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Abstract: Opossums, native to the Americas, are unique marsupials with over 100 species. The 
Common Opossum and Virginia Opossum are notable species. They are nocturnal, omnivorous, 
and adapt to various habitats. Their reproduction involves a short gestation and marsupial pouch 
development. Despite their ecological benefits like seed dispersal and insect control, their proximity 
to human habitats exposes them to pathogens, posing public health risks. These include protozoa, 
helminths, and arthropods that can spread zoonotic parasites and vector-borne diseases. The 
marsupial immune system, including opossums, is complex, rivaling eutherian mammals. Key 
immune genes were identified in the grey short-tailed opossum genome. CD1 protein and VpreB 
surrogate light chain were also found. Marsupials are proposed as ideal models for studying 
developmental immunology. A West Indian opossum (Didelphis marsupialis) was found and 
examined. Blood tests revealed abnormalities, including a low white blood cell count and signs of 
anemia. The results contribute to understanding the species’ health and adaptability in the wild. 

Keywords: marsupials; immune system; case report; bacterial infections; leukopenia; genome 
 

1. Opossum general characteristics and habitat 

These unique marsupials, native to the Americas, exhibit a range of intriguing physical 
characteristics. With over 100 different species, opossums come in various sizes, from the pocket-
sized pygmy opossum to the Virginia opossum, which is about the size of a domestic cat [1,2]. 

When we think of opossums, the common image that often comes to mind is that of the Southern 
or Black-eared opossum, also known as the Gambá. However, it is essential to note that the common 
opossum and the Virginia opossum are two distinct species. Common opossum Didelphis marsupialis 
is found in regions such as the West Indies (including Trinidad and Tobago and the Windwards), the 
Guianas, Mexico, and the Amazon basin (including Bolivia, Brazil, Colombia, Ecuador, Peru, and 
Venezuela. Features include a cone-shaped nose with a pink tip, a long hairless tail, and fur that can 
be a mix of white, gray, and black [3]. 

Virginia Opossum (Didelphis virginiana): is the only marsupial naturally found in North America. 
Spans across the United States, Mexico, Central America, South America, and Canada. Similar cone-
shaped nose and long tail, with fur variations [3]. These adaptable creatures thrive in various habitats, 
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although they show a preference for arboreal environments. They are often found in wet areas like 
marshes, swamps, and streams [1] 

Opossums are night owls, active during the dark hours while resting during the day. Although 
they don’t hibernate, their activity levels dip in winter. They seek refuge in burrows filled with dry 
leaves or shredded paper, relying on their fat reserves to stay warm. In summer, opossums cool down 
by licking themselves and covering their fur with saliva. As omnivores, they consume both plant-
based and meat-based food. Their wild diet includes nuts, grass, fruit, insects, mice, wild birds, 
snakes, worms, and even chickens. In urban areas, opossums are resourceful scavengers, feasting on 
roadkill and garbage. Male opossums sport bifurcated penises, once thought to be for mating with 
the female’s nose. However, their reproductive process aligns with other mammals. After mating, the 
male departs, leaving the female (a jill) to give birth to up to 20 live young (joeys). These tiny joeys, 
akin to jelly beans in size, immediately crawl into their mother’s pouch for continued development 
[1–3] 

Opossums, particularly the medium-sized species within the Didelphis genus, play a crucial role 
in their ecosystems across the Americas. They contribute to seed dispersal and help control insect 
populations. However, their close proximity to human habitats exposes them to various pathogens 
[4], which include: 

• Protozoa: Leishmania infantum, Trypanosoma cruzi, and Toxoplasma gondii. 
• Helminths: Ancylostoma caninum, Trichinella spiralis, Alaria marcianae, and Paragonimus spp. 
• Arthropods: Ticks and fleas. 

These organisms can cause diseases in humans, pets, and livestock, posing a significant public 
health risk. The interaction between humans, domestic animals, and Didelphis spp. can lead to the 
spread of these zoonotic parasites and vector-borne pathogens [4]. 

