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Rigshospitalet

Diagnostisk Center The Copenhagen CF Centre

Etableret i 1968 

I 1971 introduceres månedlige ambulatoriebesøg mhp. klinisk evaluering, 

lungefunktionsmåling og mikrobiologisk karakteristik (=overvågning) af 

luftvejsprøver.

I 1976 introduceres elektiv 2 ugers IV antibiotika hver 3. måned.

…hyppige hospitalskontakter!
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Autosomal recessiv arvelig sygdom

3% af den danske population er genetiske bærere

1 – 2 børn fødes hver måned med CF

Ca. 200 børn og 300 voksne i DK 

Cystisk fibrose
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Mutation(er) i CFTR (Cystic Fibrosis transmembrane conductance regulator) genet

cAMP-aktiveret klorid kanal

chloride and bicarbonate, rather than as an active pump. 
Similarly to other members of the ABC protein family, 
it includes two nucleotide-binding domains (NBDs) 
encoding sites capable of binding and hydrolysing ATP 
(Walker A and B motifs) and membrane-spanning 
domains that function as the ion channel pore through 
the plasma membrane (FIG. 2).

CFTR mutations can reduce channel number, func-
tion or both, and can vary in severity and occur through 
a variety of cellular mechanisms. The relative severity 
and completeness of each genetic defect has a major 
influence on the manifestations and the severity of dis-
ease (that is, the cystic fibrosis phenotype), although 
genetic modifiers and environmental factors also have 
a role (see the Clinical and Functional Translation of 
CFTR (CFTR2) website)8,31. The presence of at least one 
CFTR allele that is partially active can vastly improve 
clinical outcome; this is also evident from lower con-
centrations of sweat chloride or higher likelihood of 
pancreatic sufficiency compared with those that have 
no functional CFTR. When two mild or ‘variable’ muta-
tions are present, or one mutation has sufficient func-
tion, atypical forms of cystic fibrosis can occur, such as 
congenital absence of the vas deferens32, ‘idiopathic’ pan-
creatitis33,34 or very late-onset respiratory disease with-
out other characteristic features of cystic fibrosis32–34. A 
global catalogue of the phenotypes found in reported 
patients (patients who have been included in registries 
and report to the database) is available online (see the 
Clinical and Functional Translation of CFTR (CFTR2) 
website)35 and can provide diagnostic and prognostic 
guidance to the management of individual patients.

The classification of CFTR alleles into molecu-
lar classes helps to simplify our understanding of the 
cellular defect (TABLE 1); however, it is now clear that 
many mutations have more than one feature36. This 
has led to a multinational effort to standardize the 
characterization of the mutations, particularly with 
regard to their response to therapeutics (that is, the 
‘theratype’), and to publicize the information through 
open data repositories35. The function of the CFTR 
protein can be reduced by disordered regulation and 
gating, which causes diminished ATP binding and 
hydrolysis (class III alleles) or defective chloride con-
ductance (class IV alleles). Reduced channel number 
can be conferred by major disruptions of the CFTR 
gene (insertions, deletions and premature termination 
codons; each representative of a class I allele), aberrant 
splicing that reduces or eliminates full-length and sta-
ble mRNA transcripts (non-canonical and canonical 
splicing mutations, respectively; class V alleles), muta-
tions that reduce surface stability (class VI alleles) or 
misfolding mutations that destabilize the CFTR protein 
and that subject it to premature degradation by endo-
plasmic reticulum-associated degradation, disrupting 
its normal localization to the plasma membrane (class II 
alleles). Class II mutations include the most common 
CFTR allele, deletion of the phenylalanine at position 
508 (also known as F508del or c.1521_1523delCTT).

The severity of disease depends on whether a molecu-
lar defect is complete, in addition to other factors unre-
lated to the CFTR protein itself, such as modifier genes 
or environment. Mutations that affect chloride conduct-
ance are frequently only mild in severity; similarly, some 
class II and class VI alleles only partially disrupt protein 
stability, and non-canonical splice mutations are — by 
definition — partial, owing to the presence of normally 
spliced transcripts. Some alleles also show more than one 
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Defekt eller fraværende CFTR protein 

forårsager abnorm slimproduktion på 

slimhindeoverflader

Ratjen F et al. Nat Rev Dis Primers. 2015.

