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Abstract: Chronic airway colonization by bacteria and fungi is very common in CF patients, causing

irreversible lung damage. It is known that rates of fungal infections are much lower than those of

bacterial infections, however they can worsen the medical condition of CF patients. In this study, we

identify the most common fungal species isolated from 31 adult CF patients in Qatar and analyze

their correlation with lung function, pulmonary exacerbations, bronchial asthma, and pancreatic

insufficiency. Mycological evaluation, as well as medical records, were reviewed for the patients

regularly under the adult CF service at Hamad General Hospital in the period between 2017–2019. All

CF patients included in this study carry rare CFTR mutations. The majority of those patients (n = 25)

carried the c.3700A>G; I1234V mutation, whereas three patients carried the heterozygous mutation

(c.1657C>T and c.1115A>T) and the remaining three carried the homozygous mutation (c.920G>A).

Twenty-two of the adult CF participants (70.9%) were colonized with fungal species regardless of the

type of the CFTR mutation. Candida and Aspergillus species were the most common, colonizing 81%

and 45% of the patients, respectively. For Candida colonized patients, Candida dubliniensis was the most

frequently reported species (55.6%), whereas Aspergillus fumigatus colonization was the most common

(50.0%) among Aspergillus colonized patients. These identified fungal pathogens were associated

with poor lung function, pancreatic insufficiency, and asthma in this cohort. Such colonization could

possibly aggravate the most known CF complications, notably pulmonary exacerbations, asthma,

and pancreatic insufficiency.

Keywords: cystic fibrosis; CF; I1234V CFTR mutation; fungal colonization; bronchial asthma; pancre-

atic insufficiency

1. Introduction

Cystic fibrosis (CF) is an inherited autosomal recessive disease due to specific mu-
tations within the Cystic Fibrosis Transmembrane Conductance Regulator (CFTR) gene.
The gene encodes a protein responsible for regulating chloride ion transportation in the
epithelium. Over 2000 mutations within the CF gene have been identified, with ∆F-508
being the most common mutation [1]. The Middle East is heavily affected by the disease,
seemingly due to the high consanguinity rate as traditional of tribes. While rare worldwide,
pIle1234Val (I1234V) mutation has been reported to be the most common mutation in the
Bedouin tribes in the Middle East, and the most common in Qatar [2,3]. In Qatar, the most
updated number of CF patients is estimated to be 82 patients, of which 34 are adults and the
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rest are children under 18 years old [4]. Although the majority of those CF patients possess
the same mutation, they show striking variations in their clinical manifestations [4,5].

The CFTR protein dysregulation significantly affects the lungs in addition to other
organs such as the pancreas. Pulmonary and pancreatic insufficiency results from reduced
airway surface liquid, leading to the accumulation of thick desiccated mucus that blocks
airway passage and pancreatic ducts, respectively. Such sticky and thick mucus results
from the dysfunction of the chloride channel, which lead to a decrease in water content in
the mucus layer lining the mucosal cells, causing mucosal dehydration and mucous plug
formation [6]. Notably, the thick and dry mucus will create a low oxygen environment,
which is ideal for microbial infections. Bacterial colonization, biofilm formation, and
resistance development are very common in CF patients, however, fungal colonization
has also been reported in several cases [7]. Certain fungal pathogens commonly cause
pulmonary infections in CF patients such as Candida and Aspergillus species [8]. Due to
the chronic bacterial and fungal infections, CF patients experience multiple pulmonary
exacerbations leading to pulmonary morbidity and mortality.

While the persistence of Candida dubliniensis, and its association with lung function and
nutritional status in CF patients, had been addressed in a microbiological study performed
in Qatar, the other common types of fungal colonization and their association with the
disease parameters and risk factors have not been elucidated to date. Therefore, in the
present study, we aim to describe the spectrum of fungal colonization in adult CF patients,
predominantly carrying the homozygous 1234V mutation, as well as other rare mutations,
and explore its association to the clinical course of CF.

