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Abstract

Background: Although there is relatively much information about the status of cystic fibrosis disease in different
countries of the world, limited data are available on this disease among Syrian children. Therefore, we did a
retrospective study that included 173 children diagnosed with cystic fibrosis according to the diagnostic criteria.
This study was conducted to determine the diagnostic, clinical, and genetic characteristics of patients with cystic
fibrosis in Syria and to assess the relationship between the genotype and the phenotype of disease in these
patients.

Results: As a result of the early classical manifestations, CF diagnosis was established in the present study by the
age of 1 year in 78.6%; the mortality rate was 23.1% (82.5% of them were in the first year of life). The prevalence of
respiratory and gastrointestinal symptoms was 81.5% and 78.6%, respectively with an average age of 7.8 and 34
months. Consanguinity was reported in 75.7% of the families. The most common pathogenic variant in the sample
was F508del (36%) followed by W1282X (17%). There was a statistical correlation between incidence of steatorrhea
and the presence of class | pathogenic variants. A relationship between the mortality rate and the presence of class
Il pathogenic variants (pathogenic deletion variants) was also observed. There was no statistical relationship
between other clinical manifestation and pathogenic variant classes. However, the incidence of most CF-related
conditions was a little higher in the presence of classes |, I, and Il pathogenic variants compared to their incidence
in the presence of classes IV and V pathogenic variants.

Conclusions: The number of cases diagnosed with cystic fibrosis in Syria is less than the number of real cases, and
there is a need to perform CFTR gene sequencing on large sample sizes, to determine all CFTR pathogenic variants
that could exist in Syrian patients and to make a better evaluation of the relationship between genotype and
phenotype of the disease.
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Background

Cystic fibrosis (CF) is one of the most common recessive
genetic diseases among populations of Caucasian which
is associated with an early death. CF is caused by patho-
genic variants in the cystic fibrosis transmembrane con-
ductance regulator (CFTR) gene which is located on the
long arm of chromosome 7(q31.27). The CFTR protein
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is important for regulating the movement of water and
chloride ions through the epithelial cell membrane [1].
Cystic fibrosis is a multiple systemic disease; it mainly
affects the respiratory system, pancreas, liver, sweat
glands, and reproductive system. Respiratory failure is
the most common cause of death. Even in siblings with
the same mutant CFTR genotype, variation in features
may be observed which could indicate that the severity
of the disease is affected by environmental factors and
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genetic factors, such as the genetic modifications that
could be found on other genes [1].

Since 1989, over 2000 different pathogenic variants
have been described. The distribution of CFIR patho-
genic variants varies according to different ethnicities
and geographical regions, for example, F508del is found
in 70% of patients with CF, but its incidence varies
widely between ethnic groups [2].

According to chloride transport dysfunction, the CFTR
pathogenic variants can be grouped into five classes: (I)
CFTR not synthesized, (II) defective processing, (III) de-
fective regulation, (IV) defective conductance, (V) par-
tially ~defective production or processing. This
classification makes it possible to predict the likely effect
of a known pathogenic variant on the CFTR function, al-
though the effect of a given pathogenic variant on cell
function may not be known in full [3].

A complex relationship was observed between the CF
phenotype and the CFTR genotype. Generally, genotypes
consisting of two severe pathogenic variants (classes I-
III) were associated with more severe CF phenotype than
genotypes with at least one mild pathogenic variant
(class IV or V) [4].

Limited data are available regarding CF prevalence
among Syrian children. It is expected that cystic fibrosis
is rare in Syria as in other Middle Eastern countries; only
few articles suggested its presence [5, 6].

This study aims to point on the diagnostic, clinical,
and genetic characteristics of cystic fibrosis patients in
Syria and to assess the relationship between genotype
and phenotype in these patients.

Methods

This is a retrospective study. It included the data of 300
patients out of 464 who were clinically suspected of hav-
ing CF and were referred to the children’s hospital of
Damascus throughout a 10-year period from January
2007 to December 2017. Data were collected from med-
ical records.

The disease was confirmed in 173 children by the
presence of a confirmed value of the sweat chloride test
with/without two pathogenic variants in addition to hav-
ing a clinical standard—in at least one system—which
suggests the diagnosis of CF according to the most re-
cent guidelines (consensus guidelines on the diagnosis of
cystic fibrosis 2017 from the fibrosis foundation).

