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In §23 Absatz 3 des Infektionsschutzgesetzes (IfSG) heißt es: 
„Die Leiter folgender Einrichtungen haben sicherzustellen, dass die nach dem 
Stand der medizinischen Wissenschaft erforderlichen Maßnahmen getroffen 
werden, um nosokomiale Infektionen zu verhüten und die Weiterverbreitung von 
Krankheitserregern, insbesondere solcher mit Resistenzen, zu vermeiden: 

Die Leiter folgender Einrichtungen haben sicherzustellen, dass die nach dem 
Stand der medizinischen Wissenschaft erforderlichen Maßnahmen getroffen 
werden, um nosokomiale Infektionen zu verhüten und die Weiterverbreitung von 
Krankheitserregern, insbesondere solcher mit Resistenzen, zu vermeiden:  
Krankenhäuser, Einrichtungen für ambulantes Operieren,  
Vorsorge- oder Rehabilitationseinrichtungen, in denen eine den Krankenhäusern 
vergleichbare medizinische Versorgung erfolgt 
etc.................... 
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Die Einhaltung des Standes der medizinischen Wissenschaft auf diesem Gebiet 
wird vermutet, wenn jeweils die veröffentlichten Empfehlungen der Kommission 
für Krankenhaushygiene und Infektionsprävention beim Robert Koch-Institut und 
der Kommission Antiinfektiva, Resistenz und Therapie beim Robert Koch-Institut 
beachtet worden sind  
 

https://www.gesetze-im-internet.de/ifsg/ 



•  der Arzt/Einrichtungsleiter hat ihm obliegende Pflichten auf dem Gebiet der 
Infektionshygiene einzuhalten 

•  Hygienestandards sind einzuhalten, und sollen bestimmten Qualitäts- 
kriterien genügen. Ein gebotenes Tun oder Unterlassen muss 
nachvollziehbar dargelegt sein.  

•  als „Haftungsprophylaxe“ ist nachdrücklich zu empfehlen, die gesetzlichen 
Anforderungen des § 23 IfSG und die genannten Empfehlungen lückenlos 
einzuhalten und ihre Umsetzung sorgfältig zu dokumentieren. 
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Zur Beherrschbarkeit von 
Infektionsrisiken –  
Primum non nocere
Anmerkungen unter Berücksichtigung von 
Hygienestandards im Arzthaftungsrecht

In der Diskussion

Risiken für Leib und Leben begleiten den 
Menschen von Geburt an. Bemühungen, 
gesundheitliche Risiken zu minimieren, 
werden in der Medizin unter dem Begriff 
Prävention zusammengefasst. 

Unter einem Risiko wird die Wahr-
scheinlichkeit des Eintretens eines Scha-
densereignisses verstanden. Die Wahr-
nehmung von Risiken, erst recht aber die 
Frage ihrer Beherrschbarkeit, unterliegt 
dabei einem gesellschaftlichen und histo-
rischen Wandel, nicht zuletzt weil jene mit 
dem Wissen um die das Risiko bestim-
menden Faktoren eng verknüpft ist. Einen 
Teilaspekt gesundheitlicher Risiken stellen 
solche durch Infektionen dar. Tatsächlich 
wurden Krankenhäuser unter dem Ein-
druck der Beherrschung von Seuchen für 
die Behandlung armer Menschen geschaf-
fen, die an Lepra, Pest oder Fleckfieber lit-
ten. Mit dem die Medizin revolutionie-
renden Einzug von Pathologie und Chir-
urgie in die Krankenanstalten im 19. Jahr-
hundert wurde aber auch deutlich, dass 
medizinische Maßnahmen in diesen Ein-
richtungen selbst mit dem Auftreten von 
"Hospitalbrand" und "Kindbettfieber" as-
soziiert sein können. 

"Die Sterblichkeit (an Kindbettfieber) 
war an der ersten Abteilung ... im Jah-
re 1846 sogar um das Fünffache größer 
.... ... Der üble Ruf der ersten geburtshilf-
lichen Klinik hat es gemacht, dass sich al-
les zur Aufnahme auf die zweite geburts-
hilfliche Abteilung drängte, ...."[1]. Es be-
durfte der Aufmerksamkeit eines selbst-
kritischen Klinikers, die Beherrschbarkeit 

der "Übersterblichkeit" an Kindbettfieber 
in bestimmten Einrichtungen durch rati-
onale und durch Interventionsstudien als 
in ihrer Wirksamkeit belegte Präventions-
maßnahmen zu demonstrieren [1]. Nach-
dem Robert Koch und andere am Be-
ginn des 20. Jahrhunderts die Ätiologie 
der Wundinfektionen beschrieben hat-
ten, wurden zahlreiche weitere Maßnah-
men zur Inaktivierung von Krankheitser-
regern und zur Unterbrechung von Infek-
tionsketten erarbeitet.

Die in vielen Ländern etablierten Sur-
veillance-Systeme zur Erfassung und Be-
wertung NI zeigen aber, dass diese nach 
wie vor bei 4 bis 9% der hospitalisierten 
Patienten auftreten. Aktuelle Aufmerk-
samkeit erfordert zudem die Verbreitung 
von Bakterien mit einem weiten Spek-
trum von Resistenzen gegenüber den ty-
pischerweise in der Medizin eingesetzten 
Antibiotika [2]. 

Unter diesem Eindruck wurden neue 
Begrifflichkeiten in die Diskussion um die 
Beherrschbarkeit der nosokomialen Infek-
tionen (NI) wie die "zero tolerance" und 
das "public reporting" in den USA einge-
führt [3]. "Für jetzt glaube ich, als Maß-
stab für die Zahl der vorkommenden Fäl-
le von unverhütbarer Selbstinfektion die 
Rapporte des Wiener Gebärhauses gel-
ten zu lassen aus jener Zeit, in welcher die 
Medizin in Wien noch der anatomischen 
Grundlage entbehrte" [1].

Hierbei ist allerdings zu berücksich-
tigen, dass mit dem gegenwärtig vorlie-
genden Wissen, unter den jeweils vorlie-

genden Verhältnissen, insbesondere aber 
auch wegen der Bedeutung patienteneige-
ner disponierender Faktoren nicht alle In-
fektionsrisiken voll beherrschbar sind. 

Der folgende Beitrag nähert sich der 
Frage der Beherrschbarkeit von Infekti-
onsrisiken unter Aspekten der Rechtspre-
chung bei haftungsrechtlichen Ausein-
andersetzungen. Es wird sich jedoch zei-
gen, dass es sich primär um eine fachlich 
medizinische Frage handelt. Eine einge-
hende Auseinandersetzung mit der Fra-
ge der Beherrschbarkeit von Risiken un-
ter juristischen Aspekten ist aber schon 
deshalb von Bedeutung, da sie im Zusam-
menhang mit den Organisationspflichten 
der Leiter von Einrichtungen des Gesund-
heitswesens eine wichtige Rolle spielt und 
der Risikobegriff auch zum Gegenstand 
der Überlegungen von Haftpflichtversi-
cherungen gehört. Schließlich haben Pa-
tienten die nachvollziehbare Erwartung, 
dass alles fachlich Notwendige getan wird, 
Infektionen, die im zeitlichen Zusammen-
hang mit einer stationären oder ambu-
lanten medizinischen Maßnahme stehen 
[§ 2 Nr. 8 Infektionsschutzgesetz (IfSG) – 
Legaldefinition der NI], zu vermeiden. 

In welchem Umfang diese Erwartung 
berechtigt ist, wird in Infektionspräven-
tions-/Hygieneempfehlungen beschrie-
ben, welche durch einen Prozess der Kon-
sentierung zum Standard (im englischen 
Schrifttum "best practice") erhoben wer-
den. In Anbetracht der Verursachung NI 
durch Bakterien, Viren, Pilze auch aus der 

689Bundesgesundheitsblatt - Gesundheitsforschung - Gesundheitsschutz 7 · 2009 | 
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•  Die Empfehlungen sind darauf ausgerichtet das 
Übertragungsrisiko / Infektionsrisiko zu minimieren  
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Epidemiology of Pseudomonas aeruginosa
in a cystic fibrosis rehabilitation centre
S.G. Van daele*, H. Franckx#, R. Verhelst", P. Schelstraete*, F. Haerynck*,
L. Van Simaey", G. Claeys", M. Vaneechoutte" and F. De Baets*

ABSTRACT: Pseudomonas aeruginosa is the leading pathogen in cystic fibrosis (CF) lungs.
Since there is great concern about clonal spread in CF centres, this study examined the
P. aeruginosa genotypes of colonised residents of a CF rehabilitation centre.

The isolates from the sputum of 76 P. aeruginosa-colonised patients were genotyped by
fluorescent amplified fragment length polymorphism on arrival and departure.

A total of 71 different P. aeruginosa genotypes were identified from 749 isolates. Forty-nine
patients had one genotype, 20 had two genotypes and seven had three. Forty-four patients had
one or more genotypes in common with other patients (i.e. cluster types). Thirty-two patients were
colonised by a single genotype not shared by any other patient. Thirty-eight of the 44 patients with
a cluster type already carried their cluster type strain(s) on arrival. Patient-to-patient transmission
could not be excluded for eight patients. For five of these, this infection was transient. None of the
environmental P. aeruginosa isolates had a genotype similar to the patients’ genotypes.

In summary, most patients were colonised by only one or two P. aeruginosa genotypes and the
risk of persistent patient-to-patient transmission was low during the study period (4%). Most
patients with a cluster-type strain carried this strain on arrival, indicating that transmission could
have happened in the past. No environmental contamination could be established.

