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CYTOGENETIC FINDINGS AND MATERNAL AGE IN
PATIENTS WITH DOWN SYNDROME IN A PEDIATRIC
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ABSTRACT

Introduction: Down syndrome is a congenital disorder caused by a total or partial trisomy of chromosome 21 and is
considered the most common genetic cause of congenital malformations and intellectual disability. The objective of
this study was to describe the cytogenetic alterations of patients with Down syndrome and their relationship with
maternal age. Methods: Cross-sectional, descriptive-analytical study. 436 patients with Down syndrome admitted to
the Instituto Nacional de Salud del Nifio during the 2017-2019 period were included. The variables analyzed were:
cytogenetic diagnosis and maternal age. Results: It was found that 99,3% (n=433) of patients presented some type
of cytogenetic alteration and three patients presented a normal karyotype. The age of the patients at the time of
sampling was between 0,03 and 17 years, the male/female ratio was 1.2:1. The most frequent cytogenetic alteration
was free trisomy 21 (94,7%), followed by Robertsonian translocation (n=16) and mosaicism (n=6). In the case of
maternal age, a median of 37 years was found (range: 13-47).Conclusions: Free trisomy 21 is the most common
cytogenetic condition in Down syndrome; however, the Robertsonian translocation and mosaicisms were more
frequent in patients whose mothers were les than 35 years old, suggesting that there are other risk factors than
advanced maternal agein this group.

Keywords: Down syndrome; Cytogeneticanalysis; Maternal age; Pediatrics. (Source: MESH-NLM)

RESUMEN

Introduccién: El sindrome Down es un trastorno congénito originado por una trisomia total o parcial del cromosoma
21 y es considerada la causa genética mas comun de malformaciones congénitas y discapacidad intelectual. El
objetivo de este estudio fue describir las alteraciones citogenéticas de pacientes con Sindrome Down y su relacion
con la edad materna. Métodos: Estudio transversal, descriptivo-analitico. Se incluyé 436 pacientes con Sindrome
Down admitidos en el Instituto Nacional de Salud del Nifio durante el periodo 2017-2019. Se analizaron las variables:
alteracién citogenética y edad materna. Resultados: Se encontré que el 99,3% (n=433) de pacientes presentaron
algun tipo de alteracidn citogenética y tres pacientes presentaron cariotipo normal. La edad de los pacientes al
momento de latoma de muestra estuvo comprendida entrelos 0,03y 17 afios, la relacién masculino/femenino fue de
1.2:1. La alteracion citogenética mas frecuente fue la trisomia 21 libre (94,7%), sequida por la translocacién
Robertsoniana (n=16) y el mosaicismo (n=6). En el caso de la edad materna se encontré una mediana de 37 afios
(rango: 13-47). Conclusiones: La trisomia 21 libre es la alteracidn citogenética mas comun en Sindrome Down; sin
embargo, la translocacién Robertsoniana y los mosaicismos fueron mas frecuentes en edad materna menor de 35
anos, sugiriendo que existe otros factores de riesgo diferentes ala edad materna avanzada en este grupo etario.

Palabras clave: Sindrome de Down; Andlisis citogenético; Edad materna; Pediatria. (Fuente: DeCS- BIREME)
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INTRODUCTION

Down syndrome is caused by a total or partial trisomy of
chromosome 2112, It is considered the most common
genetic cause of congenital malformations and
intellectual disability, also comprising a complex set of
pathologies in practically all organs and systems™. The
incidence of Down Syndrome worldwide is 1 per 1,000
to 1,100 live births®, which may vary according to the
distribution of maternal age and the possibility of
prenatal diagnosis “. In the Latin American
Collaborative Study of Congenital Malformations, a
prevalence of 1.88 per 1000 births was reported in the

period 1998-2005 for 9 South American countries®.

