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The prenatal diagnosis
of chromosomal anomalies
by quantitative fluorescence
polymerase chain reaction
iIn Romania - a five-year report
from a new institute

Abstract Rezumat

Objective. The results of the prenatal diagnosis of chromo-
somal anomalies performed during a five-year period are
presented and analyzed, in order to determine the frequency
of fetal aneuploidies. Methodology. We used quantitative
fluorescence polymerase chain reaction (QF-PCR) for testing
the fetal DNA, and we calculated the percentage of each
chromosomal anomaly. Results. The most frequent anoma-
lies found were trisomies 21 and 18. We discuss the problems
that might cause discrepancies between the results obtained
with QF-PCR and other techniques. Conclusions. This study
underlines the utility of the QF-PCR analysis for the prenatal
diagnosis of aneuploidies and the importance of karyotype
that remains the best solution for the final decision regarding
the pregnancy, especially when there were detected
echographic anomalies.
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Obiective. Rezultatele diagnosticului prenatal al anomaliilor
cromozomiale efectuat pe o perioadd de cinci ani sunt prezen-
tate si analizate pentru a determina frecventa aneuploidiilor
fetale. Metodologie. Am folosit tehnica QF-PCR pentru
testarea ADN-ului fetal si am calculat procentajul fiecdrei
anomalii cromozomiale. Rezultate. Cele mai frecvente
anomalii constatate au fost trisomiile 21 si 18. Sunt discutate
problemele care ar putea provoca discrepante intre rezultatele
obtinute cu QF-PCR si alte tehnici. Concluzii. Acest studiu
subliniaza utilitatea analizei QF-PCR pentru diagnosticul
prenatal al aneuploidiilor siimportanta cariotipului, care
rdmdne cea mai bund solutie pentru decizia finald cu privire
la sarcind, mai ales atunci cdnd au fost detectate anomalii
ecografice.

Cuvinte-cheie: diagnostic prenatal, QF-PCR

Diagnosticul prenatal al anomaliilor cromozomiale prin reactia cantitativa
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Introduction

The prenatal diagnosis of chromosomal anomalies is
of high importance in cases of pregnancies with increased
risk, such as the mother’s age over 35 years old, abnormal
results of biochemical screening tests, fetal malforma-
tions, deficitary development, other pregnancies or chil-
dren with chromosomal anomalies or genetic mutations,
dead fetuses, and other pathological conditions. In the
IMOGEN Institute, within the Cluj County Emergency
Clinical Hospital, the prenatal diagnosis of aneuploidies
and other chromosomal anomalies was developed on
the basis of the previous experience obtained in the Cy-
togenetics Laboratory which was established in the First
Obstetrics and Gynecology Clinic from Cluj-Napoca. The

prenatal karyotype has a relative long working time, and
arapid testis necessary in order to confirm the biochemi-
cal tests’ results, such as the Double or Triple Test, and
to prevent the anxiety of the patients. Quantitative fluo-
rescence polymerase chain reaction (QF-PCR)®? method
for the most common aneuploidies was introduced as a
diagnosis test in our laboratory. We present and analyze
the results obtained with this method.

Materials and method

The amniotic fluid was the most frequently used for
the DNA extraction. A small proportion of the samples
consisted of chorion villi, or fragments from aborted
fetuses. The patients signed an informed consent for
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Figure 1. QF-PCR analysis. Electrophoregram of a normal STR marker for chromosome 13. Two peaks with 1:1 area ratio

are present for marker 13A

collection and usage of their biological samples for diag-
nosis and research. The samples of amniotic fluid were
collected by amniocentesis during the week 16-20 of
pregnancy. The DNA was extracted with the PureLink
Genomic DNA mini kit from Invitrogen and quanti-
fied at 230, 260 and 280 nm with a spectrophotometer
(EPOCH, manufactured by BIOTEK, or Qubit 3.0 Fluo-
rometer, manufactured by Life Technologies Corpora-
tion). The DNA concentration was adjusted in order to
use around 3.5-5 ng of DNA in the QF-PCR. The DNA
samples were analyzed with the Devyser Compact and
Devyser Resolution v3.0 kits from Devyser Inc. The am-
plification of the STR markers by PCR was performed
according to the manufacturer instructions with an Ap-
plied Biosystems Veriti thermocycler with 96 wells, and
the samples were analyzed with an ABI Prism 310 DNA
genetic analyzer manufactured by Applied Biosystems
and Perkin-Elmer. The results were processed and ana-
lyzed with the GeneMapper v.4.0 (Applied Biosystems)
(Figures 1-3), and the interpretation of the results was
performed according to the manufacturer instructions®
and the international professional guidelines®®.

A total of 1086 pregnant women were analyzed by
QF-PCRin a five-year period, between 2015 and 2019.

The reasons for referral of pregnant women to the pre-
natal diagnosis for aneuploidies by QF-PCR were taken
from the register (Figure 4). When there was more than
one reason for referral, the most important was used for
the classification. For example, the fetal malformations
were considered the main reason, compared with the age
or abnormal results of biochemical tests. Generally, the
first reason mentioned in the register was considered
the most relevant. This study has been approved by the
Ethics Committee of the hospital.
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Figure 2. QF-PCR analysis. Electrophoregram of a triso-
mic STR marker for chromosome 21. Two peaks with 1:2
area ratio are present for marker 21A
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Figure 3. QF-PCR analysis. Electrophoregram of a triso-
mic STR marker for chromosome 21. Three peaks with
1:1:1 area ratio are present for marker 21B
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Figure 4. QF-PCR, years 2015-2019, reasons for referral (1086 cases). The data labels include the number of the reason’s
category from 1 to 9, the number of cases, and the percentage from the total number of 1086 pregnant women.

