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ABSTRACT

Background: Down syndrome (DS), caused by trisomy of chromosome 21, is the most common chromosomal aneuploidy seen in
live births and represents a significant public health concern. Cytogenetic evaluation is essential for accurate diagnosis, clinical
management, and genetic counseling.

Methods: This retrospective study included 495 clinically suspected cases referred for cytogenetic analysis between 2020 and
2025. Peripheral blood samples were collected after informed consent was obtained. Conventional GTG-banded karyotyping was
performed, and Fluorescence in Situ Hybridization (FISH) was used for confirmation. A minimum of 20 metaphases were analyzed
for each case, with extended analysis in suspected mosaicism.

Results: Out of 495 suspected cases, 32 (6.46%) were confirmed as Down syndrome. Free trisomy 21 was the predominant
cytogenetic abnormality, identified in 29 cases (90.6%), while mosaic trisomy 21 was observed in 3 cases (9.3%). The mean
maternal age was 31.3 years in free trisomy cases and 26.2 years in mosaic cases, with 36% of mothers aged 35 or older. Cases
were reported from both rural and urban areas, with a higher proportion from rural regions. No significant sex predilection was
observed.

Conclusion: Free trisomy 21 is the most common cytogenetic pattern of Down syndrome in the Bagalkot district. Advanced
maternal age remains an important risk factor. Early diagnosis using combined cytogenetic techniques and strengthened prenatal
screening programs is essential for effective management and prevention.

Key-words: Cytogenetic pattern, Down syndrome (DS), Fluorescence in Situ Hybridization (FISH), Trisomy of Chromosome,
Trisomy 21

INTRODUCTION

Down syndrome (DS), also known as trisomy 21, is the
most common chromosomal aneuploidy observed in live
births and remains a major cause of intellectual disability
worldwide ™,
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It results from an extra copy of chromosome 21, most
commonly due to meiotic non-disjunction. The global
incidence of Down syndrome is estimated to be
approximately 1 in 700-1,000 live births, with variation
influenced by maternal age and access to prenatal
screening services 2,

Clinically, individuals with Down syndrome exhibit

characteristic craniofacial features, hypotonia,
developmental delay, and varying degrees of intellectual
disability. In addition, affected

increased risk of congenital

individuals have an
anomalies, particularly
congenital heart defects, gastrointestinal and abdominal

abnormalities such as duodenal atresia and Hirschsprung
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disease, endocrine disorders, and hematological
conditions B! Early recognition of these features is crucial
for timely diagnosis and intervention.

From a cytogenetic perspective, free trisomy 21 accounts
for most cases, while mosaicism and Robertsonian
translocations constitute a smaller proportion [,
Advanced maternal age is a well-established risk factor;
however, Down syndrome can also occur in younger
mothers, emphasizing the need for universal screening
strategies rather than age-restricted approaches.
Cytogenetic

karyotyping, remain the gold standard for diagnosis,

techniques, such as conventional
while Fluorescence in Situ Hybridisation (FISH) provides
rapid and reliable confirmation, especially in neonatal
and mosaic cases °!. Studying regional cytogenetic trends
is essential to strengthen genetic counselling services,
improve prenatal screening programs, and guide
preventive healthcare policies.

In the Indian context, especially in semi-urban and rural
age at

conception, and restricted access to prenatal diagnostic

regions, limited awareness, late maternal
facilities continue to influence the burden of Down
syndrome. Region-specific cytogenetic data are therefore
essential to understand local trends and risk factors. The
present study was undertaken to evaluate the clinical
and cytogenetic profile of Down syndrome cases
referred to a tertiary care center in the Bagalkote district
of Karnataka, with an emphasis on karyotypic patterns,
distribution, and

maternal  age demographic

characteristics, thereby contributing to improved

diagnostic and preventive strategies.

MATERIALS AND METHODS

Study Design and Ethical Approval- The present study
was a retrospective cytogenetic analysis conducted at
the Cytogenetics Laboratory, S. Nijalingappa Medical
Bagalkote,

College and HSK Hospital, Navanagar,

Karnataka. Ethical clearance was obtained from the
Institutional Ethics Committee before commencement of

the study.

Study Population- A total of 495 clinically suspected
cases referred for cytogenetic evaluation during the
period 2020-2025 were included. Of these, 32 cases
were cytogenetically confirmed as Down syndrome and
considered for analysis.