2. Immune system 

The immune system of marsupials, including opossums, is remarkably intricate and comparable 
to that of eutherian mammals. In a study, researchers identified 23 key immune genes in the genome 
of the grey short-tailed opossum (Monodelphis domestica), including IFN-γ, IL-2, IL-4, IL-6, IL-12, and 
IL-13.To pinpoint these genes, they employed gene prediction methods that incorporate techniques 
like BLAST, SYNTENY + BLAST, and HMMER [5] 

This discovery highlights the sophistication of marsupial immunity, challenging the notion that 
their immune system is primitive compared to placental mammals [5] Table 1 shows some 
information about these methods. 

Table 1. Gene prediction methods used in marsupial research. 

Tool Reference 

BLAST (Basic Local Alignment Search Tool): 
⋅ BLAST is a powerful tool used to compare nucleotide or protein sequences 

against large sequence databases. 
⋅ Whether studying genes, proteins, or entire genomes, BLAST is a fundamental 

resource in bioinformatics. 
⋅ It calculates the statistical significance of matches, helping researchers identify 

similar sequences and infer functional relationships. 

[6] 

⋅ SYNTENY refers to the maintenance of gene content and order in specific 
chromosomal regions across related species. 

⋅ Understanding synteny helps uncover shared ancestry and gene regulation. 
⋅ When genes are conserved in the same order on different chromosomes, it 

suggests evolutionary significance and functional importance.  

[7] 

⋅ HMMER is a versatile tool for searching sequence databases. 
⋅ HMMER is used for sequence alignments, helping researchers align and compare 

sequences to reveal patterns and relationships. 
[8] 
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⋅ Additionally, it identifies sequence homologs, which are related sequences with 
similar functions or structures. 

2.1. CD1 Protein and Its Evolution in Marsupials and Eutherians [9,10]: 

• CD1 is a protein found in the major histocompatibility complex (MHC) class I family. It is present 
in both eutherian mammals (placental mammals) and birds. 

• The primary role of CD1 is to present lipid antigens to T cells and natural killer (NK) T cells. 
• In eutherians, the CD1 gene has undergone duplication, resulting in the creation of multiple 

isoforms. 
• Researchers discovered a marsupial equivalent of CD1 in the thymus of the bandicoot species 

Isoodon macrourus. 
• Both I. macrourus and a distantly related marsupial, the opossum Monodelphis domestica, were 

found to have a single copy of the CD1 gene. 
• The opossum CD1 gene is located in a genomic region that shares conserved synteny with the 

chromosomal regions containing human and mouse CD1. 
• A phylogenetic analysis revealed that marsupial CD1 is not orthologous to the eutherian CD1 

isoforms. 
• This suggests that the eutherian CD1 isoforms arose from gene duplication after marsupials and 

eutherians diverged approximately 170-180 million years ago. 
• In I. macrourus, the CD1 gene is actively transcribed and appears to encode a functional protein. 
• However, in M. domestica, no transcription of the CD1 gene was detected in any tissue, and the 

predicted CD1 gene sequence contains deletions that render it a pseudogene. 

In summary, the evolution of CD1 in marsupials and eutherians provides insights into the 
diversification of immune-related genes over millions of years. The common opossum, Didelphis 

marsupialis, is the only species of opossum that is found in the West Indies [1]. 
The groundbreaking sequencing of the gray short-tailed opossum’s genome (Monodelphis 

domestica) has provided scientists with a unique opportunity to explore the immunome of this 
marsupial. By analyzing its genetic makeup, researchers have pinpointed crucial immune-related 
genes, including chemokines, defensins, cathelicidins, and natural killer cell receptors. Interestingly, 
this study suggests that the complexity of mammalian immune system had already evolved 
significantly before the divergence of marsupials and eutherians (placental mammals) approximately 
180 million years ago. It appears that the ancestral mammalian genomes likely harbored all the 
essential immune gene families. However, subsequent evolution on different continents, in the 
presence of diverse pathogens, led to lineage-specific expansions and contractions. As a result, we 
observe minor variations in gene numbers and compositions across different mammalian lineages. 
In essence, the opossum’s genome sheds light on the ancient origins and intricate adaptations of the 
immune system, revealing a fascinating evolutionary journey spanning millions of years [11]. 

