International Journal of Research in Medical Sciences
Lekha KS et al. Int J Res Med Sci. 2021 Feb;9(2):364-370
www.msjonline.org

pISSN 2320-6071 | eISSN 2320-6012

Original Research Article

DOI: https://dx.doi.org/10.18203/2320-6012.ijrms20210050

Genital ambiguity: a cytogenetic evaluation of gender

K. S. Lekha'*, V. Bhagyam?, P. D. Varghese®, M. Manju?

'Department of Anatomy, Government Medical College Thrissur, Kerala, India
2Department of Anatomy, Government Medical College Kozhikode, Kerala, India
3Department of Anatomy, Government Medical College Alappuzha, Kerala, India

Received: 15 December 2020
Accepted: 31 December 2020

*Correspondence:
Dr. K. S. Lekha,
E-mail: drkslekha@gmail.com

Copyright: © the author(s), publisher and licensee Medip Academy. This is an open-access article distributed under
the terms of the Creative Commons Attribution Non-Commercial License, which permits unrestricted non-commercial
use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT

Background: Genital ambiguity is a complex genetic disorder of sexual differentiation into male or female. The
purpose of the present study is to correlate the sex of rearing with the genetic sex and to find out the prevalence of
chromosomal anomalies in patients with ambiguous genitalia. The findings can help in proper diagnosis, genetic
counselling, and the reassignment of sex, if necessary.

Methods: In this cross-sectional study, 22 patients from north Kerala, ranging in age from 17 days to 17 years, were
included. All cases were subjected to the following: a detailed history, physical examination, evaluation of clinical
data, and cytogenetic analysis. Based on the standard protocol, peripheral blood lymphocyte culture was done.
Chromosomal analysis was carried out with the help of an automated karyotyping system after G-banding of
chromosomes.

Results: Out of the 22 patients with ambiguous genitalia, 12 patients were genetic females with karyotype 46, XX,
and nine patients were genetic males with 46, XY karyotype. One was a rare variant of Klinefelter syndrome with
karyotype 49, XXXXY. The most common diagnosis was congenital adrenal hyperplasia, followed by partial
androgen insensitivity syndrome. Discrepancies between genetic sex and sex of rearing were noted in 27% of the
cases.

Conclusions: This study unfolds the variable etiology of ambiguous genitalia and emphasizes the importance of
karyotyping in diagnosis, proper assignment of the sex, and appropriate management of patients with genital
ambiguity.
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INTRODUCTION emergency as sometimes life-threatening medical

conditions like salt-losing congenital adrenal hyperplasia

Genitalia can be defined as ambiguous when it is not
possible to categorize the gender of the child based on the
outward genital appearance.! Genital ambiguity is a rare
and complex disorder. For some newborn babies,
determination of sex is difficult or impossible as the
genitalia are ambiguous with anomalies that resemble
that of the opposite chromosomal sex.

The birth of a child with ambiguous genitalia is an
emotional crisis for the family.?® Assessment of genital
ambiguity in the newborn is a psychosocial and medical

(CAH) may be associated with ambiguous genitalia,
which, if unrecognized, may lead to shock and death.®”
A successful outcome in all cases depends on early
recognition, correct assignment of sex within a short
period, and effectively dealing with the family’s concerns
and anxiety.*

Human sexual differentiation is a highly complex process
and is under the control of multiple genes and hormones.
The sequential process of normal sexual differentiation
begins with the establishment of chromosomal sex at the
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time of fertilization. Chromosomal sex, in turn,
determines gonadal sex which results in the development
of both internal genital tract and external genitalia and
thus establishes the phenotypic sex of the individual,
which occurs later in development (from about 5-6
weeks of gestation). Disturbance to any step in the above
sequential process during embryogenesis can affect
sexual differentiation.®® Apart from sex-specific genes
present on X and Y chromosomes, autosomal genes also
play a dominant role in sex determination.?° Cytogenetic
abnormalities of the autosomes- 1, 2, 9, 10, 12, and 22
have been reported to be associated with cases of
ambiguous genitalia.'!

