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Abstract

In forensic investigations, accurately detecting and identifying human biological traces like blood and
epithelial cells is essential. This is particularly important to determine whether trace evidence at a crime
scene originates from humans or other sources. This study aimed to develop and evaluate affordable,
locally produced polyclonal antibodies tailored to recognize human blood and epithelial cells, further
extending their application to differentiate blood sources based on epithelial cell presence. An
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experimental approach was employed using nine healthy rabbits divided into a control group (labeled
A) and an experimental group further split into two subgroups (B and C), each containing three
animals which were immunized with normal saline, human blood and epithelial cell suspensions
respectively, and their sera were subsequently tested for antibody specificity and sensitivity. The
methods included collecting sera from immunized rabbits, performing agglutination assays, and
conducting serial dilutions to assess detection limits. Key results confirmed the effective production of
specific antibodies against human blood and epithelial cells, verified by agglutination reactions and
specificity testing. These antibodies offer a wvaluable, low-cost alternative to expensive imported
reagents, thereby improving the reliability and efficiency of criminal investigations and contributing to
blood origin analysis in contexts with limited resources.

Keywords: Forensic Science, Species Identification, Blood Source, Polyclonal Antibodies,
Anti-human Antibodies.

INTRODUCTION

In forensic science, the detection and identification of human biological traces, such as buccal
smears and blood samples, are crucial for criminal investigations (Malegori et al., 2020).
However, in low-resource settings like Nigeria, access to high-quality reagents and materials
required for forensic analysis is often limited (Wakili et al., 2025). Standard commercial
antihuman antibodies, which are essential for accurate identification of human biological
materials, are expensive and often difficult to procure (Couchman, 2008)., hindering the
progress of forensic investigations in such regions.

Recent advancements in forensic techniques highlight the importance of species identification
and trace analysis. For instance, Raman spectroscopy combined with advanced statistical
methods (e.g., PCA) has emerged as a non-destructive, rapid tool for differentiating human,
canine, and feline blood samples with 99% confidence, offering potential for on-site crime
scene analysis (Virkler, 2009). Similarly, ELISA-based methods using polyclonal anti-human
IgG antibodies for blood specie identification demonstrate enhanced sensitivity (detection
limit: 0.1 pg/mL) and reliability in detecting even aged or mixed bloodstains, (Hurley et al.,
2009).

Despite these innovations, the need for affordable, locally-developed alternatives is
increasingly apparent. Developing antihuman antibodies tailored for forensic use could
provide a more sustainable solution to the challenges faced by forensic laboratories thereby
enhancing forensic capacity in resource-constrained environments (Wakili et al., 2025). For
instance, they can be used to confirm the specie origin of biological samples obtained at the
crime scene (Parasuraman et al., 2010). Similarly, the anti-human epithelial cell can also
provide additional information about the source of the blood (Thompson et al., 2018).

This study aims to develop specific polyclonal antibodies for the forensic detection of human
epithelial cells and blood samples, addressing critical gaps in accessibility and technical
complexity for resource-constrained environments like Nigeria. Specifically, it pioneers
the local production of polyclonal anti-human squamous epithelial cell and blood-specific
antibodies, offering a cost-effective alternative to expensive imported monoclonal reagents.
By immunizing rabbits with human blood and epithelial cells, the work introduces a scalable
method to generate antibodies tailored for dual forensic applications: simultaneous species
identification (distinguishing human from animal samples) and blood source
differentiation through epithelial cell analysis, a feature underexplored in prior research.
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The study also tests and validates the specificity and sensitivity of these antibodies using
agglutination assays and serial dilutions, techniques optimized for low-resource labs lacking
advanced infrastructure. This approach highlights the technical simplicity of polyclonal
workflows compared to DNA-based methods. Furthermore, the inclusion of epithelial cell-
specific antibodies enhances contextual insights at crime scenes, enabling investigators to link
blood traces to blood source.

This research also bridges the divide between high-resource forensic techniques (e.g.,
monoclonal antibodies, DNA sequencing) and the practical limitations of low-income
settings. The resulting antibodies not only improve the accuracy of criminal investigations but
also provide a reproducible model for other regions to develop sustainable, locally sourced
forensic tools.