2. Materials and Methods

2.1. Patient Population and Ethical Approvals

We conducted a descriptive study on data collected on adult CF patients at Hamad
Medical Corporation (HMC), the main provider of tertiary CF care in Qatar. IRB approvals
for the use of patients’ data were received from both HMC and Qatar University with
approval numbers 17105/17 and QU-IRB 1227-E/20.

2.2. Data Source

Data from HMC Cerner medical records were extracted from the period of 2017–2019.
This data covered demographic, microbiological colonization, pulmonary exacerbations,
the coexistence of bronchial asthma, and pancreatic insufficiency of all adult CF patients in
the registry.

2.3. Variables of Interest

The majority of patients included in this study had two to four sputum cultures in one
year, of which more than 50% grew fungal isolates. These fungal isolates were reported as
colonization, as their persistence was confirmed. Persistence was based on the definition
from Brandt et al. (2018), which is the detection of fungi culture once or more within
a year [9]. The majority of the sputum cultures were taken during routine outpatient
follow up, while others were taken at inpatient admission. Identification of Candida species
was through matrix-assisted laser desorption/ionization time-of-flight mass spectrometry
(MALDI-TOF MS), whereas Aspergillus species were majorly identified by morphology
(a few identified by MALDI-TOF MS). These data were then analyzed to understand the
relationship between fungal status and explanatory variables of interest.

2.4. Lung Function Data

Spirometry was performed using the standard protocol recommended by the Ameri-
can Thoracic Society [10] for each patient. Data included percentage predicted forced vital
capacity (ppFVC), percentage predicted forced expiratory volume in one second (ppFEV1),
and maximum expiratory flow at 50% and 25% of vital capacity (FEF25–75). Spirometry
results were described as the percentage of the predicted values based on reference values
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of pulmonary function tests, with the cut-off for normal lung function defined at 80%
for ppFEV1 and ppFVC [11]. The highest pulmonary function recorded over the past
two years, excluding measurements taken during a pulmonary exacerbation, was chosen.
An exacerbation was defined as a new or increased cough, sputum production, dyspnea
on exertion or rest, increased fatigue, decreased appetite, change in sputum appearance,
fever, and/or an isolated drop in ppFEV1 of 10% from baseline [12]. The frequency of
exacerbation was calculated over a period of one year for the study.

2.5. Genetics and Diagnosis of Complications

All suspected CF patients in Qatar are first screened for I1234V, as it is the predominant
genetic mutation. In the case of negative screening, an extended panel of 12 and 34 gene
variants is carried out. Finally, complications were diagnosed by clinicians at HMC and
extracted as part of patient medical records.

2.6. Statistical Methods

This study described the characteristics of the CF adult population in Qatar. It outlined
the different variables associated with fungal colonization in order to understand the nature
of this disease and its clinical outcomes in the given population. Additionally, subgroup
analysis was conducted to identify any associations between different subgroups of interest
within this population. To do this, we used Fisher’s exact test to examine statistical
significance in categorical data. For the majority of patients with fungal colonization (n = 12,
54.5%), more than one fungal species was isolated, which was referred to as fungal co-
colonization, and was considered as separate isolates during analysis. Categorical variables
were summarized and presented as frequencies and proportions. When presenting them in
the form of charts, the proportion was used instead of the frequency as percentages give a
better understanding of the population as well. Both can be misleading, as mentioned late
in the discussion. Numerical data, such as lung function, was not normally distributed,
thus we reported medians and interquartile ranges (IQRs) in the format of median (IQR).
To present such data, box plots were used to show medians, upper and lower quartiles
(thus illustrate IQR), and ranges. The Wilcoxon rank-sum test was used to generate the
associated p-value and a p-value lower than 0.05 was considered statistically significant.

