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It was performed a case-control study, that included totally 187 pregnant women hospitalized in Obstetrical-
Gynecology Department of Prof. Dr. Panait Sarbu Hospital, Bucharest, Romania. The selection criteria for
case sample were: age over 30 years, history of malformative risk, clinical exam that emphasised
malformations and ultrasound examination that suspicioned embrio-fetal morphological abnormalities.
We determined the serum levels of alpha fetoprotein (AFP), human chorionic gonadotropin (hCG) and
unconjugated estriol (uE3), by immunoenzymometry. As statistical analysis we determined the estimated
median value. For each of the three parametres, the final curve was compared with the value obtained by
spectrophotometry. The study revealed the predictive value of correlated use of these three parameters,
together with ultrasound examination and cytogenetic investigations, in order to early prenatal diagnosis of
congenital fetal anomalies.
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The prevention and early diagnosis of genetic diseases
and congenital malformations can be facilitated through
prenatal screening of pregnant women facing high risk
[1].  The prenatal diagnosis is indicated in the following
situations:

-maternal age over 35 years [2];
-couples in which one member is affected by a genetic

disorder or birth defect [3];
-couples who have a child with mental retardation or

malformation [4, 5];
-genetic malformations as a result of family history;
-spontaneous  miscarriages in early pregnancy [6 - 8];
-consanguineous couples [9];
-genitors that belong to an isolated religion, ethnic group,

geographical environment [10].
The prenatal diagnostic methods which are currently

used are ultrasound examination, serum alpha fetoprotein
and human chorionic gonadotropin determinations,
unconjugated estriol determination, amniocentesis and
chorionic villus sampling. [11 - 14]. The essential condition
to develop genetic counseling is the accurate diagnosis
[15].

This study, represents the systematic investigation of a
group of pregnant women with an increased risk of giving
birth to an abnormal child.

The study aims to demonstrate the predictive value of
maternal serum screening in the early detection of
malformed fetuses pregnancies.

The purpose of the study is to demonstrate the

effectiveness of the method and implement it while
following the pregnancy.

Experimental part
The 187 pregnant women were divided into two groups:

a case group, containing 18 pregnant women, and a
second grup, the observer group, containing 169 pregnant
women.

The case group, containing 18 pregnant women
hospitalized in the Prof. Dr. Panait Sarbu Obstetrics and
Gynecology Hospital, Bucharest, Romania, were selected
based on age, medical history, clinical examination and
ultrasound examination results. These were subject to MSS
by determining the concentration of AFP, hCG and uE3, by
immunoenzymometry and spectrophotometry. The study
period was 5 months.

The selection criteria, were:
-age - 30 years;
-history - the high risk of malformation pregnant women

were considered the women who, regardless of age, had
previously malformed fetuses pregnancies, or those whose
families were recorded as having had genetic
malformations;

-clinical examination - the presence of defects and/or
genetic abnormalities;

-ultrasound examinations of pregnancy - routine standard
ultrasound examination and additional ultrasound
examinations, performed by an expert in maternal and
fetal medicine.
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The serum to be analyzed was collected from the vein
of pregnant women using aseptic techniques and
observing universal precautions.

Determination of alpha-fetoprotein (AFP)
To determine the AFP concentration we used the Human

Alpha-fetoprotein, AFP ELISA Kit.
Method of determining AFP:
-50 µL standard serum, control serum and determined

serum were pipetted into the appropriate wells,
-over this was added 100 µL of buffer solution and left at

room temperature for 20 min,
-washed with distilled water and then it is removed,
-150 µL of anti-AFP antibody conjugated with peroxidase

is added to each, was incubated for 20 min at room
temperature, then washed with distilled water;

-100 µL of tetramethylbenzidine solution and hydrogen
peroxide is added and incubated for 15 min at room
temperature,

-pipette 100 µL 0.3 M solution of sulfuric acid (H2S04) in
the wells,

-the extinction value was read at 450 nm.
After determining the value extinction a standard curve

was performed to which the extinction obtained for each
serum is measured against.

Determination of chorionic gonadotropin (hCG)
Determination kit has 96 wells containing sheep anti

hCG antibodies and mouse monoclonal antibodies specific
for total hCG and β-hCG conjugated with peroxidase. For
better precision two sets of measurements were used.