Cystisk fibrose
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Cutting GR. Nat Rev Genet. 2015 Jan;16(1):45-56.

Airway disease is thought to begin in the small air-
ways7. Development of bronchiectasis leads to irrevers-
ible changes that encourage continued infection and that 
accelerate disease pathogenesis.

Despite decades of research, the understanding of the 
origins of airway pathogenesis remains incomplete and 
continues to evolve. Several key manifestations include 

delayed mucociliary clearance through airway surface 
liquid depletion, abnormalities of the physical properties 
and adhesion of mucus, and a predisposition to infection 
owing to abnormal mucosal defences58,59. Dysregulated 
inflammation intrinsic to the CFTR defect is also appar-
ent. These processes initiate and perpetuate a cycle of 
destruction that ultimately results in irreversible lung 
injury, bronchiectasis and respiratory failure58,59.

Loss of apical CFTR leads to reduced chloride and 
bicarbonate secretion60. Given that the release of water 
and electrolytes onto the airway surface is mostly driven 
by CFTR-dependent fluid secretion through both 
the glands and the surface epithelia, CFTR deficiency 
leads to diminished airway surface hydration, which 
can impair mucociliary transport in itself 60. CFTR has 
also been shown to regulate the activity of the epithelial 
sodium channel (ENaC; also known as the amiloride-
sensitive sodium channel), which is also activated by 
cleavage events conferred by free proteases such as 
prostasin and neutrophil elastase that are enriched in 
the inflamed airway61–63. CFTR decrement also confers 
unopposed ENaC-dependent sodium and water absorp-
tion, which exacerbates airway surface liquid deple-
tion64. Moreover, the periciliary layer, which is a mucin 
gel layer between the cell surface and the mucus layer 
(FIG. 3), is sensitive to the osmolar forces of the overlying 
mucus; as the overlying mucins become concentrated 
in the absence of adequate fluid transport, the pericili-
ary layer collapses and failure of mucociliary transport 
ensues65. However, this view is not without controversy. 
Specifically, ENaC hyperactivity has been questioned 
owing to the absence of sodium hyperabsorption from 
airway mucosa in newborn pigs with cystic fibrosis 
(together with evidence of normal airway surface liq-
uid depth)66, the lack of heightened amiloride-sensitive 
currents in rat models67 and the finding that elevated 
amiloride-sensitive currents can be increased by reduced 
CFTR-dependent transepithelial resistance in primary 
human airway epithelial monolayers derived from 
patients with cystic fibrosis68. Even in the presence of 
adequate airway hydration, mucus abnormalities can 
adversely affect mucociliary transport69, and mucus 
adhesion can occur at the gland outlet even under sub-
merged conditions, which suggests multifactorial causes 
to delayed mucociliary clearance70.

Mucus and glandular epithelium abnormalities
Hyperviscous respiratory secretions obstruct small and 
medium airways, leading to marked failure of muco-
ciliary clearance that can be macroscopically verified 
by radioligand imaging71. A primary biochemical defect 
in mucus composition has been explored but is not 
well established as a fundamental cause of the disease, 
although enzymatically driven events that lead to the 
release of intestinal mucins have been identified72. Mucus 
includes a complex range of extracellular proteins, which 
are found in high concentrations in the airway lumen73.

In extrapulmonary organs (for example, the pancreas 
and the liver), marked ductular obstruction is observed 
in the absence of polymicrobial infection, which enables 
direct studies of the relationship between CFTR and 
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Folkesson A et al. Nat Rev Microbiol. 2012

Ratjen F et al. Nat Rev Dis Primers. 2015.

• Luftvejsobstruktion

• Reduceret mucocilliær clearence

• Indfangelse af mikroorganismer

• Øget risiko for tilbagevendende infektioner

• Øget akkumulering og aktivering af neutrofile

granulocytter ≈ vævsdestruktion

Cystisk fibrose
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Cystic fibrosis

6

(Adapted from Cystic fibrosis foundation annual data report 2012) 

Gibson RL et al. Am J Respir Crit Care Med. 2003

Emerson J et al. Pediatr Pulmonol. 2002

P. aeruginosa infektion:

• Eksacerbationer

• Fald i lungefunktion

• Øget dødelighed
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Keating C et al. J Cyst Fibros. 2017 Jan;16(1):78-84

The CF Foundation Patient Registry

11884 CF patienter

Davies G et al. Eur Respir J. 2006 Nov;28(5):974-9.