MATERIALS AND METHOD

Study Design

This experimental laboratory study focuses on producing two separate polyclonal antibodies:
antihuman epithelial cells antibodies and antihuman blood cells antibodies to be tested for
their ability to detect human biological traces, specifically squamous epithelial cells and blood.
To achieve this, three separate groups of rabbits were used for immunization. One group was
administered with human squamous epithelial cells to induce the production of antihuman
epithelial cell antibodies. Another group received human blood to stimulate the production
of antihuman blood antibodies. A control group was administered with normal saline. This
approach allowed us to compare the immune responses of the experimental groups, which
received human biological materials, against a baseline where no immunogenic substances
were introduced to ensure that the same animal was not exposed to both human epithelial
cells and human blood, allowing for the development of specific antibodies for each type of
biological trace and that any observed antibody production is specifically due to the
immunization with human epithelial cells or blood, rather than other factors.

Study Area

The study was conducted in Maiduguri, the capital and largest city of Borno State in
northeastern Nigeria, which faces significant security challenges due to the Boko Haram
insurgency, which has led to a fragile security environment and increased criminal
activity (Bell and Starc Card, 2021), and the study was carried out within the University of
Maiduguri, Faculty of Veterinary medicine, animal house.

Study participants

This study involved eight human participants who volunteered to donate both blood and
buccal smear samples. Each participant had a different blood group, ensuring a diverse
representation of the major ABO blood types and RhD status. The blood groups included A
RhD positive, B RhD positive, AB RhD positive, O RhD positive, A RhD negative, B RhD
negative, AB RhD negative, and O RhD negative.

Sample Collection

Blood samples were collected under sterile conditions to prevent contamination and ensure
the integrity of the samples and one millilitre of whole blood was collected from consenting
participants using standard venipuncture phlebotomy (Wayne, 2003) and dispensed into an
EDTA container.
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For human squamous epithelial cell collection, buccal smear samples were collected using a
non-invasive method where participants were instructed to avoid eating, drinking, or using
nicotine products for at least 30 minutes before the procedure. The inside of the cheek was
gently wiped with sterile cotton swab to clear debris followed by gentle scraping with a sterile
spatula wrapped with sterile dry cotton wool to collect cells from the buccal mucosa. The
method is painless and does not require specialized medical training (Aigbogun et al., 2022).

Exclusion Criteria

To ensure the integrity of the study, stringent exclusion criteria were applied to both human
participants and animal subjects. For human volunteers, individuals with visible oral health
issues (e.g., infections, lesions) or systemic medical conditions that could compromise sample
collection were excluded. Minors, pregnant or lactating women, and those with cognitive
impairments were also excluded to prioritize ethical compliance and informed consent.

For the animal subjects, any rabbit that was unhealthy at the time of selection was excluded
from the study, rabbits with physical disabilities or injuries were also excluded to ensure the
reliability and validity of the results and to prevent any potential confounding effects that
could arise from pre-existing health issues or physical impairments, ensuring that the
observed immune responses were solely due to the experimental treatments. Additionally,
female rabbits were excluded to avoid potential hormonal influences on the immune
response.

Ethical Considerations

Informed consent was obtained from all participants before collecting blood and buccal smear
samples. The study adhered to ethical guidelines for human subject research, ensuring that
participants were fully aware of the procedures and risks involved. Ethical approval was
obtained from university of Maiduguri teaching hospital ethical committee.

Experimental Animals

This study utilized 9 healthy, mature male rabbits with average weight of 3.5 kg as the
experimental subjects. They were housed in clean, metal cages with netting to ensure adequate
ventilation and protection from environmental stressors. The ambient temperature was
maintained at 30°C * 1°C, with a controlled light-dark cycle of 12 hours each to simulate
natural conditions. This controlled environment helped minimize external factors that could
influence the immune response of the rabbits to the immunizations. They were fed a standard
diet of animal vital feed to ensure nutritional consistency throughout the study period.

Animal Welfare Compliance and Ethical Approval

The research was conducted in accordance with the established guidelines for animal welfare,
as outlined by the National Academy of Sciences and the National Institutes of Health (NIH,
1985). The protocol underwent thorough review by the institutional Animal Care Committee.
Ethical clearance for the study was formally obtained from the Animal House within the
Faculty of Veterinary Medicine at the University of Maiduguri, in Borno State.