The diversity and abundance of antimicrobial peptide genes in opossums might be a result of 
their newborns’ survival strategy. Since opossums lack a fully developed adaptive immune system 
at birth, their genes have evolved to help them combat pathogens in their challenging environment 
[12]. Researchers suggest that due to the genomic similarities between marsupials and eutherians 
(placental mammals), marsupials serve as excellent model organisms for studying developmental 
immunology. Their immune system architecture provides valuable insights into how immunity 
develops and functions [13]. 

Researchers have discovered a VpreB surrogate light (SL) chain in the marsupial opossum 
(Monodelphis domestica). This opossum VpreB is similar to VpreB3 found in eutherian (placental 
mammals) and avian species. VpreB3 associates with newly formed immunoglobulin chains in the 
endoplasmic reticulum but does not typically appear on the cell surface as part of the pre-B cell 
receptor. Interestingly, while eutherian mammals have other known SL chains like VpreB1, VpreB2, 
and λ5, these were not found in the opossum genome. Additionally, these SL chains have not been 
identified in nonmammals’ genomes. VpreB3 likely evolved independently from earlier gene 
duplication events that generated VpreB1 and VpreB2 in eutherians. The absence of VpreB1, VpreB2, 
and λ5 in marsupials suggests that the extracellular pre-B cell receptor, as defined in humans and 
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mice, may be unique to eutherian mammals. However, the conservation of VpreB3 in marsupials and 
its presence in nonmammals aligns with the hypothesis that it plays a more fundamental role in B 
cell development across different species [14]. 

The genome sequence of the gray, short-tailed opossum (Monodelphis domestica) holds strategic 
significance due to its unique phylogenetic position among metatherian (marsupial) mammals. While 
metatherians share a close relationship with eutherians (placental mammals), they have evolved 
distinct anatomical, physiological, and genetic features over millions of years. The opossum genome 
provides valuable insights into noncoding elements, transposable elements, immune system 
evolution, and serves as an alternative model for studying genomic imprinting, making it a versatile 
tool for research in basic biology and biomedicine [8] as shown in Figure 1. 

Features Reference 

Unique Phylogenetic Position: Metatherian (marsupial) mammals occupy a distinct 
spot in the evolutionary tree. Their fundamental biological traits set them apart from 
other mammalian species. 

[8] 

Close Relationship: Metatherians and eutherian (placental) mammals are more 
closely related to each other than to other vertebrate groups. This close kinship 
results in similar genetic structures and molecular processes.  

[8] 

Evolutionary Distinctions: Despite this relationship, metatherians have evolved 
unique anatomical, physiological, and genetic features during their long separation. 
These differences offer exciting opportunities to explore how molecular structures in 
mammalian genomes relate to their functional attributes. 

[8,15] 

Comparative analyses using the opossum genome have revealed: 
⋅ The importance of noncoding elements in mammalian genome evolution. 
⋅ The role of transposable elements in driving genomic innovation. 
⋅ Relationships between recombination rate, nucleotide composition, and the 

genomic distribution of repetitive elements. 

[8,16] 

Immune System Clues: The opossum genome sheds light on the evolution and 
function of the vertebrate immune system. 

[8,16] 

Genomic Imprinting: It serves as an alternative model for studying mechanisms of 
genomic imprinting. 

[8] 

Research Tools: Availability of the genome sequence fuels the development of new 
research tools for physical and functional genomic analyses of M. domestica, making 
it a versatile experimental system for various research applications in basic biology 
and biomedicine. 

[8] 

Figure 1. It demonstrates that the opossum’s genome is a treasure trove of insights, bridging gaps in 
our understanding of mammalian evolution and function. 

The marsupial immuno-lymphatic system plays a crucial role in the day-to-day survival of 
marsupials. It includes lymphatic vessels and immune system tissues such as the adenoids, tonsils, 
lymph nodes, Peyer’s patches, thymus gland, and spleen. Additionally, there are tissues collectively 
referred to as the mucosa-associated lymphoid tissues (MALT) [13]. The neonatal marsupial, being 
immature at birth (referred to as altricial), undergoes organogenesis within the pouch. This distinctive 
feature makes pouch young an exceptional and accessible model for studying the development of the 
mammalian immuno-lymphatic system [17].  

