Review Article

Lesser-known or hidden reservoirs of infection and
implications for adequate prevention strategies: Where

to look and what to look for

Weniger bekannte oder verborgene Infektionsquellen und Konsequenzen
fur geeignete Praventionsstrategien: Wo und wonach mussen wir

suchen?

Abstract

In developing hygiene strategies, in recent years, the major focus has
been on the hands as the key route of infection transmission. However,
there is a multitude of lesser-known and underestimated reservoirs for
microorganisms which are the triggering sources and vehicles for out-
breaks or sporadic cases of infection. Among those are water reservoirs
such as sink drains, fixtures, decorative water fountains and waste-
water treatment plants, frequently touched textile surfaces such as
private curtains in hospitals and laundry, but also transvaginal ultra-
sound probes, parenteral drug products, and disinfectant wipe dis-
pensers.

The review of outbreak reports also reveals Gram-negative and multiple-
drug resistant microorganisms to have become an increasingly frequent
and severe threat in medical settings. In some instances, the causative
organisms are particularly difficult to identify because they are concealed
in biofilms or in a state referred to as viable but nonculturable, which
eludes conventional culture media-based detection methods. There is
an enormous preventative potential in these insights, which has not
been fully tapped. New and emerging pathogens, novel pathogen detec-
tion methods, and hidden reservoirs of infection should hence be given
special consideration when designing the layout of buildings and med-
ical devices, but also when defining the core competencies for medical
staff, establishing programmes for patient empowerment and education
of the general public, and when implementing protocols for the preven-
tion and control of infections in medical, community and domestic set-
tings.

Keywords: Infection reservoir, pathogen detection method, outbreak,
hygiene, viable but nonculturable status, prevention strategy

Zusammenfassung

Bei der Konzeption von Hygienestrategien standen in den letzten Jahren
die Hande als Hauptlbertragungsweg flr Infektionen im Mittelpunkt.
Es gibt jedoch noch eine Vielzahl weiterer, weniger bekannter und un-
terschatzter Infektionsquellen fir Mikroorganismen, die als Verursacher
und Infektionsweg fur Ausbriche oder sporadische Infektionsgeschehen
in Frage kommen. Zu diesen zahlen wasserfuhrende Systeme wie
Waschbeckenablauf, Armaturen, Zierbrunnen und Klaranlagen, textile
Kontaktflachen wie Patientenvorhange in Krankenhausern und Wasche,
aber auch transvaginale Ultraschallsonden, parenteral verabreichte
Medikamente und vorgetrankte Tuchspendersysteme fir Flachendes-
infektionsmittel.

Eine Analyse vorhandener Berichte Uber Ausbriiche zeigt zudem, dass
Gram-negative und multiresistente Erreger eine zunehmend haufige
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und ernste Gesundheitsgefahr im medizinischen Umfeld darstellen. In
einigen Fallen ist es besonders schwierig, den Infektionserreger zu fin-
den, weil er sich in Biofilmen verbirgt oder im sogenannten VBNC-Status
befindet - viable but nonculturable (VBNC) bedeutet lebensfahig, aber
nicht kultivierbar. In diesem Status entzieht sich der Mikroorganismus
den konventionellen, auf Kultivierbarkeit basierten Nachweismethoden.
In diesen Erkenntnissen liegt ein grofRes Praventionspotential, das noch
nicht ausreichend genutzt wird. Neue und wiederauftretende Krankheits-
erreger, neuartige Nachweismethoden und verborgene Infektionsquellen
sollten daher zukunftig groRere Beachtung finden, auch wenn es darum
geht, neue Medizinprodukte zu entwerfen oder Gebaude zu planen.
Diese Erkenntnisse missen mit einflieBen in die Kernkompetenzen
medizinischen Personals, in die Patientenaufklarung und die Aufklarung
der Allgemeinbevolkerung sowie in die Strategien fir die Pravention
und Kontrolle von Infektionen in medizinischen und &ffentlichen Berei-
chen sowie im privaten Umfeld.

Schliisselworter: Infektionsquelle, Infektionserreger, Ausbruch, Hygiene,
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Praventionsstrategie

Background

Recent reports of severe outbreaks with pathogens from
previously unrecognized or underestimated reservoirs
and with antibiotic-resistant organisms have become a
growing concern for the general public as well as for the
scientific community. Following an invitation by Rudolf
Schulke Foundation, a panel of 13 internationally
renowned experts met for a two-day symposium to explore
lesser-known infection reservoirs and crucial elements
for the design of suitable infection prevention and control
strategies. A multidisciplinary approach was taken com-
prising scientific views from specialists in chemistry, mi-
crobiology, pharmacy as well as hospital hygiene. The
attendees identified three key points for a more in-depth
discussion: acknowledging latent pathogens, identifying
and raising awareness of underestimated and lesser-
known infection reservoirs, and implications for preven-
tion strategies. The most important findings, corroborated
by examples from recent scientific literature, are summar-
ized in the report below.

Latent pathogens: characteristics
and implications of microorganisms
in the VBNC state

Viable but nonculturable

One of the major issues in risk assessment preceding
infection prevention and control is the quantitative de-
termination of pathogens. Vice versa, the efficacy of in-
fection prevention and control strategjes such as disinfec-
tion and sterilization is largely based on measuring the
quantitative reduction in the microbial load. Current
routine test systems for detecting microorganisms such
as agar plating, membrane filtration and broth enrichment

are growth-dependent. These tests presuppose certain
metabolic activities and are designed to find “viable”
microorganisms, which can multiply on culture media.
Viability in this context is usually regarded to equal “being
alive”. Hence, microorganisms are commonly considered
non-viable and dead if they do not multiply on culture
media.

Inthe early 1980s, however, a special property of bacteria
was identified which is referred to as the “viable but
nonculturable (VBNC) state” [1]. According to the current
definition, “a bacterial cell in the VBNC state is one which
fails to grow on the routine bacteriological media on which
it would normally grow and develop into a colony, but
which in fact is alive and metabolically active” [2]. These
VBNC populations have the potential to act as hidden
reservoirs of infection. For example, Powers et al. invest-
igated contact lens decontamination products and proto-
cols and found that a medically significant amount of
bacteria remained on the contact lenses after disinfection
and/or cleaning, which were viable but nonculturable and
remained undetected when using standard culture
methods [3].

The VBNC state is usually entered in response to environ-
mental stress factors such as extreme temperatures,
presence of heavy metals, low oxygen content, changes
in pH, or presence of (food) preservatives. On the other
hand, seemingly “dead” bacteria may simply be latent or
dormant in their VBNC state and may be resuscitated
when exposed to favourable conditions such as temper-
ature upshift [4]. Also, higher organisms such as
Acanthamoeba may act as mediators for resuscitation
from the VBNC state, e.g. for L. pneumophila [5].

Most importantly, microorganisms in the VBNC state can
resume growth and also regain their infectivity.

Species which have been described to enter this state
are Gram-positive species (e.g. Enterococcus, Listeria)
as well as Gram-negative species (e.g. E. coli, Legionella
pneumophila, C. jejuni, S. enterica, P. aeruginosa,
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H. pylori) [4]. More recently, yeasts, in particular
S. cerevisiae, have been discovered to be capable of en-
tering and also exiting the VBNC state (e.g., [6]).

Characteristics of the VBNC state

Life signs of cells include maintenance of the intracellular
environment, presence of intact nucleic acids, membrane
potential, efflux pump activity, enzyme presence, sub-
strate uptake/incorporation, and others [7]. Physiological
changes in VBNC cells may, for example, occur in the
composition of the outer membrane structure [8], cell
protein profiles [9], and membrane fatty acids. Metabolic
activity is maintained, although at a low level [10], [11].
Typical VBNC-associated morphological changes of mi-
croorganisms include reduction in size (“dwarfing”) and/or
formation of o-shaped or coccoid structures, but enlarge-
ment has been observed, too (e.g., for Campylobacter
jejuni [12]).

Changes in properties may also occur. A recent study
demonstrated that V. vulnificus in the VBNC state has a
higher resistance to a variety of challenges, including
heat, low pH, ethanol, antibiotic, heavy metal, oxidative
and osmotic stress, than those growing in exponential
phase [13].

Generally, entering the VBNC status is viewed as a surviv-
al strategy of infectious as well as intoxicating microor-
ganisms.

Current detection methods for microorganisms in the
VBNC state include direct viable count (DVC), polymerase
chain reaction (PCR), ATP bioluminescence, flow cytometry
and fluorescence in situ hybridization (FISH) with fluores-
cent labelled gene probes. VBNC microorganisms exist
in aquatic environments, in biofilms, in foodstuff, on
surfaces and in the human body and thus might have an
impact on a variety of public health areas including the
manufacture of medicinal products and the food industry.