3. Results

3.1. Demographic Data of Adult CF Patients in Qatar

A total of 31 adult patients with CF were under the regular care of adult CF service at
HMC, Qatar. The demographic analysis was performed on this cohort, where we found
that of these patients, only three were non-Qataris, while the rest were nationals belonging
to a single Qatari tribe. Moreover, our analysis showed that the median age of patients
was 24 years old, where the youngest patient was 18 and the eldest was 42 (Table 1).
Furthermore, the vast majority of patients (n = 12) fell in the 20 to 24-year-old cohort. In
addition, the median Body Mass Index (BMI) of the adult CF patients was found to be
26.7 (IQR: 20.5–29.6) (Table 1). Importantly, the majority of these patients (n = 25; 81%)
harbored the I1234V (c.3700A>G) CFTR mutation, whereas the rest carried other, rarer
CFTR mutations. Three patients carried a heterozygous CFTR mutation (c.1657C>T and
c.1115A>T), whereas another three carried the homozygous mutation (c.920G>A) (Table 1).
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Table 1. Demographic data of adult CF patients with rare CFTR mutations in Qatar.

Demographic Data
Patients Colonized with

Fungi
Patients Not Colonized with

Fungi
All CF Patients

Genetic mutation: n (%)

I1234V
(c.3700A>G)

18 (81.8) 7 (77.8) 25 (80.6)

Heterozygous R553X
(c.1657C>T and c.1115A>T)

3 (13.6) 0 3 (9.7)

Homozygous (S307N(c.920G>A)) 1 (4.5) 2 (22.2) 3 (9.7)

Nationality: n (%)

Qatari 19 (86.4) 9 (100.0) 28 (90.3)
Non-Qatari 3 (13.6) 0 3 (9.7)

Age: median 24.5 24 25.5

Age group: n (%)

≤20 3 (13.6) 2 (22.3) 5 (16.2)
>20–25 9 (40.9) 3 (33.3) 12 (38.7)
>25–30 5 (22.7) 4 (44.4) 9 (29.0)
>30–35 2 (9.1) 0 2 (6.5)
>35–40 2 (9.1) 0 2 (6.5)
>40–45 1 (4.5) 0 1 (3.2)

BMI: median 26.6 29.8 26.6

BMI classes: n (%)

Underweight 2 (9.1) 0 2 (6.5)
Normal 7 (31.8) 4 (44.4) 11 (35.5)

Overweight 11 (50.0) 1 (11.1) 12 (38.7)
Obese (class I) 2 (9.1) 2 (22.2) 4 (12.9)
Obese (class II) 0 2 (22.2) 2 (6.5)

Total 22 9 31 (100)

3.2. Fungal Colonization in CF Patients

Twenty-two patients (70.9%) in our study population tested positive for fungal col-
onization. Eighteen of these patients carried the I1234V CFTR mutation, three carried
the heterozygous (c.1657C>T and c.1115A>T) mutation, and one patient carried the ho-
mozygous (c.920G>A) mutation (Table 1). The two most common fungal pathogens were
the Candida species (18 patients; 58.0%) followed by the Aspergillus species (10 patients;
32.2%) (Figure 1; Table S1). Within the 18 Candida patients, most cases were positive for C.
dubliniensis (55.6%) followed by C. albicans (44.4%), C. tropicalis (11.1%), and C. parapsilosis
(5.5%). Several other Candida species were also sporadically reported in 27.8% of the cases
(Figure 1; Table S1). Conversely, the 10 patients who presented with Aspergillus colonization
showed the highest frequency for A. fumigatus (50.0%) and A. niger (20%). The rest of the
patients (40%) had different species of Aspergillus (Figure 1; Table S1). Additionally, only
two patients (9%) had positive cultures with Curvularia and Exserohilum species (Figure 1;
Table S1). Upon further investigation, our analysis revealed that more than one fungal
species is colonized within individual patients (n = 12, 38.7%). Eight patients had two
co-colonizing fungal species, whereas three patients had three fungal co-colonizing species,
and one patient had four co-colonizing fungal species (Table S2). No specific combination
of fungal co-colonization was noticed. In addition, we discovered that the majority of
patients with fungal colonization (n = 11) were overweight with a BMI > 25, whereas most
patients (n = 4) who did not have fungal colonization were within the normal BMI range
(Table 1).
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Figure 1. Identified fungal species within CF patients carrying rare genetic mutations. Bar chart

illustrating the proportions of fungal species identified within the adult CF population in Qatar.

