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Case Report

The timely diagnosis of 49, XXXXY with the combined detection 
of MLPA, karyotype, and QF-PCR in a newborn with multiple 
congenital malformations: a case report 

Baodong Tian1, Lijie Chen1, Wenjuan Wang1,2, Ying Tang1, Donglan Yu1, Yong Zhou3, Guangli Wang1, 
Yang Xia4, Chunjiang Zhu1,5

1Genetics and Precision Medicine Laboratory, Affiliated Hospital of Guilin Medical University, Guilin, China; 2Department of Pediatrics, Northwest 

Women’s and Children’s Hospital, Xi’an, China; 3Department of Neonatology, Affiliated Hospital of Guilin Medical University, Guilin, China; 
4Department of Biochemistry and Molecular Biology, University of Texas-Medical School at Houston, Houston, TX, USA; 5Department of 

Pediatrics, Affiliated Hospital of Guilin Medical University, Guilin, China

Contributions: (I) Conception and design: C Zhu, B Tian; (II) Administrative support: C Zhu; (III) Provision of study materials or patients: Y Zhou; (IV) 

Collection and assembly of data: L Chen; (V) Data analysis and interpretation: B Tian; (VI) Manuscript writing: All authors; (VII) Final approval of 

manuscript: All authors.

Correspondence to: Chunjiang Zhu. Genetics and Precision Medicine Laboratory, Affiliated Hospital of Guilin Medical University, Guilin, China; 

Department of Pediatrics, Affiliated Hospital of Guilin Medical University, Guilin, China. Email: zhuchunjiang@glmc.edu.cn.

Background: 49, XXXXY is a rare sex chromosomal aneuploidy syndrome. The patients usually are 
diagnosed several months or years after birth. Herein a neonate with respiratory distress and multiple 
malformations was diagnosed with 49, XXXXY syndrome by an economical method of multiplex ligation-
dependent probe amplification (MLPA) followed karyotype analysis. 
Case Description: An infant was born via spontaneous vaginal delivery at 41+3 weeks’ gestation and 
hospitalized due to neonatal asphyxia. He was the first child to a 24-year-old gravida1, para1 (G1P1) mother. 
The newborn was characterized low birth weight (2.4 Kg, below the 3rd percentile), and an Apgar score 
of 6 at 1 minute, 8 at 5 minutes, and 9 at 10 minutes. The physical examinations of the patient revealed 
ocular hypertelorism, epicanthal folds, low nasal bridge, high-arched palate, cleft palate, micrognathia, low-
set ears, microcephaly, hypotonia, and micropenis. Echocardiography revealed atrial septal defects (ASD). 
The brainstem auditory evoked potential (BAEP) reflected auditory function impairment. Genetic testing 
methods, including MLPA, karyotyping, and quantitative fluorescent polymerase chain reaction (QF-PCR), 
were performed for definitive diagnosis, which confirmed 49, XXXXY syndrome. 
Conclusions: The presentation of the 49, XXXXY newborn was atypical, they may only include low 
birth weight, multiple malformations and a characteristic facial appearance which were consistent with 
the characteristics of autosomal and sex chromosome aneuploidies. At this time, the economical and rapid 
method of MLPA to screen the number of chromosome, and then choose the appropriate means to make the 
final diagnosis and improve the quality of life of patients with timely therapy. 
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Introduction

The 49, XXXXY syndrome was first reported by Fraccaro 
et al. in 1960 (1), based on whom the syndrome is now 
named. It is a rare sex chromosome polysomy, with 
an incidence of between 1:85,000 and 1:100,000 male 
births (2). Typical clinical features of 49, XXXXY usually 
include facial dysmorphism, developmental delay, mental 
retardation, skeletal and cardiac malformations, micropenis, 
hypogonadism, and gynecomastia (3,4). Some researchers 
consider 49, XXXXY to be the most severe variant of 
Klinefelter syndrome (KS) whose karyotype is 47, XXY 
(2,5). It is recommended that patients suffering from 49, 
XXXXY syndrome should be treated with early hormonal 
treatment (EHT) at preschool age (6). Testosterone 
replacement therapy improves the vocabulary, language, 
motor capability and gestural development of patients 
as well as their penis size but does not treat infertility, 
gynecomastia, or small testes (5-7). 