Method of determining hCG:
-pipette 50 µL standard serum, control serum and

determined serum in nearing wells,
-mixing the sera with antibodies by softly moving  the

plate for 30 s,
-add 100 µL buffer solution,
-stir for 10 s and allow to incubate for 60 min at room

temperature,
-wash 5 times with distilled water which is then

removed,
-to each well 150 µL of peroxidase-conjugated

antibodies solution is added, gently stir for 5 s, incubate at
room temperature for 30 min, then wash with distilled
water,

-tetramethylbenzidine-based solution is added it is
stirred for 5 s,

-after 15 min of incubation at room temperature in a
dark space, the reaction was stopped by adding 50 µL per
well,

-after 30 min the result of the extinction was read at 450
nm

Determination of unconjugated estriol (uE3)
We used DRG Estriol test - immunoenzymometry

method for the in vitro determination of unconjugated estriol
in the maternal serum.

Method of determining uE3:
-pipette 10 µL of standard estriol standard, control serum

and determined serum into the appropriate wells,
-each well was added 100µL of peroxidase-conjugated

estriol and it was incubated at room temperature for 60
min,

-repeatedly wash with washing solution,
-after pipetting 100 µL of substrate solution, it was

incubated for 30 min at room temperature,
-the coloring was done by adding 100 µL of stop agent,
-the spectrophotometric results  was reading at

wavelength of 490-500 nm.
We used the determination of the estimated median

value for each of the three determined parameters. The
curve was compared with the value obtained by
spectrophotometric determination.

Results and discussions
Analysis of the results allowed highlighting some

interesting aspects in terms of the possibility of antenatal
diagnosis, compared to the rest of 169 pregnant women
at the same time for whom the same criteria were
followed, but the MSS was not performed (table 1, fig. 1).

Alpha-fetoprotein (AFP) is a plasma protein produced
by the embryonic yolk sac and the fetal liver, encoded by
the AFP gene on chromosome 4q25 [16].

The determination of AFP concentration in maternal
blood allows early diagnosis of fetal abnormalities [17].
Thus, low levels of AFP were associated with the presence
of chromosome abnormalities, spontaneous abortion,
preterm birth, fetal death, increased macrosomia, and
elevated AFP levels have been associated with
malformations such as spina bifida, neural tube defects,
gastroschisis, polycystic kidney, liver necrosis, microsomes
[18 - 20].

Human chorionic gonadotropin (hCG) is a pregnancy-

Fig.1. Value of AFP, hCG
and uE3



http://www.revistadechimie.ro REV.CHIM.(Bucharest)♦70♦ No. 5 ♦20191536

specific hormone that regulates placental development
and is produced by trophoblast cells from the time of
embryo implantation onwards [21, 22].

The determination of hCG, produced exclusively during
pregnancy also allows the interpretation of the presence
of abnormal pregnancies. High hCG values appear in
multiple pregnancy,  molar pregnancy,  Rh isoimmunization,
hydatidiform mole or choriocarcinoma. Low levels of hCG
in pregnancy suggests poor placental function, as found in
miscarriage, ectopic pregnancy, fetal death [23 - 25].

Determination uE3 may indicate a series of fetal distress.
Thus, undetectably low uE3 has been associated with:
anencephaly, fetal death, congenital adrenal hypoplasia,
Congenital Hypopituitarism, Smith-Lemli-Opitz Syndrome,
and placental aromatase deficiency [26, 27]. High uE3 has
not been associated with adverse perinatal outcomes [25].

Considering these observations as well as the application
of MSS (AFP, hCG and uE3) in predicting risk for Down

syndrome and other congenital anomalies, we started to
use in the Clinic of Obstetrics and Gynecology of the Prof.
Dr. Panait Sarbu Hospital in Bucharest the serial ultrasound
test associated with dosages of AFP, hCG and uE3 [28].
When maternal serum screening is performed for the usual
clinical indication , abnormal analyte results can be utilized
for the identification of pregnancies at risk and to direct
their clinical management [25].

From the data we obtained from the analysis performed
on 18 pregnant women, selected on the basis of the
previously mentioned criteria, we found that the AFP values,
with two exceptions, were within normal range by age of
pregnancy, with a minimum of 9200 ng/mL and a
maximum of 160197 ng/mL (table 1, fig.  2).