Evidence of resuscitation and regained
infectivity

One of the VBNC microorganisms which has been studied
in greater detail is P. aeruginosa. The strains can be found
in biofilms where they are made visible by applying the
FISH method. Dwidjosiswojo et al. [14] observed that
P. aeruginosa strains enter the VBNC state in response
to stress induced by copper ions present in plumbing
systems for drinking water. While the total number of
bacterial cells in the system remained unchanged and
the membrane remained intact (“life sign”), culturability
of P. aeruginosa drastically decreased. Loss of culturab-
ility depended on copper (Cu) concentration and exposure
time. When DDTC (diethyldithiocarbamate) was added
as chelating agent to the copper-stressed bacteria in or-
der to inactivate Cu, all cells resuscitated after 14 days
and the cytotoxic effect of the revived cells was confirmed
[14].

The virulence of cells during the VBNC phase varies de-
pending on the microbial species and a number of other
(environmental) factors (cf. [13], [15]).

Implications

Although there is increasing awareness that not being
culturable is not a proof of being dead for a microorgan-
ism, the questions remain as to how microbial death
should be defined, and what the implications of microor-
ganisms in the VBNC state are in terms of public health
risks and infection control methods. Many other questions
have been raised which still need final answers, e.g., re-
garding the prerequisites for resuscitation, the infectivity
of cells during the VBNC state, the effects in relation to
disinfectants and to antibiotics exposure, and how the
VBNC state may affect routine methods of detection, and
so on. In efficacy testing of disinfectants, it is known that
the choice and concentration of the neutralising medium
can have a profound impact on the numbers of microor-
ganisms which survive and replicate. While there is a
potential risk of underestimating the microbial bioburden
on contaminated surfaces and overestimating the effects
of disinfection and sterilization procedures when applying
standard microbiological methods, these routine methods
should not be abandoned unless or until validated
methods of distinguishing viable (or infectious) from non-
viable organisms become available. Current methods are
based on long-term experience and have proven to be a
valuable tool for establishing and monitoring effective
hygiene precautions and thus still constitute the mainstay
for pathogen detection and enumeration.

Underestimated and lesser-known
reservoirs of infection

Management of outbreaks is often compromised by the
persistence of the causative organisms. One reason may
be that pathogens are difficult to detect with conventional
methods, e.g., because they entered the VBNC state and
are concealed in biofilms. Sometimes, however, the actual
reservoir of infection is not identified because the infec-
tion risk of a particular source is either unknown or not
taken into consideration.

Water as a reservoir of infection

Assessment of infection risks associated with
waterborne pathogens

A multitude of bacteria, viruses, protozoa and helminths
have been reported to live in aqueous habitats with the
potential to cause infectious diseases such as diarrhoea,
cholera, typhoid and others. Among the better known in-
fectious agents are Hepatitis A Virus, Norovirus, Legionella
spp., E. coli, P. aeruginosa, Vibrio cholera, Schistosoma
spp., and moulds (cf. World Health Organization
Guidelines for drinking-water quality, Table 7.1 [16]). Less
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is known about opportunistic pathogens such as Nocardia
and Mycobacterium (non-tuberculosis species). The routes
of transmission are primarily by ingestion (drinking), but
also by inhalation and aspiration (aerosols) and by direct
contact (bathing). Insects breeding in water also contrib-
ute to the outbreak of diseases, serving as vectors, e.g.,
for dengue fever and malaria. The persistence of patho-
gens varies with species, environmental conditions such
as biofilm formation or possibly survival within amoeba,
and favourable living conditions such as stagnant water
and growth-supportive temperatures or pH values.
Infection risk assessment should include a dose-response
evaluation, which investigates the quantitative relation-
ship between the (ingested, inhaled) dose of a pathogen
and the probability for disease manifestation. Based on
the results, “tolerable infection risks” and the acceptable
levels of specific microorganisms in the drinking water
can be defined [17]. However, reliable dose-response
calculations do not exist for all transmission routes and
microorganisms. Dose-response calculations for Legion-
ella pneumophila in aerosols have recently been made
[18].

Other points to consider in risk assessment are frequency
and duration of exposure, transmission pathway, (tap)
water source, distribution/plumbing system (including
warm water reservoirs), and the immunological status of
the patient. For example, Mena and Gerba identified two
routes of infection which appear to carry the greatest
health risks from contacting water contaminated with
P. aeruginosa: skin exposure in hot tubs and lung expos-
ure from inhaling aerosols [19]. The risk of infection from
ingesting P. aeruginosa contained in drinking water is
low for healthy individuals, although the oral median in-
fective dose increases with antibiotic treatment. The dose-
response relationship to dermal exposure to P. aeruginosa
contained in drinking water has not been defined.

Examples for waterborne Legionella infections
in non-medical settings

The European Centre for Disease Prevention and Control
(ECDC) and the U.S. Centers for Disease Control and
Prevention (CDC) report increasing incidences of Legion-
naires’ disease, especially community-acquired cases
[20], [21]. Transmission via aerosols, often extending
over long distances (up to 6 km and more), is the most
common pathway and must also be taken into consider-
ation when searching for the infection reservoir. Other
well-known waterborne pathogens in community settings
include norovirus and CI. difficile [22], [23].

Frequently, legionellosis outbreaks have been associated
with cooling towers or hot tubs, but also with water
fountains, potting soil and humidifiers [24], [25], [26],
[27], [28]. It may take a long time, before the source of
infection is found: Biofilm formation in a sulphur-rich
warm spring on site was only recently traced to be the
potential source of successive outbreaks of legionellosis
inthe same French thermal spa in 1986, 1994, and 1997
[29]. An example for a previously unknown infection

reservoir for legionella is a wastewater treatment plant,
which was found to be associated with the contamination
of cooling towers, resulting in a community-wide outbreak
of legionellosis in Germany in 2013 in which 159 people
were affected and two patients died [30].

It is important to realize that the reservoir of infection
with legionellae is not always found. Outbreak reports
are often incomplete and/or published only in local
newspapers or as online news. Accounts of sporadic oc-
currences of legionellosis and other cases of waterborne
infections in private homes are often overlooked (e.g.,
describing hot water tanks as infection reservoir [31],
[32]).

Decontamination practices may prove difficult as
L. pneumophila can persist in biofilms and colonize
within multispecies microbial communities. Much remains
unclear as to whether their resistance to sanitizing
strategies is due to the biofilm structure itself, their asso-
ciation with amoeba, or both [33] - or, possibly, their
entry into the VBNC state.

Although there is a large body of data on outbreaks of
waterborne diseases in non-medical settings, a system-
atic analysis of these reports and subsequent implement-
ation of important insights in preventative measures is
often lacking. In this context, the Mayor of Quebec, Régis
Labeaume, may be quoted with his statement referring
to the 2012 Legionella outbreak [28]: “This summer’s
Quebec outbreak was all the more tragic because a report
15 years ago suggested ways to prevent it but was ig-
nored.”

Waterborne-infections in the medical setting

As a result of the greater susceptibility of patients and
residents of hospitals and/or long-term care or rehabili-
tation centers to infections, waterborne pathogens are
more likely to cause infection in healthcare institutions
than in the healthy population. Opportunistic pathogens
such as P. aeruginosa or S. maltophilia can constitute a
serious health hazard in these settings. A recent system-
atic review on the role of water in healthcare-associated
infections [34] showed that plumbing systems, including
sink drains and their fixtures, room humidifiers and dec-
orative fountains have been implicated in severe out-
breaks.

However, many more reservoirs are possible but remain
unknown because - again - they are not described in
outbreaks or case reports. Reservoir detection requires
meticulous investigation and long-time experience. The
common reservoir of an infection outbreak can be difficult
to pinpoint. It can be obscured by cross-infection, because
colonized patients become a secondary source of infec-
tion, and because pathogen transfer takes a variety of
routes. For example, in a protracted outbreak of mul-
tidrug-resistant A. baumannii infections, transmission
from carriers most likely occurred via the hands of
healthcare workers, poor cleaning protocols, airborne
spread, and contaminated water from sink traps [35].
Similarly, in their review of the association between

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226

4/14



Bloomfield et al.: Lesser-known or hidden reservoirs of infection and ...

healthcare water systems and P. aeruginosa infections,
Loveday et al. [36] concluded that although water systems
are known to act as a source of infection, the exact route
of transmission remains unclear. Contamination seems
to be confined to the distal ends of a plumbing system.
Even electronic faucets may become a reservoir [37]
when biofilm formation is enhanced due to the use of
plastic materials, reduced water flow, and a longer dis-
tance between valves and taps.