The diagnosis of Down syndrome is clinical and is
confirmed with cytogenetic analysis ", the latter is
performed from the culture of peripheral blood
lymphocytes in a liquid medium, which allows their
proliferation and subsequent interruption in the
metaphase stage in which the chromosomes achieve
their maximum condensation. There are three most
common cytogenetic findings in this syndrome, and
they include free trisomy 21 (total trisomy),
Robertsonian translocationsinvolving chromosome 21,
and mosaicisms; likewise, other cytogenetic variants
related to the clinical picture of Down syndrome have
been identified ©.Free trisomy 21 is an autosomal
aneuploidy characterized by an extra chromosome 21,
showing 47 chromosomes in the karyotype. The
Robertsonian translocation is the product of the fusion
of chromosome 21 with an acrocentric chromosome.
Mosaicism characterizes individuals with two or more
distinct cell lines, one with trisomy 21. In studies carried
out in Mexico, Algeria, Australia, Egypt and other
countries in different periods of time, free trisomy 21
has been reported in frequencies that vary from 60% to
96% 127-10),

Robertsonian translocation and mosaicisms -4,

and, to a lesser extent, percentage,

In Peru, no epidemiological studies determine the
incidence or prevalence of Down syndrome %,
However, in 2016 the National Council for the
Integration of Persons with Disabilities published that it
had registered 8,800 people with Down Syndrome
between the ages of 0 and over 60 ", However, few
reports have been found regarding cytogenetic
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alterations in patients with Down syndrome and its
relationship with maternal age. The objective of this
study was to describe the cytogenetic findings in
patients with Down syndrome and their relationship
with maternal age, as it would contribute to strategies
to reduce its incidence and warn parents if there is a
need for genetic counseling.

Population and methods

Cross-sectional, descriptive-analytical study. The study
population consisted of 991 patients diagnosed with
Down Syndrome admitted to the Instituto Nacional de
Salud del Nifio (INSN) in Lima (Peru), during the period
2017-2019. The cytogenetic finding and maternal age
data were collected from the INSN Genetics and Inborn
Errors of Metabolism Service records. To this aim, a data
collection format was used whose content was
uploaded toanelectronic database.

Variables
Cytogeneticalteration and maternal age.

Ethical aspects

This study was approved by the Executive Office for
Research Support and Specialized Teaching and by the
Institutional Research Ethics Committee of the INSN.
The informed consent of the patients' parents was not
required.

Statistical analysis

The Microsoft Office-Excel version 2207 program and
the statistical package Jasp version 0.16.1 were used to
carry out the descriptive and analytical statistics. The
Shapiro-Wilk test was performed to assess whether the
maternal age data presented a normal distribution. The
chi-square test was to determine if there is a
relationship between maternal age and the type of
cytogenetic alteration, with a significance level of p
<0.05. The data for the categorical variable are
presented in absolute numbers and percentages, while
the quantitative variable is presented as median, first
and third quartile range and intervals since it did not
presentanormal distribution.

RESULTS
During the study period, 991 patients with a clinical
diagnosis of Down Syndrome were registered, of which
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436 underwent chromosome study with the GTG
technique (G bands, trypsin digestion, and Giemsa
staining) and the cytogenetic findings were described
according to the nomenclature according to The
International System for Human Cytogenomic
Nomenclature 2016. It was found that 99.3% of cases
presented some type of cytogenetic alteration, and
only three patients presented a normal karyotype. The
age of the patients at the time of sampling was between
0.03 and 17 years, the male/female ratio was 1.2:1. Free
trisomy 21 was the most frequent cytogenetic
alteration (94.7%, n=410), followed by Robertsonian
translocation (n=16) and finally mosaicism (n=6). Two

patients with free trisomy 21 also presented another
cytogenetic alteration in the same clone, which are
described as: ?2dup(10)(q21g22) and t(1;8)(q21;p22). A
case was found with a non-classical cytogenetic
alteration in Down syndrome represented by reciprocal
translocation. t(5;21). Robertsonian translocations were
mostly rob(14;21)(50%, n=8), but were also found:
rob(21;21)(37.5%) and rob(15;21)(12.5%)(table 1),
being 11 female patients and five male patients. In the
cases of mosaicisms, between 15 and 82 metaphases
were analyzed, observing that the normal cell line was
the most predominant (83.3%), likewise, there was
equal distribution by sex.

Table 1. Karyotype in patients with Down syndrome due to translocation.

Karyotype ]

Robertsonian translocation
46,XX,rob(14;21)(q10;910)+21
46,XY,rob(14;21)(q10;q10)+21
46,XX,rob(15;21)(q10;q10),4+21
46,XX,rob(21;21)(q10;q10),+21
46,XY,rob(21;21)(q10;910),+21
Reciprocal translocation

47 XY,A421,4(5;21)(q13;922)

Total

The maternal age of the population did not present a
normal distribution, so the median was calculated,
obtaining avalue of 37 years (range: 13to47) (figure 1a).
A greater number of patients with Down syndrome was
found in the age group of 36 to 40 years (30.7%, n=134).
Considering the most common cytogenetic alterations,
it was found that between 36 and 46 there were more
cases of free trisomy (n=132), 31 to 35 years for
Robertsonian translocation (n=6) and 21 to 25 for
mosaicism (n=3).