In a groundbreaking study researchers have uncovered the first molecular evidence of molecular 
evidence of Borrelia puertoricensis in opossums from Colombia. In 2017, 53 serum samples were 
collected from Didelphis marsupialis in Colosó, Sucre, Colombia. Through real-time PCR, 18.8% of the 
samples tested positive for Borrelia. Subsequent next-generation sequencing confirmed the presence 
of Borrelia puertoricensis. This discovery is particularly significant because it marks the first detection 
of this spirochete in a vertebrate host since its initial isolation from Ornithodoros puertoricensis in 
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Panama, underscoring the epidemiological importance of opossums as reservoirs for zoonotic 
diseases [18] 

Table 2. Microorganisms that commonly infect Didelphis marsupialis and Didelphis virginiana. Modified 
from [19]. 

Microorganisms Didelphis marsupialis Didelphis virginiana 

Helminths Schistosoma haematobium (Trematoda)  
 [20,21] 
Paragonimus caliensis (Trematoda)      
 [22] 
Paragominus mexicanus (Trematoda) 
[23] 

Spirometra mansonoides (Cestoda) [24] 
Toxocara canis (Nematoda)  [25] 
Trichinella spiralis (Nematoda) [26] 
Angiostrongylus cantonensis (Nematoda)        
 [27,28] 
Angiostrongylus costaricensis (Nematoda) [29] 
Paragonimus kellicotti (Trematoda)  [22] 
Paragominus mexicanus (Trematoda) [22,23] 
Alaria marcianae (Trematoda) [30] 

Protozoa Leishmania amazonensis  [31] 
Leishmania guyanensis [31] 
Leishmania mexicana  [31] 
Leishmania panamensis [31] 
Leishmania braziliensis [32] 
Leishmania infantum  [33] 
Toxoplasma gondii  [34] 
Trypanosoma cruzi  [35] 

Toxoplasma gondii  [36] 
Trypanosoma cruzi  [37–39] 

Case study Presentation 

In the verdant outskirts of the University of the West Indies, near the quaint locale known as the 
French Village, a male West Indian opossum (Didelphis marsupialis) was discovered. This particular 
opossum, estimated to be between 2 to 3 years old, was living freely in its natural habitat. The creature 
was gently captured and brought to a laboratory for a non-invasive procedure. A small sample of 
blood, approximately 5 milliliters, was carefully drawn from its tail. This procedure was carried out 
with the utmost care to ensure the opossum’s well-being, and it was subsequently released back into 
the wild, unharmed. 

The collected blood sample underwent a series of comprehensive tests. These included a white 
blood cell (WBC) count, which is a common procedure to assess the overall health and immune status 
of an animal. Additionally, a blood chemistry test was performed to evaluate the opossum’s 
metabolic health, providing insights into the functioning of its vital organs. Furthermore, a 
microbiological culture was grown from the faeces swab sample. This allowed for the identification 
of any bacteria present in the opossum’s gut. An antibiotic sensitivity test was also conducted on the 
cultured bacteria. This test is crucial in determining the most effective antibiotic treatment, should 
the opossum require any medical intervention in the future. 

This meticulous examination of the West Indian opossum (Didelphis marsupialis) not only 
contributes to our understanding of this specific individual’s health but also adds to the broader 
knowledge of the species’ physiology and adaptability in the wild. It underscores the importance of 
co-existing with wildlife and the value of ongoing research in preserving and protecting these 
fascinating creatures in their natural habitats. The laboratory results for the West Indian opossum 
(Didelphis marsupialis) revealed several abnormalities in its blood profile. The white blood cell 
(WBC) count was lower than normal, with a count of 3.20 x 109/L. Segmented neutrophils (segs) were 
also decreased, with a count of 0.93 x 109/L. Lymphocytes were found to be under the normal limit, 
at 2.11 x 109/L. Eosinophils and monocytes were recorded at 0.06 x 109/L and 0.09 x 109/L respectively. 