The relationship between genotype and phenotype was
evaluated in 85 children who had two pathogenic
variants.

Sweat chloride test was done for all patients included
in the study (173 patients) using the standard
pilocarpine iontophoresis for sweating induction and ion
selective electrode for measuring chloride ion concentra-
tions in sweat.
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Reference values of quantitative chloride analysis are
as follows: <30 mmol/L = negative, 30—-60 mmol/L =
borderline, >60 mmol/L = positive. Cystic fibrosis
pathogenic variant analysis was done for 127 patients
while 46 patients did not undergo the test due to
shortage of test kits during their hospitalization. This
test was performed by using a reverse dot-blot
method. Kits from two companies were used (as
shown in Tables 1 and 2).

Results were analyzed using SPSS version 23. Data was
summarized using mean, standard deviation, numbers,
and percentages for different variables.

Comparison between groups was performed using
Fisher’s exact or chi-square tests which are suitable for
the categorical variables. P values of <0.05 were consid-
ered to be statistically significant.

Results

The number of cases suspected with cystic fibrosis in
the Children’s Hospital of Damascus ranges between 25
and 50 new cases annually, and the confirmed preva-
lence of disease is estimated at approximately 2.5 per
1000 inpatient children.

The present study enrolled 173 Syrian children with
clinical symptoms suggestive of CF in addition to having
a positive sweat test and/or a positive result of CF patho-
genic variant analysis (Fig. 1).

Patient’s age ranged between 2 days and 10 years
(17.4+30.9 months); CF diagnosis was established in the
present study by the age of 1 year in 136 patients
(78.6%). Ninety-two patients (53.2%) of them were fe-
males, and eighty-one (46.8%) were males. Consanguin-
ity was reported in 75.7% of the families. Family history
was positive in 27 cases (15.6%). The mortality rate was
23.1% (40 cases); 21 cases were due to septic shock as a
result of pulmonary bronchitis, 11 cases were due to
meconium ileus, 7 cases were due to malnutrition, and
one case was due to cirrhosis. The respiratory symptoms
were observed in 141 cases (81.5%), and the gastrointes-
tinal symptoms were observed in 133 cases (76.9%)
(Table 3).

Eighteen pathogenic variants, 13 pathogenic substitu-
tion variants, and 5 pathogenic deletion variants distrib-
uted over different exons and introns were detected in
183 mutant alleles out of 254 examined alleles (Fig. 2).

The result of sweat chloride test was high (>60) in 40
cases. 47.1% of whom the CF pathogenic variant analysis
showed two pathogenic variants, borderline [30-59] in
34 cases (40%), and low in 11 cases (12.9%) (Table 4).

Table 5 shows the clinical and genetic characteristics
of patients in the studied sample.

The relationship between the pathogenic variant clas-
ses and clinical characteristics in patients with two
pathogenic variants were tested and distributed as shown
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Table 1 Pathogenic variants that were analyzed by the different INNO-LIPA CFTR kits from Innogenetics, Ghent, Belgium company

INNO-LIPA CFTR19 kit

INNO-LIPA CFTR 17+ Tn kit

F508del W1282X G551D
G542X 1717-1G>A R533X
N1303K 1898+1G>A CFTRdel2-3
711+1G>T 1507del R560T
3905insT 3272-26A>G S1251N
1148T 3199del6 3120+1G>A
Q552X

621+1G>T 3849+ 10KbC>T R117H
2183AA>G 2789+5G>A R334W
394delTT R1162X R347P
3659delC G85E 1078delT
A455E 2143delT E60X
2184delA Tn polymorphism in 8 intron 711+5G>A

in Table 6. Table 7 shows the P values of the compari-
son groups.

P1 values, to compare the group of patients with two
class I pathogenic variants and the group with two-class
(IV, V) pathogenic variants. P2 values, to compare the
group of patients with two class I pathogenic variants
and the group with two pathogenic variants: one of class
I/II and the other of class IV/V. P3 values, to compare
the group of patients with two class II pathogenic vari-
ants (deletion pathogenic variants) and the group with
two-class (IV, V) pathogenic variants. P4 values, to com-
pare the group of patients with two class II pathogenic
variants (pathogenic deletion variants) and the group
with two pathogenic variants: one of class I/II and the
other of class IV/V. P5 values, to compare the group of
patients with two class II pathogenic variants (patho-
genic substitution variants) and the group with two class
(IV, V) pathogenic variants. P6 values, to compare the
group of patients with two class II pathogenic variants
(pathogenic substitution variants) and the group with
two pathogenic variants: one of class (I/II) and the other
of class (IV/V)