The data on maternal age were organized into three
groups in order to analyze the relationship between the
variables maternal age and cytogenetic alteration. Thus
we have: under 30 yearsingroup 1,from 30 to under40

17

years in group 2 and, from 40 years and over in group 3.
On the other hand, the cytogenetic alterations were
grouped into: free trisomy 21, Robertsonian
translocation and mosaicism (Table 2). Figure 1b shows
the interquartile ranges, where the values
corresponding to the medians of each group can also
be seen: 25, 28.5, and 37, respectively. Although free
trisomy 21 was the most frequent finding in the three
age groups, a greater number of cases of Robertsonian
translocation (n=8) and mosaicism were observed in
group 1(n=4).

Finally, it was found that there is a relationship between

maternal age and the most common cytogenetic
alterationsin Down Syndrome (p=0.002).
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Figure 1. Distribution according to age group and cytogenetic alteration.

Ta: N=991

1b: Most common cytogenetic alterations

Table 2. Distribution of cytogenetic alterations according to maternal age group.

Maternal age (years)

Free trisomy 21

<30 97 85
30<x<40 182 174
>40 153 151
Total 432 410
X2=16.784 gl=4 p=0.002

gf: grades of freedom

DISCUSSION

Ethe cytogenetic study is a diagnostic tool for
congenital disorders such as Down Syndrome. In the
INSN, one of the most complex hospitals, which cares
for children and adolescents from all over Peru, it was
found that free trisomy 21 was the most frequent
cytogenetic alteration in patients with Down syndrome
(94.7%). A previous investigation carried out by Mansilla
(2014) in another health institution in Peru found a
similar value (98.6%) "”. In other regions, studies
conducted in Egypt and India found free trisomy 21 in
96.1% and 93.75%, respectively ™, lower percentages
were found in Bosnia and Herzegovina with 86.6% ®.
and 87.3% in Mexico®.
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Robertsonian translocation Mosaic
8 4
7 1
1 1
16 6

This variation could be attributed to the population
studied, maternal age, or the number of metaphases
analyzed, although free trisomy 21 is always
predominant in all reports. It has been described that
the additional chromosome 21 is of maternal origin in
about 95%, mainly in meiosis |". This study observed
Robertsonian translocation in 3.7%; similarly, in Mexico,
Kosovo, Cuba, Bosnia and Herzegovina, and India,
percentages ranging from 4.3 to 15.2% were reported ,
this finding being the second in frequency, with the
exception of Mexico ®. Belmokhtar et al.(2016)
compared the cytogenetic findings in patients with
Down syndrome in various countries, finding that, in
some, Robertsoniantranslocationisless frequentthan
mosaicism®. Since Robertsonian translocations are
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more common de novo® and of maternal origin®’, the
differences between these frequencies probably
respond to genetic variability® or factors that affect the
mother, specific to each region. Nevertheless, since the
Robertsonian translocations that cause Down
syndrome can be de novo or inherited, it is necessary to
perform a karyotype on the parents to detect a possible
carrier and assess the risk of recurrence®, which is
important in genetic counseling. In this study, the
information on the karyotypes of the parents was not
available, soits origin could not be known.

Regarding mosaics, these were observed in 1.4% and
normal karyotypes were only 3 (0.7%). In other studies,
no normal karyotypes were found, as in a previous
report in Peru®, or percentages such as 4%"? and 7.4%
@were foundin Indiaand 4.8%"¥and 12.2%® in Mexico.
The normal karyotypes in Down syndrome could
actually be mosaics in which there were not a sufficient
number of metaphases analyzed to determine them, or
they are a consequence of the duplication of a "critical
region"on chromosome 21, This would be, in part,an
explanation for the variable clinical manifestations in
this syndrome, to which are added the effect of other
genes not located in this region and which, as a whole,
interact with each other and with the environment,
giving it a high complexity to its underlying
pathophysiology . Modi et al. (2003) showed the direct
relationship between the percentage of trisomic cells
and the degree of phenotypic manifestations in mosaic
Down syndrome .