Animal Grouping

The animals were divided into three distinct groups, each consisting of three rabbits. Group
A served as the control group and was administered with normal saline. Group B, designated
as Study Group 1, received a suspension of washed human blood to induce the production of
antibodies specific to human blood. Group C, designated as Study Group 2, was administered
a suspension derived from human buccal smears to stimulate the production of antibodies
targeting human epithelial cells.
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Acclimatization

Before initiating the study, the rabbits underwent an acclimatization period to adapt to their
new environment to minimize the stress associated with transportation and housing changes,
which can affect physiological systems (Conour et al., 2006). The acclimation period was 7
days to ensure that the rabbits were healthy and ready for experimental procedures

Preparation of Cell Suspension

Human Blood Cells Suspension and Procedure for Apheresis

Blood samples of 50 pL each were collected from participants with different blood types: A
RhD positive, B RhD positive, AB RhD positive, O RhD positive, A RhD negative, B RhD
negative, AB RhD negative, and O RhD negative. Each sample was diluted with normal saline
(0.85% NaCl in distilled water) at a ratio of 1:10 and gently mixed.

The diluted red blood cells were then centrifuged at 5,000 rpm for 5 minutes, allowing the red
cells to sediment. Following centrifugation, the supernatant was discarded. This washing
process was repeated three times.

After completing the washing cycles, all the washed red blood cells from the different blood
types were combined into a single tube. The cells were then resuspended in a solution to
achieve a concentration of 1 x 10”6 cells/mL. This suspension was used for immunization
purposes (Cardigan et al., 2020).

The washing and preparation of the red blood cells were performed freshly before each
inoculation to the animals.

Squamous Epithelial Cells Suspension:
The preparation of the buccal smear solution for inoculation into animals began with the
collection of buccal epithelial cells. A sterile cotton swab was used to gently scrape the inside
of the cheek, collecting cells from the buccal mucosa. This process was conducted carefully to
avoid causing discomfort or injury, ensuring that the swab did not touch the teeth or other
areas that might contaminate the sample.

Once collected, the swab was placed in a sterile tube containing a small volume of normal
saline (0.85% NaCl in distilled water). The tube was gently agitated to release the cells from
the swab into the saline solution. The suspension was diluted with normal saline to a final
concentration of 1 x 106 cells/mL.

Finally, the prepared buccal smear solution was thoroughly mixed to ensure uniformity, the
solution was then ready for inoculation into the animals. (Vros et al., 2018). The preparations
of epithelial cells were performed freshly before each inoculation to the animals to ensure that
the cells were in optimal condition.

Animal Immunization Protocol

The immunization process involved administering 1 mL of the respective solutions to each
group of animals. Group A, the control group, received normal saline, while Group B (Study
Group 1) was administered a suspension of washed red blood cells, and Group C (Study
Group 2) received a suspension of human epithelial cells obtained from human buccal smear.
The solutions were administered at five distinct sites on each animal: four intramuscular
injections (two in the forelimbs and two in the hindlimbs) and one subcutaneous injection
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beneath the skin. The multi-site approach was designed to enhance antibody production by
maximizing antigen exposure (Pelletier et al., 2020).

The immunization schedule consisted of an initial dose on Day 1, followed by booster doses
on Days 8, 15, 22, and 29. This weekly interval between doses allowed for a gradual increase
in the antigenic load while minimizing stress to the animals (Hendriksen, 2005).

Cardiac Puncture and Terminal Blood Collection

Cardiac puncture was employed to collect a single, large volume of high-quality blood from
the animals. The procedure was conducted with the utmost respect for animal welfare
aligning with ethical standards for animal research (Parasuraman et al., 2010).

The procedure was performed in a sterile environment to prevent contamination. The thoracic
area was cleaned with ethanol to maintain sterility. A 19G needle attached to a 20ml syringe
was used for blood collection. The needle was inserted bevel up into the thoracic cavity,
aiming for the ventricle and blood was withdrawn slowly.

Immediately following blood collection, the animals were euthanized to prevent any potential
suffering, adhering to ethical guidelines for terminal procedures (Parasuraman et al., 2010).

Plasma Preparation and Antibody Testing

Following blood collection, the blood samples were dispensed in a 5ml sterile plain container,
appropriately labeled, and left for 30 minutes to clot and then centrifuged at 5000 rpm
(8.728220025%10—-6g) for 10 minutes to separate the serum which was carefully collected and
dispensed into labeled containers and stored at -20°C until further analysis. The blood samples
were obtained from three distinct groups: a control group that received normal saline, Study
Group 1 that was administered a human red blood cell suspension, and Study Group 2 that
received a human epithelial cell suspension.