KEYWORDS: Cystic fibrosis, epidemiology, Pseudomonas aeruginosa

P
seudomonas aeruginosa has been the lead-
ing pathogen in cystic fibrosis (CF) lung
pathology over the last three decades [1–3].

After initial infection, colonisation (as defined by
the criteria of DÖRING et al. [4]) leads to the
destruction of lung tissue and reduction of lung
function, which may result in early death. The US
CF Foundation database reported that, in 1996, the
median survival of CF patients who were colonised
with P. aeruginosa was 28 yrs, while the median
survival for noncolonised patients was 39 yrs [5].
Loss of lung function has been clearly demonstra-
ted by KEREM et al. [6], who showed that patients
who were colonised with P. aeruginosa at the age of
7 yrs had a mean forced expiratory volume in one
second (FEV1) that was 10% lower than that of
noncolonised patients. Although the emergence of
a mucoid colonial morphotype is a more unfavour-
able prognostic factor than the presence of
nonmucoid P. aeruginosa [7], the latter forms an
important microbial reservoir from which mucoidy,
bacterial biofilms and chronic colonisation are
established [8].

Prevention of chronic P. aeruginosa colonisation
by appropriate antibiotic therapy is now common
practice once a ‘‘new’’ infection by the organism

has been identified [9, 10]. Currently, spread of
highly transmissible strains in some CF centres
has caused great concern, particularly when such
strains are multi-resistant and responsible for
primary infection [11–16]. Other studies, how-
ever, have failed to find evidence of clonal spread
[17–20].

In Belgium, many patients are referred to the CF
rehabilitation centre ‘‘Zeepreventorium’’ in De
Haan, for either a short or prolonged stay, in
order to learn specific physiotherapeutic techni-
ques, such as autogenic drainage. This situation
has led to justifiable concern among patients and
physicians about the risk of cross-infection.
Therefore, during 2001 and 2002, P. aeruginosa
isolates from 76 patients, together with environ-
mental isolates, were genotyped to investigate
the risk of patient-to-patient transmission.

METHODS
Patients
All 76 P. aeruginosa-colonised patients who
attended the rehabilitation centre from January
8 to April 30, 2001, and from September 1, 2001,
to October 31, 2002, with a total duration of stay
of 8,218 days (median 63 days), were enrolled in
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•  71 different P. aeruginosa genotypes were identified from 749 isolates. 

•  49 patients had one genotype, 20 had two genotypes and 7 had three. 

•  44 patients had one or more genotypes in common with other patients (i.e. 
cluster types) 

•  most patients were colonised by only one or two P. aeruginosa genotypes 
and the risk of persistent patient-to-patient transmission was low during 
the study period (4%). Most patients with a cluster-type strain carried this 
strain on arrival, indicating that transmission could have happened in the 
past. No environmental contamination could be established. 
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Genome Macrorestriction Analysis of Diversity and Variability of
Pseudomonas aeruginosa Strains Infecting Cystic Fibrosis Patients

MARC J. STRUELENS,1* VALERIE SCHWAM,1 ARIANE DEPLANO,1 AND DANIEL BARAN2
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Genome macrorestriction fingerprinting with XbaI and Dral was used to analyze the relatedness of 166
Pseudomonas aeruginosa isolates collected from 31 cystic fibrosis patients over a 1- to 20-month period and to
correlate their genotype with patterns of resistance to 14 antimicrobial agents. Quantitative comparison of
intra- and interpatient similarities ofP. aeruginosa macrorestriction patterns disclosed two discrete ranges that
clearly discriminated subclonal variation (>80%o relatedness) and clonal diversity (10 to 70%o relatedness).
Cloning-derived mutants exhibited up to 20%o divergence of genomic macrorestriction patterns during the
course of chronic colonization of individual patients. Change of susceptibility to multiple antimicrobial agents
developed in 50%o of sequential pairs of isolates from individual patients. Only 19% of these susceptibility
changes were attributable to strain substitution, while the majority (56%) of resistance changes were associated
with minor genomic variations of a persistent strain. Sixty-six percent of patients harbored one strain, and 33%
carried two strains. Three common strains colonized 5 (28%) of 18 patients attending a cystic fibrosis clinic,
and another two strains colonized two patient pairs (31%) of 13 patients staying at a rehabilitation center,
suggesting potential cross-infection in these settings. By indexing regional polymorphisms throughout the
chromosome structure, macrorestriction analysis can monitor subclonal evolution ofP. aeruginosa and identify
isogenic resistance mutants. Quantitative macrorestriction fingerprinting enables discrimination between
clonal variants and clones of distinct origins and should therefore provide a reliable tool for investigating the
mode of acquisition of P. aeruginosa in cystic fibrosis patients.

In cystic fibrosis (CF) patients, chronic lung infection with
Pseudomonas aeruginosa leads to progressive respiratory
failure, and this condition remains a major cause of morbid-
ity and reduced life expectancy. Because host-adapted P.
aeruginosa strains from CF patients cannot be typed reliably
by conventional phenotypic methods (8), uncertainty has
long prevailed concerning the respective roles of environ-
mental sources and of cross-colonization in the acquisition
of P. aeruginosa by these patients (8, 9, 18). Recent studies
have examined the diversity and evolution of P. aeruginosa
strains colonizing CF patients by genotypic methods, includ-
ing restriction fragment length polymorphism (RFLP) with
DNA probes complementary to the exotoxin A gene (3, 4, 8,
11, 12, 21) and the pilin gene (17) and genome macrorestric-
tion fingerprinting resolved by pulsed-field gel electrophore-
sis (6, 20). These studies report various patterns of chronic
infection that encompass colonization with a single strain (3,
11, 21), with periodically replaced predominant strains (4,
17), or with multiple, coexistent strains (6). These conflicting
results may be related to methodological differences, includ-
ing duration of follow-up, discriminatory power of the strain
typing method, and strain definition. Diverse patterns of
colonization may also reflect biological differences specific
to particular geographical and epidemiologic settings. These
ambiguities need to be resolved before studies of transmis-
sion can reliably evaluate the risk of P. aeruginosa cross-
infection among CF patients.
Genome fingerprinting of P. aeruginosa with infrequently

cleaving endonucleases was developed by Grothues and
colleagues (6). On the basis of chromosomal DraI macrore-
striction digests analyzed by field-inversion gel electrophore-

* Corresponding author.

sis, these investigators showed that 63% of patients studied
over a three-year period harbored a single genotype in their
sputum, 26% carried two genotypes, and 10% had three or
more genotypes. Cross-colonization was observed among
CF siblings.

In the present study, P. aeruginosa isolates collected over
periods of 1 to 20 months from 31 CF patients were charac-
terized by antibiogram and genome macrorestriction finger-
printing with the following objectives: (i) to assess the
amount of diversity and variability of P. aeruginosa strains
colonizing CF patients; (ii) to determine how frequently
antimicrobial resistance related to acquisition of new strains
was acquired, and (iii) to estimate the occurrence of poten-
tial cross- or coinfection among CF patients attending the
same clinic or residing together temporarily in a rehabilita-
tion center.

MATERIALS AND METHODS

Patient population and collection of P. aeruginosa isolates.
Two patient groups were studied. Eighteen patients attend-
ing the Hopital Erasme CF clinic were studied for periods of
1 to 20 months (median follow-up period of 12 months).
Patients with acute exacerbation of P. aeruginosa broncho-
pulmonary infection were treated in the hospital by intrave-
nous administration of ceftazidime and tobramycin for 15
days together with aerosols of tobramycin administered
three times per day. In case of infection with resistant
organisms, imipenem, amikacin, or ciprofloxacin was used
as the alternative therapy. Sputum specimens collected at
weekly to bimonthly intervals, according to the patient's
clinical status, were cultured on MacConkey and Columbia
agars with 5% horse blood for 4 days at 35° C. Colonies of P.
aeruginosa were identified on the basis of cytochrome c

2320
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Genome macrorestriction analysis of diversity and variability of 
Pseudomonas aeruginosa strains infecting cystic fibrosis patients. 