Thus, it is essential to consider the number of
metaphases that should be included in the cytogenetic
analysis when mosaicism is suspected, since it depends
on the proportion of trisomic cells® and this, in turn, on
the selected tissue®”. Even for certain clinical
characteristics of Down syndrome, there would be a
different affectation than mosaicism on tissues of the
same embryonic origin®. Therefore, to improve the
ability to detect mosaicisms, the analysis of hundreds of
interphase nuclei is established through the
fluorescence in situ hybridization technique (FISH)®
due to its greater sensitivity. Maternal age has been
determined to be the most important risk factor for
Down syndrome . This study had information on

maternal age in the entire population, which did not
presenta normal distribution, verified with the Shapiro-
Wilk test, determining a median of 37 years. The three
age groups formed presented medians of: 25; 28.5 and
37, respectively. Most of the mothers of patients with
Down syndrome presented in age group 2 (42.1%,
n=182), followed by group 3, which reflects that the
majority were elderly mothers (over 35 years, 59.6%);
however, 3.9% (n=17) were adolescent mothers (under
20 years of age), a characteristic that has also been
suggested as a risk factor ¢”. To analyze whether
maternal age varies according to the type of
cytogenetic alteration in Down Syndrome, our findings
are represented in Figure 3, where it can be seen that
thereisadifferent distribution of Down Syndrome cases
by translocation, in the age group 1:50. % (n=8), group
2:43.8% (n=7) and group 3: 6.3% (n=1). Mosaics were
more frequent in group 1 (66.7%, n=4). Free trisomy 21
was common in all three age groups, but translocation
Down syndrome was more frequent in the offspring of
mothers under30yearsofage.

Several biological processes are likely to be affected by
advanced maternal age, such as the accumulation of
toxic effects and the degradation of the meiotic
machinery during oocyte arrest, leading to a
suboptimal resumption of meiosis. Chromosomal
disjunction errors explain free trisomy 21 in Down
syndrome, but there would be other risk factors beyond
maternal age, such as environmental exposure and
ethnicity®, that could also accountfor Down syndrome
due to translocation or mosaicism which, as has been
reviewed in other works, is mostly present in patients
with this syndrome whose mothers are under 30 years
old 11830 The limitations of this study include the
difficulty of performing the cytogenetic analysis, both
in the entire study population and in the parents of
patients with Robertsonian translocations, in addition
to the reduced number of metaphases examined in
cases of mosaicisms (between 15and 82).

CONCLUSIONS

It was found that free trisomy 21 was the most frequent
cytogenetic alteration in patients with Down
syndrome, representing 95%, followed by
Robertsonian translocation, represented mostly by
translocationrob(21;21).
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Free trisomy was more common in children of elderly
mothers, but Robertsonian translocation and
mosaicismin children under 35, suggesting that there

Authorship contribution: The authors created and
developed the manuscript as well as the analysis and
interpretation of the data.

Financing: Self-financed.

Correspondence: Yesica Llimpe Mitma de Barrén.
Address: Av. Miguel Grau 755, Lima 15001.

Telephone number: +51 6197000 Anexo: 4630/ 940 144 524
E-mail: yllimpem@unmsm.edu.pe

REFERENCES

are risk factors other than advanced maternal age
involvedinthisage group

Conflict of Interest: The authors declare that they have
no conflicts of interest.

Received: January 21, 2023.
Accepted: July 26, 2023.

1. Diaz-Cuéllar S, Yokoyama-Rebollar E, Del Castllo-Ruiz V. Genomics of down syndrome.
Acta Pediatr Mex. 2016;37(5):289-96. Disponible en:
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=50186-
23912016000500289

2.Gonzalez-Herrera L, Pinto-escalante D, Ceballos-Quintal JM. Prevalencia de mosaicos en
100 individuos con diagnéstico de Sindrome de Down. Biomedica. 1998;9(4):214-22.

Disponible en: https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=51665-
11462013000100007

3. United Nations. Down Syndrome [Internet]. [cited 2022 Aug 24]. Disponible en:
https://www.un.org/en/observances/down-syndrome-day#:~:text=The estimated
incidence of Down,born with this chromosome disorder.