The prenatal diagnosis of 49, XXXXY by ultrasound 
and non-invasive prenatal screening (NIPS) is usually 
non-specific and uncertain due to limited research (8,9). 
Thus, early accurate diagnosis after birth is essential for 
timely testosterone replacement therapy. The neonate 
may only present with a characteristic facial appearance 
such as upslanting palpebral fissures, hypertelorism, 

arched eyebrows, synophrys, cheilopalatognathus, and ear 
deformities (3). Due to the gradual onset of developmental 
delay and slowly discovered skeletal, cardiac malformation, 
the child usually will be typically diagnosed several months 
or years later (10,11). Even some people were found to be 
49, XXXXY at the age of 19 years old (12,13). Diagnosis 
at birth is rarely reported, in these cases karyotype was 
performed because of the unusual sonographic signs 
prenatal (10), atypical genitals (14,15), or respiratory 
distress (16). And in our case, genetic testing was done due 
to neonatal asphyxia and facial dysmorphism.

Nowadays, the methods used to discover 49, XXXXY 
include karyotype, quantitative fluorescent polymerase chain 
reaction (QF-PCR) (13), fluorescence in situ hybridization 
(FISH) (13), chromosome microarray (17), and the karyotype 
were still regarded as the final definite test (15,16). Here, we 
applied a cost-effective, rapid, and reliable complementary 
method of multiplex ligation-dependent probe amplification 
(MLPA) (18) to screen whether the number of chromosomes 
was abnormal, then karyotyping was used to diagnose 49, 
XXXXY syndrome and QF-PCR was used to analyze the 
potential origin of the three extra chromosomes. We present 
the following case in accordance with the CARE reporting 
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-23-23/rc).

Case presentation

Our male patient was born via spontaneous vaginal delivery 
at 41+3 weeks’ gestation and hospitalized in the Neonatal 
Department due to respiratory distress. He was diagnosed 
with neonatal asphyxia. He was the firstborn child to a non-
consanguineous, 24-year-old gravida1, para1 (G1P1) mother 
and a 31-year-old father. The newborn was characterized 
by intrauterine growth restriction (IUGR), low birth weight 
(2.4 Kg, below the 3rd percentile), and an Apgar score of 6 
at 1 minute, 8 at 5 minutes, and 9 at 10 minutes. At clinical 
examination, he presented with a variety of malformations, 
including such as hypertelorism, epicanthal folds, a low 
nasal bridge, a high-arched palate, micrognathia, low-set 
ears, and microcephaly. He had a 1-centimeter cleft palate, 
micropenis, and a single transverse palmar crease on the 
right hand. An excrescence was also observed in front of his 
right ear, as shown in Figure 1. 

No obvious malformations were discovered on brain 
magnetic resonance imaging (MRI) and cranial ultrasound. 
Echocardiography revealed 3.4 and 7 mm atrial septal 
defects (ASD). The brainstem auditory evoked potential 
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(BAEP) reflected auditory function impairment, with right 
and left auditory thresholds of 60 dBnHL and 30 dBnHL, 
respectively, which indicated lesions on the patient’s 
auditory neurons.

Due to his characteristic phenotype, MLPA and 
karyotype analysis were performed to make a definitive 
diagnosis. MLPA P036 subtelomeres mix 1 analysis revealed 
that the peaks of the X/Y chromosomal pseudo-autosomal 
regions (PAR) loci SHOX-PAR1 and VAMP7-PAR2 were 
2.53 and 2.3, respectively, which was markedly higher 
than the normal average height ratio of 0.8–1.2 (Figure 2). 
These results indicated that the patient may possess up 
to three extra copies of these two X/Y chromosomal PAR 
genes (SHOX-PAR1 and VAMP7-PAR2). As these genes 
are located on different ends of the X/Y chromosome, the 
MLPA analysis suggested the presence of three additional 
X/Y chromosomes. Also, G-banding showed a karyotype 
of 49, XXXXY in 20 out of 20 cells counted (Figure 3), 
revealing that the three additional sex chromosomes are X 
chromosomes. 