Testing the Antibodies:

Testing for Antihuman Blood Antibodies

To detect the presence of antibodies against human blood cells in rabbit serum, the method
was developed based on the technique by Wang et al, 2021, where the serum samples a tile
agglutination test was conducted. Fifty microliters of human blood were placed on a white
tile, followed by the addition of 50 microliters of rabbit serum from animals that had been
administered a human blood cell suspension. The two were mixed thoroughly using a glass
rod and then gently rocked for five minutes. This process allowed for the observation of any
agglutination, which would indicate an antigen-antibody reaction and confirm the presence
of antihuman blood cell antibodies in the serum.

The procedure was performed concurrently with serum from the control group, which was
also reacted with human blood to verify the absence of antihuman blood antibodies in these
rabbits. Additionally, blood from sheep (a non-human source) was used as a further control,
which was reacted with both the control group and test group sera to ensure that any observed
reactions were specific to human blood and not due to non-specific interactions with the rabbit
serum.

Testing for Antihuman Epithelial Cell Antibodies
To assess the presence of antibodies against human epithelial cells, the method was developed
based on the technique by Armstrong, 2008, where the serum samples from both the control
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group and the test group were used. The test group had been administered a suspension of
human epithelial cells, while the control group received no such treatment. The human
epithelial cell suspension was prepared at a concentration of 1:2 and a volume of 50
microliters. An equal volume of serum was added to the suspension in a tube, creating a
mixture that was then incubated at room temperature for 10 minutes to allow any potential
interactions between the antibodies in the serum and the epithelial cells.

In addition to testing the serum against human epithelial cells, a buccal smear from a dog was
used as an additional control which was reacted against serum samples from both the control
and test groups to ensure that any observed reactions were specific to the human epithelial
cells and not due to nonspecific binding or other factors.

Following incubation, a small drop of the mixture was placed on a glass slide, covered with a
coverslip, and examined under a microscope using a 10x objective for signs of agglutination
or cell clumping, which would indicate the presence of antibodies against the human
epithelial cells.

Sensitivity Testing:

To determine the minimum detectable concentrations of human epithelial cells and human
red blood cells, a serial dilution method was employed using the tube agglutination test
enshrined by Reynolds, (2005). The procedure involved placing 10 pL of each antigen
suspension (human red blood cells and human epithelial cells) into separate tubes. For the
human red blood cells, an equal volume of serum containing anti-human blood cell antibodies
was added to a separate tube. Similarly for the human epithelial cells, an equal volume of
serum containing anti-human epithelial cell antibodies was added to the tube. The mixtures
were then serially diluted in a ratio of 1:2, followed by subsequent dilutions of 1:4, 1:8, and
1:16. After each dilution, the mixtures were left to incubate for five minutes.

For human red blood cells, visible agglutination was used to determine the limit of detection.
For human epithelial cells, the limit of detection was assessed using microscopy to observe
any agglutination.

Results

Table 1 clearly shows that Group B reacted with human blood cells, while Group C reacted
with human epithelial cells, with no reactions observed in the control group or against animal
cells.

Table 1: Agglutination Reactions Across Different Groups

Group Human Blood Animal Blood Human Epithelial Animal Epithelial
Cells Cells
Control Group - - - -
Group B + - - -
Group C - - + -

Key:
+ = Agglutination observed, - = No agglutination observed

Table 2 provides a clear comparison of the agglutination reactions for blood and epithelial
cells across different dilution factors. It shows that both types of cells exhibit similar patterns
of agglutination up to a dilution factor of 1/16, with no agglutination observed at a dilution
factor of 1/32.
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Table 2: Serial Dilution Agglutination Results

Dilution Factor Blood Agglutination Epithelial Cell Agglutination
1/2 + +
1/4 + +
1/8 + +
1/16 + +
1/32 - -

Key:
+ = Agglutination observed, - = No agglutination observed

Plate 1: Agglutination Reactions with Human Blood Cells: Image A shows significant
agglutination of the red blood cells, indicating the presence of anti-human blood antibodies.
The serum sample from rabbits immunized with human blood cell suspension reacted with
human blood cells across all blood groups and Rh types. In contrast, image B, shows no
agglutination reaction. The serum sample from the control group did not react with human
blood cells of any ABO blood group or Rh type. This lack of reaction was consistent with the
results observed when serum from rabbits immunized with human blood cell suspension was
tested against non-human blood cells.
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Plate 2: Agglutination Reactions with Human Epithelial Cells. Image A showing significant
agglutination reactionmicroscopically. X100 magnification, wet prep microscopy.

