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Background

Results

Waterborne bacteria are occasional causes of healthcareassociated infection in immunocompromised patients.
Exposure to organisms such as Acinetobacter,
Pseudomonas, Stenotrophomonas, and Sphingomonas
species can lead to infections, particularly in the presence of
invasive devices such as central venous catheters and
endotracheal tubes. These organisms may enter the water
distribution system in municipal water, then become resident
in water fixtures in proximity to patients.

A total of 30 patients had Sphingomonas spp. isolated from clinical
cultures over the 11 years since the new hospital building opened
(Figure 1). Twelve had nosocomial S. koreensis infections, including
eight who had bacteremia, four pneumonia, and two biliary infections.

Following a cluster of four nosocomial infections in 2016 due
to Sphingomonas koreensis, a rare human pathogen, in the
13-year-old hospital building at the National Institutes of
Health Clinical Center, we undertook an epidemiological
investigation to identify the source of infection and develop a
remediation strategy. Only two reports of S. koreensis
infection in humans have been published in the literature.
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Among 27 faucets examined, 59% grew Sphingomonas spp., and
33% grew highly resistant S. koreensis. Of 21 water samples, 76%
grew Sphingomonas spp., and 48% grew S. koreensis. Sequence
analysis demonstrated strong genetic similarity among S. koreensis
clinical isolates from the past 11 years and recent faucet and water
isolates, as well as similar antimicrobial susceptibility patterns
(Figure 2). One patient's S. koreensis isolate was genetically
identical with isolates from faucets in his room. Sphingomonas did
not grow from samples collected from municipal water samples or
from water pipes further upstream within the hospital.
S. koreensis isolates from patients and the aqueous environment
were resistant to carbapenems and aminoglycosides, and susceptible
to levofloxacin and trimethoprim-sulfamethoxazole (Figure 2).

Conclusions

Results
Chlorine Levels
Free chlorine levels were extremely low in the hot water supply,
leading to a program of extensive flushing in order to restore and
maintain adequate levels (≥ 0.5 mg/L free chlorine). In addition, the
hot water was being heated to 120-125℉ instead of the target
temperature, 140℉ (subsequently addressed and remediated).
Baseline

•

Investigation and genome sequencing suggest
longstanding colonization with highly resistant S.
koreensis within the hospital plumbing system
that has served as a reservoir for sporadic
infections among immunosuppressed patients.

•

S. koreensis, a rare human pathogen, most likely
entered the water distribution system shortly after
the hospital was built and colonized the biofilm in
plumbing fixtures. Genome sequences
demonstrated that S. koreensis isolates
colonizing plumbing fixtures have evolved
minimally over the 11 years since their original
appearance.

•

Low concentrations of free chlorine and low hot
water temperatures may have contributed to the
contamination and allowed water from colonized
sinks to transmit the organism to
immunocompromised patients.

•

Recurrent colonization of faucets illustrates that a
simple hardware change and correction of water
temperature and chlorine levels were not
sufficient to remediate sink contamination.

•

Investigation did not reveal a precise route of
transmission from tap to patient, but identified
placement of wound care supplies, medications,
and other patient care equipment close to sinks
as a potential risk.

•

An overall remediation strategy will involve both
replacement of contaminated hardware and
superheating water in the plumbing most
proximal to affected sinks.

•

Whereas tap water in hospitals cannot be sterile,
it must be rendered consistently safe for the most
immunocompromised patients.

Post-flushing

TOTAL Cl (mg/L)

FREE Cl (mg/L)

FREE Cl (mg/L)

HOT

0.06 (0.05)

0.02 (0.00)

1.38 (1.39)

MIXED

0.34 (0.35)

0.22 (0.19)

COLD

1.39 (1.44)

1.18 (1.26)

1.29 (1.34)

Table: Chlorine concentrations in hot and cold tap water before and after a program of
daily flushing to reduce recirculation of hot water

Faucet replacement:
Among seven contaminated faucets that were replaced, three
became recolonized within four weeks, and continued to grow S.
koreensis from swabs and water.
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Sink disassembly to determine sites of contamination:
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Figure 1: Incidence of Sphingomonas isolates from inpatients, 2001 to present

Methods

D

We reviewed charts of all inpatients over the last 18 years who
had Sphingomonas spp. isolated from clinical cultures. Isolates
were pulled from frozen stock for genomic analysis. Faucet swabs
and water samples were cultured for Sphingomonas spp. from
sinks in rooms that had housed patients with S. koreensis
infection in 2016. Unrelated rooms were sampled as controls.
Paired chlorine analysis and culture were conducted from hospital
pipes and sinks. Some sinks were disassembled and parts
cultured independently to determine specific sites of
contamination.

Water samples were tested for free and total chlorine
concentrations using a digital colorimeter.
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Figure 3: Handwashing sink (A) was disassembled (B), with removal of pipes and
plumbing fixtures (C). Angle stop (D) and faucet aerator (D) with visible biofilm; swab of
each (D and E) grew S. koreensis.

Water samples and swabs from plumbing components were
cultured onto sheep blood agar. Isolates were identified by
MALDI-TOF MS. Water samples were tested by both membrane
filtration (500 ml) and spread plate (1 ml) methods.
Patient and environmental S. koreensis isolates underwent whole
genome sequencing, and were analyzed with Mash and Snippy
for overall genomic sequence and single nucleotide polymorphism
comparison, respectively, to assess relatedness.
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Review of work practices:
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Figure 2: Genome clustering using Mash and antibiotic susceptibility testing. Bottom legend
indicates Mash distances (Mash distance ≈ 1 – Average Nucleotide Identity (ANI)). Clustering
reveals large group of genetically related Sphingomonas koreensis isolates (blue/purple block).
Non-clustered isolates were determined to be other Sphingomonas species. Antibiotic
susceptibility testing for all Sphingomonas isolates is shown on the top. Antibiotics tested are
listed on the right. Red = resistant, yellow = intermediate, green = susceptible, black = data not
available. The S. koreensis cluster exhibits resistance to numerous antibiotics. Non-clustered
isolates were susceptible to most antibiotics tested. Sequence analysis of several S. koreensis
isolates from other centers did not cluster with Clinical Center isolates.
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Figure 4: Patient care equipment placed within splash distance of patient room sinks

