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Abstract

Screening examination for maternal, especially serum, is a non-invasive examination of the fetus’s
condition. During pregnancy, screening examinations are performed in women recommended for ultrasonogra-
phy (USG), amniocentesis, or other obstetric interventions. There are three markers for maternal serum screen-
ing: alpha-fetoprotein, human chorionic gonadotropin (hCG), and unconjugated estriol. Maternal serum alpha-
fetoprotein is useful for screening aneuploidies and neural tube defects. This examination, besides seeing con-
genital abnormalities, can be used for the risk of pregnancy complications such as placental insufficiency, in-
trauterine growth restriction, preeclampsia, and intrauterine fetal death. Laboratory methods for examining
maternal serum alpha-fetoprotein are radioimmunoassay and microparticle capture enzyme immunoassay.
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INTRODUCTION

Maternal serum for screening exam-
ination usually to detect Down Syndrome,
Edward Syndrome, or neural tube defect in
the fetus. This examination can be per-
formed in the first and second trimesters
combined with ultrasonography. Blood
tests in pregnancy can be performed be-
tween 9 weeks and 11 weeks combined
with ultrasonography between 9 weeks and
13 weeks to measure the amount of fluid on
the skin behind the fetus’s neck, called nu-
chal translucency. If the amount of fluid is
more than normal indicates that the fetus
can have Down Syndrome or Edward Syn-
drome. American Congress of Obstetricians
and Gynecologist (ACOG) recommends
screening for all low-risk and high-risk
pregnant women. The examination include
blood serum, non-invasive prenatal screen-
ing, amniocentesis, or chorionic villus sam-
pling.(1) Screening in the second trimester
can see an increased risk of Down syn-
drome, Edward syndrome and neural tube
defects. Screening can be done between
week 14 and week 20.(1)

MATERNAL
FETOPROTEIN

Alpha-fetoprotein (AFP) is an
oncofetal protein with a molecular weight
of 68000 Da. AFP was produced in the fe-
tus’s yolk sac and liver. AFP was produced
in the 9™ week of pregnancy, and synthesis
of AFP decreased after birth. After birth,
only a small portion of AFP remains. AFP
is synthesized between the G1 and S1 phase
cells in the growth of the fetus; because of
this the hypothesized AFP affects cell
growth. AFP can bind to estrogen, so it has
a role in sexual differentiation and can pro-
tect the fetus from the mother's immune
system. AFP reaches the maximum level at
the 12™ week of pregnancy, around 3-4 g/L
and can cross placenta.(2)

Maternal serum alpha-fetoprotein
(MSAFP) is a protein expressed by the em-
bryo and transferred to the maternal circula-
tion. Maternal serum alpha-fetoprotein can
help to detect high-risk pregnancy and the
measurement need additional information,
such as accurate gestational age, maternal
weight, race, presence of insulin-dependent
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pre-gestational diabetes, family history of
NTDs, and the number of fetuses. AFP is
identified in the mother's serum as early as
six weeks of pregnancy, and its level stead-
ily rises to 0.05 g/mL in the second tri-
mester. The greatest concentration (about 1
g/mL) is recorded at 32 weeks of pregnan-
cy, and it gradually drops until the day of
birth, reaching roughly 0.05-0.1 g/mL.(2,3)

This serum can detect neural tube
defects, risk of preeclampsia, intrauterine
growth restriction, and fetal death. Signifi-
cant false-negative rate of about 25% sug-
gests that about 25% of open NTDs are
missed. In terms of false positives, when
the MSAFP level is increased, amniocen-
tesis is typically conducted to confirm am-
niotic fluid increases. MSAFP was discov-
ered in 1970 as a screening parameter for
open neural tube defects and in 1984, Mer-
katz’s research found a patient with unde-
tectable MSAFP, a fetus born with trisomy
18 and 41 patient with low MSAFP found a
baby with autosomal disorder.(2,3)

The examination chart of mater-
nal serum alpha-fetoprotein we can see in
Figure 1. Pregnant women screened by
MSAFP, and found 2.25 MoM (Multiples
of the Median) until 3.0 MoM were sug-
gested for reexamination and ultrasonogra-
phy. Figure 1 is a chart of the MSAFP ex-
amination. In this chart cut-off MSAFP was
2.25 MoM and MSAFP less than 2.25
MoM was considered normal and was not
needed for other examinations. MSAFP
between 2.25-3.0 MoM were suggested for
reexamination and ultrasonography exami-
nation. Ultrasonography was performed to
examine the anatomy of the fetus, including
the placenta, fetal abdominal wall, amniotic
fluid, central nervous system, urinary tract,
multiple pregnancies, fetal death, and other
anomalies. Ultrasonography examination
that can’t explain fetal anomalies in suggest
other examination and recalculation risk of
anomaly and amniocentesis. An increase in
MSAFP> 2.5 MoM can be associated with
chromosome  abnormalities,  abnormal

structures in the fetus's body such as open
neural tube defects (ONTDs) or abdominal
wall defects, and placental abnormalities.
Increased MSAFP can happen without any
reason and can be associated with chorion-
ic vilitis or vascular placenta lesions. This
lesion can cause the transfer of AFP from
fetus to mother and can cause an increase
in MSAFP. Unexplained MSAFP can be
caused by intrauterine growth restriction,
antepartum  haemorrhage, spontaneous
abortion, oligohydramnios, gestational hy-
pertension, and fetal death.(4-6)

The mean MSAFP level was
higher in gestational hypertension and
preeclampsia. In worse conditions, the
MSAFP level can reach 5.0 MoM. Besides
a higher level of MSAFP, MSAFP levels
less than 0.25 MoM are found in spontane-
ous abortion, premature birth, fetal death,
and macrosomia. Pregnant women with
HIV serum MSAFP depends on viral load
and CD 4 cell count. (4-8)