Sample Collection- Peripheral blood samples (4-5 ml)
were collected in heparinized vacutainers from all cases
following informed consent from parents or guardians.

Cytogenetic Analysis- Chromosome preparations were
obtained from peripheral blood lymphocyte cultures.
GTG banding was performed according to the method
described by Seabright. A minimum of 20 metaphases
were analyzed per case, with at least five well-spread
metaphases photographed and karyotyped. In suspected
mosaic cases, a minimum of 50 metaphases were
evaluated.

Fluorescence In Situ Hybridization (FISH)- FISH analysis
was performed on interphase nuclei using chromosome
21-specific probes for confirmation of trisomy 21.
Analysis was carried out using an Olympus BX53
fluorescent microscope with ASI software (Japan).

Statistical Clinical

including maternal age, sex distribution,

Analysis- and cytogenetic data,
karyotypic
patterns, and rural or urban background, were compiled
and analyzed using descriptive statistics. Results were
expressed as frequencies, percentages, and mean values

wherever applicable.

RESULTS

A total of 495 clinically suspected cases were referred to
our diagnostic laboratory for cytogenetic analysis. Of
which 32 cases were confirmed DS. The remaining 463
cases were found to be normal and did not show any
chromosomal abnormalities. The mean maternal age for
all DS cases was calculated, with a value of 31.3 years for
free trisomy and 26.2 years for mosaic DS cases. The
data analysis showed that maternal age was above 35
years in 36% cases. Among the 32 cases of DS, 29
showed free trisomy, of which 16 were from rural areas
and 13 from urban areas. In the 3 cases of mosaic Down
syndrome, 2 cases were reported from rural areas and 1
case from an urban area (Table 1) and (Fig. 1).
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Table 1: Distribution of Down syndrome Karyotypes, FISH results, Maternal age, rural and urban backgrounds (n=32)

Karyotypes and FISH Total cases | Mean Maternal Rural Urban
Results Age (No of Cases) | (No of Cases)
Free Trisomy 21 29(90.6%)
47, XY, +21 20(62.5%) 31.3 16 13
47, XX, +21 09(28.1%)
Mosaic 3(9.3%)
46, XY/47, XY, +21 46, 2(6.2%) 26.2 2 1
XX/47, XX, +21 1(3.1%)
Total 32 (100%)

Free T21 - Male

y 62.5% N

Mosaic - Female

Mosalc - Male

Free T21 - Female

Fig. 1: Distribution of Down syndrome Karyotypes (n=32)

Representative GTG-banded karyotype of a male child  Conventional karyotyping remains the gold standard for
with Down syndrome showing free trisomy 21 (47, XY, identifying numerical chromosomal abnormalities and is
+21). The karyogram demonstrates an additional  essential for accurate diagnosis, prognosis, and genetic
chromosome 21, characteristic of Down syndrome, and  counseling (Fig. 2).

confirms the diagnosis at the cytogenetic level.

\! } i
M IR é

TRSER
23
e/ e 8
RO
gyt
Ny
$ 40 328
Tt
e

13 14 15 16 1 18
G @ 5 —— P
ER A8 &sa 24 i
19 20 21 22 X w

Fig. 2: Trisomy 21 Karyogram (Male) (XY)
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Representative GTG-banded karyotype of a female child

with Down syndrome showing free trisomy 21
(47,XX,+21). The karyogram clearly demonstrates an

additional chromosome 21, confirming the cytogenetic
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Such chromosomal

analysis remains the gold standard for accurate postnatal

diagnosis of Down syndrome.

diagnosis and aids in appropriate clinical management
and genetic counselling (Fig. 3).
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Fig. 3: Trisomy 21 Karyogram (Female) (XX)

Fig. 4 (A) GTG-banded karyotype of a female child
showing free trisomy 21 (47, XX,+21), confirming the
presence of an extra chromosome 21. Fig. 4 (B) Normal
female karyotype (46, XX) shown for comparison. The
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figure highlights the chromosomal difference between
diploid
emphasizing the role of conventional karyotyping in

trisomy 21 and a normal complement,

definitive diagnosis of Down syndrome.
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Fig. 4: (A) karyotype of 47, XX, +21 and (B) a karyotype of 46, XX

Fluorescence In Situ Hybridization (FISH) analysis for
chromosome 21. Fig. 5 shows trisomy 21 with three
distinct
confirming the presence of an extra copy of chromosome

fluorescent signals in interphase nuclei,

21. Fig. 6 demonstrates a mosaic pattern, with nuclei

showing both trisomic (three signals) and diploid (two
signals) cell populations. These findings highlight the
utility of FISH for rapid confirmation of trisomy 21 and
detection of mosaic Down syndrome.
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Fig. 5: Trisomy 21 by Fluorescence in Situ Hybridization (FISH).

