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ABSTRACT
Cystic fibrosis (CF) is caused by mutations in the cystic fibrosis transmembrane conductance regulator (CFTR) gene. This study
aims to determine the genotypic and phenotypic spectrum of the CFTR gene mutations reported in the literature for Pakistani-o-
rigin CF patients. Databases were searched for such studies from 1947-2019 for sample size, method of diagnosis, and CFTR
gene mutations. The authors identified 12 studies reporting 33 CFTR gene mutations, both intronic as well as exonic in Pakistani
origin patients. The most widely tested mutation was D508 with a frequency of 17%-60%. No hotspot zone was identified and
not all reported mutations were causing disease. There is a need to identify common mutations in the Pakistani population to
develop population-specific CFTR mutations panel. This will enable the researchers to perform phenotype-genotype correlation
studies to improve the CF detection rate.
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INTRODUCTION

Cystic fibrosis (CF) is a potentially life limiting recessive genetic
disease, affecting 0.737/10,000 live births in European coun-
tries.1 Approximately 2,500 babies are born with CF each year in
the United States. About 1 in every 20 Americans is unaffected
carrier of an abnormal CF gene. It is caused by mutations in the
cystic fibrosis transmembrane conductance regulator (CFTR)
gene that encodes the CFTR protein which participates in fluid
homeostasis across mucosal surfaces.2 Optimal outcome of the
CF patient depends on early diagnosis. According to the Cystic
Fibrosis Foundation consensus report, the criteria for the diag-
nosis of CF is: a) evidence of a CFTR abnormality together with
biological  evidence  of  channel  dysfunction  (i.e.,  abnormal
sweat  chloride  concentration)  or  b)  identification  of  a  CF
disease-causing mutation in CFTR gene.3,4

Multiple case reports have been published from Pakistan’s popu-
lation, but no study has reported incidence or prevalence. The
incidence of CF in Pakistani-descent immigrants residing in the
United Kingdom is 1 in 10,800 to 12,000.5,6
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The  exact  incidence  in  Pakistan  is  unknown,  however,  it  is
expected to be high considering the high cousin marriage rate.7 It
is considered an underdiagnosed disease in Pakistan owing to
the lack of diagnostics for confirmation of CF in this country. Most
of the patients reported are diagnosed based on suggestive clin-
ical features.

The CFTR gene is composed of 27 exons. Until now, more than
2,000 mutations in the CFTR gene have been reported.8 The CF
disease phenotype varies with the type and number of mutations
present. Not all the mutations identified are associated with CF
but can be present in related disorders ranging from sinusitis to
severe lung, pancreatic, or liver disease.3 Genotype is reported
to be associated with the severity of disease, symptoms only
occur in the presence of combination of specific mutations which
in turn affect the management and prognosis of  the patient.
Patients presenting with pancreatic insufficiency have different
haplotypes compared to the pancreatic-sufficient patients.9 That
is why the identification of mutations in Pakistani population and
their  frequencies  is  critically  important  for  understanding  CF
disease dynamics and the management of the patients.

The  nature,  distribution,  and  frequency  of  CFTR  mutations
depend on the population studied and the method employed.
PCR is considered less sensitive compared to sequencing for the
identification of mutations.3,10 In this study, the authors systemat-
ically reviewed the studies reporting CFTR gene mutations in
Pakistani-origin patients with CF. The aim of the review was to
determine the genotypic and phenotypic spectrum of CFTR gene
mutations reported in Pakistani origin patients.
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METHODOLOGY
Both retrospective and prospective studies about CFTR gene
mutations in Pakistani or Pakistani origin patients with CF were
included from 1947 to 2019. Abstracts and full-text studies both
were included. Review and non-English language articles were
excluded. The PubMed and PakMedinet databases were indepen-
dently searched by two reviewers (HM and SBH).

Search terms were “Cystic Fibrosis” and “Pakistan” and “muta-
tion”  as  MeSH  major  topics  in  the  PubMed  database.  In
PakMedinet data base, the terms “Cystic Fibrosis” and “muta-
tion” were looked for in abstracts.

The reviewers selected studies with relevant titles only. Dupli-
cate  studies  were  also  excluded  from  the  present  study.
Abstracts of all the relevantly titled studies were studied and
studies reporting CFTR gene mutations in Pakistani or Pakistani
origin patients with CF were included. Full text of all the studies
was read and data was extracted from it. The data regarding the
year of study, sample size of the cases, method of CF diagnosis,
and CFTR gene mutations report were included. The process of
inclusion of  studies  is  detailed  as  a  `CONSORT DIAGRAM` in
Figure 1.

Figure 1: Consort diagram representing search, selection and inclusion
of the studies (CF = Cystic fibrosis; CFTR = Cystic fibrosis transmembrane
regulator).