Genome macrorestriction fingerprinting with XbaI and DraI was used to analyze the relatedness of 166 
Pseudomonas aeruginosa isolates collected from 31 cystic fibrosis patients over a 1- to 20-month period and to 
correlate their genotype with patterns of resistance to 14 antimicrobial agents. Quantitative comparison of intra- 
and interpatient similarities of P. aeruginosa macrorestriction patterns disclosed two discrete ranges that clearly 
discriminated subclonal variation (> 80% relatedness) and clonal diversity (10 to 70% relatedness). Cloning-
derived mutants exhibited up to 20% divergence of genomic macrorestriction patterns during the course of 
chronic colonization of individual patients. Change of susceptibility to multiple antimicrobial agents developed in 
50% of sequential pairs of isolates from individual patients. Only 19% of these susceptibility changes were 
attributable to strain substitution, while the majority (56%) of resistance changes were associated with minor 
genomic variations of a persistent strain. Sixty-six percent of patients harbored one strain, and 33% carried two 
strains. Three common strains colonized 5 (28%) of 18 patients attending a cystic fibrosis clinic, and another 
two strains colonized two patient pairs (31%) of 13 patients staying at a rehabilitation center, suggesting 
potential cross-infection in these settings. By indexing regional polymorphisms throughout the chromosome 
structure, macrorestriction analysis can monitor subclonal evolution of P. aeruginosa and identify isogenic 
resistance mutants. Quantitative macrorestriction fingerprinting enables discrimination between clonal variants 
and clones of distinct origins and should therefore provide a reliable tool for investigating the mode of 
acquisition of P. aeruginosa in cystic fibrosis patients. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC265754/ 
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table 6. Relative Frequency of Shared Strains of Different Cystic Fibrosis Pathogens

Species Frequencya Reference(s)

Pseudomonas aeruginosa !!! 27, 28, 30, 130–132
Burkholderia spp. !!! 27, 133–135
Methicillin-susceptible Staphylococcus aureus ! 136, 137
Methicillin-resistant S. aureus !! 138, 139
Stenotrophomonas maltophilia ! 140, 141
Achromobacter xylosoxidans ! 142–144
Mycobacterium avium complex None described 102
Mycobacterium abscessus subsp. massiliense ! 66, 129, 145
a Frequency (! to !!!) is based on the relative number of published reports.

ridor, and a CF clinic.126,127 Factors associated with generating
infectious droplets are unknown, as exacerbations, sick versus
well CF clinic visits, and age were not predictive of the rate
of recovery from air samples.125,128

II.D. Potential Role of Droplet Nuclei

Most recently, the potential for person-to-person droplet and/
or droplet nuclei transmission of M. abscessus subsp. massi-
liense has been suggested.66,129 Transmission in one center was
halted by simultaneous implementation of multiple IP&C
strategies, including separation of people with CF infected
with this pathogen, increased microbiologic surveillance, en-
hanced environmental cleaning, mask use by individuals with
CF, and the use of negative pressure rooms among adults
with CF.129 (See Section III.A.5 for a more detailed description
of NTM transmission.)

II.E. Paradigm for Transmission of Respiratory Pathogens

In an effort to explain observations made during the 2003
SARS epidemics, the following paradigm was proposed to
describe the potential for transmission of respiratory tract
pathogens by both infectious droplets and droplet nuclei un-
der different conditions:117 (1) Obligate transmission is that
which occurs under natural conditions (eg, transmission of
M. tuberculosis by droplet nuclei). (2) Preferential transmis-
sion is that which occurs when one route is the usual route
but another route has been described; for example, trans-
mission of the measles virus (rubeola) usually occurs by in-
halation of droplet nuclei that are deposited in distal airways,
but infectious droplets may also transmit the measles virus.
(3) Opportunistic transmission is that which can occur when
a pathogen usually transmitted by droplets can be transmitted
by droplet nuclei (eg, influenza transmitted by aerosols of
droplet nuclei) under unusual environmental conditions,
such as intubation. Future studies may help define the ap-
plicability of this paradigm to CF pathogens.

Summary

In summary, CF pathogens can be transmitted by direct or
indirect contact with infectious secretions, objects contami-
nated with infectious secretions, or infectious droplets. Recent
data suggest that infectious droplets may travel as far as 6

feet (2 meters) from individuals with CF. While detection of
infectious droplets is not confirmatory of patient-to-patient
transmission, it is highly suggestive of the potential for such
transmission. The potential for people with CF to generate
droplet nuclei has been demonstrated in experimental mod-
els, but the relevance of these observations for transmission,
including that of M. abscessus subsp. massiliense, has not been
established and should be studied.

III. Potential Sources of CF Pathogens

III.A. Person-to-Person Transmission among People with CF

The source of CF pathogens is often unknown, and many
individuals with CF are infected with unique strains of P.
aeruginosa or Burkholderia spp. However, the molecular tools
described above have expanded the evidence that people with
CF can acquire CF pathogens from others with CF in both
healthcare and nonhealthcare settings. These are the primary
transmission and acquisition events targeted by the rec-
ommendations in this guideline. The relative frequency of
shared strains of different CF pathogens is shown in Table
6.27,28,30,66,102,129-145

III.A.1. Burkholderia spp.

B. cenocepacia. Several methods have been used to geno-
type Burkholderia to define the epidemiology of infections in
people with CF.61,146-150 In the late 1980s, genotyping studies
identified common strains in multiple individuals receiving
care at the same CF centers, suggesting person-to-person
spread.149 More compelling evidence soon followed. Trans-
mission of B. cepacia complex was described at a CF edu-
cational retreat134 and among people with CF attending sum-
mer camps.151 Outbreaks were also reported within CF
centers.135

Among so-called epidemic strains, the ET12 (electrophor-
etic type 12) strain was prevalent in eastern Canada and the
United Kingdom.152,153 The Midwest strain and the PHDC
(Philadelphia–Washington, DC) strain were identified in peo-
ple with CF in the Midwest and mid-Atlantic regions of the
United States, respectively.154-157 The ST04 strain (RAPD type
04) was identified in people with CF in western Canada, and
the CZ1 strain (now referred to as ST32) was identified in
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table 5. Modes of Transmission of Potential Pathogens in Cystic Fibrosis

Type of transmission Mode of transmission
Examples of respiratory

tract pathogens Source

Contact transmission Direct or indirect contact
with infectious secretions

MRSA
Pseudomonas aeruginosa
Burkholderia spp.
Respiratory syncytial virus

Hands of healthcare workers
Shared toys
Contaminated respiratory therapy equipment

or surfaces

Droplet transmission Infectious droplets containing
pathogens

MRSA
P. aeruginosa
Burkholderia spp.
Influenza virus
Rhinovirus
Adenovirus
Mycoplasma
Bordetella pertussis

Infectious droplets (general size, 10.5 mm; dis-
tance, 3–6 feet [1–2 meters]) travel from
respiratory tract of infected person to nasal
mucosa, conjunctiva, or mouth of suscepti-
ble person during coughing, sneezing, or
chest physiotherapy

Airborne transmission Droplet nuclei arising from
desiccation of droplets
containing pathogens

Mycobacterium tuberculosis
Varicella zoster virus
Measles virus
SARS-CoV

Airborne dissemination of droplet nuclei in
respirable range that remain infectious over
time and distance; may occur for some
pathogens that are usually transmitted by
the droplet route under unusual
circumstances

note. MRSA, methicillin-resistant Staphylococcus aureus; SARS-CoV, severe acute respiratory syndrome coronavirus.

tory secretions (eg, by kissing), indirect contact with an in-
termediate object contaminated with infectious respiratory
secretions (eg, hands, environmental surfaces, or shared
equipment), and infectious droplets from the respiratory tract
that can travel in the air a distance of 3–6 feet (1–2 meters).
These routes of transmission are summarized in Table 5. Bac-
terial and viral pathogens can remain viable on hands or
inanimate surfaces for minutes, hours, or even days.112,113

Since publication of the 2003 Infection Control Guideline
for CF, several studies conducted in people with and without
CF who are infected with viral or bacterial pathogens have
expanded our understanding of droplet transmission and now
challenge the 3-foot rule. These studies include epidemiologic
data collected during outbreaks of influenza114,115 and SARS
in non-CF individuals,116-118 experimental and observational
studies performed in people with CF,119-121 and studies of the
dynamics of infectious aerosols.119,122,123

II.B. Classic View of Droplet Transmission

In the classic view of droplet transmission, infectious respi-
ratory droplets (more than 5 mm in diameter) are expelled
by one person onto the mucous membranes of the nose,
mouth, or conjunctivae of another susceptible person within
3 feet.124 Infectious droplets are generated by coughing, sneez-
ing, or talking or during such procedures as suctioning, in-
tubation, chest physiotherapy, or pulmonary function testing.
Infectious droplets remain suspended in the air for a short
time, generally minutes, and can contaminate horizontal en-
vironmental surfaces, equipment, and the hands of patients

and healthcare personnel. Droplets are contrasted with much
smaller droplet nuclei (less than 3.3 mm in diameter), which
can travel farther, remain suspended in the air for longer
periods of time, do not require face-to-face contact for trans-
mission, and are directly inhaled into the respiratory tract.
Thus, pathogens transmitted by droplet nuclei do not require
individuals to be in close proximity but do require them to
share common air space.

II.C. Emerging View of Droplet Transmission

New data have challenged the classic view of droplet trans-
mission. Infectious droplets containing influenza virus and
SARS-CoV traveled 3–6 feet.6,114,116,118 Aerosols of droplet nuclei
from patients infected with influenza can be generated during
intubation and suctioning. Droplet size and distance traveled
can be affected by (1) environmental factors (eg, humidity,
temperature, air currents, and number of air changes per hour
in a room), (2) agent factors (eg, infectious load, transferability,
survivability, infectivity, and contagiousness), and (3) host fac-
tors (eg, susceptibility and behavior).122,123

In CF, several recent studies have explored the dynamics
of droplet transmission. In an experimental model, subjects
with CF infected with P. aeruginosa coughed into a chamber,
and both droplets and smaller droplet nuclei containing viable
organisms were collected as far as 6 feet from the subjects.121

CF pathogens were recovered from the air collected 6 feet
from CF subjects who were performing PFTs,125 and P. aeru-
ginosa was recovered from the air in hospital rooms, rooms
after chest physiotherapy was performed, the hospital cor-
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FIG. 1. (A) Distribution of 
Burkholderia species 

among U.S. CF patients. 
The proportions of CF 
patients infected with 
various Burkholderia 
species are shown.  