Decorative water fountains are an example where infec-
tions can be easily prevented once the primary reservoir
is identified. Several reports have shown infections to be
related to water cascades and decorative fountains, even
where standard maintenance and sanitizing methods
were provided (cf. Table 1, [38], [39]). As a consequence,
these fountains are now considered to present an unac-
ceptable risk in hospitals serving immunocompromised
patients.

Endoscopes and ultrasound probes as
infection reservoirs

Within the broad range of instruments which are used in
healthcare settings, the processing of endoscopes con-
tinues to present a particularly serious risk of infection.
In a 2013 review on infection rates following flexible en-
doscopy and bronchoscopy, based on an evaluation of
nearly 100 publications, Kovaleva et al. [40] found upper
gastrointestinal endoscopy to be associated with the
highest risk. Reasons for reprocessing failures are mani-
fold and include errors in manual processing, unrecog-
nized endoscope wear and tear, use of a contaminated
water supply during disinfection and final rinsing, or inad-
equate storage. Also, the importance of the cleaning step
in processing is underestimated. Efficacy testing of the
cleaning effect under use conditions is often unreliable,
partly because the definition of cleanliness (“how clean
is clean?”) is still subject to controversy. Measures for
prevention of medical-device-associated infections should
include adequate statutory regulations, proper training
of the staff, validation of automated cleaning and disin-
fection procedures, standard operating protocols for
manual processing steps, safe storage, monitoring of
processing practices, and surveillance. Apart from these
precautions, new designs of endoscopes with detachable,
single-use channels may enhance the safety of endoscop-
ic procedures [41].

Until recently, endocavity ultrasound has not been re-
garded a high-risk procedure with regard to infection
transmission. However, following various current reports
of contaminated transvaginal ultrasound probes, this has
changed. Leroy [42] concluded from his systematic review
and meta-analysis that there was a pooled prevalence of
12.9% (95% confidence interval: 1.7 -24.3) for pathogenic
bacteria, and 1.0% (0.0-10.0) for frequently occurring
viruses (human papillomavirus, herpes simplex virus, and
cytomegalovirus) for endovaginal/rectal probes, both
after low-level disinfection (wipes and spray). A study by
Casalegno et al. [43] revealed that a considerable number

of ultrasound probes are contaminated with human and
HR-HPV DNA, despite LL disinfection and probe cover.
The authors therefore recommend high-level disinfectants
such as glutaraldehyde or hydrogen peroxide solutions.
For some settings, probe disinfection using closed auto-
mated systems (e.g., with hydrogen peroxide aerosol)
may be a safe and feasible solution. However, to date no
standardized disinfection protocols exist with respect to
inactivating human papillomavirus under practice condi-
tions.

Parenteral drug products as infection
reservoirs

In the summer of 2010, three neonates in the perinatal
intensive care unit of the Mainz University Hospital, Ger-
many, died after i.v. administration of total parenteral
nutrition (TPN) admixtures [44]. The TPN admixtures had
been prepared on the day of administration in the clean-
room room environment of the hospital pharmacy depart-
ment with meticulous adherence to aseptic procedures
according to the Good Manufacturing Practice Guideline
PIC/S PE10-03 for medicinal products in healthcare insti-
tutions. In-process controlling en compasses the daily
preparation of dummy solutions/reference samples,
which are usually stored for 14 days. Aliquots are trans-
ferred to blood culture bottles and sent for bacteriological
testing. In this case, Enterobacter cloacae and Escheri-
chia hermanii were detected in the samples the night
following the preparation, and further administration of
the admixtures was immediately stopped. The same strain
of these bacteria was detected in all TPN admixtures as
well as in the bulk infusion bottles of the amino acid
solution, but not in the cleanroom area or pharmacy staff.
By quantifying the viable bacterial count and the endotox-
in concentration in the contaminated TPN mixture it was
concluded that contamination must have occurred in the
purchased glass bottled amino acid solution weeks or
months earlier. The infection reservoir was eventually
traced to a hairline crack in the glass bottle, which con-
tained the amino acid solution. The crack most likely oc-
curred during transport of the bottle in an unsuitable
packaging system allowing bacteria to enter the solution
from the outside. It was not until three years later that
the company finally changed the packaging and transport
system for the infusion solutions, even though these
problems are easily preventable by placing a piece of
cardboard between the bottles.

The elucidation of the source of infection in this outbreak
demonstrates the value of thorough investigation and
microbiological analysis, which examined all possibilities
including those which might have seemed unlikely at the
time, i.e. damaged primary containers of bulk solution.
It also promoted the awareness to monitor transport
problems as part of the quality assurance programmes
during TPN compounding, since cracks or fractures in
glass vials and other containers are not uncommon, but
cannot always be discovered by visual inspection.
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Table 1: Examples for water-associated infection reservoirs in healthcare institutions

Authors and Year |Infection Source Causative Organism | Notes Reference
of Publication
Palmore TN, Decorative fountain, | L. pneumophila - November 2007, Health Clinical Center, [38]
Stock F, White M, possibly biofilm serogroup 1 USA
Bornder M, formation in pipes - 2 immunocompromised patients infected
Michelin A, et al. during shut-off time who were exposed to the decorative
2009 fountain in a radiation oncology unit
- Patients recovered
- Possibly sampling error and inadequate
culture technique at the commercial
laboratory before restart of the fountain
after shut-off time
- Routine hygiene measures: disinfection
with ozone, filter, weekly cleaning
insufficient
- Control measure: Fountain was
eventually drained and removed
Haupt TE, Decorative water- L. pneumophila - 2010, Wisconsin, USA [39]
Heffernan RT, wall type fountain serogroup 1 - Lab-confirmed Legionnaires disease in 8
Kazmierczak JJ, near main entrance patients, 6 had exposure to a decorative
Nehls-Lowe H, to hospital fountain in the lobby of a hospital,
Rheineck B - All patients survived
2012 - High counts of Legionella despite routine
disinfection and maintenance
- Control measures: Fountain was shut
down
Hota S, Hirji Z, Hand hygiene sink | Multiresistant strain of | - December 2004 through March 2006, [77]
Stockton K, drains P. aeruginosa Canada
Lemieux C, - 36 patients infected, 12 patients died,
Dedier H, intensive care unit
Wolfaardt G, - Biofilm of sink drains contained
Gardam MA P. aeruginosa
2009 - Drain contents splashed at least 1 meter
from sink
- Control measures: Renovation of sinks to
prevent splashing terminated the
outbreak
Lowe C, Wiley B, Contaminated Class A extended- - Outbreak during October 2006 — March [78]
O’Shaugnessy A, handwashing sinks | spectrum (- 2011, intensive care unit, Canada
Lee W, Lum M in ICU (design with | lactamase-producing | - A total of 66 patients affected
2012 drain openings K. oxytoca - Control measures: Multifaceted
connecting the intervention including replacing the sinks
basin to the sink
trap and overflow
holes)
Breathnach A, Waste water Multidrug-resistant - Two outbreaks with MDR-P, two [79]
Cubbon MD, system, variety of P. aeruginosa hospitals, U.K.
Karunaharan RN, factors: faulty sinks, - One outbreak hospital-wide, involving 85
Pope CF, shower and toilet patients, and the other limited to four
Planche TD design, clean items cases in one specialized medical unit
2012 stored near sluices, - Control measures: Replacing sinks and
frequent blockage toilets, educating staff to reduce
and leaks from blockages and inappropriate storage,
waste pipes reviewing cleaning protocols, and
reducing shower flow rates to reduce
flooding.
& D
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(Continued)
Table 1: Examples for water-associated infection reservoirs in healthcare institutions

Authors and Year
of Publication

Infection Source

Causative Organism

Notes

Reference

Snyder LA,
Loman NJ,
Faraj LA, et al.
2013

Wash basins, waste
trap heaters

Multidrug-resistant
P. aeruginosa

Persistent six-year outbreak (2001 —
2007) at Nottingham University Hospitals
National Health Service (NHS) Trust —
City Campus, U.K., bone marrow
transplant unit, critical care unit

Five multiresistant Pseudomonas
aeruginosa isolates, most of the isolates
closely related

32 haematology patients infected

Control measures: Correct fitting of waste
trap heaters, removal of one persistently
colonised sink, enhanced surveillance,
and a review of equipment and sink
cleaning, particularly in the case of
tracheostomy equipment

[80]

Guyot A, Turton JF,
Garner D
2013

Sinks and drinking
water of the cooling
unit in the ICU
kitchen (biofilm
formation)

S. maltophilia

August 2009 — November 2011, intensive
care unit, U.K.

23 patients affected by two genotypes S.
maltophilia

Investigation by a combination of
epidemiology, environmental sampling
and molecular typing.

S. maltophilia had formed a biofilm in the
flexible tube from the carbon filter to the
chiller and from the latter to the tap at the
kitchen sink. This cooled water was used
for providing drinking water and mouth
care to ICU patients.

