
International Journal of Innovative Research in Medical Science (IJIRMS) 

Volume 05, Issue 02, February 2020,   

https://doi.org/10.23958/ijirms/vol05-i02/846 

 

www.ijirms.in 65 

Original article  

 

Aneuploidy Analysis of 5740 Referral Cases: A 

Triennial Report 

Nidhi P. Shah 
1
, Parth S. Shah 

1
, Nirzari H. Bhatt 

1
, Ketan K. Vaghasia 

1
, Krishna Mistry 

1
, Jeanny Dominic 

1
, 

Sandip C. Shah 
1
, Mandava V. Rao 

*1,2
 

1
Neuberg Supratech Referral Laboratory, “Kedar” Building, Opposite Krupa Petrol Pump, Near Parimal Garden, 

Ellisbridge, Ahmedabad 380 006, Gujarat, India 
2
School of Sciences, Gujarat University, Ahmedabad 380 009, Gujarat, India, 

*Corresponding Author: Mandava V. Rao; manvrao@gmail.com 

Received 31 January 2020;                                   Accepted 16 February 2020;                            Published 20 February 2020 

 

Abstract  

Background and Objectives: Aneuploidy is one of the major concerns to cause genetic anomalies. This condition is mostly related to addition 

and/or deletion with respect to set(s) of chromosomes. Here, we report an analysis of 5740 referral cases during three consecutive years (2015 – 

2018) from our Diagnostic Research Center, Ahmedabad for aneuploidy pattern. Methodologies: The patients were asked to fill the necessary 

forms and their blood (5ml) was drawn for chromosomal studies using the Karyotyping following International System for Human Cytogenetic 

Nomenclature (ISCN) manual. Results: The data revealed the numerical aberrations for only aneuploidy detected was (3.7%; 211/5740). In this 

report, constitutional (c) autosomal aneuploidy was 75% (158/211). The total mosaic cases were nine (9/211) comprising constitutive (2) and 

acquired (7) aneuploidy cases. In autosomal aneuploidy, cT21 was higher (96%; 152/158) than others (4%; 6/158) comparatively. Among cT21 

(152), males (76%; 115/152) were more affected than females (24%; 37/152). These statistical data also revealed that acquired chromosomal 

aneuploidy (leukemia) possessed (25%; 53/211); with more mosaic cases (7/211). Conclusion: Couples with such conditions are eligible for 

genetic tests and counseling as well as new strategies are urgently to be undertaken by governmental organizations (GOs) and non-governmental 

organizations (NGOs) for affected families with better personalized and informed decision making. The significance of these data is thus 

discussed in relation to genetic disorders caused by constitutional and acquired aneuploidy of leukemic blood in this report. 
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Introduction 

Variations from the normal diploid state involve changes 

(addition/deletion) in number of single chromosomes rather than of 

haploid sets, are aneuploids. Large variations from normal pattern 

lead to non-viable fetuses that need to be aborted in first trimester, 

but small variations from this state can lead to birth of a child with 

varying type of birth defects depending on nature of chromosome 

involved in the balance.[1,2,3] Chromosomal etiology is very 

common in miscarriages, since 50% of first trimester pregnancy 

loss are due to chromosomal abnormalities like aneuploidy 

condition in the fetus.[4] Hence a routine chromosomal analysis is 

used as a starting point for the diagnosis of cytogenetic 

investigation of congenital malformations and developmental 

delays or mental retardation in children, reproductive delays and 

failures in adults.[5] This condition has a significant role in creation 

of genetic diseases with a battery of phenotypic dysfunctions.[6,7] 

Actually chromosomal aneuploidies are catastrophic for 

development and have been reported for all chromosomes in 

spontaneous abortions. In humans, aneuploidy is surprisingly 

common occurring in about 4% of clinically recognized 

pregnancies.[8] It is also evident that loss of a chromosome 

(monosomy) is much more detrimental than gain (trisomy) of a 

chromosome. Monosomy X is the non - mosaic monosomic 

condition that is compatible with life and is largely attributed to X-

chromosome inactivation. The trisomic states of 13,18,21,X and Y 

can survive to term. Nevertheless, it is noted that while aneuploidy 

for these chromosomes is compatible with live birth, the vast 

majority will be spontaneously aborted. However, aneuploidies are 

mostly maternal in origin. As it is difficult to study female 

gametes, sperm aneuploidy is increasingly studied.[8] Detection of 

constitutional aneuploidies plays a role in prenatal genetic 

screening (PGS), pre-implantation genetic diagnosis (PGD) and 

other assisted reproductive technologies and cancer in human.[8,9,10] 