 

FIG. 1. (B) Incidence of B. 
cenocepacia and B. multivorans 
infection in U.S. CF patients. The 

proportions of B. cepacia complex-
infected CF patients who were first 
infected with either B. cenocepacia 

(red line) or B. multivorans (blue 
line) in the years indicated are 

shown.  
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Cystic fibrosis (CF) patients have chronic airway infection and frequent exposure to
antibiotics, which often leads to the emergence of resistant organisms. Achromobacter
xylosoxidans is a new emergent pathogen in CF spectrum. From 2005 to 2010 we had an
outbreak in A. xylosoxidans prevalence in our CF center, thus, the present study was
aimed at deeply investigating virulence traits of A. xylosoxidans strains isolated from
infected CF patients. To this purpose, we assessed A. xylosoxidans genome variability by
randomly amplified polymorphic DNA (RAPD), biofilm production, antibiotic resistances,
and motility. All A. xylosoxidans strains resulted to be biofilm producers, and were
resistant to antibiotics usually employed in CF treatment. Hodge Test showed the ability
to produce carbapenemase in some strains. Strains who were resistant to β-lactamics
antibiotics, showed the specific band related to metal β-lactamase (blaIMP-1), and some of
them showed to possess the integron1. Around 81% of A. xylosoxidans strains were
motile. Multivariate analysis showed that RAPD profiles were able to predict Forced
Expiratory Volume (FEV1%) and biofilm classes. A significant prevalence of strong biofilm
producers strains was found in CF patients with severely impaired lung functions (FEV1%
class 1). The outbreak we had in our center (prevalence from 8.9 to 16%) could be
explained by an enhanced adaptation of A. xylosoxidans in the nosocomial environment,
despite of aggressive antibiotic regimens that CF patients usually undergo.

Keywords: Achromobacter xylosoxidans, Cystic fibrosis, antimicrobial resistance, motility, RAPD, biofilm

INTRODUCTION
In sputa of patients with Cystic fibrosis (CF), the Gram-negative
Pseudomonas aeruginosa and the Gram-positive Staphylococcus
aureus are the most frequently found pathogens. Recently, new
bacterial species have also emerged, such as Burkholderia cepa-
cia complex, Stenotrophomonas maltophilia, and Achromobacter
xylosoxidans (Dakin et al., 2002; Rajan and Saiman, 2002; Saiman
and Siegel, 2004; Vonberg and Gastmeier, 2005; Spicuzza et al.,
2009; Hansen et al., 2010). A. xylosoxidans is an environmental
Gram-negative bacillus with harmful properties in immuno-
compromised hosts. It is difficult to be correctly identified, and
suffers from a confusing nomenclature (Liu et al., 2002; Hauser
et al., 2011). A. xylosoxidans is increasingly being isolated from
sputa of CF patients (Zemel et al., 2000; Liu et al., 2002): its
current prevalence ranges from 2 to 11% (Tan et al., 2002;
Raso et al., 2008; Magni et al., 2010; Lambiase et al., 2011).
Recently, a Brazilian study reported a prevalence of 21.8% (Pereira
et al., 2011). Infection is frequently transient, although approxi-
mately 2.3% of CF patients are chronically infected (Tan et al.,
2002). Relatively little is known about the clinical significance

of A. xylosoxidans in CF patients, but it was found that infec-
tion occurs in CF patients with advanced lung disease (Lambiase
et al., 2011): thus, additional studies are necessary to deter-
mine the aetio-pathological role A. xylosoxidans in CF. To this
end, we decided to study some characteristics of A. xylosox-
idans in selected strains isolated from CF patients, such as:
genomic variability, biofilm production, antibiotic resistance, and
motility. The last three bacterial features are considered impor-
tant prerequisites for in vivo colonization and infection, and
recent evidence report on their interdependence (Molin and
Tolker-Nielsen, 2003; Hoffman et al., 2005; Shrout et al., 2011;
Boles and Horswill, 2012). During chronic lung infection of
CF patients, bacteria can survive under the challenging selec-
tive pressure imposed by both immune system and antibiotic
regimens, developing both antibiotic resistances and biofilm for-
mation (Macfarlane et al., 2011; Sibley and Surette, 2011; Sibley
et al., 2011; Bragonzi et al., 2012). Furthermore, many bacterial
species become highly motile thanks to enhanced production of
flagella and pili (Henrichsen, 1983; Jarrell and McBride, 2008),
also within established biofilms (Houry et al., 2012), increasing
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Abstract

Background: Pandoraea spp. are recently discovered bacteria, mainly recovered from cystic fibrosis (CF) patients,
but their epidemiology and clinical significance are not well known. We describe an epidemic spread of Pandoraea
pulmonicola from 2009 in our CF center, involving 6 out of 243 CF patients.

Methods: Bacterial identification used amplified ribosomal DNA restriction analysis (ARDRA), MALDI-TOF mass
spectrometry (MALDI-TOF MS) and 16S rDNA gene sequencing. The clonal link between strains was assessed with
pulsed field gel electrophoresis (PFGE) using XbaI. Clinical data were gathered for all patients.

Results: The index case was chronically colonized since 2000. The main hypothesis for this bacterial spread
was a droplet cross-transmission, due to preventive measures not being strictly followed. Antibiotic
susceptibility testing revealed resistance to beta-lactams, ciprofloxacin and colistin. However, there was susceptibility
to trimethoprim-sulfamethoxazole. All patients were chronically colonized with Pseudomonas aeruginosa, and the
acquisition of P. pulmonicola resulted in chronic colonization in all patients. Three patients died, and two patients
remained clinically stable, whereas one patient had a decline in lung function.

Conclusions: This study, which is the first to describe an epidemic spread of P. pulmonicola, notes the potential
transmissibility of this bacterial species and the need for infection control measures.

Keywords: Pandoraea pulmonicola, Epidemic, Cystic fibrosis

Background
Pandoraea spp. are non-fermentative aerobic Gram
negative bacilli first described in 2000 by Coenye et al.
[1]. Initially, the genus Pandoraea was comprised of five
bacterial species (Pandoraea apista, Pandoraea pulmoni-
cola, Pandoraea pnomenusa, Pandoraea sputorum and
Pandoraea norimbergensis). Since then, four other
unnamed genomospecies and four other named species
(Pandoraea thiooxidans, Pandoraea oxalativorans, Pan-
doraea faecigallinarum and Pandoraea vervacti) have
been characterized [2–4]. These bacteria are ubiquitous
in the environment and have been recovered from the

soil, sea, and drinking water [5, 6]. In humans, Pandoraea
spp. are mainly isolated from Cystic Fibrosis (CF) patients,
and may cause chronic lung colonization [7–9]. Several
Pandoraea species have been reported in CF patients.
P. apista was involved in an epidemic spread in six CF pa-
tients in Denmark in 2003 [10]. More recently, P. sputorum
was an agent of chronic CF lung colonization in Spain [8].
In addition to lung colonization, invasive infections due to
Pandoraea species were also reported, although mostly in
non-CF patients [11, 12]. However, a case of bacteraemia
due to Pandoraea sp. was described in a CF patient [13].
This study reports an epidemic spread of P. pulmonicola in
six patients attending our CF center and is the first descrip-
tion of an epidemic involving this bacterial species.

Methods
Patients
In 2008, P. pulmonicola was identified as a non-
fermentative Gram negative organism, responsible for
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Epidemic spread of Pandoraea pulmonicola in a cystic 
fibrosis center 
 
 



Ø  11 der 31 untersuchten Patienten zeigen nahezu identische NTM-Isolate 
des M. abscessus subsp. massiliense auf Basis eine Genomsequenzierung 
untersucht) verteilt auf zwei „Cluster“ à 9 und 2 Patienten) 

Ø  weniger als 10 Basenunterschiede innerhalb der Cluster 

Ø  Keine „offensichtlich“ Quelle (Bronchoskope, Trinkwasserquellen)  

Bryant et al., 2013, Lancet 381:1551-60 
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Background 
Increasing numbers of individuals with cystic fibrosis are becoming infected with the multidrug-resistant non-tuberculous 
mycobacterium (NTM) Mycobacterium abscessus, which causes progressive lung damage and is extremely challenging to 
treat. How this organism is acquired is not currently known, but there is growing concern that person-to-person transmission 
could occur. We aimed to define the mechanisms of acquisition of M abscessus in individuals with cystic fibrosis. 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3664974/ 



Twenty-Five-Year Outbreak of Pseudomonas aeruginosa Infecting
Individuals with Cystic Fibrosis: Identification of the Prairie Epidemic
Strain
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Transmissible strains of Pseudomonas aeruginosa have been described for cystic fibrosis (CF) and may be associated with a
worse prognosis. Using a comprehensive strain biobank spanning 3 decades, we sought to determine the prevalence and stability
of chronic P. aeruginosa infection in an adult population. P. aeruginosa isolates from sputum samples collected at initial enroll-
ment in our adult clinic and at the most recent clinic visit were examined by a combination of pulsed-field gel electrophoresis
and multilocus sequence typing and compared against a collection of established transmissible and local non-CF bronchiectasis
(nCFB) isolates. A total of 372 isolates from 107 patients, spanning 674 patient-years, including 66 patients with matched isolates
from initial and final encounters, were screened. A novel clone with increased antibacterial resistance, termed the prairie epi-
demic strain (PES), was found in 29% (31/107 patients) of chronically infected patients referred from multiple prairie-based CF
centers. This isolate was not found in those diagnosed with CF as adults or in a control population with nCFB. While 90% (60/66
patients) of patients had stable infection over a mean of 10.8 years, five patients experienced strain displacement of unique iso-
lates, with PES occurring within 2 years of transitioning to adult care. PES has been present in our cohort since at least 1987, is
unique to CF, generally establishes chronic infection during childhood, and has been found in patients at the time of transition
of patients from multiple prairie-based CF clinics, suggesting broad endemicity. Studies are under way to evaluate the clinical
implications of PES infection.

