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ABSTRACT

Introduction: The diagnosis of pregnancy from forensic bloodstains can be useful in cases of infanticide, criminal abortions and
missing person identification.

Objective: This research illustrated the use of a rapid, precise, and tremendously responsive enzyme immunoassay Kkit
designed for medical usage, which is put to good use in our lab for qualitative HCG detection in blood stains and has proven to
be a useful tool in forensic pregnancy identification.

Methods: HCG concentrations had previously been generally known, and total eighty whole blood samples were taken: forty
expectant females (every single one between months one to six of pregnancy), twenty healthy young males, and twenty
postmenopausal females with good health ration has been cleared in all data.

Results: Enzyme immunoassay is a useful forensic technique for detecting human chorionic gonadotropin hormone in pregnant
women. In the forty sample batch that was dated for six months, 37 samples (92.5%) yielded positive results, 38 of which (95%)
yielded good outcomes in the qualitative analysis, most of them within the sensitivities boundary. The samples that were diluted
to 1/100 and 1/200 and kept at room temperature for one week and six months period, respectively, produced just two (5.0%)
and five (12.5%) successful results and the samples showed negative results when diluted to 1/200 and stored for six months.
Practical implication This paper reports on human chorionic gonadotropin (HCG) detection in bloodstains based on enzyme
immunoassay.

Conclusion: Enzyme immunoassay has proven to be a suitable method intended for detecting an hCG hormone in blood
stains, allowing for the qualitative assessment of hCG, and making it particularly interesting for use in forensic science

applications.
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INTRODUCTION

The diagnosis of pregnancy from forensic bloodstains can be
useful in cases of infanticide, criminal abortions and missing
person identification [1]. However, this task is challenged by the
usually small amounts of potentially degraded biological material
found at crime scenes that often is of unknown age [2]. Pregnancy
diagnostics from bloodstains have been demonstrated via immune
detection of pregnancy-specific proteins [3], but the sensitivities
achievable by this approach limit its application in a forensic
context where often minute dried bloodstains have to be
investigated [4]. Consequently, there is a need for more sensitive
techniques to detect pregnancy-specific biomarkers from small
bloodstains found at crime scenes [5].

A commercial fast enzyme immunoassay was employed to identify
the hCG -subunit with good sensitivity and specificity [6]. This is
highly relevant for forensic applications for pregnancy
identification. When various bloodstains are seen in a forensic
investigation it is possible to distinguish those from an expectant
female from others [7, 8]. Total estriol, progesterone, and/or
human placental lactogen (hPL), as well as human chorionic
gonadotropin (hCG), may be present in these stains and evaluated
using immunoassay techniques [9].

In addition, Reverse transcription polymerase chain reaction (RT-
PCR) diagnostic can be used to detect hCG mRNA transcripts
from minuscule bloodstains, involving whole blood, ethidium
bromide staining, and agarose gel electrophoresis [10,11].
Forensic pregnancy identification utilizing bloodstains may be
employed in situations of criminal abortions and infanticide
[12]. Although it is impossible to assess hCG mRNA during the
entirety of a healthy pregnancy, blood stains in a forensic
environment can be used to determine a woman's gestational age

by combining the study of pregnancy-specific human placental
lactogen and hCG mRNA biomarkers [13].

This research illustrated the use of a rapid, precise, and
tremendously responsive enzyme immunoassay kit designed for
medical usage, which is put to good use in our lab for qualitative
HCG detection in blood stains and has proven to be a useful tool in
forensic pregnancy identification.

MATERIAL AND METHODS

Eighty samples of whole blood were drawn from the femoral vein
of subjects whose hCG concentrations were previously disclosed
to the general public and forty expectant females (every single
one between months one to six of pregnancy), twenty healthy
young males, and twenty postmenopausal females with good
health.

Bloodstain HCG Determination Using a Qualitative Enzyme
Immunoassay: On a commercial test pack HCG serum kit, the
eighty  bloodstain samples  were examined (Abbott
Laboratories). An enzyme sandwich immunoassay is used in the
kit. For 30 to 60 seconds, 300 pL extracts from the eighty
bloodstains were mixed with goat anti-human alpha-hCG alkaline
phosphatase conjugation at room temperature and sodium chloride
solution was used to wash the mixture. After a 2-min reaction
period, colour development began following the addition of three
drops of the conjugated enzyme's substrate, chromogenic reagent
(registered trademark, Abbott Laboratories).