3.3. Lung Function in the Presence of Fungal Colonization

Our analysis showed differences in ppFEV1, ppFVC, and the number of pulmonary
exacerbations values between the fungal and non-fungal group (Figure 2). Both ppFEV1
and ppFVC were lower in the fungal colonized group as compared to the non-colonized one.
Indeed, the median ppFEV1 in both Candida and Aspergillus patients was 71%, while that
of the non-fungal colonization group was 74% (Table S3). Similarly, the non-fungal group
showed a better ppFVC profile (higher IQRs; upper quartile: 86.5%; lower quartile: 70.0%)
in comparison to the fungal group (lower IQRs; upper quartile: 82.3; lower quartile: 67.8%)
(Figure 2; Table S3). Specifically, Candida colonized patients showed the worst ppFVC
median (73%), while the non-fungal group median was at 75% for example (Figure 2A
Left Panel).

Further analysis of fungal subspecies showed that patients colonized with Candida
parapsilosis and tropicalis had the lowest overall median ppFEV1 of 46.0% and 52.5%,
respectively (Figure 2A Middle Panel, Table S3). Likewise, the ppFVC values in those
patients were 45.0% for Candida parapsilosis and 54.0% for Candida Tropicalis (Figure 2B
Middle Panel, Table S3). On the other hand, among the Aspergillus colonized patients, A.
niger colonization caused the lowest median ppFEV1 and ppFVC values of 61.5% and 67%,
respectively (Figure 2B Right Panel, Table S3).

With regard to pulmonary exacerbations (Figure 2C), surprisingly, patients with no
fungal colonization had the highest number of pulmonary exacerbations (n = 7), followed
by those colonized with Aspergillus (n = 6.5), Candida (n = 5.5), and finally other fungal
species (n = 4.5) (Figure 2C Left Panel). Despite the fungal colonized patients having a
better median frequency of pulmonary exacerbations, there were higher upper quartile
values in this group as compared to the non-fungal group, indicating a trend of worse
lung function and more frequent exacerbations in these patients (Figure 2C and Table S3).
Indeed, the highest frequency of pulmonary exacerbations (n = 8) was recorded in patients
colonized with Candida dubliniensis and other Aspergillus species (Figure 2C Right Panel).
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Figure 2. Lung function in adult CF patients in Qatar. Box plots illustrating the medians, upper quartile, lower quartile,

interquartile range, and overall ranges for the lung function within the adult CF patients in Qatar, categorized by lung

function indicator (A–C) and status of fungal colonization (left panels: absence/presence/genus of colonizing fungi; middle

panels: colonizing Candida species; right panels: colonizing Aspergillus species). Dots outside of the box plots illustrate

the outliers. The left panels compare lung function in patients colonized with fungi (n = 22) and per genus (to the nine

patients who were not colonized with fungi. (A) ppFEV1 levels (%), (B) ppFVC levels (%), and (C) Pulmonary exacerbations

frequency. Left panels: compare lung function between patients with positive (n = 22) and negative (n = 9) fungal culture,

and genus of fungi (Candida and Aspergillus); middle panels: compare lung function in patients colonized by different

Candida species; and right panels compare lung function in patients colonized with different Aspergillus species.

Lung Function in the Presence of Multiple Fungal Co-Colonization

As the majority of CF patients were found to have been colonized with more than one
fungal species (Table S2), we were interested to further analyze the effect of an increase
in the number of colonizing species on lung function (Figure 3; Table S2). We found that
patients (n = 10) colonized with one fungal species had a median ppFEV1 of 71% and
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ppFVC of 76%, whereas patients (n = 3) who were colonized with three fungal species
had a drastically reduced median ppFEV1 (63%), as well as an even more significant
decrease in ppFVC (45%). Contrastingly, we observed that the nine patients without fungal
colonization had the best median ppFEV1 (76%) and ppFVC of 75%. Significantly, those
patients who were free of fungal colonization, as well as those who were colonized with one
or three different fungal species, had an equal median of exacerbations frequency (n = 7)
(Figure 3 right panel; Table S2). While none of these values was statistically significant
(p > 0.05), it is important to note that the clinical relevance of the noticeable reduction in
ppFEV1 that is associated with the fungal co-colonization of three different species indicates
some influence of these species on lung function of CF patients (Figure 3; Table S2).