Control measures: The outbreak was
stopped when the water-cooler was
removed and bottled water was used for
oral care

[81]

Walker JT, Jhutty A,
Parks S, Willis C,
Copley V,

Turton JF,

Hoffman PN,
Bennet AM

2014

Biofilms in flow
straighteners and
associated
components in the
tap outlets

P. aeruginosa

December 2011 — early 2012, neonatal
unit of a hospital, Northern Ireland

Four neonates died from P. aeruginosa
bacteraemia

Control measures: All taps and pipework
were removed and replaced with new
taps

(82]

Unpublished
findings

Exner M (personal
communication)
2011

Suspected source:
Water line of a
dosing device for
surface disinfectant
(quaternary
ammonium
compound) wipes

K. pneumoniae

2010, neonatal unit of a hospital,
Germany

Infection (37) and death (3) of neonates
Contamination of disinfectant wipes used
for disinfecting incubators (including the
nebulizer chamber) and for terminal room
disinfection

Control measures: Dosing devices were
removed

Neonatal unit was closed

(personal
communi-
cation)
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Strict adherence to the given guidelines for safe prepara-
tion of medicinal products should be emphasized. In a
Burkholderia cepacia outbreak investigation among inpa-
tients at Duke University Hospital in Durham, N.C., from
August 31 through September 6, 2012, the anteroom
sink drain and pH probe calibration fluid in the compound-
ing cleanroom were detected as the reservoir of infection
in the institutional pharmacy department [45]. Other
large-scale outbreaks of infections linked to contaminated
compounded parenteral medications (S. marcescens
[46]) or glucocorticoid containing injection solutions (61
deaths associated with fungal meningitis) have also been
described [47], [48].

Disinfectant wipe dispensers as infection
reservoirs

Bucket dispensing systems for pre-moistened surface
disinfectant wipes have been identified as a potential
infection reservoir, predominantly because of prolonged
reuse periods of the disinfectant solutions. Contamination
may occur e.g., if dosing units or potable water taps used
to prepare the disinfection solution become contaminated
with biofilms. Other critical control points are the use of
wipes which are not compatible with the disinfectant or
have been prepared with under-dosed disinfectant solu-
tions. Dried out wipes or contaminated wipes hanging
out of the bucket also represent risk factors [49]. When
prepared and stored in inadequately processed recept-
acles for a long period of time, some disinfectant solutions
(apparently especially those with surface-active ingredi-
ents) bear the risk of becoming a microbial reservoir,
which predominantly involves gram-negative bacteria
[50].

Although most available data are derived from microbio-
logical studies, there is also a report of an outbreak report
with Klebsiella oxytoca, where the pathogen was isolated
from disinfectant buckets showing increased tolerance
to the disinfectant solution (cf. [51], [52]). A recent invest-
igation of an outbreak in a neonatal intensive care unit
in Germany suggests the water line of a dosing device
used for the preparation of pre-soaked surface disinfect-
ant wipes to have served as one of the reservoirs for
K. pneumonia, resulting in contaminated wipes (Exner,
M., personal communication).

Soft surfaces and laundry as
infection reservoirs

Privacy curtains

Among the infection reservoirs more recently described
are soft surfaces such as furniture, mattresses, pillows
and privacy curtains. Trillis et al. [53] found 42% of cur-
tains surrounding patients’ beds to provide privacy to be
contaminated with VRE, 22% with MRSA and 4% with
C. difficile (also see [54]). Transmission of bacteria from

curtains via the hands of healthcare personnel touching
these curtains is possible ([55], [56] and chapter on
laundry as infection reservoir below). In 2002, Das et al.
reported an outbreak caused by a Carbapenem-resistant
Acinetobacter baumannii in an intensive care unit of the
tertiary-referral university teaching hospital in Birmingham
with curtains surrounding patients’ beds as the major
source [57]. A recent publication by Mahida et al. from
Nottingham, U.K., describes an outbreak of invasive group
A streptococcus infection (GAS) on an ear, nose and throat
ward, where contaminated patient curtains were found
to be the potential source of GAS cross-transmission,
which had implications in relation to hand hygiene and
frequency of laundering [58].

Possible decontamination practices include wiping the
“grab area” of the curtain with improved hydrogen-perox-
ide containing disinfectants [59]. Increasing awareness
of the problem is reflected in publications such as “Divider
Curtains and Infection Risks” by the Canadian Comité sur
les infections nosocomiales du Québec [60] at the end
of 2013. A standard protocol for microbiologically safe
use of hospital curtains has yet to be established.

Laundry

Textiles as common-touch surfaces tend to get overlooked
as infection reservoir because of the lack of intervention
study data showing a direct link to infection. However,
they also must be regarded as a potential vehicle of infec-
tion (before, during and after handling laundry), with the
risk increasing where large quantities of pathogens are
shed via vomit, faeces and skin, and where people have
impaired immunity. This includes residential facilities for
the elderly, where a hygiene regimen covering the whole
process from collecting laundry to adequate storage is
required. Apart from controlling infection risks, effective
laundering is also important to prevent the spread of
antibiotic-resistant skin and intestinal flora such as MRSA
and multidrug resistant Gram-negative strains in domestic
and medical settings.

In 2011 IFH carried out a review of the data on infection
risks associated with clothing, bedlinens etc. in com-
munity, hospitals and other healthcare settings [61]. The
greater part of the data comes from studies showing how
pathogens are shed onto, or transferred to, clothing etc.,
and the extent to which they can survive and spread to
hands and surfaces such that we can become exposed
to potentially infectious doses. The data show that viability
on fabrics declines at a more or less rapid rate on dry
clothing, depending on the microbial species and room
humidity. Generally, survival of microbes on fabrics is
significantly less than on non-porous contact surfaces.
However, Gram-positive spp. such as S. aureus, C. difficile
and fungal spp. can survive long periods (days to months)
on fabrics. Survival times for Gram-negative species such
as E. coliand P. aeruginosa are shorter, but survival times
of up to 4 h or more have been recorded. Survival of vir-
uses on fabrics is mostly around 30 min up to 12 h, up
to a maximum of 48 h (no data are available for norovir-
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us), whilst survival times for fungal species ranged from
1 day to several weeks. Transfer rates from moist fabrics
to hands and other fabrics were around 1-10%, but in
some cases, transfer was as little as 0.1% or less, or as
high as 50% [55], [56]. Transfer rates varied according
to microbial strain, temperature, room humidity, type of
fabric and inoculum size. They are significantly lower (up
to a 10-fold decrease), if donor fabrics or hands are dry.
Another possible pathway is air-borne transmission, e.g.
after shaking sheets or linen when changing bedding
[62].

Although no intervention studies were identified, the IFH
review includes around 19 epidemiological studies for
which transmission via clothing and linens was identified
as a likely cause or a significant risk factor. These in-
cluded gastrointestinal and respiratory tract, together
with skin and wound infections associated with clothing,
shared towels (e.g., CA-MRSA), bed linen (Acinetobacter),
feather pillows, and babies’ vests [63], [64], [65].
Monitoring effectiveness of laundering is another key is-
sue. During the laundering process, temperature, duration
of the wash cycle, mechanical action of water, and deter-
gent all work together to reduce contamination levels on
fabrics. In addition to physical removal, microorganisms
can be killed not only by heat but also by chemical action.
Other contributing factors are drying and ironing. Main-
tenance and care of the washer in order to prevent biofilm
formation is also essential. A 2013 review by IFH compris-
ing 29 publications on the effectiveness of laundering
showed that a decrease in laundering temperature can
significantly increase numbers of survivors on contamin-
ated fabrics [66]. In situations where there were signific-
ant survivors, microbes were transferred to other items
included in the wash. By contrast, efficacy can be in-
creased, if components which release active oxygen
bleach are included in the detergent formulation [67],
[68], [69], [70].

A 2011 study by Lakdawalla [71] showed that up to
10*-10° cfu/100 cm’ of Clostridium difficile could be
detected on naturally contaminated bed linen even after
a commercial washing process at 71°C, 3 minutes, with
subsequent steam ironing in accordance with the
HSG(95)18 requirements for hospital laundry arrange-
ments for used and infected linen, U.K. Department of
Health. Whether these low numbers of spores represent
an infection risk is disputable, but the results suggest
that there is a potential for cross-contamination of laundry
during the laundry process.

A serious concern is the fact that low temperature or cold
water laundering is increasingly being used in domestic
settings in order to conserve energy and because many
fabrics are not compatible with higher temperature
laundering. Other studies are also showing that domestic
washing machines often fail to reach the prescribed
temperatures [72]. In private households, visibly clean
laundry is perceived as being hygienically safe and falsely
considered as evidence of an effective washing process.
A major difficulty of interpreting the data in the IFH 2013
report is the extent of the variability in the results ob-

tained from different studies under any given set of con-
ditions. This is reflected by the diversity of recommenda-
tions for hygienic laundering of clothing in healthcare and
domestic situations given by different agencies. There is
an urgent need to study the impact of the key variables
under carefully controlled conditions.