Mechanisms of  increased
MSAFP level can be seen in fetal death
was associated with protein transfer across
the placenta. MSAFP increased in open
neural tube defect probably from the cere-
brospinal fluid and decreased swallowing
reflex in a fetus. Placental distress in dia-
betic gestational can cause the transfer of
AFP to the maternal circulation. Pregnant
women with rhesus incompatibility can in-
crease the synthesis of AFP and cause in-
creased MSAFP. (4-8)

Figure 2 showed changes in ma-
ternal serum alpha-fetoprotein (AFP) con-
centrations due to fetal causes; A. Open
spina bifida: increased AFP in amniotic
fluid and maternal serum; B. Acrania: same
as A; C. Omphalocele: same as A and B;
D. Finnish type congenital nephrotic syn-
drome: same as A, B, and C; E. Placental
damage: AFP normal in amniotic fluid,
AFP increase in maternal serum; F. Tri-
somy 21: amniotic fluid AFP normal, pla-
cental AFP increase, maternal serum AFP
decline
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Figure 1. Evaluation chart of MSAFP*,
MoM= Multiples of the Median
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Figure 2. changes in maternal serum alpha-fetoprotein (AFP) concentrations due to fetal causes. (13,14)
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Maternal Serum Analyte Screening
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Figure 3. Algorithm screening pregnant women (AFP = alpha-fetoprotein; hCG = human chorionic gonadotro-
pin; uE3 = unconjugated estriol; NTDs = neural tube defects; EGA = estimated gestational age). (15)
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Figure 4. Principle of Radioimmunoassay (RIA). (15,16)
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Microparticles coated with
anti-analyte antibodies and sample
are incubated together to form a
reaction mixture.

An aliquot of the reaction mixture is
transferred to the glass fiber matrix.

Alkaline phosphatase-labeled
anti-analyte antibodies are allowed to
bind to the microparticle complex.

The substrate 4-methylumbellifery
phosphate (MUP) is added to the
rmiatrix. The fluorescent product,
methylumbelliferone (MU) is
rmeasured.

Figure 5. Principle of Microparticle Enzyme Immunoassay (MEIA). (15,16)

Examination combination of mater-
nal serum alpha-fetoprotein (MSAFP) and
other examinations like maternal serum hu-
man chorionic gonadotropin (MShCG) and
unconjugated estriol (uE3) was best per-
formed between 16th and 18th weeks of
pregnancy but can be performed between
15th and 22nd weeks of pregnancy.

This examination is not a substitute
for amniocentesis or chorionic villous sam-
pling in high-risk pregnancies. Figure 3
shows the algorithm combination between
maternal serum alpha-fetoprotein
(MSAFP), maternal serum human chorion-
ic gonadotropin (MShCGQG), and unconjugat-

ed estriol (uE3). Elevated AFP with normal
MShCG and uE3 level was a suspect neural
tube defect and ultrasound must be per-
formed to confirm gestational age if the
gestational age was wrong, the three exam-
inations above should be repeated. The fe-
tus was suspected of trisomy 21 if MSAFP
and uE3 decreased but MShCG increased.
Trisomy 18 is suspect if the three examina-
tions above are at a decreased level. After
examining the mother’s serum suggest con-
tinuing with amniocentesis chromosome
analysis. This combination will increase the
sensitivity for detecting abnormalities in
fetuses. (8-14)
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LABORATORY METHODS

Laboratory methods for examining
maternal serum alpha-fetoprotein can be
carried out by radioimmunoassay and mi-
croparticle capture enzyme immunoassay.
The Radioimmunoassay (RIA) used radioi-
sotope as a label, and analyte in the patient
measured a radioactivity amount. Methods
of RIA can showed in figure 4. Radioim-
munoassay (RIA) was divided into two
which are non-competitive assay and com-
petitive assay. The non-competitive assay
shows the number of labels correlates with
the amount of antigen and in the competi-
tive assay amount of antigen shows the op-
posite amount of labels. A common isotope
in the n RIA assay was Gamma emitting
isotope (1'*°).(15,16)

Microparticle Enzyme Immunoas-
say (MEIA) is an immunoassay that uses an
antibody or antigen on the surface of a solid
phase in small spheres called microparti-
cles. Figure 5 shows the principle of MEIA
methods. Microparticles were coated with
anti-analyte antibodies, and the sample was
incubated. Then reaction between the sam-
ple and the microparticle was transferred
into a glass fibre matrix. Next, alkaline
phosphatase is added as a conjugate and
substrate fluorescent 4-Methyl Umbellifer-
one (MUP) and a fluorescence reaction will
happen. Concentration was determined by
the intensity of fluorescence proportional to
the level of antigen in the sample and auto-
matically will calculate by calibration curve
and automatic tools. (15,16)

CONCLUSION

There are some screening test in
pregnancy which are ultrasound examina-
tion, amniocentesis, and serum examina-
tion. A maternal serum screening examina-
tion is a non-invasive biochemical exami-
nation to determine the state of the fetus.
This examination is for a population with a
high risk of congenital abnormalities. Ma-
ternal serum alpha-fetoprotein (MSAFP) is
a protein expressed by the embryo and then
transferred to the maternal circulation. Ma-
ternal serum alpha-fetoprotein is usually
done in combination with MShCG and
uE3. Detection with a combination of 3 ma-

ternal serums will increases the sensitivity.
Laboratory methods for examining MSAFP
are radioimmunoassay (RIA) dan micro-
particle capture enzyme immunoassay
(MEIA).
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