 

Figure 3. Lung function in CF patients with fungal co-colonization. Box plots illustrating the medians, upper quartile, lower

quartile, interquartile range, and overall ranges for the lung function within the 31 adult CF patients in Qatar categorized by

the number of fungal species isolated per patient, from zero to four. Dots outside of the box plots illustrate the outliers. Left

panel: ppFEV1 values (%). Middle panel: ppFVC values (%). Right panel: frequency of exacerbations.

Although lung function was variable in patients carrying I1234V mutation co-colonized
with different fungal species, patients with the other two mutations showed a trend of
low lung function during fungal co-colonization (Table S4). A patient who harbored the
homozygous c.1657C>T and c.1115A>T mutation, and was colonized with Candida albicans,
Candida parapsilosis, and Aspergillus fumigatus, showed very low ppFEV1 and ppFVC values
of 46% and 45%, respectively. Similarly, another patient who carried the heterozygous
mutation R553X (c.1657C>T and c.1115A>T), and had two different Candida colonization,
C. dubliniensis, and C. tropicalis, showed markedly compromised lung function with regard
to the ppFEV1 and ppFVC values (42% and 54%, respectively).

3.4. Asthma and Pancreatic Insufficiency in the Presence of Fungal Colonization

Out of the 31 CF patients tested in this study, 17 (55%) were reported to suffer from
asthma. The majority of these patients, (n = 15; 88%), were colonized with fungus, and
only two patients had no fungal colonization (Figure 4A). Candida was the leading species
in the fungal colonized group (n = 12), followed by Aspergillus in seven patients, and only
two patients with other fungal species (Table 2). Importantly, all asthmatic patients carry
the I1234V mutation (Table S4).
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Figure 4. Complications in CF patients colonized with fungi species. (A): Bar graph illustrating the relationship between

the number of fungal colonization isolated per adult CF patients in Qatar, and the proportion of complications (asthma and

pancreatic insufficiency). (B,C): Box plots illustrating the medians, upper quartile, lower quartile, interquartile range, and

overall ranges for the lung function within adult CF in Qatar, sorted by asthma (B) and pancreatic insufficiency (C). Dots

outside of the box plots illustrate the outliers. Left panels: ppFEV1 levels (%). Middle panels: ppFVC levels (%). Right

panels: exacerbations frequency.
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Table 2. Complications in adult CF patients in Qatar who were colonized with fungi species, in

comparison to those who were not.

Complications n (%)

Microbial
Colonization (n)

Asthma (n = 17) p-Value
Pancreatic

Insufficient (n = 13)
p-Value

Fungi colonization
(n = 22)

15 (88.0) 0.044 12 (54.5) 0.045

Candida species
(n = 18)

12 (66.7) 0.157 12 (66.7) 0.002

Aspergillus species
(n = 10)

7 (70.0) 0.280 5 (50.0) 0.701

Other species (n = 2) 2 (100.0) 0.488 1 (50.0) 1.000

Further analysis of CF complications, in the presence of fungal colonization, revealed
that 41.9% of the study population was pancreatic insufficient. Similar to asthma, the
complication was almost exclusive to patients colonized with fungi (all but one patient),
yielding a statistical significance of p = 0.045 (Table 2). Additionally, all patients with
pancreatic insufficiency and positive fungal culture (n = 12) were significantly colonized by
Candida (p = 0.002). The dominance of Candida in both groups could have possible clinical
significance, and may be a prognostic factor that is associated with worse outcomes, thus
requiring further management. When looking specifically at the relationship between these
complications and fungal co-colonization, it seemed that, as the number of fungal species
isolated per patient increased, a higher proportion had asthma and pancreatic insufficiency
(Figure 4A, Table 3).

