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Abstract 

Chimerism is a biological condition in which a single individual harbors 
two or more genetically distinct cell populations originating from different 
zygotes. This phenomenon may occur naturally due to errors during fertilization 
or early embryonic development, or it may arise artifi cially following medical 
interventions such as hematopoietic stem cell transplantation (HSCT) or in vitro 
fertilization (IVF). Chimerism is broadly categorized as natural or artifi cial, and its 
presence presents signifi cant challenges in both clinical and forensic contexts. 
In transplant recipients, the coexistence of donor- and host-derived cells can 
generate misleading genetic test results and complicate post-transplant 
monitoring. In forensic investigations, individuals with mixed DNA profi les 
may be diffi cult to identify accurately, as standard genetic fi ngerprinting 
technologies can yield inconclusive or erroneous fi ndings. These complications 
underscore the necessity of reliable detection methods capable of identifying 
and differentiating chimeric cell populations. This review consolidates current 
knowledge regarding the classifi cation of chimerism and the available 
diagnostic techniques, emphasizing that improved understanding of this 
condition is essential for enhancing diagnostic precision, optimizing forensic 
identifi cation, and minimizing the risk of misinterpretation that may adversely 
affect medical decisions and legal determinations.

Introduction 

Chimerism

Chimerism is a rare and intriguing condition where one 
person’s body carries two or more completely different sets of 
DNA [1]. In simple terms, not all cells share the same genetic 
code; some follow one genetic blueprint, while others follow 
a different one. For most people, every cell contains the same 
DNA they inherited from their parents. But in a chimera, the 
body is like a living patchwork quilt made from more than one 
genetic pattern [2]. 

How does it happen?/ Mechanisms of Chimerism

There’s more than one path to becoming a chimera, but 
one of the most common starts before birth: 

• Embryo fusion: Very early in pregnancy, two 
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embryos—often fraternal twins—can merge into one. 
The result is a single baby whose body carries cells 
from both embryos [1]. 

• Cell sharing between twins: In some twin pregnancies, 
a small exchange of cells happens through the placenta. 
Each twin ends up with a few cells from the other, 
creating a subtle form of chimerism [3,4]. 

• Transplants later in life: Even in adulthood, 
chimerism can occur. When someone receives an organ 
or bone marrow transplant, the donor’s DNA can take 
up residence alongside their own, creating an acquired 
form of the condition [5]. 

Many individuals with chimerism remain unaware of the 
condition, with the discovery often occurring incidentally 
through DNA testing or medical investigations [6]. 
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Artifi cial chimerism (Man-made chimerism) 

Artiϐicial chimerism arises when a person receives 
donor cells through medical interventions such as organ 
transplantation, hematopoietic stem cell transplantation, 
or transfusion [5]. Post-transplant, the recipient harbors 
two sets of DNAs—both their own and the donor’s— across 
different tissues [7] (Figure 1). 

In forensic casework, Short Tandem Repeat (STR) proϐiling 
of such individuals can yield misleading results, especially if 
the donor and recipient are of different sexes [8]. Buccal swabs, 
ϐingernails, and blood samples may each reϐlect different 
genetic proϐiles, complicating individual identiϐication. 

Microchimerism

When a pregnant women absorb some of the cells from 
their foetus, similarly, a foetus may also absorb some of the 
cells from the mother. Those cells travel through the blood 
of the mother and the foetus and migrate to different organs 
in the body [9]. These cells stay in the mother's and child’s 
body for a long time [10]. This is known as Microchimerism. 
Microchimerism is classiϐied into three categories [11] 
(Figure 2).

a) Fetal microchimerism: There is a pass-on of intact 
living fetal cells from the foetus to the maternal 
circulation. Up to 30 days in the maternal postpartum 
bloodstream, these fetal microchimeric cells can be 
detected. 

b) Maternal microchimerism: This is a bidirectional 
process, and the transfer of intact living cells from 
maternal to fetal circulation takes place. 

c) Microchimerism in twins: Exchange of cells between 
multiple fetuses, including from a “spectral twin” that 
does not survive to birth [12]. 

Blood transfusion chimerism or twin chimerism

When a woman is pregnant with twins and one of the 
embryos dies in the mother’s womb. A surviving fetus in the 
womb can sometimes take in a few cells from a twin that 
has passed away during pregnancy. After this, the surviving 
foetus consists of two different sets of DNA, one of its own and 
another one of its deceased twins. This situation is known as 
Fusion chimerism or Twin chimerism [13]. In this situation, 
twins may exchange blood through the shared placenta. 
Because of blood transfusion, the monozygotic twins become 
dichorionic and the dizygotic twins become monochorionic 
[4] (Figure 3). 

Tetra-gametic chimerism

Tetra-gametic chimerism happens when two sperm cells 
fertilize two different eggs, and the resulting embryos merge 
into one very early in development [14]. The person who grows 
from this fusion carries two complete genetic blueprints, with 
different DNA markers showing up in different parts of their 
body (Figure 4). 

In very rare situations, one of the embryos is genetically 
male and the other is genetically female. When they combine, 
the individual may end up with both male- and female-speciϐic     
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Figure 1: Artifi cial Chimerism: Donor Cell Integration after 
Transplantation.

Figure 2: Maternal–Fetal Microchimerism.

Figure 3: Zygotic Exchange Chimerism.

Figure 4: Tetra-gametic Chimerism: Fusion of Two Zygotes into One Embryo.
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genetic markers, which can sometimes result in intersex traits 
[15]. The chances of tetragametic chimerism are slightly 
higher with in vitro fertilization (IVF), since multiple embryos 
are often implanted, increasing the likelihood that two might 
fuse. 

