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Abstract

Background: Recessively inherited X-linked Ichthyosis (XLI) is the second most generic form of Ichthyosis and is characterized by scaly, dry, thickened, and mild 
erupted skin. It is caused by a mutation in the STS gene ensuing lower production of Steroid sulfatase. A current study was performed to characterize XLI and its 
complications in patients of Bajaur Agency, Pakistan. We also wanted to record critical factors affecting the progression of XLI. 

Methods: An Ichthyosis examination questionnaire was prepared and detailed information about the symptoms and management was recorded from 51 affected 
male patients of 17 families. Personal data such as age and gender were also recorded. 

Results: Our results indicate that 53% of the patients were collodion while other symptoms appeared in the fi rst month after birth. Almost every part of the patient has 
symptoms of the disease; scales were found on the extensor and fl exor muscles (98%) of limbs followed by the ears (82.53%). All the patients had normal nails, palms 
and soles. 

Conclusion: The age of the patients seems to have a signifi cant effect on the color of the scales changing from white to brown to blackish. The disease progresses 
with the age and worsens in cold, dry seasons. The pedigrees of all families show that disease passes from generation to generation according to the classical X-linked 
recessive inheritance. We recommend early diagnosis and treatment for effective management of the condition. Further work is required to elucidate the genetic, 
biochemical, and environmental factors involved in the disease.
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Introduction 

Ichthyosis represents a group of skin disorders characterized 
by scaly, dry and thickened skin. The term is derived from the 
Greek word “Ichthy” meaning Fish, the condition is called 
“Ichthyosis” because the patient’s skin gives the appearance 
of Fish-Scales. The most common signs include dry and scaly 
skin, hyperkeratosis, blisters, and excessive skin shedding. The 
symptoms of Ichthyosis include itching, overheating, and pain 
due to the injury of the living tissues of the Stratum Corneum 
[1]. X-linked Ichthyosis (XLI) is an X-linked recessive disorder 
thatmanifestsmild skin eruptions due to disturbance in the 
gene governing keratinization [2]. It affects approximately one 
out of 2000 to 6000 male population and has no geographical 

predilection. Typically, it develops by birth or in early infancy 
usually the fi rst month, and extracutaneous manifestations 
are possible [3]. XLI is one of the fi ve main types of Ichthyosis 
i.e.Lamellar Ichthyoses (LI), epidermolysis hyperkeratosis 
(EHK) or Bullous Ichthyosis (BI), Ichthyosis vulgaris (IV), 
Localized Ichthyosis. XLI is the second most common type of 
Ichthyosis after Ichthyosis vulgaris [4]. 

Steroid sulfatase (STS) is a microsomal enzyme that 
is membrane-bound and capable of hydrolyzing sulfated 
steroid hormones and cholesterol sulfate. STS catalyzes the 
conversion of sulfated steroid precursors to the free steroid 
[5]. A defi ciency of this enzyme can result in XLI. Excessive 
skin scaling or hyperkeratosis is caused by the accumulation of 
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unhydrolyzed cholesterol sulfate in the outer layers of the skin. 
Cholesterol sulfate is a sterol that stabilizes cell membranes 
and adds cohesion [6,7]. STS gene is located on the locus 
Xp22.3 on the distal short arm of the X-chromosome, a region 
associated with a high frequency of deletions. XLI is caused by 
a genetic defect or mutation in the STS gene [8]. In 90% of XLI 
patients, it is caused by complete deletion of the gene, and in 
10% by point mutation or partial deletion of the STS gene. The 
origin of the X chromosome with the deletion of the STS gene is 
believed to be the grandfather of the proband [9]. 

XLI is characterized by glowing white color scaling during 
the initial stage which progresses to larger, dark scales affecting 
the extensor and sometimes fl exor regions of the extremities, 
neck, and upper trunk [10]. The scales are usually spread 
equally all over the body, however, they are more visible on the 
extensor parts of the limbs, mainly on the lower extremities. 
The size of the scales varies from individual to individual 
however in general, they are bigger on the extensor areas of 
the legs. The face and head are typically not affected by the 
symptoms. The symptoms of this disease generally improve in 
the summer and worsen in the winter [11].

Female carriers rarely display a skin phenotype, they 
usually carry the genes of this disease and pass it to their 
male offspring (Sons). There have been few cases reported in 
females [12], it is thought that these women have inherited 
the ichthyosis gene from both sides of the family [13]. Affected 
men, married to non-carrier women must have unaffected 
sons because they transfer only Y-chromosomes to the sons, 
however, their daughters will be the next carriers [14]. 