The incidence of genital ambiguity that results in the
child’s sex Dbeing uncertain is one per 4500
children.21213 Treating a child with ambiguous genitalia
is one of the most challenging diagnostic and therapeutic
problems. The nomenclature ‘intersex,” ‘hermaphrodite’
and ‘pseudohermaphrodite’ are unhelpful and perceived
to be pejorative by some affected families. In its place,
the term recommended is Disorder of Sex Development
(DSD), and the karyotype is used as a prefix to define the
category of DSD.™ General DSD categories are sex
chromosome DSD; 46, XX DSD, 46, XY DSD;
ovotesticular DSD; 46, XX testicular DSD; and 46, XY
complete gonadal dysgenesis.'®

Children born with ambiguous genitalia should be
evaluated to rule out lethal conditions like CAH, and the
gender of the child must be assigned as rapidly as
possible to avoid later complications.**¢ Ambiguous
genitalia can be due to fetal endocrinological
abnormalities or defective gonadal development.! Such
anomalies vary from mild hypospadias in males to the
enlarged clitoris in females.?* In most cases, a specific
diagnosis can be made by genetic, endocrine, phenotypic,
and chromosomal assessment.

Determination of the child’s karyotype is the first
investigation to be undertaken in finding out the etiology
of ambiguous genitalia and it can help to guide surgical
and psychosocial management as well as genetic
counseling.”!” Karyotyping also provides important clues
about the location and nature of genes involved in sex
determination and differentiation.!* Only a very few
studies have been conducted in patients with genital
ambiguity in Kerala. To overcome the above limitation,
the present study was undertaken to reveal the correlation
of the genetic sex and the sex of rearing in children with
ambiguous genitalia and to outline the investigations
necessary. The ultimate goal is to unfold the etiology of
ambiguous genitalia for the precise diagnosis and
appropriate gender assignment of the affected child. It is
important to note that sex does not indicate gender; sex
refers to the biology of the internal and external genital
structure. The role assigned by society in response to all
the developmental manifestations of sex is gender
identity. Early gender assignment is essential for the child
to develop into a well-adjusted, psychosocially stable
individual.

In this study, we present the clinical findings and
cytogenetic data of a group of subjects with various
degrees of sexual ambiguity.

METHODS
Subjects

We conducted a cross-sectional study. The study subjects
included patients with ambiguous genitalia who were
referred to the cytogenetic laboratory of the Department
of Anatomy, Government Medical College Kozhikode,
Kerala. Patients were referred from various departments
of the medical college- mainly Obstetrics and
Gynecology, Pediatrics, Endocrinology, and Plastic
surgery, for chromosomal analysis; and they belonged to
different parts of north Kerala. Their ages ranged from 17
days to 17 years and included mainly neonates and
children. Family history was recorded for information
regarding consanguinity, affected siblings in the family,
and sex of rearing up of the child. Maternal history was
taken with stress on exposure to androgen, virilization
symptoms, or use of drugs during pregnancy. Detailed
physical examination was done to examine external
genitalia as the size of the phallus, labioscrotal folds,
gonads, and other anomalies. Secondary sexual characters
were noted as development of breast, axillary and pubic
hair and change in voice, and any other abnormalities
were observed. We utilized the prader staging system and
tanner staging for physical examination. Prader stages 1-
V describe increasing virilization from a phenotypic
female with mild clitoromegaly (stage 1) to a phenotypic
male with glandular hypospadias (stage V).*°

The findings were correlated with the clinical findings
and clinical reports of ultrasonography, biochemical, and
hormonal assay. The chromosomal analysis by peripheral
lymphocyte culture was done in all the cases. Evaluation
of clinical and laboratory reports was undertaken for each
patient. This study was conducted as per the norms of the
Institutional ethics committee over a period of seven
years.

Inclusion criteria

Subjects with abnormal appearance of external genitalia
with difficulty in assigning gender or with genitalia not
typical of male or female were included in the study.

Exclusion criteria
Subjects above 20 years of age were excluded.

Also, from each patient/guardian, consent was obtained
that their images and the information of the study may be
discussed, presented, or published after concealing the
identity, strictly maintaining the confidentiality of the
patient.
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Procedure

One ml of peripheral blood was collected for each patient
in a heparinized syringe. Then, 0.5ml of heparinized
whole blood was inoculated into labeled culture tubes
containing 10ml of peripheral blood medium (Sigma /
Gibco). The main components of the medium are - RPMI
1640 with L gluten, fetal bovine serum,
phytohemagglutinin (PHA) which acts as a mitogen, and
antibiotic Gentamycin. The culture tubes were incubated
for about 72 hours in a CO2 incubator, followed by
harvesting of culture, preparation of slides, and staining
using Giemsa stain.'®® Karyotyping was done with the
help of an automated karyotyping system (cytovision
software version 7). 30 metaphase spreads were analyzed
in each case for chromosomal anomalies. In suspected
mosaicism, 50-100 metaphase spreads were analyzed.

RESULTS

A total of twenty-two patients with ambiguous genitalia
were studied. The study group included mainly neonates,
children, and two teenagers with ages ranging from 17
days to 17 years, the mean age being 2.75+19.75 months
as per median and semi-interquartile range. Demographic
data of the studied patients did not show any positive
consanguinity or relevant maternal history.