A statistical difference was observed when studying
the incidence of steatorrhea between the group of pa-
tients with two class I pathogenic variant and patients
with two-class (IV, V) pathogenic variants (68.4% and
1.11%, respectively; P value <0.013), as well as between
the group of patients with two class I pathogenic variant
and patients with two pathogenic variants [one of class
(I/II) and the other of class (IV/V) [(68.4%, 0%, respect-
ively; p value <0.011)]], and this difference was not no-
ticed when studying the relationship in the presence of

class II pathogenic variants (deletion or substitution).
However, the incidence of steatorrhea was higher com-
pared to its incidence in patients who had two-class (IV,
V) pathogenic variants.

There were no significant statistical differences be-
tween the studied groups when studying other clinical
characteristics. However, the incidence of failure to
thrive, recurrent respiratory and pulmonary infections,
meconium ileus, and hepatic disease was higher in pa-
tients who had two-class (I/II/III) pathogenic variant on
CFTR gene compared to patients who had at least one-
class (IV/V) pathogenic variant.

A statistical difference was also observed when study-
ing the incidence of mortality between the group of pa-
tients who had two pathogenic variants class II
(pathogenic deletion variant) and the group of patients
with two pathogenic variant classes (IV, V) (38.9% and
0%, respectively; p value <0.04). The mortality rate in pa-
tients with two pathogenic variant classes (I/II/III) is
higher compared to patients with at least one pathogenic
variant class (IV/V).

Discussion
In the developing countries, CF had remained largely
unrecognized. Its clinical features resemble those of
other diseases such as pneumonia, bronchiectasis,
asthma, failure to thrive, and celiac disease in addition to
a high infant mortality rate. Therefore, the diagnosis of
CF can be missed due to a low index of suspicion [7].

In the present study, only 47.1% of patients who had
two pathogenic variants on CFTR gene had positive re-
sults with sweat chloride test. This may suggest the

Table 2 Pathogenic variants that were analyzed by a kit from Viennalab Diagnostics GmbH, Austria

Strip A Strip B

F508del W1282X G551D 621+1G>T 711+1G>T R117H
G542X 1717-1G>A R533X 3272-26A>G 1898+1G>A Y1092X
N1303K 2143delT 2183AA>G R347H Y122X621+1  G>T 394delTT
2184insA R1162X R560T G85E 3849+10KbC>T R117H
2789+5G>A 3659delC 3905insT R334W R347P 1078delT
2184delA 1507del CFTRdel2-3 A455E Tn polymorphism in 8 intron
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suspected of having CF during the

464 cases were clinically

period 2007-2017

l 300 cases were revised l

164 cases were excluded due to lack of

data

1

(excluded)

116 cases were clinically
suspected of having CF

173 cases with confirmed
diagnosis

11 cases had one pathogenic
variant (carrier)

86 cases were

positive sweat
chloride test

2 cases had one
pathogenic
variant and a

85 cases had

two pathogenic
positive sweat variants
chloride test

Fig. 1 Flow chart of study identification and inclusion and exclusion criteria

Table 3 The demographic and clinical data of the studied sample

N=173

Gender Female Male
n=92 n=381
53.2% 46.8%

Age at diagnosis (months) >36 [12-36] [2-12] <2
N=21 N=16 N=105 N=31
12.1% 9.2% 60.7% 17.9%

Consanguinity

Family history

Mortality

The gastrointestinal manifestations
N=133

(76.9%)

The respiratory diseases
Bronchitis

Recurrent respiratory infection
Wheeze

Chronic cough

Mean age at onset of symptoms (months)

Liver disease
Severe metabolic alkalosis PH>=6
Low chloride metabolic alkalosis

Pseudomonas aeruginosa in bronchial
secretions

Digital clubbing
Salty sweating
Failure to thrive

The average length of hospital stay

N=131 (75.7%)
N=27 (15.6%)
N=40 (23.1%)

Steatorrhea Chronic diarrhea
N=60 N=81
34.7% 46.8%

N=141 (81.5%)
N=65 (37.6%)
N=68 (39.3%)
N=95 (54.9%)
N=114 (65.9%)
The gastrointestinal manifestations
34485