4. Cocchi G, Gualdi S, Bower C, Halliday J, et al. International trends of Down syndrome
1993-2004: Births in relation to maternal age and terminations of pregnancies. Birth
Defects Res Part A - Clin Mol Teratol. 2010;88(6):474-9. Disponible en:
https://pubmed.ncbi.nlm.nih.gov/20589916/

5. Julio Nazer H, Lucia Cifuentes O. Estudio epidemiolégico global del sindrome de down.
Rev Chil Pediatr. 2011;82(2):105-12. Disponible en:
https://www.scielo.cl/scielo.php?script=sci_arttext&pid=50370-41062011000200004

6. Kaminker P. Sindrome de Down. Primera parte: enfoque clinico-genético. Arch
Argentina Pediatr [Internet]. 2008;106(3):249-59. Disponible en:
http://www.scielo.org.ar/pdf/aap/v106n3/v106n3all.pdf

7. El-Gilany AH, Yahia S, Shoker M, El-Dahtory F. Cytogenetic and comorbidity profile of
down syndrome in Mansoura university children's hospital, Egypt. Indian J Hum Genet.
2011;17(3):157-63. Disponible en: https://pubmed.ncbi.nlm.nih.gov/22345986/

8. Garduno-Zarazta LM, Giammatteo L, Kofman-Epstein S, Cervantes AB. Prevalencia de
mosaisismo para la trisomia y analisis de las variantes citogeneticas en pacientes con
diagnosticode sindrome de Down. Revision de 24 afios (1986-2010) del Servisio de
Genetica del Hospital General de Mexico “Dr. Eduardo Liceaga” Bol Med Hosp Infant
[Internet].2013;70(1):31-6. Disponible en:
http://www.scielo.org.mx/scielo.php?script=sci arttext&pid=S5S1665-
11462013000100007

9.Belmokhtar F, Belmokhtar R, Kerfouf A. Cytogenetic study of down syndrome in Algeria:
Report and review. J Med Sci. 2016;36(2):46-52. Disponible en:
https://www.jmedscindmc.com/article.asp?issn=1011-
4564;year=2016,volume=36;issue=2;spage=46;epage=52;aulast=Belmokhtar

10.Staples AJ, Sutherland GR, Haan EA, Clisby S. Epidemiology of Down syndrome in South
Australia, 1960-89. Am J Hum Genet. 1991;49(5):1014-24. Disponible en:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1683237/

11.Nigam N, Tripathi S, Agrawal M, Singh PK; et al. Cytogenetic Analysis of Down Syndrome
Patients in Eastern Uttar Pradesh. Int J Contemp Med Res [IJCMR]. 2019;6(10):1-5.
Disponible en: https://www.ijcmr.com/uploads/7/7/4/6/77464738/ijcmr 2771 v3.pdf

12.Sharath K, Asha KR, Prabha Subhash L, Kadandale JS. Cytogenetic, epidemiological and
clinical profile of children with Down syndrome in Karnataka. J Anat Soc India [Internet].
2018;67(2):133-8. Disponible en: https://doi.org/10.1016/j.jasi.2018.11.001

13. Flores-Ramirez F, Palacios-Guerrero C, Garcia-Delgado C, Morales-Jiménez AB, et al.
Cytogenetic Profile in 1,921 Cases of Trisomy 21 Syndrome. Arch Med Res.
2015;46(6):484-9. Disponible en: https://pubmed.ncbi.nlm.nih.qov/26314225/

14. Kolgeci S, Kolgeci J, Azemi M, ShalaBeqjiraj R, et al. Cytogenetic Study in Children with
Down Syndrome Among Kosova Albanian Population Between 2000 and 2010. Mater
Socio Medica.2013;25(2):131. Disponibleen:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3769083/

15. Manassero G. Guia De Practica Clinica Del Sindrome Down. Rev la Fac Med Humana.
2016;16(1). Disponible en:
https://revistas.urp.edu.pe/index.php/RFMH/article/view/338/6034

16. CONADIS. Informe Temético N° 2 Sindrome de Down en el Pert. Obs Nac La Discapac
[Internet].2016;8:1-8. Disponible en:
https://www.conadisperu.gob.pe/observatorio/images/articulos/pdf/Down_Observator
io_Marzo22 2016_final.pdf

17. Mansilla M. “Universidad Nacional del Altiplano” “. 2014; Disponible en:
http://repositorio.unap.edu.pe/handle/UNAP/2188

18. Sotonica M, Mackic-Djurovic M, Hasic S, et al. Association of Parental Age and the Type
of Down Syndrome on the Territory of Bosnia and Herzegovina. Med Arch (Sarajevo, Bosnia
Herzegovina). 2016;70(2):88-91. Disponible en:
https://pubmed.ncbi.nlm.nih.gov/27147778/