There is no permanent cure for XLI however; doctors 
prescribe the treatment as per signs and symptoms. Mostly 
creams, lotions, or ointments are used to reduce skin dryness. 
The aim of treatment is the prevention and elimination of 
hyperkeratosis [15]. This study was performed to document the 
physiological, physical, and environmental factors involved 
in the progression of XLI in patients of Bajaur Agency, FATA, 
Pakistan. We have also examined various stages of the disease, 
and the degree of symptoms on different body parts of the 
patients.

Materials and methods

 Survey area

We have collected the data of patients from the three 
Tehsils of Bajaur Agency; Khar, Salarzai, and Utmankhel. The 
combined population of this area is about 253,720 (GOP, 1998). 
The survey was conducted from July 2014 to June 2015.

Survey method

A questionnaire was prepared to collect specifi c 
information from the patients regarding personal information, 
family history, skin disease history, general medical history, 
dermatological examination, and physical appearance. Pictures 
were taken where appropriate. We also inquired about the 
seasonal effects and management practices employed by the 
patients.

Data analyses

The data was sorted into different tables in MS Excel, 
based on gender, age, and symptoms. A chi-square test was 
performed to see the difference between the actual ratio of 
XLI male progeny and the expected according to Mendelian 
genetics.

Results

Demography

A total of 51 patients of XLI belonging to 17 families were 
recorded during this survey. The families were named XLI-1, 
XLI-2…. XLI-17. All patients were male, we could not fi nd any 
female patients of XLI. Almost half (27) of the total 51 patients 
were born with the disease or were Collodion babies. 

Epidemiology

Symptoms of ichthyosis were present in almost the whole 
body of the patients as presented in Table 1, especially the 
trunk and the limbs (Figure 1). However, the color and size of 
the scales varied. 

Scalp

In the reported 51 patients only 6 XLI patients were observed 
with the affected scalp. Two of them were under ten years, 2 
from ten to twenty, 1 under thirty, and 1 under forty years. 

Table 1: Summary of symptoms in the observed XLI patients.

Characteristics n = 51
Percentage

(%)

Male/female 51/0 100

Collodion 27 53

Symptoms on

Scalp 6 12

Face 3 6

Ears 42 82

Extensor and fl exor muscles 50 98

Scalp hair loss 4 0.08

Body hair loss 3 0.06

Color of Scales

White 4 0.08

Brown 28 55

Blackish-brown 7 14

Black 13 25

Figure 1: Images of an XLI affected boy during fi eld survey 08/11/2015.
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Face

In the observed 51 patients, only 3 patients were recorded 
with an affected face which is 6% of the total patients. All of 
them were in the age category of 10 to 20 years. 

Ears

Scales on the ears and neck were observed in 42 patients 
out of 51, which is 82.53% of the total observed patients. 

Extensor and fl exor muscles

Except for one 27-year-old, all the patients of XLI had 
scales on their extensor and fl exor muscles (50 out of 51). 
However, other body parts of that patient were affected. 

Genital organs

Only one patient was reported who had symptoms on the 
genital organ. Shyness could be a reason for not revealing 
such kind of information to the public. People in rural areas in 
Pakistan are too shy even to talk about genital parts.

Hair loss

Hair loss symptom was rare in the patients of XLI. In the 
observed 51 patients, only 4 showed symptoms of scalp hair 
loss. A total of 3 patients were observed under 10 years and 1 
patient under twenty years of age. Other patients in this family 
did not have this abnormality. The loss of body hair was also 
rare in the patients of XLI. Only 3 patients were observed to 
have lost the body hairs. 

Color of scales

Scales of four colors were observed during the survey; white, 
brown, blackish-brown, and black. Twenty-eight patients had 
brown color scales, which is 55% of the total patients. The 
rarest color is white (4 patients), which is only 7.84% of the 
total visited patients. The second rare color is blackish-brown 
[7] which is 13.73%, and the third one is black color [13] which 
is 23.53%. When the percent color was drawn against the age of 
the patients. The white and brown scales were abundant (75%) 
in the younger patients from age 1 to 20 while, the brownish-
black and black scales were mostly (71%) found in the older 
patients of age 21 to 40. The graphical representation is given 
in Figure 2.