The average value of the concentration of hCG was
42.002 ng/mL. The standard deviation of +/- 39834.13
shows a great dispersion of the concentration values. The
two exceptions were represented by:

Table 1
THE VALUE OF AFP,

HCG AND µE3

Fig. 2. Value of AFP (ng/mL)
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Case no. 2: pregnancy of 22 week, in which there were
high levels of both AFP and hCG. This pregnancy aborted
at the request of the patient.

Case no. 17: pregnancy of 31 week , with AFP growth
over limit, associated with a significant increase in hCG >
550000 UI/mL, uE3 falling within appropriate range
considering pregnancy age, but at the lower limit. The
newborn did not show malformations.

The highest value of hCG was 800000 mUI/mL, while
the lowest was 62952 mUI/mL; The average concentration
of hCG was 392266.83 mUI/mL ± 173973.10 (table 1, fig.
3).

Unconjugated estriol concentrations (uE3) ranged from
0.795 ng/mL and 21.120 ng/mL, with a medium value of
7.72 ng/mL ± 6.43 (table 1, fig.  4).

Determining the correlation coefficients led to the
following results:

-hCG - uE3    r = - 0.26
-0.65 < R <0.23 (p = 0.05)

-AFP - uE3    r = - 0.18
-0.32 < R <0.59 (p = 0.0)

-AFP - hCG    r = - 0.22
-0.62 < R < 0.28 (p = 0.05)

where: r = the coefficient of correlation,  R = range of
inclusion,  p = statistical risk (95%).

The results of this maternal serum screening test (MSS)
show a reverse relationship (r is negative) between hCG

Fig. 3.  Value of hCG (mUI/mL)

and uE3 levels, as confirmed by the birth of a child with
hydrocephalus (Case no. 13). In this case, the
investigations conducted at 22 weeks of pregnancy,
showed the following results: AFP = 43.102 ng/mL (normal
level), hCG = 122989 mUI/mL (low level) and uE3 = 21.12
ng/mL (level increased a lot over  the normal level).

In the Case no. 18, at a 16 weeks pregnancy, the variation
of the concentrations were in reverse: AFP = 30.640 ng/
mL (normal level), hCG = 420000 mUL/mL (much
increased level) and uE3 = 0.795 ng/mL (low level). In this
case, the pregnancy evolved normally.

There were two cases (Case no. 4 and Case no. 18)
where uE3 and hCG values were increased:

In the Case no. 4, a pregnancy of 14 weeks, the serum
determinations were: AFP = 20.679 ng/mL (normal level),
hCG = 339026 mUI/mL (high level) and uE3 = 5.2 ng/mL
(much increased level). This pregnancy evolved normally
to the birth of a healthy child.

In the Case no. 18, a pregnancy of 18 weeks, mother
aged 36 years, the serum determinations were: AFP =
12.250 ng/mL (normal), hCG = 500000 mUI /mL (much
increased level), and uE3 = 20.25 ng/mL (much increased
level). In this case the pregnancy was aborted at the request
of the patient.

Subsequently, the MSS estimate at the malformation
risk group allowed antenatal prognosis both of pregnancies

Fig. 4. Value of uE3 (ng/mL)
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with normal fetuses, and those with malformed fetuses
who were anatomical pathologically confirmed.

Conclusions
Maternal serum screening test is useful in the early

prenatal detection of abnormal offspring. Therefore, MSS
test is considered as a valuable method in prenatal
diagnosis.

However, this method becomes of unquestionable value
when combined with standard ultrasound exploration for
the first trimester of pregnancy and second trimester of
pregnancy.

The addition, cytogenetic examination, after
amniocentesis, in case one or both of the previous tests
indicate suspicion of a malformation, makes the triple test
(ultrasound examination, MSS and cytogenetic
investigation) to have a performance over 97-98% in
prenatal diagnosis.

Our results, combined with those in the specialized
literature , recommend the use of MSS test as a method of
prenatal diagnosis.

If abnormalities of the concentration of AFP, hCG and
uE3 occur, to avoid misinterpretation, the other two tests:
ultrasound examination and cytogenetic exam are
necessary, for a correct prenatal diagnostics and genetic
counseling. In these cases the suspicion of genetic
abnormalities, especially Down syndrome, is confirmed at
a rate of 97-98%.

In conclusion, MSS test constitutes a highly valuable
method for prenatal diagnosis of genetic abnormalities and
needs to be carried out by all pregnant women and
especially those with genetic risk.
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