Table 3. Lung function in adult CF patients in Qatar who were colonized with fungal species and

were complicated or not by asthma and pancreatic insufficiency.

Complication and Number of
Colonizing Fungal

Species/Number of Patients (n)
ppFEV1 (%) ppFVC (%)

Frequency of
Exacerbations

Asthma (17) 70 76 7
0 (2) 48.5 58 8
1 (7) 68 73 9
2 (5) 77 79 3
3 (2) 67 N/A * 8
4 (1) 71 76 0

No asthma (14) 78 80.5 6.5
0 (7) 80 86 7
1 (3) 81 88 0
2 (3) 52 58 11
3 (1) 46 45 6
4 (0)

Pancreatic insufficiency (13) 76 79.5 6
0 (1) 76 86 10
1 (3) 81 83 12
2 (6) 77.5 79.5 4
3 (2) 54.5 45 6.5
4 (1) 71 76 0

Pancreatic sufficiency (18) 71 74 7
0 (8) 75.5 74.5 7
1 (7) 70 73 5
2 (2) 69.5 74 7.5
3 (1) 71 ND 9
4 (0)

* N/A: not available.
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Furthermore, we analyzed the lung function in the presence or absence of these compli-
cations. As anticipated, lung function indicators ppFEV1 and ppFVC were noticeably lower
in asthmatic patients (70% and 76%, respectively) compared to non-asthmatic patients
(78% and 80.5%, respectively) (Figure 4B; Table 3). This data illustrated that a statistically
significant number of patients with fungal colonization suffered from asthma as compared
to those without fungal colonization and asthma (p = 0.044). Specifically, asthmatic patients
with negative fungal culture showed a remarkably worse lung function, as reflected by the
lowest ppFEV1 and ppFVC values (48.5% and 58%, respectively), compared to patients
with multiple fungal species, such as those with two co-colonizing fungal species, with
ppFEV1 and ppFVC of 77% and 79%, respectively (Table 3).

Contrastingly, pancreatic insufficient patients seemed to actually have better lung
function on average in comparison to pancreatic sufficient patients, with ppFEV1 and
ppFVC values of 76.0% and 79.5%, as compared to 76.0% and 79.5%, respectively (Figure 4C,
Table 3).

3.5. Prophylactic Antibiotics and Inhaled Steroids Management in Patients with or without
Fungal Colonization

An important confounding factor in CF exacerbations is the use of antibiotics. There-
fore, it was of our interest to analyze the management of this CF cohort in the presence
or absence of fungal colonization. Two types of management were applied in this cohort,
prophylactic antibiotics, and inhaled steroids. Our analysis showed that prophylactic
antibiotics were more commonly administered by the CF patients with fungal colonization
(n = 14; 63.6%) compared to those without fungal colonization (n = 2; 22.2%). A higher
proportion of patients with Aspergillus colonization (n = 8; 80.0%) were given prophylactic
antibiotics more often than those with Candida colonization (n = 11; 61.1%) (Figure 5A,
Table 4). Similar to prophylactic antibiotics, inhaled steroids were found to be highly
used among the fungi group (n = 15; 68.2%) as opposed to the non-fungal group (n = 4;
44.4%) (Figure 5, Table 4). Notably, a higher proportion of patients with Aspergillus col-
onization (n = 8; 80.0%) received inhaled steroids compared to Candida (n = 12; 66.7%)
(Figure 5A, Table 4). When looking at how the type of management differed with fungal co-
colonization, we noticed that the proportion of the administration of both inhaled steroids
and prophylactic antibiotics increased with the number of colonizing fungal species per
patient (Figure 5B). However, there was no statistical significance between the use of
antibiotics or inhaled steroids and fungal colonization.

Table 4. Treatment of adult CF patients in Qatar (2017–19).