Chronic airway infection with cystic fibrosis (CF), punctuated
by repeated bouts of acute perturbations, results in progres-

sive airway destruction, leading to bronchiectasis and respiratory
failure. Pseudomonas aeruginosa, the archetypical CF pathogen,
infects 70% of patients (1–3). The acquisition of this organism and
its conversion to a hyper-alginate-producing mucoid phenotype
are associated with deteriorating clinical status, increased treat-
ment requirements, and progression to end-stage disease (4–8). P.
aeruginosa, which is ubiquitous in the environment (9–11), was
initially presumed to be acquired from each patient’s local envi-
ronment and not transmitted among patients (12). However,
multiple local, national, and transcontinental epidemic strains of
P. aeruginosa have now been described. Several of these strains are
associated with an accelerated clinical deterioration notable for
increased treatment burden (13, 14), increased exacerbation fre-
quency (14), and progression to respiratory failure (9). For further
information on transmissible strains of P. aeruginosa in CF, the
reader is referred to a recent review by Fothergill et al. (15).

Despite extensive study of epidemic strains, little is known re-
garding the stability of infection or the circumstances surround-
ing acquisition (16). Most studies have been prospective and are
thus limited by their short duration of follow-up and lack of his-
torical context. These studies are therefore able to report point
prevalences of infection but provide little information on inci-
dence or when infections first occurred (13, 17). Accordingly, the
development of rational, evidence-based infection control proto-
cols to limit the spread of transmissible organisms has been lim-
ited. Making use of a strain biobank spanning 25 years, we were
able to examine the incidence, prevalence, and stability of strains
of P. aeruginosa within an adult CF cohort managed with tradi-
tional infection control strategies. A novel clonal isolate causing

chronic infections in several generations of patients transitioning
to adult CF care over 25 years was found in 1/3 of our population.
This clone was found in patients referred from multiple Prairie
Provinces, suggesting a broad distribution across western Canada.
Despite its high prevalence in adult populations, incident infec-
tions were rarely observed, suggesting that its risk for acquisition is
highest during the developing years.

MATERIALS AND METHODS
Clinic population and structure. The Calgary Adult Cystic Fibrosis
Clinic (CACFC) serves the needs of all CF patients living in southern
Alberta, a province of 3.65 million individuals living in an area spanning
661,848 km2. Patients attend the clinic at least quarterly and are hospital-
ized exclusively at the Foothills Medical Centre. Prior to 2009, traditional
infection control standards were limited to a common waiting room
where personal contact was excluded to a 1-m “bubble” and good cough
and hand hygiene was strictly enforced. Since then, universal segregation
has been adopted, with patients immediately escorted to private rooms
and seen by circulating health care workers. Inpatients are excluded from
sharing rooms with other individuals with CF. Upon enrollment at the
CACFC, all patients consent to the regular submission and banking of
sputum and bacterial isolates from each and every encounter. All patho-
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Objectives: Here we report on a long-term outbreak from 2009 to 2012 with an XDR Pseudomonas aeruginosa on
two wards at a university hospital in southern Germany.

Methods: Whole-genome sequencing was performed on the outbreak isolates and a core genome was
constructed for molecular epidemiological analysis. We applied a time–place–sequence algorithm to improve
estimation of transmission probabilities.

Results: By using conventional infection control methods we identified 49 P. aeruginosa strains, including eight
environmental isolates that belonged to ST308 (by MLST) and carried the metallo-b-lactamase IMP-8.
Phylogenetic analysis on the basis of a non-recombinant core genome that contained 22 outbreak-specific
SNPs revealed a pattern of four dominant clades with a strong phylogeographic structure and allowed us to
determine the potential temporal origin of the outbreak to July 2008, 1 year before the index case was diag-
nosed. Superspreaders at the root of clades exhibited a high number of probable and predicted transmissions,
indicating their exceptional position in the outbreak.

Conclusions: Our results suggest that the initial expansion of dominant sublineages was driven by a few super-
spreaders, while environmental contamination seemed to sustain the outbreak for a long period despite regular
environmental control measures.

Keywords: whole-genome sequencing, transmission analysis, outbreak investigation, IMP carbapenemase

Introduction
Pseudomonas aeruginosa is an opportunistic human pathogen and
among the five most common bacteria in healthcare-associated
infections in Europe.1 Of particular concern are the rising rates
of antibiotic resistance observed worldwide. In 2012, almost
one-third of invasive clinical P. aeruginosa isolates in European hos-
pitals were reported to be carbapenem resistant.1 In the same
year, the European Antimicrobial Resistance Surveillance Network
(EARS-Net) report from 30 European countries stated that 13.8%
of P. aeruginosa isolates exhibited an MDR phenotype (MDR-PA).2,3

A number of studies reported high mortality rates associated with
bloodstream infections due to MDR-PA4 – 6 and an elevated total
mean economic cost for nosocomial MDR-PA acquisition (MDR-PA
E15256 versus non-MDR-PA E4933 per patient admission).7

This poses a serious problem, particularly in hospitals that are
facing long-term outbreaks of P. aeruginosa, most likely caused by

widespread environmental contamination.8–10 Therefore, it is cru-
cial to fully understand the relevant in-hospital transmission routes
in order to apply efficient and effective infection control measures.

One approach to identifying transmission routes is to sample
and genotype P. aeruginosa isolates during an outbreak and
assess genetic relatedness and epidemiological correlations.
However, common typing methods, such as PFGE or PCR amplifi-
cation of non-coding repetitive sequences over the bacterial gen-
ome (rep-PCR), cannot provide sufficient discriminatory power for
closely related isolates. In contrast, whole-genome sequencing
(WGS) provides sufficient genetic resolution for an extended inves-
tigation, as shown by recent studies on MRSA, Mycobacterium
tuberculosis and KPC-producing Klebsiella pneumoniae.11 – 15

Additionally, the rapid decrease in costs and turnaround time of
WGS will facilitate the integration of this technology into routine
diagnostic procedures in the near future and may establish a
new standard for infection control measures.

# The Author 2015. Published by Oxford University Press on behalf of the British Society for Antimicrobial Chemotherapy. All rights reserved.
For Permissions, please e-mail: journals.permissions@oup.com
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Methods: Whole-genome sequencing  
Conclusion: Our results suggest that the initial expansion of dominant sublineages was 
driven by a few superspreaders, while environmental contamination seemed to sustain 
the outbreak for a long period (6 years) despite regular environmental control measures. 
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A novel clone with increased antibacterial resistance, termed the prairie epidemic 
strain (PES), was found in 29% (31/107 patients) of chronically infected patients 
referred from multiple CF centers (broad endemic distribution) 
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Transmissible strains of Pseudomonas aeruginosa have been described for cystic fibrosis (CF) and may be associated with a
worse prognosis. Using a comprehensive strain biobank spanning 3 decades, we sought to determine the prevalence and stability
of chronic P. aeruginosa infection in an adult population. P. aeruginosa isolates from sputum samples collected at initial enroll-
ment in our adult clinic and at the most recent clinic visit were examined by a combination of pulsed-field gel electrophoresis
and multilocus sequence typing and compared against a collection of established transmissible and local non-CF bronchiectasis
(nCFB) isolates. A total of 372 isolates from 107 patients, spanning 674 patient-years, including 66 patients with matched isolates
from initial and final encounters, were screened. A novel clone with increased antibacterial resistance, termed the prairie epi-
demic strain (PES), was found in 29% (31/107 patients) of chronically infected patients referred from multiple prairie-based CF
centers. This isolate was not found in those diagnosed with CF as adults or in a control population with nCFB. While 90% (60/66
patients) of patients had stable infection over a mean of 10.8 years, five patients experienced strain displacement of unique iso-
lates, with PES occurring within 2 years of transitioning to adult care. PES has been present in our cohort since at least 1987, is
unique to CF, generally establishes chronic infection during childhood, and has been found in patients at the time of transition
of patients from multiple prairie-based CF clinics, suggesting broad endemicity. Studies are under way to evaluate the clinical
implications of PES infection.

Chronic airway infection with cystic fibrosis (CF), punctuated
by repeated bouts of acute perturbations, results in progres-

sive airway destruction, leading to bronchiectasis and respiratory
failure. Pseudomonas aeruginosa, the archetypical CF pathogen,
infects 70% of patients (1–3). The acquisition of this organism and
its conversion to a hyper-alginate-producing mucoid phenotype
are associated with deteriorating clinical status, increased treat-
ment requirements, and progression to end-stage disease (4–8). P.
aeruginosa, which is ubiquitous in the environment (9–11), was
initially presumed to be acquired from each patient’s local envi-
ronment and not transmitted among patients (12). However,
multiple local, national, and transcontinental epidemic strains of
P. aeruginosa have now been described. Several of these strains are
associated with an accelerated clinical deterioration notable for
increased treatment burden (13, 14), increased exacerbation fre-
quency (14), and progression to respiratory failure (9). For further
information on transmissible strains of P. aeruginosa in CF, the
reader is referred to a recent review by Fothergill et al. (15).

