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History of CF Diagnosis and Treatment

Evolutionary History of CF

In 1938 the autopsy studies of malnourished children, 
allowed for the proper distinction of CF from celiac 
disease 7.



In New York during a heat wave in 1948, a 
pediatrician, Paul di Sant'Agnese, discovered that 
children who presented with heat exauhstion also had an 
elevated chance of having CF 7. This discovery lead to the 
development of the sweat test, which uses chloride 
concentration in the sweat to diagnose CF 7.



In 1989, the discovery of the CFTR gene using cells from 
the sweat gland prompted a surge of research activity in 
the area, prompting advancements such as the direct 
identification of CFTR gene mutations to diagnose CF 7.


Figure 2 Sweat chloride concentrations related to cystic fibrosis (CF) diagnosis. Revised and reprinted by permission 
from Davis PB. Cystic fibrosis. Pediatr Rev 2001;22:257–264. 

Figure 1 Image of Codex Latinus 
Monacensis 849

The “Codex Latinus Monacensis 849 (Clm 849) 5 was the first 
written account of CF dating to the 15th century. The German text 
was written in Latin, on bewitchment, and necromancy 5. It 
describes that if a salty taste was observed by licking the nose of 
an infant, then they were ‘bewitched,’ and would most likely die 
soon 5, 6.  In a sense this was a very rudimentary 'sweat test' for CF.

Figure 3 Discoveries relevant to diagnosis, clinical description, and therapy of CF. PD = potential difference.

In 19 55 the Cystic Fibrosis Foundation was created with 
the goal of improving the quality of life for CF patients, 
as well as promoting research into treating the 
disease 7.  



In 1980, Matthews and colleagues observed that some 
patients with CF have very low IgG levels, and 
surprisingly, rather than being vulnerable to bacterial 
infection, they were remarkably healthy, prompting a new 
pillar of therapy to emerge, treatment of inflammation 7.  



The mean life expectancy of someone with CF in the late 
1930s was only around 6 months, and now children born 
between 2019 and 2023 have a life expectancy of 61 
years 2, 7.

Pathophysiology


Cystic fibrosis (CF) is a chronic disease caused by a rare, 
and heritable mutation in the cystic fibrosis 
transmembrane conductance regulator (CFTR) gene 1. - 
The CFTR channel specializes in transporting chloride and 
bicarbonate, and when it is deformed, or otherwise 
ineffective in CF cases, mucus hydration and clearance is 
impaired, and pH balance in exocrine ducts is altered 9, 10.



While in a nutshell, loss of CFTR protein function is the 
root cause of CF, there are six different classes of 
mutation (variants) that can cause CF through varying 
mechanisms such as alteration to RNA transcription, 
protein trafficking, channel function, and protein 
stability 10. 



CF has wide reaching systematic effects within the human 
body, including chronic pulmonary infection and 
inflammation, pancreatic insufficiency, male infertility, 
obstruction of exocrine glands in various organs, 
steatorrhea, poor growth, gastrointestinal malignancy, 
pulmonary hypertension, hearing impairment, and much 
more 9, 10.



Even though classically CF is recessive, new research has 
found even carriers of only one CFTR mutation might have 
subtle, but very real symptoms as well 14, 15. One study 
found that out of 59 CF related conditions, carriers were 
at a significantly (p < 0.005) higher risk for 57 of these 
conditions compared to controls 14. - Carriers may confer 
an evolutionary advantage; however as one study found 
that carriers of the CFTR mutation were less susceptible 
to diarrhea, potentially indicating a resistance to cholera 
symptoms 13.

Figure 7 Cystic fibrosis transmembrane conductance regulator (CFTR) variants can be generally classified in 6 mechanistic classes based on how they alter 
CFTR RNA transcription, protein trafficking, channel function, and stability. Reported prevalence, and clinical features (sweat chloride, pancreatic insufficiency) 

are summarized for exemplar variants per class. The CFTR2 database provides information on all the CFTR variants and updates it as information becomes 
available. 

Even though classically CF is recessive, new research has 
found even carriers of only one CFTR mutation might have 
subtle, but very real symptoms as well 14, 15. One study found 
that out of 59 CF related conditions, carriers were at a 
significantly (p < 0.005) higher risk for 57 of these 
conditions compared to controls 14. 



Carriers may confer an evolutionary advantage; however as 
one study found that carriers of the CFTR mutation were 
less susceptible to diarrhea, potentially indicating a 
resistance to cholera symptoms 13.

Microbiology of the CF Lung


M utation of the CFTR gene also 
produces a weakening of the 
immune system such that shortly 
after birth, individuals with CF are 
almost guaranteed to have their 
lungs colonized by malign 
bacterial species 12.