N=41 (23.7%)
N=71 (41%)
N=55 (31.8%)
N=12 (6.9%)

N=12 (6.9%)
N=12 (6.9%)
N=106 (61.3%)
16.1£106

Meconium ileus/intestinal obstruction
N=36

20.8%

The respiratory manifestations
78+174
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8% 17%

Fig. 2 The incidence of CFTR pathogenic variants detected in the studied sample
A

= F508del

= W1282X
N1303K
G85E

= 3199del6 / 1148T

= G551D

= CFTR del2-3

m 2789+5G >A

= R1162X

= R334W

m 2184delA

= R347P
3849+10 Kb C>T
G542X
2183AA>G
394delTT

m 1898+1G>A

importance of CF pathogenic variant analysis to confirm
the incidence of clinical suspicion regardless of the sweat
chloride values, as well as the importance of assessing
the validity of the criteria and procedures which were
followed during testing such as the amount of sweat
taken, the method of sampling, and the conditions that
must be present in the child, which were difficult to as-
sess in this retrospective study.

CF diagnosis was established in the present study by
the age of 1 year in 136 patients (78.6%). According to
the annual report of the CF foundation in the USA—in-
cluded 880 patients diagnosed in 2017—the majority of
cases (66.6%) were diagnosed by the same age [8]. As for
the countries of Middle East, El-Falaki and colleagues di-
agnosed 33.3% of their patients in the first year of life
[7]. In a study in Bahrain in 1998 (Al-Mahroos) includ-
ing 25 patients, one of them is of Syrian origin [9], the
disease was diagnosed in all patients in the first year of
life, and this was due to the classical manifestation that
appeared on patients at an early age, not as a result of
good awareness, and this may explain the high incidence
in this study as well.

In this study, the mortality rate was 23.1% (40 pa-
tients); 82.5% of them (33 patients) died in the first year
of life, and it is likely to be higher if the rest of the sur-
vived cases were followed. The mortality rate in a study
including 32 Tunisian patients (Boussetta and col-
leagues) was 50%; 40% of them died in the first year of
life [10]. However, in Rafeey and colleagues’ study which
was done in Turkey in 2017 and included 210 patients,
the mortality rate was 12.3%; 3.8% of them died in the
first year of life [11]. According to the CF’s 2017 annual
report which included 29,887 patients, the mortality rate
was 1.3% with an average age of 30.6 years [8]. The

reason for the high mortality rates of cystic fibrosis pa-
tients in childhood in Arab countries may be due to a
lack of studies and awareness about the disease and a
lack of their own care centers, unlike Turkey (Middle
East Cystic Fibrosis Association) and the western coun-
tries (CF Foundation).

Due to genetic and environmental differences among
ethnic groups, CF presentation may vary between popu-
lations. According to the results collected in this study,
the incidence of respiratory symptoms was 81.5% with
an average age of 17.4 + 7.8 months, and the gastrointes-
tinal symptoms was 76.9% with an average age of 3.4 +
8.5 months, while in the study of Jarjour and colleagues
in 2015 [5] which occurred on 25 Syrian patients, the
rates reached to 64% and 60% respectively.

In this study, the incidence of meconium ileus (20.8%)
is higher than its incidence in other studies. According
to the CF’s 2017 annual report, it was 9.6%, while in
Arab studies it was noted as the following:

El-Falaki and colleagues [7] (2.85%), Rawashdeh and
Manal in 2000 (6.6%) [12], Boussetta and colleagues
(17%) [10], while in the study of Mahroos [9] it reached
to 20%.

This high incidence may be due to the concentration
of most of the detected pathogenic variants in classes I
and II, which causes the loss of whole protein or its
function and may lead to more severe clinical symptoms,
as well as the genetic modification in other genes can
play an important role in the emergence of this symp-
tom [13].