Reports of routine serum electrolyte and hormonal
studies of relevant cases revealed one case of
hyperkalemia and hyponatremia, 5 cases of elevated
serum 17 alpha- hydroxyprogesterone, and one case of
normal 17 alpha- hydroxyprogesterone with elevated
dehydroepiandrosterone (DHEA) levels associated with
low concentrations of androstenedione and testosterone.

Of the 22 cases that presented with ambiguous genitalia,
12 cases (54.54%) were confirmed as genetic females
with 46, XX karyotype, and 9 cases (40.9%) were genetic
males with 46, XY Karyotype. One neonate (4.5%)
presented with karyotype 49, XXXXY (Figure 1, 2).
Structural aberrations of the autosomes or sex
chromosomes were not observed.

46XX
54,54 m46XY
B 49XXXXY

Figure 1: Karyotype percentage of patients with
ambiguous genitalia.
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Figure 2: Karyotype showing the presence of four X
and one Y chromosomes.

Genetic females presented with an enlarged phallus,
urogenital sinus, fused labia, and labioscrotal folds with
no palpable gonads. Two of them aged 3 and 7 years,
who were sisters presented with abnormal pubic hair
growth (tanner stage P3), with a score of 2 and 3 on the
prader system. (Figure 3). Reports of imaging studies
revealed the presence of internal genitalia in all genetic
females except in one case of age 16 years who presented
with primary amenorrhea.

e w
it g na

Figure 3: (A) External genitalia showing ambiguity
and precocious puberty in a 3-year-old genetic female
(sex of rearing-male) with CAH, due to 21-
hydroxylase deficiency and (B) Karyotype of the
patient showing 46, XX.

Congenital adrenal hyperplasia (CAH) was detected in 5
patients with 46, XX karyotype (41.7% of the genetic
females), including the sibs with precautious puberty.
Detailed clinical data of genetic females are shown in
Table 1.

Genetic males presented with microphallus, penoscrotal
hypospadias bifid scrotum, palpable gonads, or
undescended testis. One neonate presented with phallus
duplication and unilateral undescended testis. Partial
androgen insensitivity syndrome (PAIS) was diagnosed
in two cases (22.2% of genetic males). One case was
diagnosed to have CAH due to 3 beta-hydroxysteroid
dehydrogenase deficiency (Figure 4). Detailed clinical
data of genetic males are shown in Table 2.
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Table 1: Clinical data of 12 cases with female genetic sex.

S. no. Clinical presentation and Prader stage Social sex Karyotype Diagnosis

1 Neonate P1 ubD 46, XX -

2 Neonate P2 ubD 46, XX CAH

3 Neonate P3 ubD 46, XX CAH

4 Neonate P1 ubD 46, XX -

5 1Y P2 uD 46, XX CAH

6 3Y P2 with sparse hair growth Male 46, XX CAH

7 3.5Y P1 Female 46, XX Clitoromegaly

8 6Y P1 Female 46, XX Clitoromegaly

9 Y P3 with sparse hair growth Male 46, XX CAH

10 12Y P2 Male 46, xx ~ Endodermal
sinus tumour

11 16Y P1, Primary Amenorrhea Female 46, XX -

12 7Y P2. Primary Amenorrhea Female 46, XX -

Table 2: Clinical data of 10 cases with male genetic sex and a case of Klinefelter syndrome.

testis

S. Clinical presentation ~Social sex 1 Diagnosis

1 Neonate Phallus, urogenital sinus uD 46, XY -

2 Neonate Bifid phallus. undescended testis (left) Male 46, XY Shal!us .

uplication

3 Neonate Micro penis ubD 46, XY -

4 2M Micro penis, hypospadias Female 46, XY CAH

5 2.5M Small phallus, hypospadias ubD 46, XY -

6 3M Urogenital sinus, labioscrotal folds Female 46, XY -

7 5M Hypospadias Male 46, XY -

8 3Y Micro penis, urogenital sinus Female 46, XY PAIS

9 3Y Hypospadias, bifid scrotum Male 46, XY PAIS
Pre.term (36 weeks) -Micro penis, 49, Klinefelter

10 Neonate labioscrotal folds, bilateral undescended ub KXXXY syndrome

M-Months, Y-Years, UD — Undetected, CAH-Congenital adrenal hyperplasia, PAIS — Partial androgen insensitivity syndrome

Figure 4: (A) Ambiguous genitalia in a 2-month-old
genetic male (sex of rearing-female) who was
diagnosed to have CAH, due to 3 beta-hydroxysteroid
dehydrogenase deficiency, (B) Karyotype of the
patient showing 46, XY.