The red blood cells (RBCs) were not counted, but the blood smear showed the presence of 
rouleaux formation (stacking of RBCs, indicated as 1+), poikilocytosis (abnormal RBC shapes, 
indicated as 1+), and a few polychromatophilic cells (immature RBCs). The reticulocyte count (young 
RBCs) was at 1.3%, suggesting some level of RBC production in response to anemia. The body’s 
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production of reticulocytes in response to anemia suggests that it is trying to compensate for the 
reduced number of mature RBCs. The hematocrit (Hct), which measures the volume percentage of 
RBCs in blood, was decreased at 0.20 L/L. This is a clear indication of anemia, which could be due to 
various reasons including nutritional deficiencies, blood loss, or an underlying disease condition. 
These findings suggest that the opossum may be experiencing some health issues that could be 
affecting its immune system and blood health. It is important to note that these results should be 
interpreted in the context of the animal’s overall health status, environmental factors, and species-
specific reference ranges [40] 

The results indicate several conditions in the opossum: 

1. Hypokalemia: This refers to low levels of potassium in the blood [5]. In humans, symptoms of 
hypokalemia are usually reversible after the correction of the condition. It can lead to cardiac 
arrhythmias, particularly in individuals with underlying heart disease [5]. However, specific 
information about hypokalemia in opossums is not readily available. 

2. Hypoglycemia: This is a condition characterized by abnormally low blood sugar levels. It’s often 
associated with malnutrition or metabolic disorders. In severe cases, it can lead to weakness, 
seizures, and even loss of consciousness. 

3. Elevated CK (Creatine Kinase): High levels of CK usually indicate muscle damage. It could be 
due to physical trauma, inflammation, or diseases like rhabdomyolysis [41]. CK levels increase 
quickly after muscle injury and return to normal within 24-48 hours. 

High levels of albumin and globulins in an opossum could indicate various health conditions. 

1. Albumin is a type of protein that is usually measured in serum or plasma. It can be increased 
due to hemoconcentration, but this is rare without a concurrent increase in globulins. 

2. Globulins are proteins that are typically calculated by subtracting the albumin value from the 
total protein value. High globulin levels can be caused by increased production of alpha-
globulins (acute phase proteins), beta-globulins (inflammation, liver disease, endoparasitism) 
and gamma globulins (chronic antigenic stimulation associated with infection). Some forms of 
neoplasia (lymphoma/leukaemia, myeloma) may cause monoclonal gammopathies in the 
gamma globulin ranges [40] 

Discussion 

The laboratory results for the West Indian opossum (Didelphis marsupialis) revealed that its 
plasma protein levels were elevated at 97g/L, which could be indicative of an inflammatory response, 
dehydration, or other conditions [42]. Hemolysis was also observed, which is the breakdown of red 
blood cells and can be caused by various genetic disorders. Furthermore, the platelet count was found 
to be decreased, which could be due to inherited thrombocytopenia caused by mutations in genes 
such as MYH9 [43]. It is important to note that these results should be interpreted in the context of 
the animal’s overall health status. Please note that while these genes are known to be involved in 
these conditions in humans and some other animals, their role in opossums specifically would need 
further research. It is also possible that other genes not mentioned here could be involved. Cytokines 
are a large, diverse family of small proteins or glycoproteins that play a crucial role in cell signaling, 
particularly within the immune system. They are produced by a variety of cells, including helper T 
cells and macrophages. The effects of cytokines are manifested in changes in gene transcription and 
protein expression [44]. 

Several genes are known to be involved in the pathology of cytokines. For instance, the TNF 
alpha gene plays a significant role due to the activation of NF-kappaB signaling pathways, which are 
pro-inflammatory, and facilitate apoptosis and other forms of cell death [45]. Interferons (IFNs) are a 
multigene family of inducible cytokines with antiviral, antiproliferative, and immunomodulatory 
function. The IFN genes are involved in the production of these cytokines [44]. 