Despite extensive study of epidemic strains, little is known re-
garding the stability of infection or the circumstances surround-
ing acquisition (16). Most studies have been prospective and are
thus limited by their short duration of follow-up and lack of his-
torical context. These studies are therefore able to report point
prevalences of infection but provide little information on inci-
dence or when infections first occurred (13, 17). Accordingly, the
development of rational, evidence-based infection control proto-
cols to limit the spread of transmissible organisms has been lim-
ited. Making use of a strain biobank spanning 25 years, we were
able to examine the incidence, prevalence, and stability of strains
of P. aeruginosa within an adult CF cohort managed with tradi-
tional infection control strategies. A novel clonal isolate causing

chronic infections in several generations of patients transitioning
to adult CF care over 25 years was found in 1/3 of our population.
This clone was found in patients referred from multiple Prairie
Provinces, suggesting a broad distribution across western Canada.
Despite its high prevalence in adult populations, incident infec-
tions were rarely observed, suggesting that its risk for acquisition is
highest during the developing years.

MATERIALS AND METHODS
Clinic population and structure. The Calgary Adult Cystic Fibrosis
Clinic (CACFC) serves the needs of all CF patients living in southern
Alberta, a province of 3.65 million individuals living in an area spanning
661,848 km2. Patients attend the clinic at least quarterly and are hospital-
ized exclusively at the Foothills Medical Centre. Prior to 2009, traditional
infection control standards were limited to a common waiting room
where personal contact was excluded to a 1-m “bubble” and good cough
and hand hygiene was strictly enforced. Since then, universal segregation
has been adopted, with patients immediately escorted to private rooms
and seen by circulating health care workers. Inpatients are excluded from
sharing rooms with other individuals with CF. Upon enrollment at the
CACFC, all patients consent to the regular submission and banking of
sputum and bacterial isolates from each and every encounter. All patho-
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Abstract

Background: Colistin resistant Pseudomonas aeruginosa have rarely been reported in cystic fibrosis (CF) patients.
Methods: We performed a 17-year prospective study on colistin susceptibility and compared our findings with clinical variables.
Results: The first outbreak started in 1995 and lasted 5 years. It involved 27 CF patients who had inhaled colistin twice daily for a median of
10 years. Colistin resistant isolates persisted in individual patients for a median of 75 days after colistin was withdrawn.

A second outbreak started in 2004. It involved 40 patients, 17 of whom were the same as in the first outbreak. Most resistant isolates belonged
to two major clones that had similar genotypes in the two outbreaks. The P. aeruginosa isolates were all non-mucoid and they appeared in a group
of chronically infected patients that had been admitted to the same ward for antibiotic treatment and had been followed at the same week-days in
the outpatient clinic.

Patients were individually isolated to avoid cross-infection and colistin inhalation was avoided in the CF outpatient clinic and in the ward after
both outbreaks. Since 2004, no further spread has been observed.
Conclusion: It is important that the colistin resistant clones do not spread to non-infected patients since colistin is an important antibiotic for
eradication of initial and intermittent P. aeruginosa colonisation.
© 2008 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.

Keywords: Colistin resistance; P. aeruginosa; Cystic fibrosis; Outbreak

1. Introduction

Chronic Pseudomonas aeruginosa lung infection develops in
most patients with cystic fibrosis (CF) and is usually preceded by

a stage of intermittent colonisation [1]. Once the bacteria have
established a chronic biofilm infection in the lungs, they can
hardly ever be eradicated, although aggressive therapy with
different antibiotic combinations and different routes of delivery
can temporarily postpone the progression of the lung disease and
prolong the life of the patients [2,3]. Since 1984, all chronically
infected Danish CF patients have inhaled 2 million units of
polymyxin E (colistin, 1 mg colistin base=30,000 units) twice
daily between the regular intravenous antibiotic courses in order
to maintain pulmonary function and decrease chronic inflamma-
tion within the respiratory tract [4]. Moreover, in an attempt to
postpone chronic infection, the routine use of early aggressive
treatment (inhaled colistin and oral ciprofloxacin for three weeks

Journal of Cystic Fibrosis 7 (2008) 391–397
www.elsevier.com/locate/jcf

☆ Preliminary data were presented at the 26th European Cystic Fibrosis
Conference, Belfast, Ireland, June 4–7, 2003 and at the 17th Annual North
American CFConference, Anaheim, California, U.S.A., October 16–19, 2003 and
were published in abstract form in Pediatr. Pulmonology 2003; Suppl. 25, 304.
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§  1th outbreak (1995-1999) - 27 CF patients involved  
 §  2nd outbreak (2004...) - spread to ca. 40% of all patients chronically infected with 

P. aeruginosa  
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One environmental isolate, obtained from a sink in the unit, clustered within the ST253 
outbreak strains è identification of putative source 

Wasserhahn Duschkopf Schwimmbad Abfluß 

Spread of colistin resistant non-mucoid Pseudomonas aeruginosa 
among chronically infected Danish cystic fibrosis patients. 

http://www.sciencedirect.com/science/article/pii/S1569199308000106 

Whole Genome Sequencing in Real-Time Investigation and Management of a 
Pseudomonas aeruginosa Outbreak on a Neonatal Intensive Care Unit. 
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SDC 2: Characteristics of patient-derived/ clinical and environmental P. aeruginosa isolates in a POCU during an outbreak in July 2008. 

   patient isolates  environmental isolates 

isolation date (2008)  7.7. 9.7. 9.7.  28.7. 28.7. 28.7. 28.7. 28.7. 28.7. 28.7. 28.7. 28.7. 28.7. 

isolate #1  A B C  E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 

room #2  3 5 8  IR 5 5 6 8 9 N 4 

piperacillin  S S S  R R S S S S R R S S 

piperacillin/tazobactam  S S S  S R S S S S R S S S 

ceftazidime  S S S  S S S S S S S I S S 

cefepime  S I S  I I S S S S R S S S 

aztreonam  S I S  I I S S S S S S I S 

imipenem  S S S  R R S S S S S S S S 

meropenem  S S S  R R S S S S S S S S 

ciprofloxacin  S S S  R  R  S S S S S S S S 

levofloxacin  S S S  I I S S S S S S S S 

fosfomycin  R  R R  R R R R R R I R R R 

gentamicin  S S S  R R S S S S I I I S 

tobramycin  S S S  R I S S S S I S S S 

amikacin  S S S  S S S S S S S S S S 

RAPD type3  1 1 1  n.d. n.d. 1 2 3 1 n.d. 4 ind. 5 

exoS/exoU type3  U U U  n.d. n.d. U S U U n.d. U S U 

array code3  EC29 EC29 EC29  n.d. n.d. EC29 239A n.d. EC29 n.d. n.d. n.d. n.d. 

 
 

 

 

v	

Schneider et al., Pediatr Infect Dis J. 2012;31(6):648-50 
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2.10.1 Wasser für den menschlichen Gebrauch 
Wasser für den menschlichen Gebrauch kann grundsätzlich über  

§  den Ingestionsweg (Trinken) 
§  den Inhalationsweg (Einatmen) 
§  den direkten beziehungsweise indirekten Kontakt (zum Beispiel bei Waschen 

oder Betrieb medizinisch-technischer Geräte) zur Übertragung von Krankheits-
erregern führen.  

Wasser für den menschlichen Gebrauch (hier vor allem: Trinkwasser) ist nicht 
keimfrei. Die nach der Trinkwasserverordnung vorgeschriebenen Untersu- 
chungen zeigen mit den Indikatoren E. coli, coliformen Bakterien, Enterokokken 
und P. aeruginosa nur das mögliche Vorkommen eines eingeschränkten 
Spektrums von Krankheitserregern (v.a. fäkale Kontamination). 
Andere Fakultativ-pathogene Krankheitserreger, die zu nosokomiale Infektionen 
bei Immunsupprimierten führe können werden nicht erfasst.  
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Exner Bundesgesundheitsbl - Gesundheitsforsch - Gesundheitsschutz 2004 · 47:384–391  

Bedeutung der Verordnung über die Qualität von Wasser für den 
menschlichen Gebrauch (Trinkwasserverordnung 2001) für die 
Krankenhaushygiene  
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§  zahlreiche	Nonfermenter:	
		P.	pu&da,	P.	fluorescens,	P.	stutzeri,	B.	gladioli,	Pandorea	 	spp.,	 			
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Fig. 3.
Relationship between incident MARPA detection and FEV1 decline. The mean rates of
FEV1 decline were estimated for the 2 years prior to and after the index event of MARPA
detection in the MARPA+ group. FEV1 represents the mean value up to and including the
index event. Error bars represent ± 1 SD.
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Multiple Antibiotic–Resistant Pseudomonas aeruginosa and
Lung Function Decline in Patients with Cystic Fibrosis
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Abstract
Background—The goal of this study was to determine the association of multiple antibiotic–
resistant Pseudomonas aeruginosa (MARPA) acquisition with lung function decline in patients
with cystic fibrosis (CF).