Of the 22 cases, sex for rearing was not assigned in nine
cases. Eight cases of our study group were neonates, and
their investigations were incomplete but routine
investigations helped to diagnose two cases of CAH

among them, one presented with a salt-losing crisis. Out
of the nine cases of age 17 days-lyear in which sex of
rearing was not assigned, five cases were of 46, XX
karyotype and included three cases of CAH, one case of
isolated clitoromegaly, and one case without a definite
diagnosis. Three cases with unassigned sex of rearing
showed 46, XY karyotype, and no definite diagnosis was
reached in them (two neonates and one infant with age
two and half months).

Sex of rearing was female in seven cases, of which three
were found to have 46, XY Karyotype. Of these three
cases, one infant aged two months was a case of CAH
due to 3 beta-hydroxysteroid dehydrogenase deficiency,
one with three years of age was a case of partial androgen
insensitivity syndrome (PAIS), and a three-month-old
infant was without proper diagnosis. Sex of rearing was
male in six cases, of which three were of 46, XX
Karyotype which included 3- and 7-years old siblings
with CAH and a 12-year-old case with endodermal sinus
tumor.
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DISCUSSION

The present study included 22 patients with ambiguous
genitalia from north Kerala. The age of the patients
ranged from 17 days to 17 years, and the most common
age at presentation was in the neonatal period (nine cases,
40.9%), followed by infancy (five cases, 22.7%). As per
cytogenetic evaluation, twelve patients were found to
have normal female karyotype 46, XX (54.5%), Nine
patients showed normal male karyotype 46, XY (40.9%)
and one had abnormal karyotype 49, XXXXY (4.5%).
This cytogenetic study revealed discrepancies in genetic
sex and sex of rearing in 27% of cases and the presence
of numerical anomaly of the chromosome with a rare
karyotype in one case. These findings emphasize the
importance of karyotyping in patients with ambiguous
genitalia to confirm the genetic sex and rule out
associated chromosomal anomalies.

As reported previously, the family history was relevant in
our study in the case of two sisters affected by CAH.12 A
child previously affected in the family should raise the
possibility of CAH, an autosomal recessive condition that
causes excess adrenal androgen, which leads to genital
ambiguity.?® Cases of siblings affected with CAH and
presented with hirsutism are already reported in the
literature.

46, XX karyotype was more in number in the present
study (12 cases, 54.5%). Studies conducted in patients
from the valley of Kashmir have reported 58% of genetic
females and 42% of genetic males.® Many of the
previous authors have reported an incidence of more
number of genetic females in their study group.5!21
Several authors have also reported the incidence of the
mosaic karyotype.2??2 However, our study failed to
detect mosaicism.

The present study of 22 cases of ambiguous genitalia
detected six cases of CAH (27.3%). Yice et al have
reported 38% of CAH in the study of 21 cases.® CAH is
an inherited disorder due to defects in enzymes of the
adrenal cortex required for cortisol biosynthesis, leading
to an excess of adrenal androgens and virilization of
external genitalia in the female fetus. The timing of
androgen excess markedly influences the phenotypic
appearance of external genitalia in newborns. In females,
excess exposure to androgen in the first trimester may
cause fusion of labioscrotal folds and the formation of a
single urogenital sinus. Excess exposure to androgen after
the critical first trimester leads to isolated
clitoromegaly.*?° Worldwide, the incidence of CAH is
estimated at one in 15,000 but varies among
communities.?®?* Out of the 12 cases with 46, XX
karyotype in the present study, five cases were diagnosed
with CAH, and the cause of CAH was a 21-hydroxylase
deficiency in all these cases, based on higher levels of
serum  17-hydroxyprogesterone.®  Most  patients
presenting with ambiguous genitalia at birth are genetic
females with virilizing CAH due to 21- hydroxylase

deficiency.?® Two of the genetic females with CAH were
neonates, and one of them presented with salt-losing.
Many previous studies have reported a salt-losing variety
of CAH.}®

The sex of rearing was not corresponding to genetic sex
in 50% of cases of CAH. Al-Jurayyan has reported that
47.2% of cases of genetic females with CAH were
wrongly assigned as males.* One case with CAH in our
study was a genetic male who was reared as a female, and
the cause of CAH was 3 beta-hydroxysteroid
dehydrogenase deficiency. Al-Mutair et al.® have
reported two cases of CAH caused by 3-beta-
hydroxysteroid dehydrogenase deficiency.