A recent study shows the importance of environmental
monitoring of potential infection reservoirs, and how delay
in identifying a potential source of infection may increase
the risk of infection. In 2013, Exner et al. (personal com-
munication) evaluated reports of increased carriage of
K. oxyctoca in the pediatric unit of a German hospital. An
investigation revealed the existence of K. oxytoca in ward
sinks, but hygiene interventions did not terminate the
“outbreak”. It was not until further investigation when the
presence of K. oxytoca was detected in the door seals of
the washing machine, which was situated in another part
of the hospital, that the probable source was identified.
Retrospective study showed that only infants whose
clothes were laundered in this specific machine became
colonised. Following this finding, transmission could be
completely stopped and the outbreak was brought under
control.

Implications for prevention
strategies

Although it is unrealistic to expect that all outbreaks of
infection can be prevented, the goal is to minimise the
number of outbreaks and other infection incidences, and
to terminate the outbreaks which do occur as rapidly as
possible. This is in accordance with the “Targeting Zero
Healthcare-Associated Infections” Strategy [73], [74].
The key is the attitude and commitment, firstly to move
towards zero healthcare-associated infections (HAI) des-
pite the fact that the zero infection target will not be
reached, and secondly, where infection occurs, to elucid-
ate why it occurred. The noted U.S. infection preventionist
William Jarvis argued: “Will we reach zero? No, but the
attitude that | think we are moving toward, is one where
clinicians don’t see these infections as inevitable. There
are very sick patients who need a lot of invasive devices
and procedures, so they are going to get infections. We
need the attitude of trying to prevent all infections, and
if one occurs, investigating to see what went wrong.” [75].
Although outbreaks are not the only concern in the pre-
vention and control of infections, they do represent a
major health hazard in hospital, long-term care facilities,
and community setting. Therefore, they must be the
subject of diligent investigation in all settings. Difficulties
encountered in outbreak management include unpre-
paredness, delayed, incomplete and inconsistent analysis
of infection reservoirs and routes of transmission, delayed
implementation of control measures, continued spread
of pathogens to other healthcare institutions, negative
press and reputation, dismissal of personnel, distrust,
penalties and political involvement. Successful outbreak
management requires proactive precautions and reactive
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Table 2: Proactive and reactive measures in outbreak management (based on KRINKO [76])

Proactive precautions Reactive measures

¢ Definition of “trigger event” .

e Adequate surveillance and notification |e
systems to immediately recognize and |e
communicate an outbreak .

e Availability of highly qualified, .
independent outbreak management
teams as well as laboratories

Identification of “trigger event’

Immediate convening of the outbreak management team
Preliminary ,quick and dirty* analysis of the situation

Initiation of preliminary control measures within 24 hours
Professional, timely, accurate, and consistent communication
of facts to staff, patients and their families, community, press,
public health authorities (possibly consultation of attorney prior

(including contact to reference centers
for certain pathogens) at a .
local/regional level

e  Establishment of an in-house task
force and assignment of duties and

hierarchies (including trained media .
spokesperson)

¢  Cooperation with public health .
authorities .

o Establishment of communication policy

to press contact)

Thorough investigation of the outbreak (detailed analysis of
pathogen, infection reservoir, and transmission routes
employing appropriate methods, characterization and number
of patients/people affected, recurring events)

Implement adjusted control measures, if necessary (remove
source, improve hygiene precautions)

Official statement that the outbreak is over

Review and evaluation for future prevention and control
measures

¢  Documentation, final report

measures (as described, e.g., in the 2002 KRINKO recom-
mendation [76], Table 2). In addition, crisis management
training and media training on a regular basis should be
mandatory for infection control personnel. Independent
regional (state) institutions responsible for adequate
training of infection control personnel as “preventionists”
and for coordinating and advising on outbreak manage-
ment issues could be an important pillar for medical and
nursing facilities as well as public facilities.

Outbreak or sporadic case reports are often published in
arush or not at all which means that valuable information
cannot be retrieved and gets lost. Often, lawsuits and
unfair media coverage for the institution involved are
feared. Thus, apart from mandatory reports within the
quality assurance system of a healthcare institution, in-
ternal reports (anonymous critical incidence report sys-
tem/database) to an independent body of experts could
be a way to systematically evaluate and publish important
data which are then made widely accessible to all those
concerned.

Targeting zero infection rates means partnering with all
those affected by healthcare-associated infections, includ-
ing patients and their families, hospital administrators,
lawmakers, industry, and researchers. Therefore, although
the definition of core competencies, legal stipulations,
training and education curricula, as well as motivation of
healthcare personnel are vital for the success of any in-
fection control measures, empowerment of the patients
and well-designed patient involvement programs in order
to support compliance with hygiene precautions should
also be promoted. This especially applies to home care
settings. Educational strategies should consider “intrinsic”
teaching methods apart from formal training and “extrin-
sic” teaching. These have been proven particularly suc-
cessful with children and youth, but can be applied to
adults as well. Once adequate basic hygiene techniques

have become a routine, they will be kept for a lifetime.
Thus, proper hygiene education during childhood is a
mainstay in infection prevention, and hygiene programs
for children and families should be strengthened.

Conclusion

Future prevention strategies need to pay closer attention
to the thorough investigation of infection reservoirs and
routes of transmission not only from the hands, but from
other sources as well. Quantitative and qualitative
pathogen analysis may need to be adapted to the special
challenges posed by microorganisms, which are, e.g.,
concealed in biofilms or entering the VBNC state. In situ-
ations where the extent of the infection risk remains un-
certain, it must always be borne in mind that potential
and seemingly “harmless” microbial reservoirs of patho-
gens (e.g., in laundry) may become an important contrib-
uting factor to severe infections or the spread of microor-
ganisms to different settings. This is particularly the case
where antibiotic-resistant strains occur or disseminate,
where immunocompromised patients are involved, or
where transmission pathways and low infective doses
cause colonization and infection of a large number of
people. Information about the detection and eradication
of infection reservoirs must be made available and used
to target prevention efforts, e.g., in the design of plumbing
systems, water outlets, sinks and sink drains, washing
machines, and novel endoscopes. The information should
also be used for validating and adjusting existing infection
control practices, for educating medical staff as well as
patients and the general public, and for drafting new in-
fection control protocols for previously unrecognized in-
fection hazards.

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226

10/14



Bloomfield et al.: Lesser-known or hidden reservoirs of infection and ...

Notes

Meeting presentation

This paper is based on the proceedings of the Rudolf
Schulke Symposium held in Hamburg, 28 and 29
November 2013.

Competing interests

The authors declare that they have no competing in-
terests.

References

1.

10.

11.

12.

13.

Xu HS, Roberts N, Singleton FL, Attwell RW, Grimes DJ, Colwell

RR. Survival and viability of nonculturable Escherichia coli and

Vibrio cholerae in the estuarine and marine environment. Microb
Ecol. 1982 Dec;8(4):313-23.

Oliver JD. The Viable but Nonculturable State. Jim Oliver
[Homepage]. Charlotte, NC: University of North Carolina; c2011
[cited 2014 Dec 8]. Available from: https://clas-
pages.uncc.edu/jim-oliver/

Powers LS, Snyder RW, Wardell LJ. Rapid microbial quantification
of disinfected contact lens surfaces. Curr Eye Res. 2012
Sep;37(9):850-2. DOI: 10.3109/02713683.2012.681095

Oliver JD. Recent findings on the viable but nonculturable state
in pathogenic bacteria. FEMS Microbiol Rev. 2010 Jul;34(4):415-
25. DOI: 10.1111/j.1574-6976.2009.00200.x

Garcia MT, Jones S, Pelaz C, Millar RD, Abu Kwaik Y.
Acanthamoeba polyphaga resuscitates viable non-culturable
Legionella pneumophila after disinfection. Environ Microbiol.
2007 May;9(5):1267-77. DOI: 10.1111/j.1462-
2920.2007.01245.x

Salma M, Rousseaux S, Sequeira-Le Grand A, Divol B, Alexandre
H. Characterization of the viable but nonculturable (VBNC) state
in Saccharomyces cerevisiae. Plos One. 29 October 2013. DOI:
10.1371/journal.pone.0077600.

Hammes F, Berney M, Egli T. Cultivation-independent assessment
of bacterial viability. Adv Biochem Eng Biotechnol. 2011;124:123-
50. DOI: 10.1007/10_2010_95

Roszak DB, Colwell RR. Survival strategies of bacteria in the
natural environment. Microbiol Rev. 1987 Sep;51(3):365-79.