19. Antonarakis SE, Petersen MB, Mclnnis MG, Adelsberger PA, et al. The meiotic stage of
nondisjunction in trisomy 21: Determination by using DNA polymorphisms. Am J Hum
Genet. 1992;50(3):544-50. Disponible en: https://pubmed.ncbi.nlm.nih.gov/1347192/

20. Cala O. Caracterizacion del Sindrome de Down en la poblacion pediatrica. Rev Ciencias
Médicas Pinar del Rio. 2013;17(4):33-43. Disponible en:
http://scielo.sld.cu/scielo.php?pid=5156131942013000400005&script=sci_abstract

21. Shaffer LG, Jackson-Cook CK, Stasiowski BA, Spence JE, et al. Parental origin
determination in thirty de novo Robertsonian translocations. Am J Med Genet.
1992;43(6):957-63. Disponible en: https://pubmed.ncbi.nlm.nih.gov/1357969/

22. Kato T, Inagaki H, Yamada K, Kogo H, et al. Genetic Variation Affects de Novo
Translocation Frequency. Science. 2006;311(5763). Disponible en:
https://pubmed.ncbi.nlm.nih.gov/16484486/

23. Cruz E, Linan A, Protzel A, Mayorga G, et al. Incidencia y patologias asociadas del
Sindrome Down en recién nacidos. Rev Med basadrina. 2015;9(1):15-9. Disponible en:
https://revistas.unjbg.edu.pe/index.php/rmb/article/view/572

24. Chandra N, Cyril C, Lakshminarayana P, Nallasivam P, et al. Cytogenetic evaluation of
down syndrome: A review of 1020 referral cases. Int J Hum Genet. 2010;10(1-3):87-93.
Disponible en: https://www.tandfonline.com/doi/abs/10.1080/09723757.2010.11886090

25. Modi D, Berde P, Bhartiya D. Down syndrome: A study of chromosomal mosaicism.
Reprod Biomed Online. 2003;6(4):499-503. Disponible en:
https://pubmed.ncbi.nlm.nih.gov/12831601/

26. Hook EB. Exclusion of chromosomal mosaicism: tables of 90%, 95%, and 99%
confidence limitsand comments on use. Am J Hum Genet. 1977;29(1):94-7. Disponible en:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1685228/

Pég. 120 |

::(FE): |

ORIGINAL PAPER


https://orcid.org/0000-0001-7117-0283
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S0186-23912016000500289
http://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1665-11462013000100007
https://www.jmedscindmc.com/article.asp?issn=1011-4564;year=2016;volume=36;issue=2;spage=46;epage=52;aulast=Belmokhtar

ORIGINAL PAPER

Cytogenetic findings

27. Papavassiliou P, York TP, Gursoy N, Hill G, et al. The phenotype of persons having
mosaicism for trisomy 21/down syndrome reflects the percentage of trisomic cells present
in different tissues. Am J Med Genet Part A. 2009;149(4):573-83. Disponible en:
https://pubmed.ncbi.nlm.nih.gov/19291777/

28. Moncada WA, Perdomo ES, Rivera AY, Espinoza-Moreno NA, et al. Multi-tissue
cytogenetic analysis for the diagnosis of mosaic Down syndrome: A case report. Clin Case
Reports.2022;10(4):1-7. Disponible en: https://pubmed.ncbi.nlm.nih.gov/35425598/

29. Papavassiliou P, Charalsawadi C, Rafferty K, Jackson-Cook C. Mosaicism for trisomy 21:
A review. Am J Med Genet Part A. 2015;167(1):26-39. Disponible en:
https://pubmed.ncbi.nlm.nih.gov/25412855/

30. Sherman SL, Allen EG, Bean LH, Freeman SB. Epidemiology of Down Syndrome. Ment
Retard Dev Disabil Res Rev. 2007;13:221-7. Disponible en:
https://pubmed.ncbi.nIm.nih.gov/17910090/

31.Kothare S, Shetty N, Dave U, Kothare S, et al. Maternal Age and Chromosomal Profile in
160 Down Syndrome Cases — Experience of a Tertiary Genetic Centre from India. IJHG.
2002;2(1):49-53. Disponible en:
https://www.tandfonline.com/doi/abs/10.1080/09723757.2002.11885784

(tif)\ '

4

| Pag.121



	Página 1
	Página 2
	Página 3
	Página 4
	Página 5
	Página 6
	Página 7