Steatorrhea is a late sign which can be used to confirm
pancreatic insufficiency; it predicts a decrease in pancre-
atic function by 80% [14]. Pancreatic insufficiency is one
of the most common gastrointestinal manifestations in
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Table 4 CFTR pathogenic variants that were detected in the sample, its classifications, the result of sweat chloride test, and the age

at diagnosis

Number of The pathogenic The first The pathogenic variant  The second Sweat chloride  Age at

patients variant on the first pathogenic on the second allele pathogenic variant  values (mmol/l)  diagnosis
allele variant class class (months)

14 W1282X I W1282X | 58+42 53438

1 W1282X [ R1162X | 60 3

1 R1162X I R1162X | 120 2.5

1 2183AA>G [ 2183AA>G I 50 30

1 394delTT I 394delTT | 57 83

1 G542X I G542X | 60 42

1 W1282x [ F508del Il 65 4

1 2183AA>G I N1303K Il 61 7

3 CFTRdel2-3 I G551D Il 84+8 4+1

1 W1282x [ R334W v 96 2

2 CFTRdel2-3 I R347P v 28+5 7+6

1 CFTRdel2-3 I R334W v 89 6

1 CFTRdel2-3 I 3849+10Kb C>T \% 25 11

5 3199 del 6/1148T l/polymorphism 3199 del 6/1148T II/polymorphism 6126 7£5

31 F508del [ F508del Il 58+25 19435

1 F508del Il N1303K Il 60 3

4 G85E Il G85E Il 47+15 4+1

6 N1303K Il N1303K Il 70423 30+47

1 R334W \% R347P v 35 1

4 R347P I\ R347P % 53429 2.5+1

3 1898+1G>A \% 1898+1G>A 68+39 9+2.5

1 R334W \% 1898+1G>A 100 100

2 CFTRdel2-3 I - - 3300 55403

1 N1303K Il - - 60 3

1 R1162X I - - 55 95

2 F508del Il - - 45+2 10£12

1 2789+5G >A \% - - 85 3

1 2184delA I - - 35 1

2 R334W v - - 185 34£37

3 G85E [ - - 50 28403

CF patients. It affects about 85% of them at a certain
stage of their life [14]; in this study, the incidence of
steatorrhea was 34.7%, which may be low compared to
the expected incidence, but this may be due to the
young age of studied patients, the design of this study,
and failure to do all analysis that were necessary for the
evaluation.

In this study, 61.3% of patients had failure to thrive.
This result was similar to that of Jarjour and colleagues
in 2015, where the incidence reached to 60%. The inci-
dence of failure to thrive in Arab studies is high. In the
study of El-Falaki and colleagues in 2014, the rate
reached to 56%. In Rawashdeh and Manal’s study (2000),

the incidence was 75.4%. The CF’s 2017 annual report
indicated that 6.9% of CF patients had failure to thrive;
this small percentage may be due to starting to give the
appropriate food and pancreatic enzymes replacement at
an early age.

The highest incidence of failure to thrive was observed
in other governorates—and its countryside—(62.3%),
followed by Damascus countryside (26.4%). This can be
attributed to a lack of awareness about disease and a de-
cline in living conditions in those areas. Good growth
curves have a role to reduce the incidence of chronic re-
spiratory symptoms as a recurrent cough [15]; it was ob-
served in this study that 79.2% of cases of growth failure
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Pathogenic N Meconium Recurrent Bronchitis Pancreatic Steatorrhea Failure Liver Chronic  Mortality
variant ileus (MI) respiratory insufficiency to thrive disease diarrhea
infections (PI)

W1282X/ 14 42.6% (6) 50% (7) 357% (5)  7.1% (1) 64.3% (9) 64.3% (9) 28.6% 426% (6)  35.7% (5)

W1282X 4

W1282X/R1162X 1 Yes Yes Yes

R1162X/R1162X 1 Yes Yes Yes Yes

2183AA>G/ 1 Yes Yes Yes Yes Yes Yes Yes Yes Yes

2183AA>G

394delTT/ 1 Yes Yes Yes Yes Yes Yes Yes

394delTT

G542X/G542X 1 Yes Yes Yes

W1282X/F508del 1 Yes Yes

2183AA>G/ 1 Yes Yes Yes

N1303K

CFTRdel2-3/ 3 100% (3) 333% (1) 33.3%

G551D (M

W1282X/R334W 1 Yes Yes Yes Yes Yes

CFTRdel2-3/ 2 33.3% (1) 333% (1) 33.3% (1)

R347P

CFTRdel2-3/ 1 Yes Yes

R334W

CFTRdel2-3/ 1 Yes Yes Yes Yes

3849+10 Kb C>T

3199 del 6/1148T 5 60% (3) 60% (3) 40% (2) 60% (3) 20% (1) 40% (2) 60% (3)