Pedigree analyses 

In all the 51 patients and 17 families, the disease has 
traveled by female carrier mothers to the sons of affected 
maternal grandfathers (Figures 3-5).  The chi-square test 
showed that in most cases, the actual percentage of total XLI 
patients was within the range of the distribution according to 
Mendelian inheritance of recessive traits (Tables 2,3). The ratio 
of XLI males was signifi cantly higher than the expected 50% 
(at p = 0.05) in only two families; XLI-10 (2 = 0.004) and XLI-
11 (2 = 0.025). These two families also took 2 value of a total 
number of XLI progeny signifi cantly higher than expected (2 
= 0.00147).

Disease management

The patients reported that the condition is affected by the 
environment, i.e. in the winter season, this disease tends to 
be worse than in the summer. Most of the patients were from 
poor backgrounds and could not afford year-round expensive 
treatment. They usually used creams, lotions, or ointments 
during the wintry season to reduce skin dryness and ease 
the pain and itching. The basic knowledge of genetics and 
inheritance was lacking among the patients and their families. 
Furthermore, any kind of professional psychological help was 
non-existent in most cases.

Figure 2: Age-wise percentage of each scale color.

Figure 3: The blue graph shows, number of collodion babies and green graph show 
non collodion babies. It’s clear that number of collodion babies was slightly higher.

Figure 4: Symptoms of Ichthyosis on ears of the patients.
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Discussion

In the current study, 27 patients of XLI out of the total 51 
were born collodion babies, which is more than half of the 

total patients. The symptoms of the disease appeared almost 
in the fi rst month of their life, in the remaining 24 patients. 
Our observation is in accordance with that of Gånemo [14], 
who reported that a higher proportion of XLI patients were 
born as collodion babies. However, care must be taken of 
such children because, the collodion membrane offers a 
signifi cantly decreased skin barrier function than the normal 
that may, consequently, increase trans-epidermal water loss 
[16]. Potential problems are hypothermia, dehydration, and 
hypernatremia. These conditions need cautious handling and 
treatment in a well-equipped neonatal care facility [11]. 

In this study, we observed scales on every part of the 
body of the XLI patients, especially the limbs and trunk. In 
all patients of the current study, soles, palms, and nails were 
observed normally. This observation is consistent with the 
previous reports, e.g. According to Cuevas-Covarrubias, et 
al. [6], the abdomen is more involved than the back and the 
scales are more spectacular over the extensor surfaces, pre-
auricular areas, neck, and upper trunk with or without fl exures 
involvement. Generally, palms and soles are spare and hair and 
nails are normal [10].

During the current survey, patients’ families have reported 
that the disease was more aggravated in childhood because 
the skin of infant patients was dry and light, and remained 
so till maturity however, with the passage of time symptoms 
show improvement. We also observed that the disease worsens 
in the winter season. But in the summer season, the skin was 
smoother and better in the same patients. Our observation is 
parallel with that of Hernández-Martin, et al. [15], who reported 
that hyperkeratosis improves during the warmer months of the 
year and worsens during the dry and colder months. 

We observed a great variation in the color and size of 
the scales, and it seemed to be infl uenced by the age of the 
patient, as varied colors and sizes of scales were observed in 
different age groups. In the case of a neonatal baby, the skin 
is observed mild, light, and whitish color adherent scales on 
the stratum cranium. These observations agree with that of 
Cuevas-Covarrubias, et al. [6], who reported various sizes 
and colors of scales in different cases. Some of the patients 
were recorded with large plated scales on their extremities and 
some of them had small size black or brown scales, while a few 
patients were recorded with black color dotted spots in their 
stratum corneum. The scale’s color has also been reported to be 
infl uenced by environmental conditions. The color of the scales 
may appear light brown or brown in the summer season while 
blackish-brown or black in winter [4].

The results of the 2-test showed that in fi fteen families the 
distribution of XLI in the male offspring of carrier females was 
according to Mendelian rules of inheritance. Only two families 
(XLI-10, XLI-11) showed signifi cant divergence in which 11 out 
of 12, and 5 out of 5 males were XLI patients. There was another 
family (XLI-14), in which 6 out of 7 males were XLI positive. 
These also affected the overall 2 value of total numbers. We 
can only speculate the reasons behind this anomaly; some may 
say that it was just because of the chance mating of defective 
gametes. However, this complete dominance of XLI could be 

Figure 5: Pedigree of an XLI gene carrying family. The maternal grandfather was 
affected by this disease. The grandfather of the patients married with a normal 
female. They had phenotypically normal male and female offspring, although their 
daughters were the next carrier of the affected gene. The disease passed on to the 
male offspring of their daughter in a typical manner of X-linked recessive traits.