Treatment-n(%)

Microbial Colonization Culture (n) Prophylactic Antibiotics p-Value Inhaled Steroid p-Value

Fungal species
P (22)

14

0.054

15

0.253
(63.6) (68.2)

A (9)
2 4

(22.2) (44.4)

Candida species
P (18)

11

0.285

12

0.710
(61.1) (66.7)

A (13)
5 7

(38.5) (53.8)

Aspergillus species
P (10)

8

0.054

8

0.240
(80.0) (80.0)

A (21)
8 11

(38.1) (52.3)

Other species
P (2)

1

1.000

2

0.510
(50.0) (100)

A (29)
15 17

(51.7) (58.6)
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Figure 5. Management of adult CF patients colonized with fungi. Bar charts demonstrating the proportion of inhaled

steroids and prophylactic antibiotics administration amongst the 31 adult CF patients categorized by (A): the status of

fungal colonization and colonizing genus, and (B): the number of fungal species isolated per patient.

4. Discussion

In the present study, we showed that 70% of the adult CF patients in Qatar (majority
carrying I1234V CF mutation) are colonized with different fungal species. The most
common isolates are Candida and Aspergillus reported in 81% and 45% of the colonized
patients, respectively. Importantly, Candida dubliniensis was found to be the most common
yeast colonization (45%), whereas Aspergillus fumigatus (18%) is the dominant Aspergillus
species. Interestingly, while we found C. dubliniensis to be the most common, followed by
C. albicans, many studies reported the opposite order of prevalence. For instance, one of
the largest mycology studies in 637 patients from CF center in Germany, where 75% of the
CF patients were colonized with Candida, reported that Candida albicans (38%) was the most
common isolate, followed by Candida dubliniensis (12%) [13]. In Qatar, however, Candida
dubliniensis was also the most common Candida isolated in the pediatric CF population,
followed by Candida albicans, which shows consistency with our findings [14]. Interestingly,
such fungal colonization in the lungs of patients with CF is different than that reported in
healthy individuals [15].
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Additionally, the majority of the patients with fungal colonization were receiving
prophylactic antibiotics, a finding echoed in previous studies [16,17]. Although this data
was not found to be statistically significant, it is important to note the clinical relevance
of the noticeable increase in the proportion of administration of antibiotics and inhaled
steroids among CF patients with fungal colonization as compared to without fungal
colonization, in addition to its increase with fungal co-colonization, possibly indicating a
relationship between the frequency of antibiotics use and fungal load. This can be attributed
to the fact that frequent antibiotic use can raise fungal load and predisposes patients to
diseases associated with fungi, as in the case with Candida and Aspergillus species [18].
Therefore, it can lead to a cycle of patients having poor lung function administering
antibiotics, leading to the colonization of fungi, leading to worse lung function.

The identified fungal species are associated with poor lung function, pancreatic insuf-
ficiency, and asthma in CF patients with 1234V mutation. These complications did not only
constitute a major risk on those CF patients in the presence of fungal colonization, but they
also appeared to occur in combination with one another that may lead to a serious impact
in this cohort. The effect of fungal colonization on pancreatic insufficiency is of clinical
importance. Notably, our data showed that as the number of colonizing fungal pathogens
increases, pancreatic insufficiency increases. Moreover, all pancreatic insufficient patients
were significantly found to be colonized with Candida (Figure 3). In accordance with our
data, fungal infections have been previously reported to cause a high prevalence of acute
pancreatitis that reaches up to 41%, with Candida as the most common fungi [13,19,20].
Importantly, treating fungal infections was shown to improve the clinical outcome of these
cases [19,21]. Indeed, if left untreated, exocrine pancreatic insufficiency will develop. A
recent study showed that 62% of acute pancreatitis patients develop exocrine pancreatic
insufficiency, regardless of the severity of the admission case [22]. In CF patients, exocrine
pancreatic insufficiency has been found to occur in 90% of the cases [23]. Not only is the
exocrine part of the pancreas that has been shown to be affected in those patients, but
the endocrine also exhibits some level of impairment [24–26]. Interestingly, deficiency
in insulin secretion causes a noticeable decrease in muscle mass of the intercostals and
diaphragm, which in turn leads to a decline in lung function [27–29] Our data also showed
an observable decline in lung function in pancreatic insufficient patients with fungal col-
onization (Figure 3 and Table 3). Indeed, two pancreatic insufficient patients colonized
with three different fungal species were found to have the worst lung function in terms of
ppFEV1 and ppFVC (54.5% and 45%, respectively) (Table 3). Therefore, it is possible that
fungal colonization may worsen the status of pancreatic insufficiency in this cohort, which
may lead to other severe complications such as a marked deterioration in lung function.