F508del/F508del 31 22.6% (7) 54.8% (17) 16.1% (5)  32% (1) 29% (9) 54.8% (17) 29% (9) 38.7% (12) 35.3%

am

F508del/N1303K 1 Yes

G85E/G85E 4 25% (1) 75% (3) 75% (3) 25% (1) 75% (3) 25% (1) 25% (1)

NT303K/N1303K 6 66.7% (4) 33.3% (2) 50% (3) 33.3% (2) 50% (3) 16.7% (3) %50 50% (3)
M

R334W/R347P 1 Yes

R347P/R347P 4 100% (4) 25% (1) 50% (2) 25% (1)  100% (4)

1898+1G>A/ 3 333%(1) 66.6% (2) 333% (1) 333% (1) 100% (3)

1898+1G>A

1898+1G>A/ 1 Yes Yes

R334W

CFTRdel2-3/- 2 50% (1) 50% (1) 50% (1) 50% (1) 50% (1) 100% (2)

N1303K/- 1 Yes Yes Yes

R1162X/- 1 Yes Yes Yes Yes Yes

F508del/- 2 50% (1) 100% (2) 100% (2)  50% (1) 100% (2)

2789+5G >A/- 1 Yes Yes

2184delA/- 1 Yes Yes Yes

R334W/- 2 100% (2) 50% (1)

G85E/- 3 66.6% (2) 333% (1) 100% (3) 66.6% (2)

(84 cases) were associated with chronic respiratory
symptoms.

Clinical phenotypes reported in studies from other
populations in the Middle East suggest a relatively high
incidence of hepatobiliary manifestations (jaundice,

hepatomegaly, or cholelithiasis) in CF patients. Hepato-
biliary involvement was reported in 4 to 10.9% of Middle
Eastern patients diagnosed with CF [7]. In the present
study, 23.7% of patients had hepatobiliary manifesta-
tions; this incidence of hepatobiliary involvement is
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Table 6 The relationship between the pathogenic variant classes and clinical characteristics in CF patients in the studied sample

N=85 Two-class (IV/  One-class (I) pathogenic *Two pathogenic ** Two class Il ***Two class Two class |
V) pathogenic variant + one-class (IV/V) variants of different pathogenic Il pathogenic  pathogenic
variants pathogenic variant classes of |, II, lll variants variants variants
N=9 N=5 N=6 N=10 N=36 N=19

Mean age at diagnosis N=14 N=71

(months) 18.14326 56446 15.1432.5 1634346 1834341 154255

Mortality N=0 (0%) N=1 (10%) N=1 (16.7%) N=4 (40%) N=14 (38.9%) N=6 (31.6%)
N=1 (7.1%) N=25 (35.2%)

Mean age at onset of ~ 5.6+10.3 1.2+1.8 No symptoms 9.7+18.8 22423 1.2+1.6

gastrointestinal
symptoms (months)

Chronic diarrhea N=4 (44.4%) N=2 (40%) N=0 (0%) N=4 (40%) N=14 (38.9%) N=10 (52.6%)
N=6 (42.8%) N=28 (39.4%)

Meconium ileus N=1 (11.1%) N=1 (10%) N=0 (0%) N=5 (50%) N=7 (19.4%) N=9 (47.4%)
N=2 (14.3%) N=21 (29.6%)

Liver disease N=1 (11.1%) N=2 (40%) N=1 (16.7%) N=1 (10%) N=10 (27.8%) N=7 (36.8%)
N=3 (21.4%) N=19 (26.8%)

Steatorrhea N=1 (11.1%) N=0 (0%) N=0 (0%) N=3 (30%) N=11 (30.5%) N=13 (68.4%)
N=1 (7.1%) N=27 (38%)

Mean age at onset of ~ 7.249.3 49+44 5.7+6 3421 29423 15426

respiratory disease

(months)

Recurrent respiratory N=2 (22.2%) N=3 (60%) N=3 (50%) N=4 (40%) N=15 (41.7%) N=6 (31.6%)

infections N=5 (35.7%) N=28 (39.4%)

Bronchitis N=2 (22.2%) N=2 (20%) N=1 (16.7%) N=6 (60%) N=8 (22.2%) N=7 (36.8%)
N=4 (28.6%) N=22 (31%)

Failure to thrive N=5 (55.5%) N=2 (40%) N=3 (50%) N=6 (60%) N=20 (55.5%)  N=13 (684%)
N=7 (50%) N=42 (59.1%)