(1. Age over 35 years old; 2. Abnormal results of biochemical tests; 3. Fetal malformations or deficitary development;

4. Other pregnancies or children with chromosomal anomalies or genetic mutations, dead fetuses; 5. Nucal edema;

6. Infections; 7. Maternal or paternal diseases; 8. Patient’s request; 9. Pregnancy obtained by in vitro fertilization.)
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Figure 5. The results of the QF-PCR analysis, for 1086 cases, years 2015-2019. The data labels include the number of the
results’ category from 1 to 6, the number of cases, and the percentage from the total number of 1086 pregnant women.
(1. Normal: XX or XY, normal number of chromosomes 13, 18, 21, X and Y; 2. Trisomy 21: XX or XY, normal number of
chromosomes 13, 18, and three chromosomes 21; 3. Trisomy 18: XX or XY, normal number of chromosomes 13, 21, and three
chromosomes 18; 4. Trisomy 13: XX or XY, normal number of chromosomes 18, 21, and three chromosomes 13; 5. Klinefelter

syndrome: XXY, normal number of chromosomes 13, 18 and 21; 6. Triploidy: XXX, three chromosomes 13, 18 and 21)
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Results

The results of the QF-PCR analysis are presented in
Figure 5.

In order to correlate these data with the results of other
investigations performed for the patients, we mention
that, during a five-year period, between 2015 and 2019,
10,971 pregnant women were investigated by double or
triple screening tests. The Double Marker Test consists in
the concentration measurement of two markers, namely
Free Beta human Chorionic Gonadotrophin (hCG) and
Pregnancy Associated Plasma Protein A (PAPP-A). The
triple screening test consists in the determination of the
serum levels of alpha-fetoprotein, estriol and beta-hCG.
There were found 417 abnormal results (3.8%). The inves-
tigations continued in our service for 270 out of these 417
pregnancies, and nine cases (3.3%) were confirmed with
a chromosomal anomaly by QF-PCR and/or karyotype.

The pregnant women were also investigated by echo-
graphy, and in 399 cases anomalies were found. These
patients were investigated by QF-PCR and/or karyotype,
and 70 (17.5%) chromosomal anomalies were detected.
Out of these 399 cases, 230 were analyzed by QF-PCR.
They were classified in the categories of reasons for re-
ferral number 3 and 5 (fetal malformations, deficitary
development, nucal edema) - Figure 4.

Discussion

In almost all cases analyzed, the results were consist-
ent with the karyotype results (unpublished data), taking
into consideration the limits of QF-PCR, in which only
the aneuploidies of chromosomes 13, 18, 21, Xand Y are
analysed; therefore it cannot detect aneuploidies of other
chromosomes and structural anomalies.

There were few discrepancies between the results ob-
tained by QF-PCR and karyotype.

One case with fetal malformations (fetal hydrops, cys-
tic hygroma, amniotic bride) was referred to QF-PCR and
karyotype. At the QF-PCR analysis of the chorionic villi,
the fetus was female, with most of the sex markers being
uninformative, but one was normal (the T1 marker, which
represents the proportion between the chromosomes 7
and X) and, consequently, did not meet all the criteria for
achromosomal anomaly. The culture for karyotype failed,
the patient did not return for amniocentesis and gave
birth to a girl with Turner syndrome (45, X). Another case
was referred to QF-PCR and karyotype for suspicion of
Down syndrome. The analysis of the chorionic villi sample
by QF-PCR was normal, but the prenatal karyotype of
the amniotic cells indicated trisomy 21. This discrepancy
was probably caused by alimited mosaicism of the sample
analyzed by QF-PCR. The third case was analyzed with
QF-PCR, being a normal female (46, XX), but the sample
of amniotic fluid was contaminated with a high amount of
blood. The karyotype result was 47, XXY, corresponding
to the Klinefelter syndrome.

Conclusions
This study underlines the utility of the QF-PCR analysis
for the prenatal diagnosis of aneuploidies, and reveals once
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again the relative imprecision of the analysis of the chori-
onic villi compared with the amniotic fluid and the false
results in case of significant contamination of the amniotic
fluid with maternal blood. We consider that all the QF-PCR
results obtained on chorionic villi, which are, however,
more difficult to interpret compared with other categories
of prenatal samples, should be taken into consideration
with caution, and in all these cases the amniocentesis
should be performed, in order to prevent any errors of
diagnosis. The results obtained on samples contaminated
with maternal blood should also be interpreted with cau-
tion, and thelevel of contamination should be determined.
In our opinion, the karyotype remains the best solution
for the final decision about the pregnancy, especially when
there were detected echografic anomalies. W
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B The topic is covered by reports concerning the utility
of quantitative fluorescence polymerase chain reaction
(QF-PCR) technique and the limits of the method.

B There are available limited data about the frequency
of fetal chromosomal anomalies in Romania.

B This study provides data about the incidence of the
fetal aneuploidies in the Romanian population.
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