Frequently, the first lung 
infections a CF patient 
encounters are caused by 
either Staphylococcus 
aureus or Haemophilus 
influenzae, however, as the 
individual ages, it becomes 
increasingly likely that their lungs 
are dominated by Pseudomonas 
aeruginosa infection 12.





Pseudomonas aeruginosa, is a Gram-negative rod shaped bacteria that is extremely prevalent in the environment 12. Healthy 
individuals frequently come in contact with Pseudomonas aeruginosa, and while it can sometimes cause opportunistic infection, 
in individuals with compromised immune systems, it can cause devastating chronic infection by evading treatments 12, 13.



Pseudomonas aeruginosa infection has been found to directly cause bronchiectasis 
and end-stage lung disease, with over 80% of adult aged individuals with CF facing 
lung failure due to Pseudomonas aeruginosa infection at some point in their lives 12, 13.  
A genome wide association study in CF -patients found that beyond CFTR mutation,  
there are two genetic loci, rs62369766 (chr5p12; p=1.98×10−8) and  
rs927553 (chr13q12.12; p=1.91×10−8), that have a direct association with the age of 
Pseudomonas aeruginosa infection onset in CF patients 13.



Even variant class of the CFTR mutation has an effect on the age of onset, and 
how severe Pseudomonas aeruginosa infection is due to variations in the mechanism 
which causes CF 12.


Figure 14 Schematic illustrating Pseudomonas aeruginosa infection and adaptation to cystic fibrosis (CF) lungs.  Chronic lung infections result in airway inflammation, lung tissue damage and eventually respiratory failure. 
CFTR; cystic fibrosis transmembrane conductance regulator, ENaC; epithelial sodium channel, ASL; airway surface liquid. 

Figure 15 In a genome-wide association study (GWAS) of 1037 Canadians with cystic fibrosis (CF), 
two novel loci found linked to chronic Pseudomonas aeruginosa infection age. Evidence found of a 

shared polygenic component and a potential causal relationship between chronic P. aeruginosa 
infection and lung disease. #: the rs62369766 locus was validated using an independent French 

cohort (n=501). 

Psychosocial Challenges of an Aging 
Population and Conclusions

Figure 5 Ancient dispersal patterns of modern humans during the past 100,000 y. This map highlights demic events that began with a source population in southern 
Africa 60 to 100 kya and conclude with the settlement of South America approximately 12 to 14 kya. Wide arrows indicate major founder events during the demographic 
expansion into different continental regions. Colored arcs indicate the putative source for each of these founder events. Thin arrows indicate potential migration paths. 

Many additional migrations occurred during the Holocene.

 ΔF508 is the most common CF causing CFTR mutation 
among North American and European populations, 
accounting for 70-90% of CF mutations in these 
populations 3 .



A haplotype study from 1994 revealed that this ΔF508 
mutation, which accounts for the majority of CF cases 
worldwide, arose roughly 52 000 years ago from a single 
DNA polymerase slippage event 3.



The study used ΔF508 microsatelite haplotypes and found 
that the 23-31-11 haplotype was common among 
most ΔF508 carriers, making it likely to have been 
possessed by the individual who experienced the original 
DNA polymerase slippage event 3.



They estimated the time it took for the 23-31-13 to 
experience a slippage event, and become 17-31-13, and 
then 17-32-13. This then allowed them to estimate the year 
of the original slippage event 3.



Another estimate from the same study based on germline 
mutation rates, estimated that the ΔF508 mutation occurred 173 
000 years ago 3. This estimate precedes the expansion of 
modern humans out of Sub-Saharan Africa, and therefore is 
unlikely, as there are large differences in ΔF508 frequency 
among the different continents of the world 3, 4.



Figure 6  Global genetic epidemiology and standards of care for cystic fibrosis

(A) The detection rate of cystic fibrosis-causing CFTR mutations. The names of several regions have since been updated 
as follows: Bosnia and Herzegovina, Cyprus, Czech Republic, Kuwait, Montenegro, North Macedonia, Russia, Serbia, and 

United Arab Emirates. (B) Global standards of care for cystic fibrosis defined according to factors such as resources, 
training, coverage, outcomes, access, and data management. Comprehensive=all factors present. Partial=at least half of 

these factors present. Limited=more than one factor present. Minimal or unknown=one or no factors present.


Even now this founder effect affects the treatment 
and diagnosis of CF patients worldwide. Even 
though certain populations are at elevated risk 
(North Americans and Europeans), areas of the 
world which have low rates of CF, struggle in 
properly diagnosing and treating CF due to a lack of 
infrastructure, resources, and experience dealing 
with the disease  9.