Acquired chromosomal aneuploidy has been recognized as 

a common character of cancer cells for more than 100 years and is 

frequently noted in solid tumors and occasionally a few ovarian 

cancers and prostatic carcinomas in addition to leukemia. In 

hematologic malignancies, aneuploidy condition is related to gain 

of a chromosome rather loss of it.[11,12] However other studies 

reported monosomies are important and dependent on other factors 

like age.[13,14,15] 
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These aneuploidies are detected by several techniques like 

karyotyping, FISH, multi-color FISH, Spectral karyotyping, Flow 

cytometry, Image Cytometry and, QF-PCR. It frequently results 

from errors of the mitotic check point and the major cell cycle 

control mechanism leading to chromosome miss-segregation at 

mitosis and meiosis levels.[10,16-20] Aneuploidy also plays a role in 

genesis of chromosomal anomalies due to other various 

factors.[21,22,23] Hence, we report an analysis of 5740 referral cases 

to detect constitutive (congenital) and acquired chromosomal 

aneuploidy during last three consecutive years that is April 2015 to 

March 2018 in our Diagnostic Research Center, Ahmedabad. 

Materials and Methods 

The referral cases of both sexes were asked to fill the consent form 

after informal discussion. Then 5ml blood including leukemic 

blood of these patients was taken for chromosomal analysis. 

Accordingly, these samples were processed using ISCN manuals 

for leukemic or non-leukemic blood samples.[24] Metaphase plates 

of minimum 25 were analyzed for karyotyping using G-banding in 

our Neuberg Supratech Referral Laboratory, Ahmedabad. 

The karyotypes were classified into constitutive and 

acquired chromosomal aneuploidy with mosaicism. These data 

were calculated after analysis of all referral cases in this study 

during these three consecutive years. Percent of each aneuploidy 

type was also calculated. 

Results 

Analysis of 5740 referral cases, 211 was detected positive for 

chromosomal aneuploidy (3.7%; 211/5740). The constitutional 

autosomal aneuploidy had (75%; 158/211) with two mosaic cases. 

In this group, cT21 had higher percentage (96%; 152/158). Males 

with constitutional (c) trisomy 21 (cT21) had 76%, which were 

dominated (115/152), where as females contributed only (24%; 

37/152) (Table-1). The karyotype of cT21 female was presented 

(Fig. 1a). Others (4%; 6/211) were cT18, cT13, double trisomy 9, 

21 and mosaic cT21. The age of this aneuploidy ranged from day 1 

to 30 years (Table-1).  

The present acquired aneuploidy was 25% (53/211). Most 

of these cases ranged in age from 14 to 88 years. This category 

consisted of monosomy 7, 10, X and trisomy 8, 10, 11, X and 

double trisomy 8, 17 as well as others (Table-2). These acquired 

aneuploidy cases had higher mosaics (7/211) among all (4.3%; 

9/211). The age ranged from 14-88 years (Table-2). Two 

karyotypes were presented in this aneuploidy groups (Figs. 2a,b 

and 3a,b). 

 

Table 1: Constitutional/ congenital aneuploidy (N=158) in our referral cases (N=211) 

Age (Years) Karyotype Condition 

1 day - 35 yrs 47,XX,+21 (37)* Down Syndrome 

2 day – 13 yrs 47,XY,+21 (115) Down Syndrome 

21 days 47,XX,+18 (1) Edward Syndrome 

1 yrs 46,XY/47,XY,+21 (1) Mosaicism with Trisomy 21 

30 yrs 46, XY/ 48,XY, +21, +21 (1) Mosaicism with Tetrasomy 21 

7 yrs 47,XX,+13 (1) Constitutional Patau Syndrome 

5 yrs 47, XY, +13 (1) Constitutional Patau Syndrome 

13 yrs 48, XY, +9, +21 (1) Double T9, T21 
 

Numbers in brackets indicate cases; Total Percent: 158/211 = 75%; cT21Males (76%:115/152): cT21 Females (24%: 36/152) Gender ratio. 