Our analysis also indicated a unique characteristic in this cohort, where the majority
of patients with fungal colonization were overweight with BMI > 25, whereas most patients
who did not have fungal colonization were within the normal BMI range (Table 1). This
is not a common trend seen in CF patients, where the majority are not obese, and they
are more likely to be within the normal BMI [30]. The association of fungal infections
with high BMI had been illustrated before. It has been shown that during pulmonary
infections, obesity negatively affects the ability of the patients to respond well to fungal
infections, possibly by diminishing pulmonary host defense against those pathogens [31].
Moreover, other reports classified obesity as a risk factor for nosocomial infections including
pneumonia [32,33]. Obesity complications had also been shown to impair host defense
against fungal pathogens [31]. In line with those effects, we observed that the majority
of high BMI patients colonized with fungus are pancreatic insufficient and asthmatic.
Altogether our data, as well as others, suggest that CF patients with high BMI may be
at high risk for more fungal infections, and may lead to developing other complications.
This idea is supported by a previous report, which showed that a significant number
of CF patients who are either overweight or obese were also pancreatic insufficient [34].
Furthermore, data from obese patients showed that loss in pancreatic function is associated
with the increase in BMI due to improved nutritional supplements and pancreatic enzyme
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replacement therapy [14,35]. Such association was also seen in asthmatic patients, where
obesity has been previously reported as a risk factor for asthma [36–38].

This study provides important insights into the fungal isolates in Qatari adult CF
patients, and presents a detailed description of the association of these isolates with CF
complications. However, the study was limited by the small sample size. While all
data available on adult CF patients in Qatar were included within the analysis—which
ensured the study was representative of and generalizable to the sample population—the
number of participants was still too small to yield major statistically significant results
and conclusions. The small sample size is attributed to the fact that pediatric CF patients—
that constitute half of the CF population—could not be included in the study, as they are
treated in a different facility and records could not be obtained, limiting our sample size
to only adult CF patients with the inherent limitation of an underpowered study. Thus,
the insignificant p values generated may not reflect the reality of these associations. For
example, while analysis of lung function in relation to fungal colonization did not yield
statistically significant differences, there were notable findings within these groups. While
patients with C. albicans, C. dubliniensis, and A. fumigatus had FEV1 values in the 70% range,
patients with C. parapsilosis and C. tropicalis species had values in the 45–55% range, which
could be of clinical relevance. The illustrated relationships between fungal colonization,
lung function, asthma status, and pancreatic insufficiency may be used to implement
clinical and public health measures to optimize CF patient care. Importantly, the fungal
colonization status discussed in this study requires further research with a larger sample
size to fully understand the scope of this disease and the multitude of factors involved in
its prognosis.

5. Conclusions

This is the first report that presents an exhaustive analysis of fungal colonization
and its attributable effects on CF patients with rare CFTR genetic mutations. A total of
31 adult patients with CF in Qatar with uncommon CFTR mutations were studied. The
majority of these patients (n = 25) carried the I1234V mutation, while the remaining six
patients were equally divided between the heterozygous (c.1657C>T and c.1115A>T) and
the homozygous (c.920G>A) mutations. In spite of the type of mutation, 22 patients
were colonized with fungal species, out of which 81% had Candida species, and 45% had
Aspergillus species. Specifically, Candida dubliniensis and Aspergillus fumigatus were the most
common fungal pathogens identified. Such colonization could aggravate the most known
CF complications, notably pulmonary exacerbations, asthma, and pancreatic insufficiency.
In conclusion, further investigations on fungal infections and colonization in the rest of CF
patients in Qatar are needed for prompting adequate management of the disease.
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