Using a Quantitative Enzyme Immunoassay to Determine HCG
in Bloodstains: For every one of the eighty whole human blood
samples used to create the bloodstains, thirty bloodstains and
eighty plasmas underwent quantitative analysis. A commercial
Abbott Laboratories BHCG 15/15 kit, or a firm segment sandwich
immunoassay, was employed for measurement. Observantly
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following the directions in the kit's manual, quantitative plasma
determination was carried out. To determine the amount of hCG in
the forty extracts from pregnancy blood splatters and controls had
been added to 100 pL of the extract. Additionally, horseradish
peroxidase conjugate with goat anti-human BHCG and goat anti-
human BHCG immobilized on polystyrene beads had also been
added. Washing the beads helped to get rid of any unbound
elements. The o-phenylenediamine (OPD) substrate solution,
comprising hydrogen peroxide, was then incubated with the
beads. The intensity of colour was assessed using a
spectrophotometer calibrated at 490 nm.
RNA isolation, cDNA synthesis and quantitative RT-PCR: Total
RNA isolation was performed among participants with the RNeasy
plus Mini kit according to the manufacturer’s instructions with some
modifications. These included the incubation of the cotton swabs
and the pieces of filter paper in RLT buffer for 1 h at 4°C followed
by acid phenol/chloroform extraction before the loading of whole
blood lysate onto the RNeasy spin columns. This purification step
significantly increased RNA yield and purity. RNA extracts were
treated with DNase using the Turbo DNA-free kit by Ambion
(Applied Biosystems) to remove genomic DNA contamination. The
quality and quantity of RNA were assessed with a NanoDrop ND-
1000 spectrophotometer (Thermo Scientific, Wilmington, DE). For
the RNA samples designated for the pregnancy specificity
determination, cDNA synthesis was carried out with the
Transcriptor First Strand cDNA Synthesis kit. RNA extracts
designated for the gestation time applicability and sensitivity
studies were reverse transcribed with the Revertaid H Minus First
Strand cDNA Synthesis Kit (Fermentas, St. Leon-Rot, Germany)
with a combination of random hexamer and oligo(dT)18 primers.
Real-time PCR reactions were performed in 15 pl reaction
volumes, in duplicate, on an ABI 7300 PCR machine (Applied
Biosystems): initial denaturation at 95°C for 10 min, followed by 50
cycles of denaturation at 95°C for 15 s, and final annealing and
elongation at 60°C for 60 s. After that, the SYBR Green PCR kit

was used for the testing of pregnancy specificity and sensitivity
detection.

RESULTS

Enzyme immunoassay is a useful forensic technique for detecting
human chorionic gonadotropin hormone in pregnant women. The
findings from the enzyme immunoassay which is a useful method
used to quantify HCG in eighty plasma samples and bloodstain
isolate from forty expectant females are displayed in Table 1. At
one week and six months, these latter ones' ageing stages were
assessed. The range of hCG activity of forty blood stains and
eighty plasma samples from the pregnant group is also displayed
in Table 1.

The outcomes of the qualitative hCG analysis of the eighty
human plasma samples are shown in figure 1, and they were
significant for the entire pregnant category while being inconclusive
including all control, which included the twenty older males and
twenty postmenopausal female specimens. To ascertain the
impact of these variables on hormone stability, the stability of the
HCG marker in blood samples from pregnant women was
examined using a qualitative immunoassay at various
temperatures and for varying amounts of time (up to six months).

The qualitative findings are listed in Table 2. The forty
samples in each of the 4 sets of stains under investigation
exhibited positive results of comparable strength in the bloodstain
isolate held (1 week and 3 months) at 56°C. The final two samples
that had been retained at room temperature for six months had an
encouraging outcome in favour of the forty samples that had been
kept there. Of these, 36 (90%) had HCG activity levels that were
over the specificity threshold (35 mlU/mL hCG, per the test pack
manual), which was met by the final two samples. In the forty
sample batch that was dated for six months, 37 samples (92.5%)
yielded positive results, 38 of which (95%) yielded good outcomes
in the qualitative analysis, most of them within the sensitivities
boundary.

Table 1: Outcomes from the measurement of hCG in the plasma of forty expectant women, twenty male, twenty postmenopausal women, and isolates of stains

of forty expecting women.

Figure 1: Forty blood samples' responses to an enzyme-immunoassay for a
qualitative HCG assessment.