QF-PCR was performed to identify the constitution of 
the sex chromosome. This analysis included 4 short tandem 
repeat (STR) markers on the X chromosome and 2 non-
polymorphic markers (AMELXY on X/Y and SRY on Y). 
The peak area ratio of AMELX and AMELY was 4:1, which 

is consistent with the numbers of X and Y chromosomes 
obtained from the karyotyping results. The peak ratio of 3 
in 4 STR markers on the X chromosome was 1:1 and the 
other marker displayed only one peak (Figure 4).

The patient was followed up at 6 months of age. He 
had received normal care but presented developmental 
delays and depressed immunity. He could show certain facial 
expressions and make monosyllabic sounds. At 4 months of 
age, he could raise his head but was not stable till 6 months. 
He often suffered from respiratory tract infections. At 
6 months, the patient was still too young to evaluate 
his genitalia development. The study was conducted in 
accordance with the Declaration of Helsinki (as revised 
in 2013) and was approved by the Ethics Committee of 
the Affiliated Hospital of Guilin Medical University (No. 
2020GZRLL-46). Written informed consent was obtained 
from the parents of the child for publication of this case 
report and accompanying images. A copy of the written 
consent is available for review by the editorial office of this 
journal.

Discussion

It is well known that aneuploidies that can survive to 
term include trisomy 13, 18, 21, and sex chromosome 

A B

Figure 1 The frontal (A) and profile (B) images of the patient with 49, XXXXY. The patient presented with hypertelorism, epicanthal folds, 
a low nasal bridge, a high-arched palate, cleft palate, micrognathia, low-set ears, microcephaly, hypotonia, and micropenis. An excrescence 
was also observed in front of the right ear and a single transverse palmar crease appeared on the right hand. This image is published with 
consent of patients’ legal guardian.
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Figure 2 A MLPA P036 kit was used to detect the copy change of the subtelomeric regions. The results revealed that the peaks of the X/
Y chromosome PAR loci SHOX-PAR1 and VAMP7-PAR2 were 2.53 and 2.3, respectively, which were markedly higher than the normal 
average height ratio of 0.8–1.2. MLPA, multiplex ligation-dependent probe amplification; PAR, pseudo-autosomal region.

Figure 3 The G banding karyotype showed 49, XXXXY. 
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aneuploidies, among which trisomy 21 and sex chromosome 
aneuploidies are more common (19). The malformations 
exhibited by our pat ient ,  such as  hypertelorism, 
epicanthal folds, a low nasal bridge, a high-arched palate, 
micrognathia, low-set ears, microcephaly, etc., are similar to 
the clinical features of autosomal aneuploidies. In addition, 
the condition of the patient’s micropenis was suspected to 
be associated with sex chromosomal abnormalities. Thus, 
MLPA P036 analysis was performed to screen whether 
a change in the number of chromosomes existed in the 
body of the neonate. Since the P036 kit is used to confirm 
the copies of the subtelomeric regions, the number of 
chromosomes can be speculated. Therefore, the MLPA 
P036 assay is fit to examine aneuploidy at the genome-
wide level (20) but it could not distinguish between the X 
and Y sex chromosomes due to the two probes on the sex 
chromosome being in the PAR, which are identical in the X 
and Y chromosomes. Subsequently, the karyotyping results 
confirmed that the three additional sex chromosomes were 
X chromosomes. Although the result of the P036 mix could 
be obtained within 24 hours, the gold standard status of 
karyotype analysis, which is slow and laborious, could not 
be replaced. 

