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Abstract:  Organisms causing infectious diseases alter cellular structures through their entry, multiplication, and survival 

mechanisms within the cell. Diagnosis of these diseases is made by histopathological reporting of affected cells or tissues. The most 

specific and interesting feature is the observation of various inclusion bodies in bacterial, viral, and fungal infections. Inclusion 

bodies are usually aggregates of protein accumulated in the cells either in the cytoplasm or cell nucleus. The presence of inclusion 

bodies is an essential diagnostic aid in identifying the underlying disease. Hence, this article aims to describe inclusion bodies seen 

in various infections. 

 

Index Terms - Cytoplasmic inclusions; Councilman bodies; Intranuclear, Inclusion bodies; Molluscum; Asteroid bodies; 

Negri bodies 

I. INTRODUCTION 

Inclusion bodies are protein masses associated with many bacterial, viral, or fungal diseases. They represent sites of viral 

multiplication in a bacterium or a eukaryotic cell and usually consist of viral capsid proteins [1]. Inclusion bodies contain little host 

protein, ribosomal components, or DNA/RNA fragments. They often almost exclusively contain the over-expressed protein and 

aggregation and have been reported to be reversible. [1] Inclusion bodies are formed due to an imbalance between aggregated and 

soluble proteins. They form due to intracellular accumulation of partially folded expressed proteins that amass through non-covalent 

hydrophobic or ionic bonds or both. [1,2]. Inclusion bodies are also found in bacteria as particles of aggregated protein. Bacteria 

produce Polyhydroxyalkanoates (PHA) as inclusion bodies. Inclusion bodies are seen in physiological conditions, infections, 

neoplasms, neurodegenerative & autoimmune diseases, blood dyscrasias, inflammatory and cystic lesions. [2,3]  

This narrative review has discussed the localization, pathogenesis, histopathological or microscopic features of inclusion bodies 

seen in viral, bacterial, and fungal infections. 

 

VIRAL INCLUSION BODIES 

 

(A) Intracytoplasmic inclusion bodies 

 

1. Henderson Paterson bodies (Molluscum contagiosum) 

 

Brief Description: Molluscum contagiosum (MC) is a viral infection of the skin or occasionally of the mucous membranes. The 

characteristic cytological feature of Molluscum contagiosum is the presence of Molluscum bodies, as described by Henderson and 

Patterson 1841, in the enlarged superficial cells of the epidermis [4]. 

 

Microscopic features: Henderson Paterson bodies are large, ellipsoidal, intracytoplasmic viral inclusions seen in altered 

keratinocytes. These are located in the center of the endophytic bulbous structures in the stratum corneum and stratum spinosum [5]. 

They are homogenous, usually proteinaceous material made of nuclear and cytoplasmic aggregates, usually proteins, and represent 

the site of viral multiplication. These bodies are the viral particles that develop about and within the cytoplasmic vacuoles, regarded 

as the cellular response to the presence of a living foreign body [6]. The presence of Henderson-Patterson bodies is diagnostic for 

Molluscum contagiosum. However, these diagnostic inclusion bodies can be very focal and less pronounced in some cases, making 

the diagnosis somewhat difficult. In these circumstances, additional (direct or indirect) methods for recognizing Molluscum 

contagiosum in fixed tissue can help. 

Ultrastructure: Initial infection shows small virion particles are seen in the cytoplasm of an epithelial cell above the basal layer. 

These particles are usually enlarged in the granular cell layer and occupy the entire cell.[6] In the superficial layers of epithelium, the 

sizeable cytoplasmic inclusion bodies are seen in the cells and crescentic compressed nucleus. The Henderson- Patterson bodies are 

expelled from the stratum corneum cells at the center of the crater. As the cells become more superficial, the Molluscum bodies 

expand and displace the nucleus and remaining cytoplasm into a thin crescent at the cell's periphery. Virus particles are present 

exclusively in the cytoplasm of infected cells and do not occur in basal cells or cells adjacent to the lesion. [7] The virus inclusion 
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body is usually enclosed by a sac that provides an anatomically and immunologically privileged site for uninterrupted virus growth. 