M;F = 3.2;1.0.;  Mosaics. 2/158 

* Karyotype given 

Table 2: Acquired chromosomal aneuploidy (leukemia) with (N=53) in our referrals (N=211) 

Age (Years) Karyotype Condition 

30 -74 45,XX,-7 (8) Monosomy 7 

35 and 57 45,XY,-7 (2)* Monosomy 7 

16.7 46,XY/45,XY,-7 (1) Mosaic Monosomy 7 

35 – 74 47,XY,+8 (5) Trisomy 8 

88 46,XY/47,XY,+8 (1) Mosaic Trisomy 8 

26 47,XX,+8 (1) Trisomy 8 

63 47,XY,+10 (1) Trisomy 10 

13 45,XY,-10 (1) Monosomy 10 

34 47,XX,+11 (1) Trisomy 11 

74 46,XY/47,XY,+11 (1) Mosaic Trisomy 11 

67 47,XY,+11 (1) Trisomy 11 

85 48,XX,+8, +17 (1) Double Trisomy 8, 17 

17-40 47,XXY (13) Klinefelter Syndrome 

14 47,XXX (1)* Meta female 

18-76 45,XO (11) Turner Syndrome 

83 45,XO/46,XY (1) Mosaicism with Turner 

56 47,XXY/47,XXX (1) Mosaicism, Ambiguous 

14 & 60 47,XXY/46,XY (2) Mosaicism with Klinefelter syndrome 
 

Numbers in brackets indicate cases; Total Percent: 53/211= 25%; Mosaics = 07/53 

*Karyotypes Given 
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Fig. 1a: Metaphase 47,XX,+21 

 

Fig. 1b: Karyogram 47,XX,+21 

 

Fig. 2a: Metaphase 47,XXX 

 

Fig. 2b: Karyogram 47,XXX 

 

Fig. 3a: Metaphase 45,XY,-7 

 
 

Fig. 3b: Metaphase 45,XY,-7 

 

 

Fig. 1 a, b: Representative metaphase and karyotype of autosomal aneuploidy (47,XY,+21) 

Fig 2 a, b: Representative metaphase and karyotype ofconstitutional gonosomal aneuploidy (47,XXX) 

Fig 3 a, b: Representative metaphase and karyotype of acquired chromosomal aneuploidy 45,XY,-7 
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Discussion 

According to WHO report[4] on diseases in developing world, 

genetic and congenital disorders are the second most common 

cause of infant and childhood death occurring with a birth 

prevalence of 2.5-6%: Our study falls in this range (3.7%) having 

abnormal karyotypes. We studied their aneuploidies divided into 

constitutional (congenital) and acquired (cancer types). 

Constitutional aneuploids can support cancer[14] as numerical 

chromosomal aberrations might play a role in oncology in addition 

to age and other factors. In our study constitutional autosomal 

aneuploidy consisted of hypo-and hyper-diploidies with mosaicism 

75% (158/211). These reflects on dominance of cT21 

(constitutional T21, Down Syndrome) among others in our study, 

in support of earlier workers[14,15]. These cares are contributory to 

neoplasms like ALL/ AML additional to phenotypic characters.[14] 

Out of cT21 (152), males were dominant with high percent (76%; 

115/152) as compared to females 24%%; 37/152). This male 

dominance of cT21 (Down) is due to several factors including 

advanced age of mother, parity non chromosomal disjunction, 

translocation and others. Vaghasia et al.[25] also found in their study 

that males were more affected where male to female ratio was 

2.5:1. Similarly, in our report T21 of T21 males were more with 

ratio of 3.2:1. This could also be due to genetic mechanism of male 

predominance and chromosome non disjunction during second 

meiotic division of oogenesis.[22,25] Similarly, Rajasekhar et al.[4] 

documented the dominance of T21 (Down Syndrome) is associated 

with identifiable cause of learning disability: the most common 

anomaly in all trisomies including malignancies and also the most 

frequency (57%) of all abnormalities related with lower age, 

though life span is 60 years as detected in our study.[26] They also 

found high frequency of males affected. Papp et al.[27] too detected 

similar results. One case was mosaic T21 (cT21M) occurring with 

non disjunction[28] which can be identified by FISH in 30 years old 

contributing to cancer and other one was rare case of tetrasomy 21 

with mosaicism having malignancies as detected in this study. 