Lai CJ, Chen SY, Lin IH, Chang CH, Wong HC. Change of protein
profiles in the induction of the viable but nonculturable state of
Vibrio parahaemolyticus. Int J Food Microbiol. 2009
Oct;135(2):118-24. DOI: 10.1016/j.ijfoodmicro.2009.08.023

Oliver JD. The viable but nonculturable state in bacteria. J
Microbiol. 2005 Feb;43 Spec N0:93-100.

Fakruddin M, Mannan KS, Andrews S. Viable but nonculturable
bacteria: food safety and public health perspective. ISRN
Microbiol. 2013 Sep 26;2013:703813. DOI:
10.1155/2013/703813

Tholozan JL, Cappelier JM, Tissier JP, Delattre G, Federighi M.
Physiological characterization of viable-but-nonculturable
Campylobacter jejuni cells. Appl Environ Microbiol. 1999
Mar;65(3):1110-6.

Nowakowska J, Oliver JD. Resistance to environmental stresses
by Vibrio vulnificus in the viable but nonculturable state. FEMS
Microbiol Ecol. 2013 Apr;84(1):213-22. DOI: 10.1111/1574-
6941.12052

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Dwidjosiswojo Z, Richard J, Moritz MM, Dopp E, Flemming HC,
Wingender J. Influence of copper ions on the viability and
cytotoxicity of Pseudomonas aeruginosa under conditions
relevant to drinking water environments. Int J Hyg Environ Health.
2011 Nov;214(6):485-92. DOI: 10.1016/j.ijheh.2011.06.004

Ramamurthy T, Ghosh A, Pazhani GP, Shinoda S. Current
Perspectives on Viable but Non-Culturable (VBNC) Pathogenic
Bacteria. Front Public Health. 2014;2:103. DOI:
10.3389/fpubh.2014.00103

World Health Organization. Guidelines for drinking-water quality:
Incorporating 1st and 2nd addenda, Vol.1, Recommendations.
3rd ed. Geneva: WHO; 2008 [cited 2014 Dec 8]. Available from:
http://www.who.int/water_sanitation_health/dwq/fulltext.pdf

Rose JB, Gerba CP. Use of risk assessment for development of
microbial standards. Water Sci Tech. 1991;24:29-34.

Schoen ME, Ashbolt NJ. An in-premise model for Legionella
exposure during showering events. Water Res. 2011
Nov;45(18):5826-36. DOI: 10.1016/j.watres.2011.08.031

Mena KD, Gerba CP. Risk assessment of Pseudomonas
aeruginosa in water. Rev Environ Contam Toxicol. 2009;201:71-
115. DOI: 10.1007/978-1-4419-0032-6_3

Beauté J, Zucs P, de Jong B; European Legionnaires' Disease
Surveillance Network. Legionnaires disease in Europe, 2009-
2010. Euro Surveill. 2013;18(10):20417. Available from: http://
www.eurosurveillance.org/ViewArticle.aspx?Articleld=20417

Centers for Disease Control and Prevention (CDC). Legionellosis
— United States, 2000-2009. MMWR Morb Mortal Wkly Rep.
2011 Aug;60(32):1083-6.

Kotila SM, Pitkdnen T, Brazier J, Eerola E, Jalava J, Kuusi M,
Konoénen E, Laine J, Miettinen IT, Vuento R, Virolainen A.
Clostridium difficile contamination of public tap water distribution
system during a waterborne outbreak in Finland. Scand J Public
Health. 2013 Jul;41(5):541-5. DOI:
10.1177/1403494813481648

Nenonen NP, Hannoun C, Larsson CU, Bergstrom T. Marked
genomic diversity of norovirus genogroup | strains in a waterborne
outbreak. Appl Environ Microbiol. 2012 Mar;78(6):1846-52. DOI:
10.1128/AEM.07350-11

Den Boer JW, Yzerman EP, Schellekens J, Lettinga KD, Boshuizen
HC, Van Steenbergen JE, Bosman A, Van den Hof S, Van Vliet
HA, Peeters MF, Van Ketel RJ, Speelman P, Kool JL, Conyn-Van
Spaendonck MA. A large outbreak of Legionnaires' disease at a
flower show, the Netherlands, 1999. Emerging Infect Dis. 2002
Jan;8(1):37-43. DOI: 10.3201/eid0801.010176

Nguyen TM, llef D, Jarraud S, Rouil L, Campese C, Che D,
Haeghebaert S, Ganiayre F, Marcel F, Etienne J, Desenclos JC.
A community-wide outbreak of legionnaires disease linked to
industrial cooling towers-—-how far can contaminated aerosols
spread? J Infect Dis. 2006 Jan;193(1):102-11. DOI:
10.1086/498575

O'Loughlin RE, Kightlinger L, Werpy MC, Brown E, Stevens V,
Hepper C, Keane T, Benson RF, Fields BS, Moore MR. Restaurant
outbreak of Legionnaires' disease associated with a decorative
fountain: an environmental and case-control study. BMC Infect
Dis. 2007;7:93. DOI: 10.1186/1471-2334-7-93

Freudenmann M, Kurz S, von Baum H, Reick D, Schreff AM, Essig
A, Lick C, Gonser T, Brockmann SO, Harter G, Eberhardt B,
Embacher A, Holler C. Interdisziplinares Management eines
landeribergreifenden Legionellenausbruchs [Interdisciplinary
management of a large Legionella outbreak in Germany].
Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. 2011 Nov;54(11):1161-9. DOI:
10.1007/s00103-011-1362-6

CBC News. Quebec legionnaires' outbreak source found. Posted
19 Sept 2012. Available from: http://www.cbc.ca/news/canada/
montreal/quebec-legionnaires-outbreak-source-found-1.1208443

S

qrslen

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226

11/14


http://www.who.int/water_sanitation_health/dwq/fulltext.pdf
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20417
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20417
http://www.cbc.ca/news/canada/montreal/quebec-legionnaires-outbreak-source-found-1.1208443
http://www.cbc.ca/news/canada/montreal/quebec-legionnaires-outbreak-source-found-1.1208443

Bloomfield et al.: Lesser-known or hidden reservoirs of infection and ...

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Chaabna Z, Forey F, Reyrolle M, Jarraud S, Atlan D, Fontvieille
D, Gilbert C. Molecular diversity and high virulence of Legionella
pneumophila strains isolated from biofilms developed within a
warm spring of a thermal spa. BMC Microbiol. 2013;13:17. DOI:
10.1186/1471-2180-13-17

Siegmund-Schulze N. Legionelleninfektionen in Warstein: Grofter
Ausbruch in Deutschland. Dtsch Arztebl. 2013;110(38): A-1736
/ B-1532 / C-1508. Available from: http://m.aerzteblatt.de/print/
146512.htm

Mathys W, Stanke J, Harmuth M, Junge-Mathys E. Occurrence
of Legionella in hot water systems of single-family residences in
suburbs of two German cities with special reference to solar and
district heating. Int J Hyg Environ Health. 2008 Mar;211(1-2):179-
85. DOI: 10.1016/j.ijheh.2007.02.004

Dufresne SF, Locas MC, Duchesne A, Restieri C, Ismail J, Lefebvre
B, Labbé AC, Dion R, Plante M, Laverdiére M. Sporadic
Legionnaires' disease: the role of domestic electric hot-water
tanks. Epidemiol Infect. 2012 Jan;140(1):172-81. DOI:
10.1017/50950268811000355

Abdel-Nour M, Duncan C, Low DE, Guyard C. Biofilms: the
stronghold of Legionella pneumophila. Int J Mol Sci.
2013;14(11):21660-75. DOI: 10.3390/ijms141121660

Decker BK, Palmore TN. The role of water in healthcare-
associated infections. Curr Opin Infect Dis. 2013 Aug;26(4):345-
51. DOI: 10.1097/QC0.0b013e3283630adf

Landelle C, Legrand P, Lesprit P, Cizeau F, Ducellier D, Gouot C,
Bréhaut P, Soing-Altrach S, Girou E, Brun-Buisson C. Protracted
outbreak of multidrug-resistant Acinetobacter baumannii after
intercontinental transfer of colonized patients. Infect Control
Hosp Epidemiol. 2013 Feb;34(2):119-24. DOI: 10.1086/669093

Loveday HP, Wilson JA, Kerr K, Pitchers R, Walker JT, Browne J.
Association between healthcare water systems and
Pseudomonas aeruginosa infections: a rapid systematic review.
J Hosp Infect. 2014 Jan;86(1):7-15. DOI:
10.1016/j.jhin.2013.09.010