[8] 

 

Immunoreactivity: Strong Melan A immunoreactivity is present in the Molluscum bodies (which was not seen with other 

melanocytic staining's, like HMB45, S100, and SOX10). This Melan A antibody cross-reactivity could be an indirect technique for 

visualizing these diagnostic Molluscum bodies in fixed tissue [9]. 

 

Staining: Toluidine blue, Giemsa stain, phosphotungstic acid-hematoxylin preparation, carbol-anilin-fuchsin (after mordanting 

with potassium permanganate) can be used for staining of Henderson- Patterson bodies. [10] 

 

 

2. Councilman bodies (Viral Hepatitis and Yellow fever) 

 

Brief Description: American Pathologist William T. Councilman named these bodies 'Councilman Bodies'. Seen in the liver of 

individuals suffering from viral infections like viral hepatitis and yellow fever associated with ballooning degeneration [5]. 

 

Microscopic Features: Councilman bodies or Councilman hyaline body is acidophilic globule of cells representing dying 

hepatocytes often surrounded by normal parenchyma. [5] Research has shown that liver biopsies present pan-lobular lymphocytic 

infiltrate with ballooning hepatocytes indicative of hepatocyte necrosis and apoptosis in this condition. Occasional bodies are 

composed principally of clumped mitochondria. Interspersed between the endoplasmic reticulum and mitochondria are dense 

hyaloplasm; this appeared to be primarily responsible for the dark appearance of the cytoplasm. Although a well-defined nucleus and 

intact nuclear membrane are occasionally present, the nucleoli are well preserved, and various stages of nuclear alteration are 

observed. The nuclear membrane can be irregular or indistinct and with nucleolar substance dispersed. Well-developed acidophilic 

bodies are often surrounded by several Kupffer cells or large macrophages and a few lymphocytes [11]. The acidophilic body is a 

unique form of cell damage, possibly resulting from irreversible cytoplasmic dehydration, which appears as a "dark cell in its 

reversible stages."  

 

Pathogenesis: Hepatitis B Virus (HBV) replicates in the hepatocytes. High virus levels are present during the incubation period, 

and during replication, HBcAg and HBeAg can be found at the cytoplasmic membrane. [12] These antigens induce both B and T cell 

responses, and damage to the hepatocyte can result from antibody-dependent, natural killer (NK) and cytotoxic T cell action. [13] 

 

Ultrastructure: Acidophilic bodies in liver tissue represent focal alterations of both hepatocellular organelles and cytoplasm. They 

originate from necrotic hepatocytes. Coagulative acidophilic necrosis transforms entire liver cells into acidophilic hyaline bodies as 

classically described by Councilman in yellow fever and by Axenfeld and Brass in viral hepatitis. Ultrastructurally, the clumps of 

bodies were found to be composed of the markedly hypertrophic tubular endoplasmic reticulum of the agranular variety. Councilman 

bodies contain rosettes of particulate glycogen and organelles similar to normal hepatocytes. In the course of alteration, the cytoplasm 

of affected hepatocytes appears to become progressively more electron-dense and compact, probably due to water loss. The 

dehydrated cells become reduced in size and exhibit a reduced content of glycogen and ribosomes. Eventually, condensation of the 

cytoplasm results in a mummified cellular appearance. The cells become separated from their neighbors and lose continuity with the 

hepatic cell plate. Thus they are found free in the tissue spaces or sinusoids [14]. 