The average length of 1774118 10.2+£9.9 14£9 132£33 19+£14.1 16.3£9.7

hospital stay

*F508del+N1303K, CFTRdel2-3 +G551D,2183 AA>G+N1303K, F508del+W1282X
**Pathogenic substitution variants
***Pathogenic deletion variants

Table 7 P values of the comparison groups to determine the relationship between the incidence of different clinical characteristics
and the pathogenic variant classes

P1 values P2 values P3 values P4 values P5 values P6 values

Mortality 0.136 1 0.04 0.64 0.087 06
Chronic diarrhea 1 1 1 1 1 1
Meconium ileus 0.098 0.36 1 1 0.14 0.58

Liver injury 0.21 0.63 042 1 1 1
steatorrhea 0.013 0.011 04 03 0.58 0.5
Recurrent respiratory infections 1 033 045 0.64 0.63 0.6
Bronchitis 067 0.63 1 1 0.17 0.28

Failure to thrive 0.68 1 1 1 1 1
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much higher than that reported in the CF’s 2017 annual
report (2.1%). Hepatic disease was represented by ele-
vated hepatic yeasts (AST, ALT more than 1.5 times)
and fatty liver or hepatomegaly.

Evaluating the relationship between CF phenotype and
CFTR genotype

Knowing the relationship between genotype and pheno-
type in cystic fibrosis, knowledge of modified genes, and
different environmental influences help to gain a greater
understanding of the manifestations of infection that
may range from mild to severe, which may occur in one
or several systems of the body [16].

One hundred eighty-three mutant alleles were de-
tected from 196 examined alleles. The most prevalent
pathogenic variant in the sample is F508del (36%)
followed by W1282X (17%). This result was similar to
the study of Jarjour and colleagues (18% and 12%
retrospectively).

We detected four pathogenic variants among Syrian
patients which were not identified in previous studies
(2789+5G>A, 2184delA, 3849+10KbC>T, 394delTT).

The class I pathogenic variants that cause complete
loss of CFTR protein occupied 31% of the total patho-
genic variants. The frequency of WI1282X was 17%. It
was observed in many Middle Eastern countries such as
Lebanon, Egypt, Algeria, and Tunisia [17]. It was also
found more frequently than F508del in the eastern re-
gions of Russia (of Jewish descent) [18]. Most cases were
diagnosed in a relatively early age compared to the rest
of the pathogenic variants. This may be due to their se-
vere manifestations since the first month of life. The het-
erozygous for WI282X with F508del, R334W, and
R1126X was also found. The heterozygous for W1282X
with R1126X was associated with the severe manifest-
ation of growth failure, gastrointestinal symptoms, and
pancreatic insufficiency.

2183AA>G was recorded in 2% of the total pathogenic
variants. It is a pathogenic frame shift variant (A to G at
2183 and deletion of A at 2184). It was observed in
Saudi Arabia, Egypt, Palestine, and Algeria. Patients who
had this pathogenic variant suffered from classical mani-
festations of variable pulmonary disease and pancreatic
insufficiency which could lead to moderate—severe
symptoms [17]. In our study, the homozygous
2183AA>G was associated with chronic diarrhea, meco-
nium ileus, recurrent respiratory symptoms, bronchitis
with Pseudomonas aeruginosa, failure to thrive, pancre-
atic insufficiency, and an early liver injury. The death oc-
curred at the age of 1.5 years. The heterozygous for
2183AA>G with N1303K was associated with recurrent
respiratory symptoms. The death occurred at the age of
7 months which did not allow any further symptoms to
appear.
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394delTT—a pathogenic frame shift variant—was not
observed in Arabic and European reviewed studies, ex-
cept in Finland, which was associated with the classical
CF image [19]. In this study, 394del/TT was observed in
homozygous form. It was associated with gastrointestinal
and respiratory symptoms, bronchitis with Pseudomonas
aeruginosa, failure to thrive, pancreatic insufficiency, and
liver disease, but the diagnosis was relatively late (7
years).