5163 CF patienter

Fald i lungefunktion

associeret til P. aeruginosa status

Araújo D et al. Eur Respir J. 2018 Jan 31;51(2):1701953.

2596 patienter

10 CF centre (Europa/Israel)
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Hvad er kilden til lungeinfektionerne?

- Miljøreservoir?

- Andre patienter?

1983: Udbrud af P. aeruginosa med særligt 

resistensmønster i CF centret.

O-gruppering og fag-typning afslørede nosokomiel

transmission.

42% af centerets patienter blev koloniseret.

Infektionshygiejniske forholdsregler

Kohorteisolation – udtalt segregering:

• Kronisk inficeret med multiresistent P. aeruginosa

• Kronisk inficeret med vild-type P. aeruginosa

• Ikke-kronisk inficerede med P. aeruginosa

• Achromobacter xylosoxidans

• Burkholderia cepacia

Indlæggelse

Ambulatoriebesøg

Sociale begivenheder (patientkurser, 

sommer/vinter camps m.fl.)
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Ingen smittetransmission/krydsinfektioner? 
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Marvig R et al. Nat Genet 47, 57–64 (2015)

WGS på 474 P. aeruginosa isolater fra 34 CF børn

10 kloner isoleret fra flere patienter

Gabrielaite M et al. J Clin Microbiol. 2021 Mar 19;59(4):e02911-20.

Transmission af Achromobacter blandt 16 

CF patienter
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Håndtering af CF patienter i sundhedsvæsenet udgør en stor 

infektionshygiejnisk udfordring

• Sårbar patientpopulation

• Stor risiko for udvikling af kroniske lungeinfektioner

• Hyppige hospitalskontakter

• Krydsinfektioner forekommer

UV desinfektion (UVD robot) implementeret maj 2021

2 ugentlige kørsler

4 ambulatorierum + gangareal + venteområde
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Mobil UVD (robot) 

EU-donation

Lamper/lyskilder (UVC, 254 nm)

Autonom mobil robot

Prædefineret rute (”mapping”)

2 timers effektiv driftstid

5 km/t

Step 1

Step 3
Step 2
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Test af UVD robot

• ”Laboratorieforsøg”. Kælderrum, opgang 5 (ladestation)

• ”Real-life forsøg”. Klinik for Børn og Unge med Lungesygdomme (afsnit 5003)
o Gunstige ambulatorieforhold

o Særligt sårbare patienter

o Risiko for krydsinfektion

Forsøgsopstilling:

Laminatoverflade

250 μl bakteriesuspension 

5 x 5 cm felt

Fagligt Forum afholdt 5. maj 2022



Rigshospitalet

Diagnostisk Center

”Laboratorieforsøg”

Afstand: 1 og 3 m

Eksponeringstid:  5 min.

Testede isolater:

Staphylococcus aureus, Eschericia coli, Enterococcus faecium, Pseudomonas aeruginosa, 

Acinetobacter baumanii, Achromobacter rhulandii, Burkholderia cepacia complex
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”Real-life forsøg”. Klinik for Børn og Unge med Lungesygdomme (afsnit 5003)

7 lokaliteter: Håndvask, skraldespand, seng/leje, vægt, computer-tastatur, 

stol (under bord), rullebord (under bord)

Testede isolater:

Staphylococcus aureus, Eschericia coli, Enterococcus faecium, Pseudomonas aeruginosa, 

Acinetobacter baumanii, Achromobacter rhulandii, Burkholderia cepacia complex, 

Mycobacterium abscessus, Clostridioides difficile.
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Testresultater – konklusion

UVC stråling resulterer i fuld suppression af testede isolater (> 6-log reduktion)

Manglende effekt på C. difficile

Klinisk evaluering (krydsinfektion?) pågår

Driftssikker UV desinfektionsrobot

Praktiske forhold (mapping, driftstid, ladestation mv.) begrænser robottens anvendelighed

Optimal anvendelse sikres ved valg af egnet lokalitet:

- Daghospital

- Dialyseafsnit

- Ambulatorier (sårbare patientpopulationer)
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