RESULTS
The search identified a total of 63 studies, PubMed (n= 18) and
PakMedinet (n=45). Of them, twelve studies reporting CF gene
mutations in Pakistani-origin patients were identified, findings
are shown in Table I. The most widely tested mutation was Delta
F508 with a reported frequency of 17-60%, but the spectrum of
mutations identified was very wide. Thirty-three mutations were
reported in exons 4-14, 18, and 19 and introns 2, 4, 6b, 10, and 19,
shown in Table II.

DISCUSSION
This study reports the spectrum of CFTR gene mutations in Pakis-
tani descent CF patients and shows evidence that Delta 508 may
or may not be present in CF. The Delta 508, a disease causing
mutation was present in 17-60% of the Pakistani CF patients only.
The sweat chloride test is considered the gold standard for CF
diagnosis but the results can be normal to indeterminate in some
patients. In these patients’ DNA, mutational analysis is required
for confirmation of CF. To confirm the diagnosis of CF, patients’
sample for CFTR gene mutations are sent to the other countries.
There are two options available for these patients, either to get
next-generation sequencing done for the complete CFTR gene
(which is very expensive) or a cost-effective test to get tested for
a common CFTR gene mutations panel including 23 mutations,
recommended by the American College of Medical Genetics. The
problem, however, with this panel is that it includes the common
mutation reported in the Caucasian population, which may or
may not be relevant to this population.

The literature reporting CFTR gene mutations is shown in Table
I.11-21  Although D508 was the most  commonly detected CFTR
gene mutation,  however,  multiple other mutations were also
reported in the Pakistani population (Table I).  Many reported
mutations are not associated with CF-related clinical signs and
symptoms. The mutations reported in the Pakistani population
on CFTR gene analysis and whether they are disease-causing
mutations or not are shown in Table II.  

A study done on 150 clinically suspected CF and with abnormal
sweat  chloride  test  patients  in  our  population  performed
screening  of  DF508,  S549R,  S549N,  Y569D,  296  +  12(T>C),
G553X, G551D, and G551X mutations by allele specific-PCR and
direct DNA sequencing of exons 10, 11, and 12 of CFTR gene.
They reported that only 17% were positive for Delta 508 muta-
tion while S549 was the second most common mutation.10 An
observational study was conducted in a pediatric chest clinic in
an urban tertiary care center in north India. In this study, clinical
characteristics of the 120 children diagnosed with CF by quantita-
tive  pilocarpine  iontophoresis  were  recorded.  A  polymerase
chain reaction based test for identification of Delta F 508 muta-
tion was performed on all children showed that only 19% of these
patients had delta 508 mutation; considered one of the most
common mutation in the Caucasian population.20

A study done in the UK reported that common genotypes in Indian
subcontinent (ISC) origin patients were very different compared
to  the  Caucasians.22  Delta  F508  mutation  was  the  most
commonly reported mutation and 1 in 4 ISC patients had no CFTR
gene mutation identified. This shows that there is a need to iden-
tify mutations common in this population and once identified,
they can be grouped to form a panel. This panel can then be
utilised for the diagnosis of CF in the Pakistani population. A panel
consisting of common mutations reported in other populations
will be ineffective to screen mutations in Pakistanis due to the
genetic  heterogeneity.  There  is  a  need  to  identify  disease--
causing mutations in Pakistani population by genotype-pheno-
type relationship studies.
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Table I: Literature reporting CFTR gene (chromosome 7) mutations in Pakistani population.

 Year Sample
size (n)

Number of Pakistani
patients

Molecular method of diagnosis CFTR gene mutation

Bowler et al. 12 1993 27 9 Pakistani Genomic DNA analysis by PCR Delta F508 (present in
4/9 Pakistani)

Curtis et al. 13 1993 666 1 Pakistani Genomic DNA analysis by PCR
 

G551D, R553X, and S549
Delta F508

Bhutta et al. 11 2000 15 15 Pakistani Delta F508 mutation analysis by
Refractory Mutation System (ARMS)
Amplification

Delta F508 9/15 (60%)

McCormick et al.
14

2002 5274 63 Pakistani Genomic DNA analysis
 

Delta F508: 35.3%
621+1G->T: 1.2%
Y569D: 8.2%
L218X: 3.5%
1161delC: 3.5%
R709X/V456A: 2.4%
G542X/G542X: 2.4 %

Kabra et al. 20 2003 23 23 Pakistani-origin
patients

PCR based test for identification of Delta
F508 mutation

Delta F508 (56%)

Mei-Zahav et al.
15

2005 381 2 Pakistani Screening of genomic DNA by allele
specific oligonucleotide hybridisation.
Extensive mutation analysis was then
performed using PCR based multiplex
heteroduplex analysis