The frequency of the R347P was 6%. This pathogenic
variant occurs with a frequency of 0.2% in the world
[20]. Although it belongs to mild class (IV), half of the
cases in this study were associated with gastrointestinal
symptoms, pulmonary symptoms, and growth failure.
The infection was diagnosed at an early age (2 months),
and the quarter of cases was associated with liver disease
and pancreatic insufficiency. These results were similar
to a German study, Varon et al., which indicated that pa-
tients who had R347P on CFTR gene suffered from early
pulmonary and gastrointestinal symptoms [20]. How-
ever, R334W from the same class was associated with
mild manifestations.

It was observed that patients with one pathogenic vari-
ant had an increased risk of developing respiratory infec-
tions and pancreatitis in the late stages of the life.
However, most of carriers in this study had severe mani-
festations at an early age, which may suggest the pres-
ence of other pathogenic variant that was not detected
by the mentioned kits and that leads to the necessity for
doing CFTR gene sequencing to patients.

According to a Mckone and colleagues’ study, patients
who had classes IV and V pathogenic variants were ob-
served to have mild symptoms with lower mortality rates
compared to patients who had classes I and II patho-
genic variants [21].

We studied the relationship between phenotype and
genotype as shown in Table 4. This study showed a stat-
istical difference when studying the frequency of steator-
rhea between the group of patients who had two class I
pathogenic variants and the ones who had two-class (IV,
V) pathogenic variants (68.4%, 1.11%, respectively; value
P <0.013). There was another statistical difference be-
tween the group of patients who had two class I patho-
genic variants and the ones who had two pathogenic
variants [a class I/II pathogenic variant with a class IV/V
pathogenic variant] [68.4%, 0%, respectively; p value <
0.011].

The presence of a relationship between the frequency
of pancreatic insufficiency and the class I pathogenic
variants that cause protein loss is normal. However, it is
unusual that the relationship did not appear in the pres-
ence of severe F508del pathogenic variant (24 cases were
associated with pancreatic sufficiency). This may be due
to the fact that the severity of pancreatic insufficiency
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usually increases in older ages. This result was consistent
with Cipolli and colleagues’ study [22].

No significant statistical differences were observed be-
tween the pathogenic variant classes when studying
other clinical features. However, the frequency of growth
failure and recurrent respiratory and pulmonary disease
in patients who had two-class (I/II/III) pathogenic vari-
ants was slightly higher compared to the group of pa-
tients who had at least one of the class (IV/V)
pathogenic variants. This may be due to the small size of
the sample in addition to the role of various environ-
mental factors like low living conditions, especially dur-
ing the war, which may play a role in the emergence of
symptoms in all patients regardless of the classes of
pathogenic variants.

The incidence of meconium ileus may be affected by
certain CFTR pathogenic variant classes [23]. Pathogenic
variants may have a high (G542X), medium (F508del), or
low (G85E) incidence rate [24]. A higher frequency of
meconium ileus was observed in patients who had clas-
ses I, II, and III pathogenic variants (29.6%) compared to
those who had at least one class (IV, V) pathogenic vari-
ant (14.3%).

A statistical difference was observed when studying
the mortality rate between the group of patients who
had two class II pathogenic deletion variants and those
who had two-class (IV, V) pathogenic variants (38.9%,
0%, respectively; P value <0.04). The mortality rate in pa-
tients who had two-class (I/II/III) pathogenic variants
was higher compared to its rate in patients who had at
least one-class (IV/V) pathogenic variant [35.2%, 7.1%,
respectively].

A high-risk genotype is associated with a higher mor-
tality rate, this finding was similar to the 2006 Mckone
and colleagues’ study [25]. This may be partially due to
increasing cases of malnutrition, meconium ileus, pul-
monary disease, and pancreatic insufficiency in these
groups. More studies are needed on larger samples and
older ages.

Conclusions

The number of cases diagnosed with cystic fibrosis in
Syria is less than the number of real cases, and there
is a need to perform CFTR gene sequencing to deter-
mine the spectrum of the most common pathogenic
variants in Syria. Although most of the studied cases
were diagnosed in early life, this was due to the clas-
sical manifestation that appeared on patients at an
early age, not as a result of good awareness. An initial
relationship was observed between the genotype and
both of pancreatic symptoms and the incidence of
death. However, this is a retrospective study that re-
lied on clinical observations from medical records,
and not all the tests that are required for evaluation
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were conducted on all patients. Future studies will be
needed to study the relationship between the geno-
type and the phenotype by using more reliable evi-
dences [e.g., elastase and lung function tests (FEV1)]
to assess the relationship more accurately and moni-
tor disease progression.
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