 

Immunoreactivity: Double immunofluorescence methods have been used to demonstrate the presence of HBsAg and HBcAg in 

Councilman bodies. [15] 

 

Staining: Hematoxylin and eosin (H&E) stain, Orcein, aldehyde fuschin, Victoria blue, Periodic acid–Schiff, Periodic acid–Schiff 

diastase, Hematoxylin van Gieson, Reticulin, Perl's stain, Sirius red, and trichrome can be used to demonstrate these bodies. [16] 

 

3. Guarnieri bodies (Smallpox) 

 

Brief Description: B-type inclusions, formerly known as Guarnieri bodies after Italian physician Giuseppe Guarnieri are cellular 

features of epithelial cells of individuals having poxvirus (e.g., Smallpox or vaccinia).[17]  

 

Microscopic Features: Histologically, cutaneous smallpox lesions may resemble herpetic lesions, except that Smallpox has 

intracytoplasmic inclusions (Guarnieri bodies), also known as Type-B inclusions. In cells stained with eosin, Guarnieri bodies appear 

as pink blobs in the cytoplasm of affected epithelial cells.[18] The absence of Guarnieri bodies cannot be used to rule out Smallpox, 

however, as more sensitive tests need to be performed. These bodies have been classified according to their morphology, staining 

properties, and accumulation rate.  

1. Type B inclusions are less eosinophilic and occur early in the viral replication cycle in the cytoplasm. These may be seen in all 

poxvirus infections.  

2. In contrast, type A inclusions are large, well-defined, strongly eosinophilic bodies that form late in the viral replication cycle. 

The detection of Type A inclusions may be diagnostically valuable as these are associated with poxvirus infections [19].  

There was a ballooning of cells in the lower levels of the stratum spinosum, and some degenerating cells fused into giant cells with 

two or more nuclei. Eosinophilic intracytoplasmic inclusion bodies (Guarnieri's bodies) were prominent in ballooned epithelial cells. 

 

Pathogenesis: Guarnieri Bodies are aggregates of stainable protein produced by poxvirus virions in the cell cytoplasm of epithelial 

cells. Usually, epithelial cells are tightly packed together; in Smallpox, these cells lose adhesion, leading to vesicle formation [20]. 

There was also a more pronounced exudation of fluid into the subepithelial tissues, leading to the separation of the cells that underwent 

hyaline fibrinoid degeneration.  
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Ultrastructure: All orthopoxviruses exhibit identical brick-shaped virions by electron microscopy. Present in 2 forms, both are 

infectious: 

1. Extracellular enveloped virus (EEV) 

2. Intracellular mature virus (IVM) 

Electron microscopic studies have shown abundant immature and mature orthopoxvirus particles in the cytoplasm of infected 

epidermal cells. Depending on the penetration of the stain, two forms may be seen. The "M" (Mulberry) form shows the surface 

covered with short, whorled filaments and a circular depression in the center of the virion. The surface filaments are not visible in the 

"C" (Capsular) form; instead, the virion consists of a sharply defined, dense core surrounded by several laminated zones of differing 

densities. In addition, enveloped particles may sometimes be found. [21] 

 

Immunoreactivity: Vero cell culture shows a strong cytopathogenic effect. Green fluorescence indicates poxvirus replication 

within the cells by the Indirect immunofluorescence method. To diagnose poxvirus infections, the presence and detection of typical 

intracytoplasmic inclusion bodies within the altered epidermis are vital. These bodies represent viral inclusions.[22,23] 

 

Staining: Eosin, Giemsa stain, and Gispen's modified silver stain are useful for demonstrating Guarneri bodies. 

 

 

4. Paschen bodies (Smallpox) & Downie bodies (Cowpox) 

 

Brief Description: Paschen bodies are particles that occur in the cells of skin rashes in patients with Smallpox. They were 

discovered by Enrique Paschen (1860–1936), a German pathologist, and were thought to be viral particles. [24]  

Downie bodies named after Dr. Allan Watt Downie are also known as A-type inclusion. These are associated with cowpox. A 

Downie body is distinct from a Downey cell, a reactive lymphocyte.[25] 

 

Microscopic Features: Tissue response to cowpox virus is different from that of vaccinia virus. It is believed, though it is not 

finally proved, that this difference is associated with differences in the antigenic composition of the two viruses. The cowpox virus 

generally gives rise to large, sharply defined, homogeneous, acidophilic inclusion bodies with a considerable amount of matrix, while 

those due to vaccinia virus appear as irregular, granular, acidophilic masses with a relatively little matrix.[26] Both types occur in the 

cytoplasm, and both are apparently made up of elementary bodies.[27] Unlike vaccinia virus, which affects mainly the cells of 

ectodermal origin, the cowpox virus also invades the mesoderm.  