R117H/7T
3849+10kbC>T
D1152H
Delta F508: 13
L218X: 2
1525-1GRA: 1
S549N: 1
3849+10kbC-T: 1
V392G: 1
Unidentified 7

Shah et al. 15 2006 56 56 Pakistani Gene mutation analysis for Delta F508 by
PCR

Delta F508 (33%)

Castellani et al. 17 2008  - Genomic DNA analysis
 

Y569D

Shastri et al. 21 2008 16 16 Pakistani-origin
patients

Multiplex PCR Delta F508 (17 out of 33)

Shah et al. 10 2009 150 150 Pakistani Mutations Delta F508, S549R, S549N,
Y569D, 296 + 12(T>C), G553X, G551D
and G551X were screened for by allele
specific polymerase chain reactions.
CFTR exons 10, 11 and 12 were
sequenced by direct DNA sequencing.

Delta F508: 26
S549R: 20
S549N: 1
Y569D
296 + 12(T>C)
G553X
G551D
G551X

Uppaluri et al. 18 2012 2 2 patients; 1 was of
Pakistani descent

Full sequencing of the CFTR gene V456A

Aziz et al. 19 2017 43 43 patients Delta F508 mutation analysis by PCR Delta F508

Sweat chloride estimation by the coulometric method has a
high incidence of  false positive as well  as false negative
rates.23 Sweat sample collection is cumbersome and the test
can also give indeterminate results.24 The chloride concentra-
tion in sweat is directly related to the sweat production rate
so chances of false negative results increase at lower sweat
production rates and the failure rate of sweat production is
high in this population, 20-40%, while <5% is recommenda-
tion of regulatory bodies (unpublished data).25

There are certain challenges in diagnosing CF in Pakistan,
mainly being that no diagnostic tests are available and diag-
nosis of CF is done based on clinical grounds. Very limited
research is done in this area in Pakistan and none within the
last five years. It is also not possible to estimate the burden
of CF in the Pakistani population due to the non-availability

of newborn screening and diagnosis is often delayed as well
as the outcome of such patients is poor due to late diag-
nosis. Apart from this, lack of awareness among health care
personals, no newborn screening services for CF, inequitable
availability of medication, and specialty services are other
limitations which lead to the poor outcomes of CF patients in
the Pakistani  population.  There is  a need to educate the
masses  to  raise  awareness  of  CF,  establish  newborn
screening services for CF to determine the exact burden,
increasing equitable access to CF diagnostic testing such as
sweat chloride concentration analysis and CFTR gene muta-
tions for early identification of CF patients, develop a popula-
tion  specific  CFTR  gene  mutations  panel  for  higher  case
detection,  and develop specialty  services for  CF care for
better patient’s outcome.  
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Table II: Mutations present in the CFTR gene (chromosome 7- q31.2), reported in Pakistani population on literature search.

Gene Exon / intron Protein name CDNA CF causing
R117H15 Exon 4 p.Arg117His c.350G>A Varying clinical consequence
L218X14,15 Exon 6 p.Leu218X c.653T>A Not reported in database
1161delC14 Exon 8 p.Cys343X c.1029delC CF causing
V392G15 Exon 9 p.Val392Gly c.1175T>G Not reported in database
V456A14,18 Exon 10 p.Val456Ala c.1367T>C CF causing
S466X (17) p.Ser466X c.1397C>A or c.1397C>G CF causing
Delta50811-16,19-21 p.Phe508del c.1521_1523delCTT CF causing
G542X14 Exon 11 p.Gly542X c.1624G>T CF causing
G551D10,13 Exon 12 p.Gly551Asp c.1652G>A CF causing
R553X13 p.Arg553X c.1657C>T CF causing
S549R13 p.Ser549Arg c.1645A>C or c.1647T>G CF causing
Y569D10,14 Exon 13 p.Tyr569Asp c.1705T>G CF causing
R709X14 Exon 14 p.Arg709X c.2125C>T CF causing
D1152H15 Exon 18 p.Asp1152His c.3454G>C Varying clinical consequence
296 + 12(T>C)10 Intron 2 mRNA splicing defect - Not reported in database
621+1G->T14 Intron 4 mRNA splicing defect c.489+1G>T CF causing
1525-1G->A15 Intron 10 mRNA splicing defect c.1393-1G>A CF causing
c.3849+10 kb C>T15 Intron 19 - c.3849+10 kb C>T Not reported in database

CONCLUSION

The frequency of D508 mutations in the Pakistani population
is low. The mutations reported in Pakistani population are
different, the spectrum of mutations reported is wider. There
is a need to identify common mutations in this population,
perform genotypic-phenotypic  correlations,  and develop a
population-specific mutations panel to improve the CF detec-
tion rate.
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