Table 2: The ratio of XLI male progeny descending from the carrier mothers in each 
family. Chi-square test was used to estimate the difference between actual and 
expected ratio according to Mendelian  Inheritance.

 Family ID
Total Male 

Progeny

Expected Observed Difference Square Chi-Square
Total / No of 

samples
XLI Males (O-E) (O-E)^2 ((O-E)^2)/E

XLI-1 6 4.71 4 -0.71 0.50 0.11
XLI-2 3 4.71 2 -2.71 7.32 1.56
XLI-3 5 4.71 4 -0.71 0.50 0.11
XLI-4 3 4.71 2 -2.71 7.32 1.56
XLI-5 5 4.71 2 -2.71 7.32 1.56
XLI-6 4 4.71 3 -1.71 2.91 0.62
XLI-7 4 4.71 3 -1.71 2.91 0.62
XLI-8 2 4.71 2 -2.71 7.32 1.56
XLI-9 9 4.71 2 -2.71 7.32 1.56

XLI-10 5 4.71 5 0.29 0.09 0.02*
XLI-11 5 4.71 5 0.29 0.09 0.02*
XLI-12 2 4.71 2 -2.71 7.32 1.56
XLI-13 5 4.71 3 -1.71 2.91 0.62
XLI-14 5 4.71 4 -0.71 0.50 0.11
XLI-15 7 4.71 3 -1.71 2.91 0.62
XLI-16 6 4.71 3 -1.71 2.91 0.62
XLI-17 4 4.71 2 -2.71 7.32 1.56
Total 80 80.00 51 -29.00 67.47 14.34*

The asterisk (*) showed that the actual percentage of XLI patients deviated 
signifi cantly from the expected 50%.

Table 3: Age related incidence of scales color in patients of X-linked Ichthyosis.

S.No
Age of the patients 

(Years)
Number of 

patients
White Brown

Blackish 
Brown

Black

01 01-10 16 03 11 00 02

02 10-20 21 00 14 02 05

03 20-30 10 01 03 04 02

04 30-40 04 00 00 01 03

Total 51 04 28 07 12
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a result of gene recombination on the X chromosome during 
gamete formation in carrier females [17]. Furthermore, it is a 
well-known fact that the STS gene is located on the locus that is 
prone to all types of mutations and recombination [18,19]. We 
are planning a molecular exploration of these families to fi nd 
further clues to solve this riddle.

During this survey, we observed increased shyness in XLI 
patients, and avoidance to answer the questions in detail. 
For example, only one out of 51 answered the question about 
symptoms in the genital area. These are the symptoms of social 
communication defi cits. This fact has been acknowledged in a 
pivotal study by Kent, et al. (2008) [20]. They have also reported 
that children suffering from XLI are prone to attention defi cit 
hyperactivity disorder (ADHD) and autism. Furthermore, XLI 
has been reported to affect individuals’ psychology to varying 
degrees in a worldwide online survey by Chatterjee, et al. 
(2016) [21].

Bajaur Agency has a very conservative environment, low 
literacy, and very little means to care for such chronic diseases. 
The effects of Ichthyosis on daily life and relations could be 
huge and have even been reported in developed countries [22]. 
Therefore, psychological help could do a lot of good for patients 
with such disorders. Furthermore, we recommend that genetic 
counseling regarding XLI and its inheritance pattern should 
be provided to the patients and their families. Efforts should 
also be made to eliminate social taboos about rare disorders. On 
the healthcare front, early/ prenatal diagnosis of XLI in carrier 
females can save a lot of resources. Researchers may work 
on developing ways for easier detection, and management of 
disease in a cost-effective manner.

Conclusion

This is a pioneering work in X-Linked Recessive Ichthyosis 
in Bajaur Agency. We gathered data from 51 male patients 
of XLI, most of whom were born with the disease, termed 
collodion babies. We observed high variation in the color and 
size of the scales, which seemed to be infl uenced by the age 
of the patient. Mostly the scales of younger patients were 
white in color and that of older ones were either brown or 
black. The condition is also affected by the environment, i.e. 
in the winter season this disease tends to be worse than in the 
summer. Furthermore, the patients showed symptoms of social 
communication defi cits. In most families, the condition is 
inherited in Mendelian fashion of inheritance. We recommend 
early diagnosis and treatment for the effective management 
of the disease. Genetic counseling could be a viable way to 
provide information regarding inheritance and the prevention 
of disease. Further work is required to elucidate the genetic, 
environmental aMadnd biochemical factors involved in the 
progress of the disease. 

(8293 Questionare Sample)

(8294 Pegigrees)
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