 

Pathogenesis: Inclusion bodies of cowpox virus are not uncommon in the endothelial cells of small blood vessels. The invasion 

of these cells is responsible for a tendency to hemorrhage and edema. Infiltration with polymorphonuclear leukocytes is also 

commoner in vaccinial lesions.[25] 

 

Ultrastructure: Research has shown the production of A-type inclusions by the cloned parental virus by transmission electron 

microscopy of thin cell sections. Immature virus forms, including crescents, immature virions, and immature virions with nucleoids, 

and mature forms including Mature virions and enveloped virions are also documented.[28]  

 

Staining: Stains for visualization of these bodies include H & E and Hemalum-safranin stain. 

 

5. Negri bodies [Rabies] 

 

Brief description: Negri bodies are eosinophilic, sharply outlined, pathognomonic inclusion bodies (2–10 μm in diameter) found 

in the cytoplasm of specific nerve cells containing the virus of Rabies, especially in pyramidal cells within Ammon's horn of the 

hippocampus. They may be found in the Purkinje cells of the cerebellar cortex of rabies victims. They consist of ribonuclear proteins 

produced by the virus.[17] 

 

Microscopic features: Negri bodies are pink eosinophilic, sharply outlined, round or oval inclusions within the cytoplasm of nerve 

cells of humans infected with Rabies. These inclusion bodies can be readily identified as homogeneous aggregates which replace the 

cytoplasmic components at the periphery of nerve cells. Within or contiguous to these masses of inclusion bodies are found clumps 

of rabies virus particles within swollen vesicles of the endoplasmic reticulum.[30] Negri bodies vary in size between 0.25 to 27 µm 

and are found frequently in the pyramidal cells of Ammon's horn and the Purkinje cells of the cerebellum. They are also found in the 

medulla cells and ganglia. Negri bodies may be found in the neurons of the salivary glands, tongue, or other organs.[30] 

 

Pathogenesis: Replication and assembly of many viruses occur in viral factories, which are specialized intracellular compartments 

formed during viral infection. For rabies virus, those viral factories are called Negri bodies (NBs) [31]. NBS are cytoplasmic inclusion 

bodies in which viral RNAs are synthesized. The co-expression of rabies virus nucleoprotein N and phosphoprotein P is sufficient to 

induce the formation of cytoplasmic inclusions recapitulating NBs properties [32].  

 

Ultrastructure: Ultrastructural studies have shown that the Negri body consists of a mass of nucleocapsids surrounded by viral 

particles budding from intracytoplasmic membranes. Cytoplasmic inclusions are usually observed in the median section. These are 

initially highly spherical and devoid of membranes. Later, they are often associated with membranes -most probably derived from 

the Endoplasmic reticulum, and their shape appears to be altered. At that time, a basal section of the cells reveals the presence of 

typically condensed ribonucleoproteins [31].  

 

Immunoreactivity: Researchers have studied rabies virus (RABV)-infected cells and the structures formed in the cytosol by IF 

with an anti-N antibody. At the early post-infection time, scare spherical intracytoplasmic inclusions of intermediate size, i.e., the 
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first Negri bodies, are formed. These structures grow with time and sometimes lose their spherical aspect. Large inclusions with 

increased intermediate inclusions and punctate structures may be seen at later stages of infection. [32] 

 

Staining: H& E, Fuchsin and Methylene blue, Van Gieson, Mallory, Mann's, Giemsa, Sellars stain stains, Williams and Lowden's 

Giemsa method, and Modified Heidenhain's iron hematoxylin are commonly used [33].  

 

(B) Intranuclear inclusions 

 

1. Lipschutz bodies (Herpes simplex) 

 

Herpes simplex infection is caused by the herpes simplex virus (HSV). HSV infections can affect different parts of the body, and 

they are classified based on the same. 