Pathogenesis-related (PR) proteins are produced in plants in response to a pathogen attack. 
Infections activate genes that produce PR proteins [46]. In terms of protein pathology, the TIMELESS 
and CDK1 genes have been associated with melanoma and pancreatic cancer, respectively [47]. Please 
note that while these genes are known to be involved in these conditions, their role in opossums 
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specifically would need further research. It is also possible that other genes not mentioned here could 
be involved. 

It is important to note that the pathology of proteins and cytokines is a complex field, and the 
genes mentioned above are just a few examples. Many other genes could potentially be involved, and 
the exact mechanisms can vary depending on the specific condition and individual. Further research 
is needed to fully understand these processes and their implications for health and disease [44]. 

Certainly, let us delve deeper into the health status of the West Indian opossum (Didelphis 
marsupialis) based on the Proteus mirabilis and Escherichia coli laboratory results and microbial tests. 
The presence of Proteus mirabilis and Escherichia coli bacteria in the opossum’s system is noteworthy. 
Both are common bacteria that can be found in various environments, including the gastrointestinal 
tract of animals, where they were found. However, their presence in the gut and the presence of 
immunodeficiency could indicate a systemic infection; however, blood culture was not performed 
and indeed we cannot assure it. The resistance of these bacteria to multiple antibiotics is a concern. 
Antibiotic resistance can complicate treatment efforts and is a growing problem in both human and 
veterinary medicine. The resistance of Proteus mirabilis to doxycycline and tetracycline, and 
Escherichia coli’s resistance to ampicillin, cephalexin, doxycycline, and tetracycline, limits the options 
for effective antibiotic therapy [48] 

The opossum’s immunodeficiency disorder affecting both T and B cells is another significant 
finding. T cells are responsible for cell-mediated immunity, while B cells produce antibodies for 
humoral immunity. A deficiency in both these cells suggests a severe compromise of the opossum’s 
immune system, making it vulnerable to infections and diseases. The absence of viral and fungal 
infections, as indicated by the lack of viral studies and the absence of fungal growth, is a positive 
sign. However, it doesn’t rule out the possibility of other types of infections or health issues. 
Immunodeficiency diseases, including those affecting T and B cells, are typically characterized by a 
predisposition to infections. They can be primary (congenital) or secondary (acquired). Primary 
immunodeficiencies usually develop in very young animals and are often the result of genetic 
mutations. Secondary immunodeficiencies, on the other hand, tend to occur in adult animals and can 
result from various factors such as viral infections, malnutrition, stress, old age, or toxins. In the 
context of marsupials or other small mammals, specific information about T and B cell 
immunodeficiencies is limited. However, It is important to note that many of the principles of 
immunodeficiency diseases in animals would apply. For instance, defects in the innate and antibody-
mediated immune systems often result in uncontrollable bacterial infections, whereas defects in the 
cell-mediated immune system (which includes T cells) tend to result in overwhelming viral and 
fungal infections [49] 

The elevated plasma protein levels could be indicative of an inflammatory response, 
dehydration, or other conditions. Hemolysis, or the breakdown of red blood cells, was also observed, 
which can be caused by various genetic disorders. The decreased platelet count could be due to 
inherited thrombocytopenia caused by mutations in certain genes. These findings underscore the 
need for further diagnostic tests and veterinary consultation to determine the exact cause of these 
abnormalities and devise an appropriate treatment plan. A member of the species Didelphis 
marsupialis was unable to receive treatment at the veterinary hospital due to the lack of facilities for 
treating such small animals, unlike domestic animals like dogs and cats. However, in the future, 
conditions could be established to medically assist marsupials. Additionally, these animals are 
carriers of zoonosis diseases, so caution should be exercised when admitting such animals to 
hospitals. 

In conclusion, while the laboratory results provide valuable insights into the health status of the 
West Indian opossum species, they also raise several questions. Further studies, including more 
comprehensive diagnostic tests and veterinary consultations, would be necessary to fully understand 
the health issues affecting this opossum and to devise an appropriate treatment plan. This case 
underscores the complexity of wildlife health and the importance of ongoing research in this field. 
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