Symptoms of chimerism

Chimerism can reveal itself in many different ways, and 
the signs are not always obvious. The exact symptoms depend 
on how the condition developed and how widely the extra 
genetic material is distributed in the body. Some people may 
have: 

• Two differently colored eyes: A striking condition 
known as heterochromia, where each eye has its own 
distinct shade [1] (Figure 5). 

• Irregular skin pigmentation: Areas that are 
noticeably darker or lighter than the surrounding skin. 
These patches might be small and subtle, or they could 
cover larger parts of the body, sometimes affecting only 
one side (Figure 6). 

• Hair exhibiting contrasting shades or textures, such 
as naturally growing in two distinct colors or showing 
visible streaks.

• Variations in sexual characteristics: Including the 
presence of both male and female reproductive traits 
or other intersex differences. 

• Genital appearance that is not clearly male or 
female: Sometimes referred to as ambiguous genitalia 
[15]. 

• More than one genetic proϐile in the blood, where 
testing reveals two or more sets of DNA in red blood 
cells [2]. 

These features alone do not conϐirm chimerism, but when 
several are present, they can guide medical professionals or 
forensic experts toward deeper genetic investigation. 

Methods to detect the chimeric condition

• In forensic investigations, accurate sex determination 
is a critical DNA-based tool for individual identiϐication 
[16]. However, chimerism presents unique challenges 
that can compromise the reliability of standard genetic 
analysis. In cases of artiϐicial chimerism—such as post-
transplant patients—not all sampled cell types yield 
accurate genetic proϐiles; hair root cells often remain 
the most reliable source of genetic material [7]. 

• One key genetic marker that scientists often search 
for is the SRY gene, located on the Y chromosome. 
Think of it as a biological “on-switch” that kickstarts 
the development of male traits very early in life. By 
reading, or sequencing, this gene, researchers can 
conϐirm a person’s biological sex—even in complex 
cases like chimerism, where the body may carry 
more than one genetic blueprint [17]. This becomes 
especially important when someone has both male-
speciϐic signals, such as an SRY-positive result, and 
female-speciϐic markers scattered in different parts of 
their body. 

• Such scenarios can lead to discordant results in sex 
determination, especially in forensic contexts where 
biological samples may originate from a tissue that does 
not represent the individual's predominant genetic 
makeup. For instance, an individual with tetragametic 
chimerism might present male genetic markers in blood 
but female genetic markers in buccal cells, potentially 
leading to misinterpretation in criminal investigations 
or identity veriϐication [14,18]. 

• Recent studies emphasize the importance of multi-
sample, multi-locus genetic testing— combining 
autosomal STR proϐiling, sex chromosome-speciϐic 
markers, and targeted sequencing—to reduce 
misclassiϐication risks in chimeric individuals [19,20]. 
Forensic laboratories are increasingly advised to 
implement conϐirmatory protocols that account for 
possible chimerism when encountering atypical or 
inconsistent DNA proϐiles (Table 1). 

Case studies related to chimerism

• A well-documented case that demonstrates how 
chimerism can cause serious misinterpretation in 
forensic and legal investigations is that of Lydia 
Fairchild (2002, USA). DNA testing conducted during 
her application for public assistance indicated no 
biological link between her and her children. The STR 
results were so conϐlicting that authorities suspected 
fraud, and she faced the terrifying prospect of losing 

Figure 5: Ocular Chimerism

Figure 6: Pigmentary Chimerism.
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Equally important are concerns about privacy and 
informed consent. Detecting chimerism often requires 
analysis of multiple tissue types, which can unintentionally 
reveal deeply personal information—such as intersex traits or 
underlying medical conditions [18,19]. The release or misuse 
of such ϐindings could stigmatize individuals, expose them to 
discrimination, or compromise their right to control their own 
genetic information. This places a strong ethical responsibility 
on forensic professionals to weigh investigative needs against 
respect for human dignity and autonomy. 

Ultimately, these issues highlight the urgent need for 
clearer safeguards and guidelines in forensic practice. 
Approaches such as cross-checking DNA from different 
tissues, independently verifying conϐlicting results, and 
ensuring that courts are fully aware of the complexities posed 
by chimerism are essential. Beyond scientiϐic accuracy, such 
measures ensure that justice is upheld, privacy is protected, 
and the humanity of those involved remains at the center of 
forensic work [21]. 

Conclusion 
From a forensic perspective, the most crucial goal is 

accurate identiϐication of a person. Chimerism complicates 
this process because the presence of two or more genetically 
distinct cell types in one individual can mislead genetic 
ϐingerprinting results. Forensic experts may face unexpected 
challenges when a person’s DNA proϐile does not match in 
the way it should. Chimerism, whether it occurs naturally 
or as a result of medical procedures, is both intriguing and 
complex. When someone carries more than one set of DNA, it 
can lead to unusual physical characteristics, puzzling medical 
ϐindings, and DNA test results that tell only part of the story. 
Variants such as artiϐicial chimerism from organ or stem cell 
transplants, microchimerism during pregnancy, twin or fusion 
chimerism, and tetragametic chimerism each arise differently, 
yet all share the same forensic challenge — they blur the lines 
in determining biological identity and even sex. In forensic 
investigations, conventional DNA proϐiling can be unreliable 
in such cases, particularly when both male and female genetic 
markers are present. This is where advanced approaches, like 
SRY gene sequencing and careful tissue-speciϐic sampling, 
become essential. Recognizing chimerism is not just a matter 
of scientiϐic interest — it is key to avoiding misidentiϐication, 
ensuring justice, improving medical outcomes, and deepening 
our understanding of the extraordinary complexity of human 
biology.
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