 

Microscopic features: The key feature seen in HSV is acantholysis with solitary keratinocytes in the blister cavity. Keratinocytes 

with nuclear changes are commonly observed. These include margination of the nuclear chromatin, multinucleation, and nuclear 

inclusions. The viral inclusions are small pink deposits with a clear halo seen within the nucleus called Lipschutz bodies. Nuclear 

inclusions are of an hourglass appearance and eosinophilic. These inclusions occur in the stratum spinosum and stratum granulosum. 

They appear as dense ovoid bodies and are commonly surrounded by a clear zone analogous to the "ballooning degeneration" seen 

in viral diseases affecting skin [5].  

 

Pathogenesis: The infected cell shows ballooning or enlargement of nucleoli as the earliest manifestation, and it eventually 

undergoes disaggregation and fragmentation [2]. The host and other structural changes that are induced by the virus in the host cell 

include chromosomal margination, duplication and folding of the intracellular membrane, fragmentation of Golgi stacks, insertion of 

viral proteins into cellular membranes, polykaryocytosis and rearrangement of the microtubular network. 

 

Ultrastructure: The eosinophilic inclusions are readily recognized in the electron microscope as round, sharply defined, 

osmiophilic, intranuclear bodies. [38]  

 

Immunoreactivity: Immunofluorescent experiments using antibodies specific for HSV DNA have shown intranuclear foci that 

enlarge to form globular structures. These replication compartments are located in the interior of the nucleus. The accumulated 

replication proteins, progeny viral DNA, nucleocapsid may cause nuclear cytopathic effects described as nuclear inclusion effects. 

The infected cells also manifest acantholysis; such cells are labeled as Tzanck cells. The Tzanck smear prepared from the vesicle 

base is useful for the rapid diagnosis of cutaneous or mucocutaneous lesions caused by HSV or varicella-zoster virus infection [38]. 

 

Staining: H & E, pyronin-methyl green, Feulgen stain, Giemsa, Papanicolaou stain   

  

2. Owl's eye bodies (Cytomegalic inclusion body disease) 

 

Cytomegalovirus (CMV) or Human Herpesvirus 5 (HHV-5) infections are frequently associated with salivary glands though they 

may be found throughout the body. Cytomegalic inclusion body disease (CIBD) is a series of signs and symptoms caused by 

cytomegalovirus infection. [5]  

 

Microscopic features: Hodgkin's lymphomas and CMV disease show sizeable intranuclear inclusion bodies known as 'Owl's eye' 

inclusion bodies. On H&E staining, the inclusion bodies stain dark pink and are called "owl's eye" inclusion bodies. Affected cells 

are strikingly enlarged, often to a diameter of 40um in size, and show cellular and nuclear polymorphism. The Intranuclear inclusions 

in CMV-infected cells are large and deep purple. These nuclear inclusions involve half of the nuclear diameter and are usually set off 

the nuclear membrane by a clear halo. There is usually some clearing around the inclusion, and the chromatin tends to condense 

around the periphery of the nucleus [4].  

 

Pathogenesis: CMV is a lytic virus that causes a cytopathic effect in-vitro and in-vivo. Synthesis of the viral double-stranded 

DNA genome occurs in the host cell nucleus within specialized viral replication compartments. This DNA produces abnormal 

proteins, replicates faster, and causes nuclear and cytological changes [39]. 

Ultrastructure: Viral particles, 150-200 nm in diameter, may be seen in the nucleus and the cytoplasm of infected cells. These 

have a dense central core and thick capsule [40].  

 

Immunoreactivity: CMV infection may be confirmed using in situ hybridization or direct or indirect staining of Intranuclear 

inclusions using CMV-specific antibodies. Specific anti-CMV antibodies may stain infected lung and liver cells. Detection of CMV 

IgM antibodies and a fourfold increase in titer of CMV IgG specific antibodies 2 - 4 weeks apart indicate acute infection.[41] 

 

Staining: Periodic acid Schiff stain, H & E, Gomori's stain, Giemsa, Papanicolaou, Sellers stains. 