In this study, 22.2% of genetic males were diagnosed
with partial AIS caused by partial unresponsiveness to
androgen action. Previous studies also report PAIS as the
most common diagnosis in genetic males. Disorders
affecting the end-organ androgen receptor are referred to
as the androgen insensitivity syndrome. The defect may
be complete or partial, resulting in normal female
external genitalia or ambiguous genitalia, respectively.®?
These conditions are X-linked. Since the anti-Mullerian
Hormone (AMH) action is unaffected, fallopian tubes,
uterus, and upper vagina are absent.* Al-Agha et al has
detected 17.2% of AIS in their study and reported that
34% of the 46XY infants with no definite diagnosis could
be cases with partial androgen insensitivity, a diagnosis
of exclusion.* Gonadal dysgenesis and gonadotropin
abnormalities are also reported in genetic males.

This cytogenetic study also detected one numerical
anomaly of the chromosome. A neonate presented with a
micro penis, labioscrotal folds, and undescended testis.
This case was a variant of Klinefelter syndrome with
karyotype 49, XXXXY. Usually, the karyotype of
Klinefelter syndrome is 47, XXY. 15% of Klinefelter
syndrome have mosaic karyotypes. There are several
variants of Klinefelter syndrome with karyotypes other
than 47, XXY, including 48, XXYY, 48, XXXY, and 49,
XXXXY. The additional X chromosomes, even though
they are mostly inactive, cause a correspondingly more
severe phenotype. Such cases show greater dysmorphism,
more defective sexual development, and more severe
mental impairment also. The incidence of Klinefelter
syndrome is one in 2000 births (one in 1000 male
births).!* Incidence of Klinefelter syndrome with
karyotypes 47, XXY, 46, XX/47, XXY, 45, X/47, XXY,
and another numerical anomaly Edwards syndrome has
been reported by previous authors.?36:21

In the present study, one neonate presented with a bifid
phallus, a rare anomaly. It occurs once in every 5.5
million live births.?” A 12-year-old genetic female with
enlarged phallus and labioscrotal folds, who was reared
as a male, presented with recurrent abdominal pain and
was diagnosed as a case of endodermal sinus tumor. A
similar case with clitoral hypertrophy has been reported
in the literature.?® Further, a definite diagnosis was not
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reached in nine cases, which included five genetic males
and four genetic females. It is reported that clinicians
establish a diagnosis in only half of the cases within the
neonatal period.?®> On rare occasions, the cause of
ambiguity remains unexplained despite extensive
studies.?®

The presence of an intact Y chromosome leads to
maleness regardless of the number of X chromosomes.
The testis determining factor is the SRY gene (Sex
determining Region of Y) on the short arm of the Y
chromosome.” In the absence of SRY, female sexual
differentiation occurs.* The 46, XX testicular sex
differentiation disorder, or XX male syndrome, is a rare
condition in which testicular development occurs in the
absence of the Y chromosome. It occurs in one in 20,000
to 25,000 male newborns.5? Also, the 46, XX karyotype
is the most common karyotype found in ovotesticular
DSD.?® Cytogenetic study at the chromosomal level
needs more investigations to support the result. PCR
analysis of the SRY gene provides information about the
presence of a Y chromosome within one day although a
full karyotype is required for confirmation and exclusion
of mosaicism.®16

This study has detected genetic females with normal
internal genitalia reared as males who require
reassignment of sex. Reassignment of sex in patients with
ambiguous genitalia is a very sensitive matter. Parents
should be counseled, and their approval should be
obtained before taking a decision.®?

Limitations

Correlation between phenotype and karyotype could not
be attempted in all cases due to the unavailability of
complete clinical data.

CONCLUSION

To conclude, the present cytogenetic study of 22 cases
with ambiguous genitalia detected 12 genetic females,
nine genetic males, and one rare variant of Klinefelter
syndrome with karyotype 49, XXXXY. The most
common etiology was CAH in genetic females and PAIS
in genetic males. In 27.3% of cases, it was found that the
genetic sex was not corresponding to the sex of rearing.

Sex of rearing should be assigned as early as possible,
usually based on the internal and external genital
phenotype and the results of the various investigations. In
the case of a virilized female, there is fertility potential,
and these babies are usually raised as girls. The decision
of sex of rearing and the timing of surgery need careful
consideration within a multidisciplinary environment
with the full informed consent of the family. As common
causes of genital ambiguity have a genetic basis, genetic
counseling will be required in most cases. Also, DNA
tests are important in prenatal diagnosis.

Recommendations

The authors suggest that the conventional cytogenetic
method should be coupled with molecular analysis. PCR-
based DNA diagnostic method using SRY gene in
individuals with ambiguous genitalia plays an important
role.
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