Mosaic T21 had typical DS phenotypic symptoms also. One more 

case[3] was double trisomy 9 and 21 in our study which too had DS 

features leading to ALL. Gain of chromosome 21is Down 

syndrome with cancer.[3] Trisomy is reported to have less number 

of malignant tumors[29] and contributes to AML.[30,31] This 

developmental delay is among the commonest problem 

encountered in community practice. Laboratory tests are not a 

substitute for evaluation of a child with global developmental 

delay, but are useful deforming etiology.[32] Molecular analysis/ 

probe tests need to be developed to identify such problems 

including cancer type.[10] 

Constitutional T18 (cT18, Edward) observed 1 in 7500 live 

births was found only one case with an age of 21 days old female. 

The normal life expectancy is about 1 year with numerous 

anomalies and neoplasms like hepatoma and Wilm’s tumors are 

noted in them[14,15] to support our data for constitutional autosomal 

aneuploidy. Such cases are prone to have ALL malignancy. 

Constitutional autosomal aneuploidy of cT13 cases detected were 

two with 5 and 7 years of male and female. Life span of these cases 

(10%) are to 8 years.[33] These cases showed severe phenotypic 

anomalies. Additionally such cases too possessed neoplasmic 

condition in support of Jackson-Cook.[15] It’s frequency is 1/10,000 

to 1/20,000.[29] Thus cT13 and cT18 cases are considered to be 

lethal.[34,14] 

Acquired chromosomal aneuploidy contributed to 25% 

(53/211). All these cases exhibited various types of blood cancer 

like chronic myeloid leukemia (CML), acute myeloid leukemia 

(AML), myelodysplasticsyndrome (MDS), acute lymphoid 

leukemia (ALL)of myeloproliferative and lymphoproliferative 

disorders. Acquired gonosomal aneuploidy had a percent of 55% 

(29/53) consisting of Turner syndrome (11) with one mosaic case 

(1). Klinefelter syndrome cases were 13 with two mosaic (2) 

following one each of meta female (1) and mosaic mixed 

ambiguous case (1). Presence of extra sex chromosomes can lead 

to hematologic malignancies like ALL.[3] 

Turner’s syndrome (TS) affects about 1/2800 females born 

alive. The syndrome results from total or partial loss of one of the 

two X chromosomes in normal existing females. In our study 11 

such cases were detected having sex chromosomal aneuploidy, 

which is to be noted. These cases had short stature with primary 

and secondary amenorrhea with dysfunctional ovary as reported by 

others[10,20,35,36] where considerable cytogenetic data are available 

in literature. Rajasekhar et al.[4,5] studied chromosomal 

abnormalities contributing to 45.2% in these cases. Thus, it is clear 

that loss of a chromosome (monosomy) is much more dangerous 

than gain (trisomy) of a chromosome.[8,10,37-40] A cohort study of 

3425 women with TS had cancer risk like tumor in CNS, breast 

cancer and gonadoblastoma. Mosaic TS case also had risk of 

malignant diseases occurring with typical TS[14] as found in our 

leukemic blood sample.  