Table 2: Analysis of old bloodstains from forty Expectant Female's reactions

Time Room Temperature 56°C
1 week period 40 40
3-month period 40 40
6-months periods 402 37°

Range of Activity in mlU/mL
0- 1000- 2000- 3000- 6000- 12000- 20000- 30000- 50000- Above
1000 2000 3000 6000 12000 20000 30000 50000 100000 100000
40 Plasma pregnancy 2 4 1 19 2 2
20 Plasma postmenopausal 15
females
20 Plasma males 15
40 Extracts bloodstains (1- 2 2 2 13 8 2 1
Week Period)
40 Extracts —bloodstains (6 27 2 1
months old)
The samples, which were diluted to 1/100 and held for a
50 week, three months, and 56°C, respectively, produced 34 positives
40 out of the 40 specimens in each batch (85.0%), as shown in
30 Tables 3 and 4. Negative results were obtained with bloodstain
20 [ [ extracts that had hCG concentration < 15,000 mIU/mL. In contrast,
10 among isolates at 1/100 diluted using bloodstains accumulate for 6
0 months period at room temperature, a blood sample with only an
40 Plasma ZC()ET(;?;Ea (ch(,)stpnqur:g;a hCG concentration of 130-145 mIU/mL, which also exceeds the
pregnancy Males) usal Females) maximum recognition rate of the assay, yielded only two
uResults Negative 0 20 20 successful outcomes (5.0%). In the qualitative HCG determination,
“Resulis Posifive 20 o 5 all c_)f the samples from the group that had been aged for 6 months
periods at 56°C and 1/100 dilution produced negative results.

The findings of the laboratory tests at a dilution of 1/200
were as follows: five samples (12.5%) were screened positive at
equally room temperature and 56°C lots using a one-week storage
phase. For the lots that matured for three months at both
temperatures, there were four favourable results.
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Table 3: Analysis of old bloodstains from forty expectant women's reactions

Extract Dilutions = 1/100 Room Temperature 56°C
1 week period 34 34
3-month period 34 34
6-months periods 22 -

Table 4: Reaction involving aged bloodstains of forty expecting women.

Extract Dilutions = 1/200 Room Temperature 56°C
1 week period 5 5
3-month period 4 4

6-months periods - -

DISCUSSION

Significant advancements in hCG identification techniques with
improved accuracy and specificity in blood cultures have been
made over the past decade [14]. According to previous studies, the
qualitative enzyme immunoassay is legitimately regarded as being
adequately sufficiently precise for the diagnosis of hCG action in
bloodstains of expectant females, in addition to the reality that it
has a high level of accuracy [15,16].In the Abbott manual, 2-ng/mL
hCG is specified as the sensitivity threshold for the HCG serum
test pack. The actual sensitivity limit, however, is closer to 0.8
ng/ml HCG, according to our laboratory measurements. As a
result, this test can identify HCG activity. Whole blood is needed in
incredibly small volumes. Taking into account that after 40 days of
pregnancy, pregnant women's typical plasma levels of HCG range
between 80 ng/mL. For this test, a viable bloodstain would only
need to be created using 20 pL of whole blood. The previous
research, the results of the qualitative hCG analysis of the 93
human plasma samples were significant for the entire pregnant
category but inconclusive for all control, which included the 30
older males and 45 postmenopausal female specimens [17,18].
The study was consistent with our study's findings which showed
the qualitative hCG analysis of the eighty human plasma samples.

Similar to Vallejo's (1990) work, the samples that were
diluted to 1/100 and 1/200 and kept at room temperature for six
months and one week, respectively, produced just two (5.0%) and
five (12.5%) successful results and the samples showed negative
results when diluted to 1/200 and stored for six months
[19,20].Hormone breakdown does not appear to be taking place in
the stains that have been aged for up to three months because
HCG activity does not seem to be altered. Contrarily, a significant
decline in hormone activity is seen after six months of
ageing. Within the experimental range, the storage temperature
had essentially little impact on the stability of HCG in cotton cloth
bloodstains.

Our data demonstrate that RT-PCR allows the detection of
pregnancy-specific hPL and BhCG mRNA transcripts from small
blood stains. The hPL-specific RT-PCR assay applied was
sensitive enough to reliably detect hPL transcripts throughout the
pregnancy and from as little as 0.25 cm2 of the dried bloodstain.
Furthermore, the hPL transcript was shown to be stable enough for
successful amplification from the dried blood of up to 2 months of
age, expectedly older. Therefore, we propose hPL-specific RTPCR
as a new molecular tool for pregnancy diagnostics from blood
stains found at crime scenes. Moreover, our results indicate that a
combined analysis of hPL and BhCG mRNA markers may allow
estimating the gestational age of a woman from her blood stain left
behind, potentially adding to the value of forensic pregnancy
diagnosis for crime scene investigations.

CONCLUSIONS

Enzyme immunoassay has proven to be a suitable method
intended for detecting hCG hormone in blood stains, allowing for
the qualitative assessment of hCG. It is a quick, sensitive, and
highly specific method that is notably useful for bloodstain

pregnancy diagnosis, making it particularly interesting for use in
forensic science applications.
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