Figure 4 Frequency distribution of common dF508 haplotypes 23-31-13, 17-31-13 
and 17-32-13 in Europe. The populations not analysed are shown in white. 


Treatments

Figure 10  Changes in lung function in subgroups 
of the study population over 24 weeks. FEV1 = 

forced expiratory volume in 1 s. Dark gray bars = 
subjects with FEV1 <40% pred. Asterisks = 

subjects with pathogens at risk of more rapid 
FEV1 decline.

Figure 11 Effect of treatment on ‘‘worst’’ lobe BALF inflammationfor Inhaled Group 
(inhaled tobramycin; black symbols) andSystemic Group (i.v. antibiotics; red symbols) 
in PA-positivechildren with CF. Lines indicate medians. Circled data points inGroup 2 
indicate subjects treated with an alternative ‘‘systemic’’treatment (oral ciprofloxacin 

and inhaled TOBI) due to lack ofi.v. access. Intergroup comparison was by Mann–
Whitney U-test(1-tailed). A: D%PMN (primary study endpoint). 

Figure 8  CF carriers are at greater risk for a wide range of CF-related conditions. For each CF-related health condition, the figure compares the 
prevalence between CF carriers and matched controls in terms of percent prevalence, OR and associated 95% CI, and P value for a test of the 

hypothesis that prevalence is greater among CF carriers. In addition, each natural log OR and its associated 95% CI are graphically depicted. The 
prevalence of CF-related conditions was greater in CF carriers compared with matched controls for all 59 conditions. The natural log OR for carriers 

was significantly greater than that for controls (P < 0.05) for 57 of the 59 conditions.

CFTR modulators encompass a range of pharmaceuticals 
which share a common design feature of treating the root 
causes of CF. Different CFTR modulators have been designed 
to treat different CF variants, such as ivacaftor which is a 
CFTR potentiator, allowing CFTR proteins to stay on the cell 
surface, or elexacaftor and tezacaftor which are correctors 
that help guide CFTR proteins to the surface. The three of 
these drugs have been researched as a combination therapy 
for CF, and have shown promising results  8.


A major barrier to current CF life 
expectancy is chronic pulmonary 
infection by Pseudomonas 
aeruginosa, and the inhalation of 
aerosolized antibiotics, allows for 
more direct delivery of medication to 
the surface of the lungs, that helps 
to bypass the Pseudomonas 
aeruginosa biofilms, and when used 
in combination with systemic drugs 
delivered by IV or orally, it produces 
lower levels of inflammation than 
when taken in isolation  11, 19.

Figure 9 CF transmembrane conductance regulator (CFTR) activity related to clinical 
manifestations. ABPA = allergic bronchopulmonary aspergillosis, CBAVD = congenital bilateral 

absence of the vas deferens. Revised and reprinted by permission from Davis PB. Cystic 
fibrosis. Pediatr Rev 2001;22:257–264.

Figure 13 Site and mechanism of action of different CFTR modulator drugs.

Conclusion

Treatments and diagnoses for CF are constantly improving, and as such, the life 
expectancy is improving each year 2, 7.



Increased life expectancy means that the psychosocial impacts of CF are constantly 
evolving as new problems emerge due to an aging population and changing 
demographics.



A screening of 50 CF patients, and 50 parents of those patients, revealed that a high 
percentage of both patients and parents of CF affected individuals scored high on 
anxiety and depression tests 16. [72% mild; 28% moderate] for patients on anxiety tests, 
[67% mild; 33% moderate] for patients on depressions tests, [39% mild; 36% moderate; 
25% severe] for parents on anxiety tests, and [60% mild; 27% moderate; 13% severe] for 
parents on depression tests 16.



Further studies have confirmed that anxiety and depression symptoms are worse in 
caregivers compared to children with CF, indicating that psychosocial interventions or 
treatments should be designed to target caregivers as well as individuals with the 
disease  1.



It is unclear how these statistics may shift as the CF population ages and becomes less 
dependant on caregivers.



Lower socioeconomic status has been associated with worsened pulmonary health, and 
poorer nutritional levels compared to those in the population with higher socioeconomic 
status, and under the view of intersectionality, the stacking effects of CF, low 
socioeconomic status, and increased risk of mental health diagnoses might create 
devastating symptoms 17, 18.   


In conclusion, CF is a multifaceted disease that requires the careful 
management of chronic pulmonary infections, organ insufficiencies, and 
mental health diagnoses. In our modern world CF is evolving in numerous 
ways, whether it be the understanding of CF carrier symptomology, the 
acknowledgement of global disparities in treatment and diagnosis, or the 
aging demographic of the CF population. All of these points present their 
own unique opportunities to combat CF, by pharmaceutical treatment, 
improved policy and healthcare infrastructure, or treatment of mental 
disorders.
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