing systems are sources and vectors
of infection for HAIs. Infection Control Today website. https://www.
infectioncontroltoday.com/environmental-hygiene/healthcare-plumbingsystems-are-sources-and-vectors-infection-hais. Published March 1, 2018.
Accessed March 11, 2019.
29. Center for Clinical Standards and Quality/Survey and Certification Group.
Requirement to reduce Legionella risk in healthcare facility water systems to
prevent cases and outbreaks of Legionnaires’ disease [Memorandum].
Centers for Medicare and Medicaid Services website. https://www.cms.
gov/Medicare/Provider-Enrollment-and-Certification/SurveyCertification
GenInfo/Downloads/Survey-and-Cert-Letter-17-30.pdf. Published June 9,
2017. Accessed March 11, 2019.
30. Edwards M, Rhoads W, Pruden A, Pearce A, Falkinham JO. Green
water systems and opportunistic premise plumbing pathogens. Plumb Eng
2014;42:63–65.