Image B showing no agglutination reaction microscopically. X100 magnification, wet prep
microscopy.

This lack of reaction was consistent with the results observed when serum from rabbits
immunized with human epithelial cell suspension was tested against non-human epithelial
cells.

DISCUSSION

This study successfully developed and evaluated two polyclonal antibodies, namely anti-
human epithelial cell antibodies and anti-human blood cell antibodies, for forensic species
identification, addressing a critical need in resource-constrained settings. Beyond simple
species identification, the study further explores the potential for differentiating blood sources
based on the presence or absence of epithelial cells, a feature of significance in forensic
investigations. The findings demonstrate the successful production of highly specific
polyclonal antibodies against human blood cells and human epithelial cells (Greenfield, 2020).
The clear agglutination reactions observed in Group B with human blood cells and in Group
C with human epithelial cells, coupled with the absence of reactions in the control group and
with non-human (animal) cells, confirm the specificity of these antibodies. This specificity is
paramount in forensic investigations, where accurate identification of human biological
materials is essential for distinguishing human traces from animal or environmental
contaminants (Kumar et al., 2016). The serial dilution agglutination results provide insights
into the sensitivity of the developed antibodies, showing that both the anti-human blood cell
antibodies and anti-human epithelial cell antibodies can effectively detect their target antigens
up to a dilution factor of 1/16, while the loss of agglutination at 1/32 indicates the detection
limit of these assays under the conditions tested (Farnsworth et al., 2021). In a forensic context,
this level of sensitivity is relevant as biological materials are often present in trace amounts at
crime scenes, and being able to detect and identify even diluted samples significantly
enhances the potential utility of these antibodies for evidential purposes (Malegori et al., 2020).
As part of quality control, it is worth noting that the lower detection limit of blood should be
determined. The findings of this study support the potential application of these antibodies
as a rapid and cost-effective screening tool at crime scenes, because the agglutination test is
simple to perform, requires minimal equipment, and can provide immediate preliminary
results, guiding further investigation and resource allocation (Wickenheiser, 2023), making
this type of rapid assessment invaluable in a resource-limited setting. While the study by
Sushmitha et al. (2022) exemplifies a traditional approach, relying on basic microscopy and
CBC analysis, this method, though accessible, lacks the specificity and sensitivity needed to
handle complex forensic samples effectively and may be influenced by environmental factors
and degradation over time. Cooney et al. (2024) and Dickler et al. (2024) showcase advanced
spectral imaging techniques, and while HSI and Raman spectroscopy offer high accuracy and
speed, their practicality in resource-constrained settings is limited as the methods require
expensive, specialized equipment, trained personnel, and stable infrastructure. For resource-
constrained settings, a different approach is needed. By demonstrating the ability to
differentiate human biological materials from animal counterparts, the antibodies provide a
means to confirm the species origin of forensic samples (Kumar et al., 2016). Similarly, the anti-
human epithelial cell antibodies not only help confirm the human origin of body fluids but
also provide additional information about the source of the blood. For instance, certain types
of blood, such as menstrual blood contain epithelial cells, whereas arterial and venous blood
typically do not (Lv et al., 2018); therefore, from the study result, if blood came from an artery
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or vein, the anti-human blood antibody should react positively but not the anti-human
epithelial cells since epithelial cells are not normally found in blood vessels, but if the blood
is from menstrual origin, blood should also react positively against the anti-human blood
antibody. The ability to differentiate blood sources based on the presence or absence of
epithelial cells is a significant forensic advantage (Lv et al., 2018). The anti-human epithelial
cell antibodies developed in this study could thus potentially be used to distinguish between
these blood sources, providing crucial contextual information in crime scene reconstruction
(Holtkotter et al., 2018). The method developed in this study is better suited to the realities of
resource-limited settings, because it is cost-effective, the agglutination test is simple to
perform, requires minimal equipment, and can provide rapid results, as well as offers high
potential for integration with existing laboratory infrastructure and expertise, reducing the
need for extensive training and equipment upgrades.

CONCLUSION

In conclusion, this study demonstrates the feasibility and effectiveness of developing
polyclonal anti-human antibodies for forensic applications. The successful production and
validation of these antibodies represent a significant step towards improving forensic species
identification capabilities and aiding in blood origin determination, with potential
implications for enhancing criminal investigations and justice outcomes in regions with
limited access to commercial resources.
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