 

3. Cowdry type A and type B bodies (Herpes simplex, Varicella zoster) 

 

Brief Description: Cowdry bodies are named after the Canadian-American biologist "Edmund Vincent Cowdry." Conditions like 

gingivostomatitis and conjunctivitis caused by herpes simplex virus; and chickenpox caused by varicella-zoster virus show the 

presence of Cowdry Type - A inclusion bodies. Adenovirus and poliovirus infections show Cowdry Type- B inclusion bodies. [1] 
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Microscopic Features: Cowdry type A bodies appear as droplet-like masses of acidophilic material surrounded by clear halos 

within nuclei and with margination of chromatin on the nuclear membrane. Cowdry type B bodies are Intranuclear eosinophilic 

amorphous or droplet-like bodies surrounded by clear halo are seen without any associated nuclear changes [5]. 

 

Pathogenesis: Intranuclear viral protein exerts deleterious effects upon nucleolar differentiation in infected cells, altering host cell 

RNA metabolism [42]. 

 

Ultrastructure: Electron microscopic studies demonstrated that the inclusions were composed of granular aggregates, sometimes 

enclosed in lamellar membranes, characteristic of the structures called nuclear bodies. Encapsulated viral particles with a targetoid 

appearance arranged in a lattice-like pattern were seen [42]. 

 

Immunoreactivity: The structural basis for the intranuclear bodies was demonstrated by immunofluorescence of the viral antigen. 

Three variants of Cowdry type A intranuclear bodies were: 

• Complex nuclear bodies. 

• Giant beaded nuclear bodies. 

• Nuclear body-associated granulofilamentous matrices. 

In the latter, the granulofilamentous matrix frequently filled the nucleus, resulting in a fourth morphological INB variant, and was 

associated with morphological evidence of nuclear degeneration [43].  

 

Staining: Giemsa, hematoxylin & eosin, Papanicolaou, Seller, Mallory aldehyde fuchsin, Periodic acid Schiff, Gomori, Orcein 

stains can be used to demonstrate these bodies. [44]  

 

4. Torres bodies (Yellow fever) 

 

Brief Description: Amorphous eosinophilic nuclear inclusions called Torres bodies are associated with yellow fever, a disease 

caused by the arbovirus.  

 

Microscopic Features: The yellow fever intranuclear inclusion bodies (Torres bodies) were seen as somewhat refractile, coarsely 

granular structures. The inclusion bodies were readily detected in the sections studied because normal nuclei showed a transparent, 

dark content except for the refractile nucleoli and occasional fibers or tiny masses of opaque material. Other histopathological 

alterations such as steatosis, hepatocyte swelling, apoptosis, necrosis, areas of hemorrhage, edema, and inflammatory infiltrate are 

seen in Yellow fever [45] 

. 

Pathogenesis: The presence of hepatocellular ballooning can be attributed to interference with control mechanisms of water and 

ion concentrations, which may result from the direct action of the YFV virus on the cell membrane or as a consequence of the immune 

response generated by the host. [45] Another clear finding in the infection, called Councilman's corpuscles, is usually found in 

hepatocytes, secondary to the development of apoptosis, where degeneration of the nucleolus occurs, and the protein resulting from 

the apoptotic process remains accumulated. [46] 

 

Ultrastructure: Ultrastructural analyses shows the presence of swollen hepatocytes, vacuolization of hepatocytes and endothelial 

cells, as well as the presence of inflammatory infiltrates of lymphocytes. Other features include dilated sinusoidal capillaries and 

numerous inclusions of large lipid droplets within the hepatocytes. Nuclear vacuolar degeneration and swollen mitochondria 

indicative of apoptosis may be observed. [46]  

 

Immunoreactivity: Immunohistochemical techniques to determine the presence of yellow fever in fixed tissue samples are 

developed to make retrospective diagnoses of these viral diseases. These can demonstrate intranuclear inclusion bodies. [47] 

 

Staining: Stains used for diagnosis include H & E, phloxine tartrazine, Perl's stain, modified Gordon & Sweet's stain, long Ziehl-

Nielson, Schmorl's, & Fontana's, Fouchet's stain; periodic acid Schiff's technique with and without diastase digestion. [48]     

 

(C) Both Nuclear and Cytoplasmic Inclusions 

 

1. Warthin- Finkeldey bodies (Measles) 

 
Brief Description: Measles morbillivirus (MeV) or measles virus (MV) is a single-stranded RNA virus of negative-sense, 

enveloped, non-segmented virus of the Paramyxoviridae family. MeV cause of measles that commonly show Warthin-Finkeldey 

bodies in the affected cells. 