The cases include neonates and infants, with ages
ranging from 1 day to a few months at the time of
testing. This highlights the emphasis on early genetic
testing soon after birth or during pregnancy (in cases

where advanced maternal age is noted). Both male and
female neonates are represented. The dataset suggests
no gender-based bias, consistent with global trends in
Down syndrome incidence (Fig. 6).

Fig. 6: (A) FISH of Trisomy 21 and (B) Diploid for 21 (Mosaic Pattern)

Sex-wise distribution of Down syndrome cases. The pie
chart illustrates the proportion of male (n=22) and
female (n=10) cases among the confirmed Down
syndrome patients, showing a higher prevalence in
males, with no significant gender bias (Fig. 7a).

Distribution of mosaic Down syndrome cases based on
area of residence. Fig. 7b shows that most mosaic cases

were reported from rural areas (n=2) compared to urban
areas (n=1), indicating a higher rural representation.
Distribution of free trisomy 21 cases according to rural
and urban residence. Among the confirmed free trisomy
21 cases, a higher proportion was observed in rural areas
(n = 16) compared to urban areas (n = 13), highlighting
regional differences in case distribution (Fig. 8).
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Male (Total 22)

Female (Total 10)

Fig. 7a: Sex-wise distribution of Down
syndrome cases

Rural (16)

Mosaic: Rural vs Urban

Rural (2)

Urban (1)

Fig. 7b: Distribution of mosaic Down
syndrome cases

Urban (13)

Fig. 8: Free trisomy 21: Urban/Rural, Mosaic: Rural/Urban

DISCUSSION

Down syndrome (DS) is the most frequent chromosomal
disorder encountered in clinical genetics, predominantly
caused by free trisomy 21 . In the present study, out of
495 suspected cases, 32 were cytogenetically confirmed
as Down syndrome. Free trisomy 21 was the most
common cytogenetic abnormality (90.6%), whereas
mosaic trisomy 21 was observed in 9.3% of cases. This
distribution aligns with previously reported data, which
show that free trisomy 21 accounts for over 90% of
Down syndrome cases worldwide #. Mosaicism,
although less frequent, highlights the importance of
thorough cytogenetic examination, particularly in cases
with atypical clinical features.

Advanced maternal age is a well-established risk factor
for trisomy 21. In the current cohort, the mean maternal
age was 31.3 years for free trisomy cases and 26.2 years

for mosaic cases, with 36% of mothers aged 35 or older.

These findings corroborate prior studies that emphasise
that increasing maternal age significantly increases the
risk of nondisjunction events %  However, the
occurrence of Down syndrome among younger mothers
in this dataset underscores the necessity for universal
prenatal screening rather than age-restricted approaches
[11].

Geographically, a higher proportion of cases were
reported from rural areas, particularly for mosaic and
This
awareness, lower access to prenatal diagnostic facilities,

free trisomy 21 cases. may reflect limited
and the potential influence of consanguinity in rural
populations. Similar regional trends have been observed
in other studies from India and neighboring countries
(12131 Early detection and referral by pediatric and
obstetric departments, as evident in this dataset, are

crucial for timely intervention, genetic counseling, and
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management of associated congenital anomalies,
including cardiac and gastrointestinal defects.

The combined use of GTG-banded karyotyping and
Fluorescence in Situ Hybridization (FISH) enhanced
diagnostic accuracy, particularly in detecting mosaic
patterns. FISH serves as a rapid confirmatory tool that
complements conventional cytogenetics, which is critical
in neonatal settings . Understanding regional
cytogenetic trends is instrumental for strengthening
prenatal screening programs, improving community
awareness, and supporting informed decision-making

through preventive genetics initiatives [*°.

CONCLUSIONS
In conclusion, this study reinforces the predominance of
free trisomy 21 in Down syndrome, confirms the
significance of advanced maternal age as a risk factor,
and emphasizes the utility of combined cytogenetic
techniques for early and accurate diagnosis. Regional
epidemiological data, such as presented here, provide
valuable healthcare planning,

insights for genetic

counseling, and the implementation of effective

preventive strategies.
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