Methods—Using data from Epidemiologic Study of Cystic Fibrosis (ESCF), we identified
patients with spirometry data and MARPA, defined as PA (1) resistant to gentamicin and either
tobramycin or amikacin and (2) resistant to ≥1 antipseudomonal beta lactam. MARPA had to be
detected in a respiratory culture after ≥ 2 years of PA-positive but MARPA-negative respiratory
cultures. Multivariable piecewise linear regression was performed to model the annual rate of
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Impact of multidrug-resistant Pseudomonas aeruginosa

infection on patient outcomes

Elizabeth B Hirsch1,2 and Vincent H Tam†,1,2
1University of Houston College of Pharmacy, 1441 Moursund Street, Houston, TX 77030, USA
2St Luke’s Episcopal Hospital, Houston, TX, USA

Abstract
Rates of antibiotic resistance in Pseudomonas aeruginosa are increasing worldwide. The
multidrug-resistant (MDR) phenotype in P. aeruginosa could be mediated by several mechanisms
including multidrug efflux systems, enzyme production, outer membrane protein (porin) loss and
target mutations. Currently, no international consensus on the definition of multidrug resistance
exists, making direct comparison of the literature difficult. Inappropriate empirical therapy has
been associated with increased mortality in P. aeruginosa infections; delays in starting appropriate
therapy may contribute to increased length of hospital stay and persistence of infection. In
addition, worse clinical outcomes may be associated with MDR infections owing to limited
effective antimicrobial options. This article aims to summarize the contemporary literature on
patient outcomes following infections caused by drug-resistant P. aeruginosa. The impact of
antimicrobial therapy on patient outcomes, mortality and morbidity; and the economic impact of
MDR P. aeruginosa infections will be examined.

Keywords
antipseudomonal agents; infection; morbidity; mortality; outcomes; resistance; virulence

Pseudomonas aeruginosa is an important pathogen frequently implicated in healthcare-
associated infections (HAIs), particularly in critically ill or immunocompromised patients
[1,2]. It is a versatile pathogen with the ability to cause diverse infection types. Data from
the National Nosocomial Infections Surveillance system from 1986–2003 reported P.
aeruginosa as the second most common cause of pneumonia (18.1%), the third most
common cause of urinary tract infection (16.3%) and the eighth most frequently isolated
pathogen from the bloodstream (3.4%) [3]. While the overall proportion of infections caused
by P. aeruginosa has remained stable during 1986–2003, the proportion of resistant isolates
had alarming increases in 2003 compared with 1998 through 2002 [4]. Rates of resistance to
imipenem, quinolones and third-generation cephalosporins increased by 15, 9 and 20%,
respectively. Similarly, a national surveillance study of intensive care unit (ICU) patients
from 1993 to 2002, reported a significant increase in multidrug-resistant (MDR; defined as
resistance to at least three of four agents: imipenem, ceftazidime, ciprofloxacin and
tobramycin) P. aeruginosa isolates [5].

The true prevalence of MDR P. aeruginosa is not well established, presumably for several
reasons: first, there is considerable disagreement within the medical community as to the

© 2010 Expert Reviews Ltd
†Author for correspondence: Tel.: +1 713 795 8316, Fax: +1 713 795 8383, vtam@uh.edu.
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Five-year view
As the prevalence rate of multidrug resistance continues to rise and spread worldwide, more
frequent outbreaks of MDR infection are anticipated. Crude hospital mortality of patients
with infections (whether they can be attributed to multidrug resistance to a scientific
certainty or not) is expected to increase. Unless new and effective antimicrobial agents are
developed for clinical use in time, we are at risk of returning to the preantibiotic era. In such
difficult times, there is an urgent need for the scientific/medical community to unite and
devise effective treatment strategies, preferably via interdisciplinary collaborations.

Key issues

• Currently, no international consensus for the definition of multidrug resistance
exists, making direct comparison of literature very difficult.

• Multidrug efflux systems, enzyme production, outer membrane protein loss and
target mutations all play a role in conferring multidrug resistance in
Pseudomonas aeruginosa.

• Risk factors for multidrug-resistant (MDR) infections include prior use of
antibiotics, history of P. aeruginosa infection or colonization within the
previous year, length of hospital stay, being bedridden or in the intensive care
unit, mechanical ventilation, malignant disease and history of chronic
obstructive pulmonary disease.

• Inappropriate empirical therapy has been shown to increase mortality in P.
aeruginosa infection. Worse clinical outcomes may be associated with MDR
infections owing to limited effective antimicrobial options. These agents
(polymyxins/aminoglycosides) may be associated with severe adverse effects.

• Current studies are somewhat inconsistent in demonstrating increased costs
caused by resistant P. aeruginosa infections. More well-designed studies are
needed to assess the direct cost burden associated with MDR infections.
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Microbial colonization and lung function in adolescents with cystic fibrosis☆
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Abstract

With intensified antibiotic therapy and longer survival, patients with cystic fibrosis (CF) are colonized with a more complex pattern of bacteria and
fungi. However, the clinical relevance of these emerging pathogens for lung function remains poorly defined. The aim of this study was to assess the
association of bacterial and fungal colonization patterns with lung function in adolescent patients with CF. Microbial colonization patterns and lung
function parameters were assessed in 770 adolescent European (German/Austrian) CF patients in a retrospective study (median follow-up time:
10 years). Colonization withPseudomonas aeruginosa andMRSAwere most strongly associated with loss of lung function, while mainly colonization
with Haemophilus influenzae was associated with preserved lung function. Aspergillus fumigatus was the only species that was associated with an
increased risk for infection with P. aeruginosa. Microbial interaction analysis revealed three distinct microbial clusters within the longitudinal course of
CF lung disease. Collectively, this study identified potentially protective and harmful microbial colonization patterns in adolescent CF patients. Further
studies in different patient cohorts are required to evaluate these microbial patterns and to assess their clinical relevance.
© 2016 European Cystic Fibrosis Society. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Patients with cystic fibrosis (CF) suffer from chronic progres-
sive pulmonary disease, driven by cycles of airway infection
and inflammation. Chronic CF lung disease is characterized by

bacterial and fungal colonizations that change upon disease
progression and patient aging [1–3]. Infection in CF establishes
early in life and is associated with a loss of lung function [4].
Traditionally, Pseudomonas aeruginosa has been regarded as the
main pathogen in CF and chronic infections have been linked
to disease morbidity and mortality [5–8]. However, with
intensified antibiotic therapy and prolonged patient survival,
new ‘emerging’ pathogens, particularly fungi and rare bacteria,
are increasingly found in adolescent and adult CF patients [9–12],
but their clinical impact on lung function remains poorly
defined.

☆ 120 character summary: Distinct patterns of microbes correlate with lung
function decline in adolescents with cystic fibrosis lung disease.
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Abstract: Background: Rehabilitation programs are comprehensive interventions which effectively improve the health 

status and reduce costs in chronic respiratory illnesses. Because patients with cystic fibrosis have been discouraged to 

participate for concerns of microbial cross infection, the efficacy of systematic rehabilitation is unknown for this group. 

Methods: We retrospectively studied 142 cystic fibrosis patients aged 2-46 years who participated in rehabilitation 

programs taking place in Germany/Switzerland and in Israel, focusing on changes in lung function and weight. 

Results: During 172 stays in 97 patients in Israel and 68 stays in 45 patients rehabilitating in Germany/Switzerland, 

overall lung function and weight improved. Outcome did not differ between Israel and German/Swiss sites. Interestingly, 

lung function improved during the initial phase of the stay, whereas weight gain was sustained throughout. The study 

uncovered gaps in reporting sufficient individual outcome information back to the admitting centre. 

Conclusions: Rehabilitation programs specified for cystic fibrosis patients need to be assessed prospectively to optimize 

treatment of this life limiting condition. 

Keywords: Cystic fibrosis, rehabilitation, summer camp. 

INTRODUCTION 

 A recent statement of the American Thoracic Society 
(ATS) and the European Respiratory Society (ERS) on 
pulmonary rehabilitation highlights the great progress that 
has been made in evidence-based support for pulmonary 
rehabilitation in the management of patients with chronic 
respiratory disease [1]. Rehabilitation programs are 
comprehensive interventions which have been shown 
primarily for individuals with chronic obstructive pulmonary 
disease (COPD), to reduce dyspnoea, increase exercise 
performance, improve health-related quality of life (HRQL), 
and to reduce effectively health care costs [1]. 

 Although it has become clear that patients regardless of 
the type of chronic respiratory disease, experience a 
substantial morbidity from secondary impairments, like 
peripheral muscle, cardiac, nutritional, and psychosocial 
dysfunction, as well as suboptimal self-management 
strategies, comparable data are barely available in patients 
with cystic fibrosis. In fact, in the mentioned ATS/ERS 
statement this disease entity is mentioned only twice [1]. 
Thus it is evident that for cystic fibrosis patients up-to-date  
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evaluated and structured rehabilitations programs have not 
yet been developed. Reasons for this may include that cystic 
fibrosis patients only represent a small group of subjects, 
include a broad age range from infancy to adulthood, and 
most importantly the bad experiences made previously in so-
called summer camps. These were holiday-like rehabilitation 
efforts for cystic fibrosis patients, which were not infection 
controlled and cohorted considering pulmonary pathogens. 
In these camps a significant risk of microbial cross infection 
between patients was demonstrated [2-8]. Nevertheless, 
rehabilitation programs in cystic fibrosis have a long 
standing tradition in some European countries [9-13]. These 
programs absolutely differ from the so-called summer 
camps, especially because of taking very carefully into 
account hygiene aspects, among many other factors. They 
are perceived as helpful from a patient’s perspective, as they 
appear to improve health status, specific physiotherapeutic 
and psychosocial skills, and disburden families with small 
children and single adults. Many physicians share this 
attitude; the programs are paid by the national state insurance 
system every 4 years, in exceptional cases depending on 
individual state of health every 1-2 years. 

 Unfortunately very little is known on the quality and 
safety of these programs. For a full positioning of such 
programs and more importantly for their future development 
into definite evidence based pulmonary rehabilitation for CF 
patients according to state of the art knowledge, a description 
of the current outcome of these programs is desirable. 