The 49, XXXXY syndrome is caused by the double 
non-disjunction events of the X chromosome during 
maternal meiosis I and meiosis II, which induce four 
aberrant X chromosomes. Then, this egg containing the 
four abnormal X chromosomes combines with a normal 
male sperm (5). 49, XXXXY appears to be maternally 
derived but is unrelated to maternal age (13,21,22). Our 
STR-marker analysis results showed that one locus was 
homozygous, while the other three loci were heterozygous. 
The consequence had no difference from a normal female, 
which has two X populations. Unfortunately, we could not 

obtain a sample from the child’s parents to evaluate the 
origin of the extra chromosomes directly. However, we 
could suppose that the four X chromosomes were derived 
from one parent, as the egg and the sperm could not be 
abnormal at the same time. Therefore, they likely came 
from the non-disjunction X chromosome of the mother, 
which is consistent with the existing literature. For genetic 
counseling, there is no evidence to suggest that recurrent 
risk is increased higher than that of the general population. 
The chromosomal non-disjunction process is not likely to 
repeat itself in a particular family (5).

The reported prenatal ultrasound features of 49, 
XXXXY include cystic hygroma, microgenitalia, clubfoot, 
epignathus, non-immune hydrops, and hypoplastic right 
heart syndrome (8,9). However, there are still some fetuses, 
such as in our case, that only present with IUGR and low 
birth weight, which are easily overlooked (16). Although the 
NIPS tool has been widely used, it can result in some false 
low-risk results (9). Therefore, children with 49, XXXXY 
were found clinically, and some were diagnosed even in 
adulthood (12,13). In recent years, increasing research 
has shown that early intervention and EHT in preschool 
boys with 49, XXXXY will produce significant therapeutic 
effects (6). It has also been reported that androgens have a 
significant impact on neurodevelopment, brain function, 
and behavioral outcomes from as early as 16 weeks gestation 
to adulthood (23). Thus, once a baby is found with a variety 
of malformations and total developmental delays, it is 
necessary to immediately make a clear genetic diagnosis. 

Although many more advanced technologies have 
emerged for 49, XXXXY diagnosis, each approach has its 
own advantages and disadvantages. QF-PCR is a convenient 
method to identify the origin of the chromosome in 
aneuploidy diseases by analyzing the STR polymorphism 
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Figure 4 QF-PCR analysis included 4 STR markers on the X chromosome and 2 non-polymorphic markers. The STR markers included 
DXS1187, DXS8377, DXS6809, and DXS981 on the X chromosome. The non-polymorphic markers were AMELXY on X/Y and SRY on 
the Y chromosome. The results revealed that the area ratio of AMELX and AXELY was 4:1. Also, the peak ratio of 3 in 4 STR markers was 1:1 
and the other marker displayed only one peak. QF-PCR, quantitative fluorescent polymerase chain reaction; STR, short tandem repeat.
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(21,22). But it is mainly used to check the number of 13, 
18, 21 and sex chromosome (13,22). In addition compared 
to microarray analysis and FISH, MLPA provides a 
faster, high-throughput, and more economical means of 
quantifying copy numbers of up to 60 different genomic 
DNA sequences simultaneously (18). However, karyotype 
analysis is still the gold standard for the diagnosis of 
chromosomal diseases. 

With the advent of improved detection capabilities 
and the resolution of genetic testing methods, a growing 
number of genetic variations have been discovered. 
Common sex chromosomal aneuploidies may contain some 
other smaller variations that cannot be identified with the 
lower resolution karyotype analysis (24). The limitation of 
the study is that we did not explore whether there are some 
other genetic variants associated with the patients’ clinical 
presentation.

Conclusions

The clinical manifestations of 49, XXXXY neonates may 
not be typical, and may only present with facial anomalies 
and/or ambiguous externalia. To avoid delayed diagnosis 
a rapid and cost-effective detection of MLPA was used 
to screen the subtelomere regions of the entire genome, 
and finally the newborn was proved to be 49, XXXXY 
syndrome by karyotype analysis. We hope that the present 
study will draw physicians’ attention to perform karyotype 
analysis, especially for undiagnosed infants who suffer 
from key features of aneuploid syndrome, including facial 
dysmorphism, micropenis, mental retardation, genital 
abnormalities, and skeletal malformations.
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