Sydnor ER, Bova G, Gimburg A, Cosgrove SE, Perl TM, Maragakis
LL. Electronic-eye faucets: Legionella species contamination in
healthcare settings. Infect Control Hosp Epidemiol. 2012
Mar;33(3):235-40. DOI: 10.1086/664047

Palmore TN, Stock F, White M, Bordner M, Michelin A, Bennett
JE, Murray PR, Henderson DK. A cluster of cases of nosocomial
legionnaires disease linked to a contaminated hospital decorative
water fountain. Infect Control Hosp Epidemiol. 2009
Aug;30(8):764-8. DOI: 10.1086/598855

Haupt TE, Heffernan RT, Kazmierczak JJ, Nehls-Lowe H, Rheineck
B, Powell C, Leonhardt KK, Chitnis AS, Davis JP. An outbreak of
Legionnaires disease associated with a decorative water wall
fountain in a hospital. Infect Control Hosp Epidemiol. 2012
Feb;33(2):185-91. DOI: 10.1086/663711

Kovaleva J, Peters FT, van der Mei HC, Degener JE. Transmission
of infection by flexible gastrointestinal endoscopy and
bronchoscopy. Clin Microbiol Rev. 2013 Apr;26(2):231-54. DOI:
10.1128/CMR.00085-12

Heeg P, Herrmann IF. The new requirements of endoscopy. Ann
N 'Y Acad Sci. 2011 Sep;1232:365-8. DOI: 10.1111/j.1749-
6632.2011.06065.x

Leroy S. Infectious risk of endovaginal and transrectal
ultrasonography: systematic review and meta-analysis. J Hosp
Infect. 2013 Feb;83(2):99-106. DOI:
10.1016/j.jhin.2012.07.014

Casalegno JS, Le Bail Carval K, Eibach D, Valdeyron ML, Lamblin
G, Jacquemoud H, Mellier G, Lina B, Gaucherand P, Mathevet P,
Mekki Y. High risk HPV contamination of endocavity vaginal
ultrasound probes: an underestimated route of nosocomial
infection? PLoS ONE. 2012;7(10):e48137. DOI:
10.1371/journal.pone.0048137

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Bhakdi S, Kramer |, Siegel E, Jansen B, Exner M. Use of
quantitative microbiological analyses to trace origin of
contamination of parenteral nutrition solutions. Med Microbiol
Immunol. 2012 May;201(2):231-7. DOI: 10.1007/s00430-012-
0236-3

Moehring RW, Lewis SS, Isaacs PJ, Schell WA, Thomann WR,
Althaus MM, Hazen KC, Dicks KV, Lipuma JJ, Chen LF, Sexton
DJ. Outbreak of bacteremia due to Burkholderia contaminans
linked to intravenous fentanyl from an institutional compounding
pharmacy. JAMA Intern Med. 2014 Apr;174(4):606-12. DOI:
10.1001/jamainternmed.2013.13768

Sunenshine RH, Tan ET, Terashita DM, Jensen BJ, Kacica MA,
Sickbert-Bennett EE, Noble-Wang JA, Palmieri MJ, Bopp DJ,
Jernigan DB, Kazakova S, Bresnitz EA, Tan CG, McDonald LC. A
multistate outbreak of Serratia marcescens bloodstream infection
associated with contaminated intravenous magnesium sulfate
from a compounding pharmacy. Clin Infect Dis. 2007
Sep;45(5):527-33. DOI: 10.1086/520664

Smith RM, Schaefer MK, Kainer MA, Wise M, Finks J, Duwve J,
Fontaine E, Chu A, Carothers B, Reilly A, Fiedler J, Wiese AD,
Feaster C, Gibson L, Griese S, Purfield A, Cleveland AA, Benedict
K, Harris JR, Brandt ME, Blau D, Jernigan J, Weber JT, Park BJ;
Multistate Fungal Infection Outbreak Response Team. Fungal
infections associated with contaminated methylprednisolone
injections. N Engl J Med. 2013 Oct;369(17):1598-609. DOI:
10.1056/NEJM0a1213978

Gudeman J, Jozwiakowski M, Chollet J, Randell M. Potential risks
of pharmacy compounding. Drugs R D. 2013 Mar;13(1):1-8. DOI:
10.1007/s40268-013-0005-9

Desinfektionsmittel-Kommission im VAH; Arbeitsgruppe 4+4.
Empfehlung zur Kontrolle kritischer Punkte bei der Anwendung
von Tuchspendersystemen im Vortranksystem fir die
Flachendesinfektion. Hyg Med. 2012;37(11):468-9.

Kampf G, Degenhardt S, Lackner S, Jesse K, von Baum H,
Ostermeyer C. Poorly processed reusable surface disinfection
tissue dispensers may be a source of infection. BMC Infect Dis.
2014;14:37. DOI: 10.1186/1471-2334-14-37

Gebel J, Sonntag HG, Werner HP, Vacata V, Exner M, Kistemann
T. The higher disinfectant resistance of nosocomial isolates of
Klebsiella oxytoca: how reliable are indicator organisms in
disinfectant testing? J Hosp Infect. 2002 Apr;50(4):309-11. DOI:
10.1053/jhin.2002.1201

Reiss |, Borkhardt A, FUssle R, Sziegoleit A, Gortner L. Disinfectant
contaminated with Klebsiella oxytoca as a source of sepsis in
babies. Lancet. 2000 Jul;356(9226):310. DOI: 10.1016/S0140-
6736(00)02509-5

Trillis F 3rd, Eckstein EC, Budavich R, Pultz MJ, Donskey CJ.
Contamination of hospital curtains with healthcare-associated
pathogens. Infect Control Hosp Epidemiol. 2008
Nov;29(11):1074-6. DOI: 10.1086/591863

Ohl M, Schweizer M, Graham M, Heilmann K, Boyken L, Diekema
D. Hospital privacy curtains are frequently and rapidly
contaminated with potentially pathogenic bacteria. Am J Infect
Control. 2012 Dec;40(10):904-6. DOI:
10.1016/j.ajic.2011.12.017

Sattar SA, Springthorpe S, Mani S, Gallant M, Nair RC, Scott E,
Kain J. Transfer of bacteria from fabrics to hands and other
fabrics: development and application of a quantitative method
using Staphylococcus aureus as a model. J Appl Microbiol. 2001
Jun;90(6):962-70. DOI: 10.1046/j.1365-2672.2001.01347.x

Rusin P, Maxwell S, Gerba C. Comparative surface-to-hand and
fingertip-to-mouth transfer efficiency of gram-positive bacteria,
gram-negative bacteria, and phage. J Appl Microbiol.

2002;93(4):585-92. DOI: 10.1046/j.1365-2672.2002.01734 .x

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226

12/14


http://m.aerzteblatt.de/print/146512.htm
http://m.aerzteblatt.de/print/146512.htm

Bloomfield et al.: Lesser-known or hidden reservoirs of infection and ...

57.

58.

59.

60.

61.

62.

63.

64.

65.

606.

67.

68.

69.

70.

71.

Das I, Lambert P, Hill D, Noy M, Bion J, Elliott T. Carbapenem-
resistant Acinetobacter and role of curtains in an outbreak in
intensive care units. J Hosp Infect. 2002 Feb;50(2):110-4. DOI:
10.1053/jhin.2001.1127

Mahida N, Beal A, Trigg D, Vaughan N, Boswell T. Outbreak of
invasive group A streptococcus infection: contaminated patient
curtains and cross-infection on an ear, nose and throat ward. J
Hosp Infect. 2014 Jul;87(3):141-4. DOI:
10.1016/j.jhin.2014.04.007

Rutala WA, Gergen MF, Sickbert-Bennett EE, Williams DA, Weber
DJ. Effectiveness of improved hydrogen peroxide in
decontaminating privacy curtains contaminated with multidrug-
resistant pathogens. Am J Infect Control. 2014 Apr;42(4):426-
8. DOI: 10.1016/j.ajic.2013.11.022

Longtin Y; Comité sur les infections nosocomiales du Québec.
Divider Curtains and Infection Risk. Québec: Institut National de
Santé Publique; 2013 [cited 2014 Dec 16]. Available from:
http://www.inspqg.qc.ca/pdf/publications/1729_
NoticeRecommCINQ_DividCurtainsInfectRisk.pdf

Bloomfield SF, Exner M, Nath KJ, Scott EA, Signorelli C. The
infection risks associated with clothing and household linens in
home and everyday life settings, and the role of laundry.
International Scientific Forum on Home Hygiene; 2011. Available
from: http://www.ifh-homehygiene.org/best-practice-review/
infection-risks-associated-clothing-and-household-linens-home-
and-everyday-life

Hasen D, Krude J, Blahout B, Leisebein T, Dogru-Wiegand S,
Bartylla T, Raffenberg M, Benner D, Popp W. Infektionsgefahr
Bettenmachen? Hyg Med. 2008; 33(12):508-12.