 

Microscopic Features: In measles nigrosin-staining, inclusion bodies are present in the nasal membranes and the Koplik spots in 

the buccal cavity. They may be demonstrated in the nose in the ciliated and columnar cells and the globoid basal cells, which are 

particularly distinct and well defined. In Koplik spot smears, they are visible in the small, tenuous globoid cells lying scattered 

between the epithelial cells and in the masses of similar but slightly denser cells present when the swab obtains deeper tissue material. 

These small globoid cells resemble monocytes, but they may represent only basal interstitial cells. [49] 

  

Pathogenesis: MeV is assumed to replicate as cytoplasmic inclusion bodies. These cytoplasmic viral factories are not membrane-

bound, and they serve to concentrate the viral RNA replication machinery. Infection with MeV triggers inclusion body formation via 

liquid-liquid phase separation (LLPS), a process underlying the formation of membrane-less organelles. Researchers found that the 

viral nucleoprotein (N) and phosphoprotein (P) are sufficient to trigger MeV phase separation. The C-terminal domains of the viral 

N and P proteins play a critical role in the phase transition. Phosphorylation of P and dynein-mediated transport facilitates the growth 
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of these organelles, implying that they may have critical regulatory roles in the biophysical assembly process. In addition, these 

inclusions change from liquid to gel-like structures as a function of time after infection to optimally suit the changing needs during 

the viral replication cycle. [50]  

 

Ultrastructure: Replication of measles virus in HeLa cells was examined by electron microscopy with ultrathin sectioning and 

phosphotungstic acid negative staining methods. The cytoplasmic inclusion bodies studied consisted of helical nucleocapsid masses 

similar to the nucleocapsid found in measles virions. The cytoplasmic helical nucleocapsid appeared to align near the HeLa cell 

membrane. The membrane is differentiated into the internal membrane of the viral envelope and the outer layer of the short 

projections. The viral particles were released by a budding process involving incorporation into the membrane's viral envelope, which 

was contiguous to but morphologically altered from the membrane of the HeLa cells. The Intranuclear inclusion bodies were tubular 

structures similar to those found in the cytoplasmic inclusion bodies. These structures aggregated to a crystalline arrangement. [51]  

 

Immunoreactivity: Cytoplasmic inclusion bodies that are induced by measles virus infection display increased size and time-

dependent altered morphology. When HeLa cells infected by MeV were examined by fluorescent imaging at 24 h post-infection, the 

induced inclusion bodies containing viral replication proteins displayed mixed sizes and shapes. These ranged from small spherical 

cytoplasmic puncta to larger structures of irregular shapes. Inclusions appeared as small, dispersed spherical puncta at 12 hours after 

infection. Puncta of larger sizes and irregular shapes became more prevalent as disease increased. Post 24 hours, nearly all infected 

cells contained at least one punctate structure larger than 3 micrometers (the longest end-to-end distance) in addition to small spherical 

appearing puncta.[50] 

 

Staining: H & E, Giemsa, acridine orange, Nigrosin stain the inclusions bodies in measles. [52] 

 

2. Mitosoid bodies (Heck's Disease) 

 

Brief description: Oral focal epithelial hyperplasia (FEH) or Heck's Disease is a relatively rare condition seen predominantly in 

children caused by the human papillomavirus and presents as multiple small white or pink papules on the mucosal surface of lips, 

buccal mucosa, and tongue. 

