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Sweat and CF



Dorothy Andersen (1901-1963)

1938: Fibrocystic disease of the Pancreas
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McKone JCF 2015

Age at diagnosis:

>   80 mmol/L:    2,9 yrs

60-80 mmol/L:    8,3 yrs

<    60 mmol/L: 11,1 yrs



Chloride Sodium Sodium Chloride

Normal







1.                      :    Potentiator
-     Ivacaftor (Kalydeco)

 -    Deutivacaftor

2.                      :     Corrector

   -   Lumacaftor

-     Tezacaftor

- Elexacaftor

   -     Vanzacaftor

3.                          :    Amplifier

 -     PTI 428  

4.                          :    Read Through

   -     ELX-02 

airway



Ivacaftor (Kalydeco), Change in Sweat Test
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Ivacaftor (Kalydeco), verandering in longfunctie

Ramsey et al., N Engl J Med. 2011 Nov 3;365(18):1663-72

Class III

Ivacaftor (Kalydeco), Change in Lung Function



Ivacaftor in 12-24 month infants

                             Sweat testClass III

Rosenfeld  Lancet Resp Med 2018 



Ivacaftor in children 12-24 months

Class III
Pancreatic Function

Rosenfeld  Lancet Resp Med 2018 



Ivacaftor in children 2-5 years

Class III Sweat test

Rosenfeld et al JCF 2019



Ivacaftor in children 2-5 years

Class III Pancreatic Function

Rosenfeld et al JCF 2019



Dutch CF registration 2021

F508del is most frequent CFTR mutation.
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Effect of CFTR modulators in dF508/dF508 

Lumacaftor/Tezacaftor + Ivacaftor in dF508/dF508



Tezacaftor/Ivacaftor/Elexacaftor in dF508/dF508

 Sweat Chloride

Heijerman et al Lancet 2019



Elexacaftor/Tezacaftor/Ivacaftor bij dF508/dF508

           Lung Function

Heijerman et al Lancet 2019

Triple therapie



Tezacaftor/Ivacaftor/Elexacaftor in dF508/dF508

Heijerman et al Lancet 2019



Dutch CF registry 2018

F508del is the most frequent CFTR mutation



Elexacaftor/Tezacaftor/Ivacaftor in patients with 1 F508del mutation and a 

minimal function mutation 

Middleton et al NEJM 2019



Elexacaftor/Tezacaftor/Ivacaftor in patients with 1 F508del mutation and a 

minimal function mutation 

Middleton et al NEJM 2019



Middleton et al NEJM 2019

Elexacaftor/Tezacaftor/Ivacaftor in patients with 1 F508del mutation and a 

minimal function mutation 



Triple bij patienten met 1 dF508mutatie en een 

andere minimale functie mutatie

Triple bij patienten met 1 dF508mutatie en een 
andere minimale functie mutatie

Elexacaftor/Tezacaftor/Ivacaftor in patients with 1 F508del mutation and a 

minimal function mutation 

Middleton et al NEJM 2019



SwCl: 89 mmol/L SwCl: 32 mmol/L



Effect Kaftrio in Nederland na 6 maanden behandeling.



And the remaining 10% of all patients

HIT-CF Europe project



Microbiologie: infecties en behandeling



CFF registry 2011



Henry et al.  Pediatr Pulmonol 1992

Survival related to results of sputum culture

1980 - 1988



Corey and Farewell Am J Epidemiol 1996

n 3795



Impact of Pseudomonas and Staphylococcus Infection on Inflammation and

Clinical Status in Young Children with Cystic Fibrosis

111 children age < 6 years who had 2 P aeruginosa–positive oropharyngeal

cultures within 12 months. 

Sagel et al. J Pediatr 2009;154:183-8



Biofilm Formation

Planktonic Ps. aeruginosa

Attachment to the airway epithelium

Colony formation

Biofilm by

Quorum sensing



Biofilm 

Development

8 hours 1.5 days

3 days

8 days



What we know:

Chronic infection with Pseudomonas aeruginosa leads to::

A more rapid decline in lung function

• An increase in hospital admissions (and in-hospital days)

• A decreasee in life expectancy

Chronic infection with an epidemic strain of Pseudomonas leads to:

• An increase in antimicrobial resistance

• An increase in morbidity (hospital admissions)

• A more rapid decline in lung function



Prevention

Eradication

Chronic suppressive therapy



Microbiologic Evolution

Birth

1st PA 
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Culture PA 

Negativ
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Culture

Intermittent 

Colonization

Consecutive 

PA Positive 

Cultures

Chronic 

Infection

Mucoidy (?)