Griese et al., The Open Respiratory Medicine Journal, 2010, 4,1-8 
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•  educated in personal hygiene measures, including disinfection of hands, no 

close contact to other participants, and strict usage of personal equipment for 
inhalation. At all sites the appropriate hygiene surface and cleaning procedures 
were in place. In all programs the patients usually had private rooms; in case of 
small children these were shared with a family member accompanying them. 
Patients usually brought their own personal inhalation devices, sterilizing 
equipment for these, and their medication with them.  

•  the hygiene aspect is the key for any future development of up-to-date 
rehabilitation programs in cystic fibrosis. Our study did not target this issue. We 
did not systematically investigate our patients directly before and after a stay; 
however patients were only sent to those rehabilitation sites who were sensitized 
for the hygiene issue as demonstrated by cohorting all their patients on a time 
and space basis according to their microbiological status and enforcing hygiene 
rules in  

Griese et al., The Open Respiratory Medicine Journal, 2010, 4,1-8 
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No Differences in the Extent of the Rehabilitation Effects 
Between Israel and German/Swiss Sites 

 A direct overall comparison of the Israel and German 
rehabilitation programs did not show significant differences 
of the basal data and of the changes associated with the 
rehabilitation with respect of age, sex, percentage of 
Pseudomonas positive subjects, weight, and lung function. It 
must be noted however that the time of the year when the 

programs took place and their durations were different, as 
were the numbers of participants (Tables 2 and 3). 

 To circumvent some of these problems an additional 
comparison was made after very careful matching of subjects 
for age, Pseudomonas state, sex, and baseline values of 
weight and lung function. Again, no differences for the 
improvement of lung function (Fig. 3a, b) and weight were 
observed (Fig. 3c). The figure illustrates the wide range of 
individual changes observed. 

Table 4. Differences in Variables Before and After Rehabilitation in All Cystic Fibrosis Patients Included for the Israel, Dead Sea 

Area (172 Stays) and the German and Swiss Sites (68 Stays) 
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Worse 

Absolute  
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N of  
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Better 

N 
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Worse 

FEV1 (% pred) 1.0 (-3, 5) 0.10 130 71 12 47 3.0 (-0.5, 9.5) 0.035 30 22 2 6 

FVC (% pred) 4.0 (-2, 11) <0.01 130 86 7 37 6.8 (-2.9, 16) 0.11 12 9 0 3 

MEF25-75 (% pred) 0.5 (-3, 5) 0.23 130 65 15 50 0.0 (-10, 2.5) 1.25 4 2 1 1 

Oxygen-saturation (%) 1 (0, 1) <0.01 143 66 45 32 Not given      

Weight (kg) 1.0 (0.2, 1.6) <0.01 131 106 6 19 1.2 (0.3, 2.1) <0.01 60 52 1 7 

BMI (kg/m2) 0.4 (0.1, 0.7) <0.01 114 92 6 16 Not given      

 

 

Fig. (1). Medians and interquartile range of FEV1, FVC, oxygen-saturation and body weight during the seasons 2000/2001, 2001/2002, 

2002/2003 and 2003/2004 of the Israel rehabilitation programs. Additional measurements at the end of the first week (on average on day 9.2) 

of the 3-week stay were performed prospectively to determine when potential effects of the intervention become evident. The paired data 

from the 3 time points were compared by Friedman-ANOVA, followed by Dunn`s multiple comparison test. 
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Medians and interquartile range of FEV1, FVC, oxygen-saturation and body weight during the 
seasons 2000/2001, 2001/2002, 2002/2003 and 2003/2004 of the Israel rehabilitation 
programs.  
 
 
 

Zitat: „....Whereas lung function clearly improved during the first week, 
weight improved continuously over the whole rehabilitation period (Fig. 1). 

This observation is in agreement with the observation that the gain of 
weight, but not the improvement of FEV1 was proportional with the 

duration of the rehabilitation programs......“  
  

 
 
 

 

Figure 1 der Publikation 

Griese et al., The Open Respiratory Medicine Journal, 2010, 4,1-8 
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Fig. (2). Spearman correlations between the duration of the 

rehabilitation programs in Germany/Switzerland and the changes in 

weight and lung function (FEV1). The Israel groups were not 

included as their stay was always fixed to 3 weeks. 

DISCUSSION 

 The overall completeness of the reports on quantitative 
key outcomes was clearly low in all rehabilitation programs 
investigated. Based on the data retrieved, both the Israel and 
the German/Swiss rehabilitation programs significantly 
improved overall lung function and weight of patients with 
cystic fibrosis of all age groups. At the Israel site FVC and 
oxygen-saturation improved, whereas at the German sites 
FEV1 did. While lung function improved early on and then 
remained stable, the gain of body weight was sustained and 
proportional to the length of the stay. Inter-individual 
responses were much more pronounced than variability 
within subjects. There were no differences in the extent of 
the rehabilitation effects at Israel and German/Swiss sites, as 
shown by matched comparisons. 

 This is to our knowledge the largest systematic analysis 
of rehabilitation programs in patients with cystic fibrosis 
published so far. One of the strengths of this study is that it 
included all patients of a predefined group of subjects from 
our centre that participated in the mentioned rehabilitation 
activities. Thus a selection bias was avoided and with the 
“intention to treat analysis” approach, we were able to obtain 
a “real life” assessment of the outcome. Since complete and 
unbiased up-to-date evaluation by the rehabilitation program 
providers are not published in an accessible way, we decided 
to do this analysis from the perspective of a site submitting 
patients, accepting potential disadvantages of this approach.  
 

 

Fig. (3). Changes of lung function and weight during rehabilitation 

in a matched group of patients of the Israel and German/Swiss 

rehabilitation program. The subjects from the German/Swiss sites 

were carefully matched by age, Pseudomonas state, sex, and 

baseline values of weight and lung function to fitting partners from 

the Israel site. Dotted lines connect matched subjects. Note that 

these are different subjects matched by chance and not the same 

individuals staying at both sites. Differences were assessed by 

Wilcoxon-Test and p values are indicated. 
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No Differences in the Extent of the Rehabilitation Effects 
Between Israel and German/Swiss Sites 

 A direct overall comparison of the Israel and German 
rehabilitation programs did not show significant differences 
of the basal data and of the changes associated with the 
rehabilitation with respect of age, sex, percentage of 
Pseudomonas positive subjects, weight, and lung function. It 
must be noted however that the time of the year when the 

programs took place and their durations were different, as 
were the numbers of participants (Tables 2 and 3). 

 To circumvent some of these problems an additional 
comparison was made after very careful matching of subjects 
for age, Pseudomonas state, sex, and baseline values of 
weight and lung function. Again, no differences for the 
improvement of lung function (Fig. 3a, b) and weight were 
observed (Fig. 3c). The figure illustrates the wide range of 
individual changes observed. 

Table 4. Differences in Variables Before and After Rehabilitation in All Cystic Fibrosis Patients Included for the Israel, Dead Sea 

Area (172 Stays) and the German and Swiss Sites (68 Stays) 
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FEV1 (% pred) 1.0 (-3, 5) 0.10 130 71 12 47 3.0 (-0.5, 9.5) 0.035 30 22 2 6 

FVC (% pred) 4.0 (-2, 11) <0.01 130 86 7 37 6.8 (-2.9, 16) 0.11 12 9 0 3 

MEF25-75 (% pred) 0.5 (-3, 5) 0.23 130 65 15 50 0.0 (-10, 2.5) 1.25 4 2 1 1 

Oxygen-saturation (%) 1 (0, 1) <0.01 143 66 45 32 Not given      

Weight (kg) 1.0 (0.2, 1.6) <0.01 131 106 6 19 1.2 (0.3, 2.1) <0.01 60 52 1 7 

BMI (kg/m2) 0.4 (0.1, 0.7) <0.01 114 92 6 16 Not given      

 

 

Fig. (1). Medians and interquartile range of FEV1, FVC, oxygen-saturation and body weight during the seasons 2000/2001, 2001/2002, 

2002/2003 and 2003/2004 of the Israel rehabilitation programs. Additional measurements at the end of the first week (on average on day 9.2) 

of the 3-week stay were performed prospectively to determine when potential effects of the intervention become evident. The paired data 

from the 3 time points were compared by Friedman-ANOVA, followed by Dunn`s multiple comparison test. 
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Figure 2 der Publikation 
Fig. Spearman correlations between the duration of the rehabilitation programs in 
Germany/Switzerland and the changes in weight and lung function (FEV1). The 
Israel groups were not included as their stay was always fixed to 3 weeks.  
 

 

Tabelle 4  der Publikation: 
Differences in Variables Before and After Rehabilitation in All Cystic Fibrosis 
Patients Included for the Israel, Dead Sea Area (172 Stays) and the German and 
Swiss Sites (68 Stays)  
 
Zitat: „......At the Israel site FVC and oxygen saturation improved significantly, whereas at the 
German sites FEV1 did. In order to better describe individual outcomes, the numbers of 
patients improving, getting worse or remaining unchanged were assessed (Table 4). 
Whereas a substantial fraction of subjects deteriorated with respect to lung function, 
weight clearly improved in the majority of patients, both in the German and Israel sites 
(Table 4).....“ Griese et al., The Open Respiratory Medicine Journal, 2010, 4,1-8 

Griese et al., The Open Respiratory Medicine Journal, 2010, 4,1-8 
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