Further, 13 cases were of Klinefelter syndrome with a 

karyotype of 47, XXY who are taller and their IQ was down 

withmental retardation. In population, its frequency is 1:500 to 

1:1000 males depending upon two or more X chromosomes.[26] 

These cases show infertility with small testicles having male 

hormone reduction.[10,20,26] Typical KS and KS with mosaicism (2) 

increased tendency of lung cancer, breast cancer and other non 

Hodgkin lymphomas.[14] In our study, these cases also exhibited 

leukemia symptoms. Other mosaic cases were (2) one each mosaic 

of ambiguous genitalia and meta female. Ambiguous genitalia are 

congenital physical abnormality where the outer genitals do not 

have typical appearance of either sex. This results a problem in 

society during rearing[4,5] supporting the present data. The meta 

females (1:1000) with kidney problem are rare cases with 

hematological malignancy diseases as cited above. Further, many 

cases of gonosomal aneuploidy patients did not exhibit clonality in 

our cohort due to random loss and/or few cell used for analysis (25 

metaphase plates). FISH and chromosomal rearrangement analysis 

further are necessary for proper justification. 

Regarding acquired autosomal aneuploidy contributed to 

45% (24/53) having trisomy and monosomy 7, 8, 10 and 11with 3 

mosaics followed by double trisomy 8, 17 in our report and might 

be of leukemic cases. Gain of 8 in six cases in our report along 

with mosaic trisomy 8 could be related to hematologic malignant 

cases of AML/ CML/ ALL.[18,1] Gain of 8 and 17 could be 

leukemic related to lymphoproliferative disorders. Similarly such 

type of AML cases are reported earlier by Garg et al.[41] Further 

Rubie et al.[42] also detected it in neuroblastoma and breast cancer 

cases.[43] 

Gaining of chromosome 11 in two patients and mosaic 

trisomy 11 in this investigation are related to AML/MDS 

(Myelodysplastic syndrome) with immature blood cells in bone 

marrow with abnormal maturation. Gain/ loss of chromosome 10 

(2) are also related to ALL and other leukemic disorders 

respectively.[3] Loss/ gain of chromosomes 7 (10 cases in our 

report) are related to AML/MDS disorders.[3,44] Mosaic monosomy 

7 case found in our study is correlated with blood MDS in pediatric 

group. Same type of study is reported in a child by Csillag et al.[45] 

to support our study. Most of the cases in this acquired aneuploidy 

fall in advancing age (14-88 years). Thus gain and loss of 
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chromosomes, including mosaics might lead to cancerous condition 

in hematologic oncology.[46] Recently it is reported that acquired 

aneuploidy with AML cases were detected with trisomy 11 

followed by patients with multiple chromosomal compliments with 

MDS.[12] Similarly, sole and clonal aneuploidy cases are 

documented from our Laboratory[20] from the analysis of leukemic 

blood to support the present results with advancing age. 

The chromosomal mosaic or clonal cases noticed in our 

congenital and acquired aneuploidy is dependent on numerous 

factors such as presence of cell lines, cells analyzed andsample 

type used. It is further dependent on whether in vivo and in vitro 

selection against on the cell lines occur[4,47,48] supporting our data. 

Mechanism of genetic mosaicism of chromosomal non-disjunction, 

infection and environmental factors are too well documented in 

vitro and in vivo conditions.[3,10,22] Mandrioli et al.[21] proposed that 

aneuploidy is common biomarker carcinogenesis and reproductive 

toxicants. Mosaic aneuploidy is also caused by chromosomal 

instability (CIN) during tumorigenesis.[17,19] 

Our study implicated that constitutional and acquired 

chromosomal aneuploidy condition held responsible for genetic 

diseases and cancer in human.[21] Further detection of these missing 

or gaining of chromosomes do play a role in ARTs, where couples 

suffer with such chromosomal anomalies during pregnancy.[9,10, 20, 

36, 49-53] 

Conclusion 

Any chromosomal gain/missing in diploid state leads to aneuploidy 

with advance age in humans leading to genetic disorders including 

cancer. In our report 3.7% of constitutional and acquired 

aneuploidies were detected. Mosaicism also results in complex 

genetic anomalies. Such couples are suggested for genetic tests and 

counseling before adopting reproductive technologies (ARTs) 

including pre-implantation genetic screening (PGS) and pre-

implantation genetic diagnosis (PDS).Hence, more scientific 

research agencies are necessary to organize new strategies for 

assisting such sufferings. 

Recommendation 

This study cohort allows the parents whether it is congenital 

(constitutional)/acquired chromosomal aneuploidy in humans. 

Hence such couples make better choice about their future based on 

their individual risk which has to be our ultimate goal. 
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