Nguyen DM, Mascola L, Brancoft E. Recurring methicillin-resistant
Staphylococcus aureus infections in a football team. Emerging
Infect Dis. 2005 Apr;11(4):526-32. DOI:
10.3201/eid1104.041094

Turabelidze G, Lin M, Wolkoff B, Dodson D, Gladbach S, Zhu BP.
Personal hygiene and methicillin-resistant Staphylococcus aureus
infection. Emerging Infect Dis. 2006 Mar;12(3):422-7. DOI:
10.3201/€eid1205.060625

Elias AF, Chaussee MS, McDowell EJ, Huntington MK. Community-
based intervention to manage an outbreak of MRSA skin
infections in a county jail. J Correct Health Care. 2010
Jul;16(3):205-15. DOI: 10.1177/1078345810366679

Bloomfield SF, Exner M, Signorelli C, Scott EA. Effectiveness of
laundering processes used in domestic (home) settings.
International Scientific Forum on Home Hygiene; 2013. Available
from: http://www.ifh-homehygiene.org/review/effectiveness-
laundering-processes-used-domestic-home-settings-2013

Terpstra PM, van Kessel IA. Hygiene effects of laundry processes
in Europe. In: Arild AH, editor. An investigation of domestic
laundering in Europe - habits, hygiene and technical
performance. Oslo: Statens Institutt for forbruksforskning; 2003.
p. 68-101. Available from: http://www.sifo.no/page/
Publikasjoner//10081/48506.html

Lichtenburg W, Gormond F, Niedner R, Schulze I. Hygieneaspekte
beim Niedrigtemperaturwaschen [Aspects of hygiene in low
temperature washing]. SOFW J. 2006;132:28-34.

Linke S, Gemein S, Koch S, Gebel J, Exner M. Orientating
investigation of the inactivation of Staphylococcus aureus in the
laundry process. HygMed. 2011;36:8-12.

Vossebein L. Waschehygiene im Haushalt [Linen hygiene in
households]. SOFW J. 2013;139(3):51-8.

Lakdawala N, Pham J, Shah M, Holton J. Effectiveness of low-
temperature domestic laundry on the decontamination of
healthcare workers' uniforms. Infect Control Hosp Epidemiol.
2011 Nov;32(11):1103-8. DOI: 10.1086/662183

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

Lucassen R, Bockmuhl DP. Antimicrobial efficacy of hygiene
rinses under consumer-related conditions. Tenside Surf Det.
2013; 50:259-62. DOI: 10.3139/113.110257

Cardo D, Dennehy PH, Halverson P, Fishman N, Kohn M, Murphy
CL, Whitley RJ; HAI Elimination White Paper Writing Group. Moving
toward elimination of healthcare-associated infections: a call to
action. Infect Control Hosp Epidemiol. 2010 Nov;31(11):1101-
5. DOI: 10.1086/656912

Warye K, Granato J. Target: zero hospital-acquired infections.
Healthc Financ Manage. 2009 Jan;63(1):86-91.

Zero Tolerance for Infection: A winning strategy. Infection control
today [Homepage]. 2008 Jan 24. Available from: http://
www.infectioncontroltoday.com/articles/2008/01/zero-
tolerance-for-infections-a-winning-strategy.aspx

Kommission flir Krankenhaushygiene und Infektionspravention
(KRINKO). Ausbruchmanagement und strukturiertes Vorgehen
bei gehauftem Auftreten nosokomialer Infektionen.
Bundesgesundheitsblatt Gesundheitsforschung
Gesundheitsschutz. 2002;45:180-86.

Hota S, Hirji Z, Stockton K, Lemieux C, Dedier H, Wolfaardt G,
Gardam MA. Outbreak of multidrug-resistant Pseudomonas
aeruginosa colonization and infection secondary to imperfect
intensive care unit room design. Infect Control Hosp Epidemiol.
2009 Jan;30(1):25-33. DOI: 10.1086/592700

Lowe C, Willey B, O'Shaughnessy A, Lee W, Lum M, Pike K,
Larocque C, Dedier H, Dales L, Moore C, McGeer A; Mount Sinai
Hospital Infection Control Team. Outbreak of extended-spectrum
B-lactamase-producing Klebsiella oxytoca infections associated
with contaminated handwashing sinks. Emerging Infect Dis.
2012 Aug;18(8):1242-7. DOI: 10.3201/€id1808.111268

Breathnach AS, Cubbon MD, Karunaharan RN, Pope CF, Planche
TD. Multidrug-resistant Pseudomonas aeruginosa outbreaks in
two hospitals: association with contaminated hospital waste-
water systems. J Hosp Infect. 2012 Sep;82(1):19-24. DOI:
10.1016/j.jhin.2012.06.007

Snyder LA, Loman NJ, Faraj LA, Levi K, Weinstock G, Boswell TC,
Pallen MJ, Ala'Aldeen DA. Epidemiological investigation of
Pseudomonas aeruginosa isolates from a six-year-long hospital
outbreak using high-throughput whole genome sequencing. Euro
Surveill. 2013;18(42):20611. Available from: http://
www.eurosurveillance.org/ViewArticle.aspx?Articleld=20611

Guyot A, Turton JF, Garner D. Outbreak of Stenotrophomonas
maltophilia on an intensive care unit. J Hosp Infect. 2013
Dec;85(4):303-7. DOI: 10.1016/j.jhin.2013.09.007

Walker JT, Jhutty A, Parks S, Willis C, Copley V, Turton JF, Hoffman
PN, Bennett AM. Investigation of healthcare-acquired infections
associated with Pseudomonas aeruginosa biofilms in taps in
neonatal units in Northern Ireland. J Hosp Infect. 2014
Jan;86(1):16-23. DOI: 10.1016/j.jhin.2013.10.003

Corresponding author:

Prof. Dr. med. Martin Exner

Universitat Bonn, Universitatsklinikum, Institut fir Hygiene
und Offentliche Gesundheit, Sigmund-Freud-StrafRe 25,
53105 Bonn, Germany

Martin.Exner@ukb.uni-bonn.de

grs

S

@E‘

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226

13/14


http://www.inspq.qc.ca/pdf/publications/1729_NoticeRecommCINQ_DividCurtainsInfectRisk.pdf
http://www.inspq.qc.ca/pdf/publications/1729_NoticeRecommCINQ_DividCurtainsInfectRisk.pdf
http://www.ifh-homehygiene.org/best-practice-review/infection-risks-associated-clothing-and-household-linens-home-and-everyday-life
http://www.ifh-homehygiene.org/best-practice-review/infection-risks-associated-clothing-and-household-linens-home-and-everyday-life
http://www.ifh-homehygiene.org/best-practice-review/infection-risks-associated-clothing-and-household-linens-home-and-everyday-life
http://www.ifh-homehygiene.org/review/effectiveness-laundering-processes-used-domestic-home-settings-2013
http://www.ifh-homehygiene.org/review/effectiveness-laundering-processes-used-domestic-home-settings-2013
http://www.sifo.no/page/Publikasjoner//10081/48506.html
http://www.sifo.no/page/Publikasjoner//10081/48506.html
http://www.infectioncontroltoday.com/articles/2008/01/zero-tolerance-for-infections-a-winning-strategy.aspx
http://www.infectioncontroltoday.com/articles/2008/01/zero-tolerance-for-infections-a-winning-strategy.aspx
http://www.infectioncontroltoday.com/articles/2008/01/zero-tolerance-for-infections-a-winning-strategy.aspx
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20611
http://www.eurosurveillance.org/ViewArticle.aspx?ArticleId=20611

Bloomfield et al.: Lesser-known or hidden reservoirs of infection and ...

Please cite as

Bloomfield S, Exner M, Flemming HC, Goroncy-Bermes P, Hartemann P,
Heeg P, lischner C, Kramer I, Merkens W, Oltmanns P, Rotter M,
Rutala WA, Sonntag HG, Trautmann M. Lesser-known or hidden
reservoirs of infection and implications for adequate prevention
strategies: Where to look and what to look for. GMS Hyg Infect Control.
2015;10:Doc04.

DOI: 10.3205/dgkh000247, URN: urn:nbn:de:0183-dgkh0002474

This article is freely available from
http://www.egms.de/en/journals/dgkh/2015-10/dgkh000247.shtml

Published: 2015-02-04

Copyright

©2015 Bloomfield et al. This is an Open Access article distributed
under the terms of the Creative Commons Attribution 4.0 License. See
license information at http://creativecommons.org/licenses/by/4.0/.

GMS Hygiene and Infection Control 2015, Vol. 10, ISSN 2196-5226

14/14