Antibodies (?)

Prevention Eradication

Chronic

Suppressive

Therapy



Ratjen F et al. Thorax. 2010; 65:286-291.



Chronic Suppressive Therapy

INHALED ANTIBIOTICS

MACROLIDES
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placebo

Aerosol gentamicin

& carbenicillin

Aerosol gentamicin

& carbenicillin

= IV gentamicin

& carbenicillin

1    2    3   4    5   6    7     8    9    10  11  12    MONTHS

Respiratory function recordings of a patient with CF

receiving antibiotics and placebo by aerosol

Hodson ME, Lancet 1981

FVC

FEV1

PEFR



Study Design TOBI Trial
two parallel studies (002 & 003)

week -4          0                  4                 8                  12               16                 20                24

Randomization

Cycle 1  Cycle 2  Cycle 3

ON

DRUG

ON

DRUG

ON

DRUG

Baseline Folow-up

= treatment: 300 mg of  tobramycin or quinine in 5 mL

   of preservative 1/4 NS bid.

Nebulizer = Pari LC plus jet nebulizer
Ramsey NEJM 1999: 340:23-30



Mean FEV1 (% pred.)
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IV anti-pseudomonal antibiotic use

Moss et al. Poster and abstract presented at NACF 1999

n=261

n=518

n=116

n=61 n=67

n=128

n=133

n=247

Placebo TOBI®



Antibiotics for Inhalation

Tobramycin solution

Colomycin solution

Cayston solution Aztreonam lysine B-lactam   

TIP  powder  Tobramycin  Aminoglycoside  

Colobreathe powder  Colomycin       

Quinsair solution Levofloxacin (Quinsair) Quinolone

Maar ook:

Ceftazidime, Meropenem en Amikacine………   

  



Macrolides



The influence of Azithromycin on Biofilm Formation 

of Pseudomonas aeruginosa in vitro

100

 50

   0 

%

0      1/512  1/256   1/128 1/64   1/32   1/16   1/8     1/4 MIC

Alginic acid production by P.aeruginosa at 

subinhibitory concentrations of azithromycin 

(Data for glycocalyx production are comparable)

*
#

#
# # # #

Ichimiya Chemotherapy 1996;42:186-91

*  p < 0.02

#  p < 0.002



Relative Change in FEV1 % Predicted
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6.21% 

p=0.001
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Proportion of Participants Exacerbation Free

40% Reduction in 

Exacerbations

(p=0.01)

Study Day 

Placebo
Azithromycin
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Behandeling van exacerbaties



Pseudomonas aeruginosa:  Oraal:

    Quinolon

    Chlooramphenicol

    Intraveneus:

    Aminoglycoside/Colistine

    i.c.m.

    Ceftazidime

    Aztreonam

    Tazocin

    Meropenem

   



CONCENTRATIE

Aantal

dode 

bacterien

per

minuut

Aminoglycoside

B-Lactam



Infuus thuisbehandeling



TELEMEDICINE



Longen

Inhalatie antibiotica/ slikken antibiotica

Mucolytica/sputum mobiliseerders

Luchtwegverwijders

Ontstekingsremmers

KNO

Nasale steroiden

Frequent OK i.v.m. neuspoliepen



Maag Darm Lever Alvleesklier

Pancreasenzymen

Vitamines A, D, E en K

Ursochol

Insuline

Movicolon etc.



Complicaties:

Veel opnames, voornamelijk door toename van de longinfectie 

Thuisbehandeling met I.V. antibiotica

Bloedophoesten (Haemoptoe)

Klaplong (pneumothorax)

Rare infecties (Mycobacterie etc.)

Allergisiche reactie op schimmel (ABPA)

Darmverstopping

Diabetes

Osteoporose

Etc, etc.
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