 

Microscopic Features: Biopsy reveals epithelial hyperplasia, acanthosis, parakeratosis, a bulbous extension of rete ridges called 

"bronze-age" battle-ax appearance, and focal or diffuse ballooning degeneration of cells in the spinous layer with koilocytotic changes 

are seen and also abnormal nuclear chromatin with nuclear inclusions. Koilocytosis indicates a viral cytopathic effect, wherein cells 

show a thick cytoplasm at the cellular membrane level and an atypical morphologically collapsed/stellate nucleus. Amongst virus-

affected cells, a few mitosoid cells may be present among the normal keratinocytes, and chromatin peripheralization with inclusion 

bodies has been observed in the stratum granulosum, spinosum, and basale. [17]  

 

Pathogenesis: The HPV life cycle is initiated through micro lesions in the epithelium and is characterized by a specialized 

differentiation program of infected squamous epithelial keratinocytes, where viral DNA synthesis and expression are linked to capsid 

proteins. Virions released from the stratum corneum and granulosum directly infect the basal layer through capsid synthesis and late 

and early promoter activation. [53]  

 

Ultrastructure: Ultra structurally crystalline arrangements of virus-like particles are seen within the superficial spinous layer, 

measuring approximately 50 nm in diameter. The virus may be found in the cytoplasm and nucleus of the spinous cell layer. Virally 

affected cells are seen in the superficial layer and collapsed nucleus, which resembles a mitotic figure called a Mitosoid Cell. These 

are cells in which the nucleus contains fragmented DNA and has coarsely clumped heterochromatin, resembling a mitotic Figure.[54] 

 

Immunoreactivity: HPV L1 protein expression in HeLa cells was detected with anti-HPV L1 multivalent mice monoclonal 

antibody and rabbit polyclonal anti-HPV L1 antibody by immunohistochemistry. HRP labeled immunohistochemistry assay showed 

a strong HPV L1 positive reaction in HeLa cells. Irregular-shaped inclusion bodies, assembled by many small and uniform granules, 

had been observed in the cytoplasm of some HeLa cells. [54]  

 

Staining: H & E, Giemsa, Papanicolaou stain can be used to demonstrate these bodies. 

 

II. Inclusion bodies in Bacterial Infections 

 

1. Dohle bodies [Tuberculosis, Diphtheria, Typhoid, Erysipelas, oral sepsis, Burns, Physical trauma, Neoplastic diseases, Fanconi 

syndrome, May–Hegglin anomaly, Chédiak–Steinbrinck–Higashi's syndrome, Leukemoid reaction] 

 

Brief Description: They are named after German pathologist Karl Gottfried Paul Dohle (1855-1928). 

 

Microscopic Features: Peripheral blood smears for certain bacterial infections show typical light blue-grey, oval, basophilic 

staining areas in the cytoplasm of neutrophils. These structures are known as Dohle bodies. [5] The bodies are usually round or oval-

shaped and are found at the periphery of the cell. With Leishman Giemsa or any other of the usual Romanowsky stains, they are a 

sky blue to grey-blue color. They are easily distinguished from the pinkish stained cytoplasm of the neutrophil leucocytes. Some cells 

contain one Dohle body, and others may include three or even four. They are always discrete and separated by normal stained 

cytoplasm. Their properties distinguish them clearly from normal or pathological granulation occurring in neutrophil leucocytes. A 

common and crucial morphologic abnormality of neutrophils is so-called "toxic change." Toxic changes in neutrophils do not reflect 

a "toxic effect" of bacteria on neutrophils. [55]  
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Pathogenesis: The presence of Dohle bodies reflect the defective cell production and maturation of neutrophils. They increase in 

number with inflammation and increased granulocytopoiesis. If there are many neutrophils in the bloodstream containing Dohle 

bodies, these can be called toxic neutrophils [55].  

 

Ultrastructure: The toxic neutrophils exhibited lamellae of rough endoplasmic reticulum in one or more foci within the cytoplasm. 

Other differences are a large number of cells with prominent Golgi complex and a more significant proportion of large granules that 

possessed a heterogeneous, stippled, or, occasionally, a moth-eaten internal structure. [56]  

Dohle bodies were identified in Wright-stained smears in 5-25 % of the toxic neutrophils studied. In the specimens of bone marrow, 

Dohle bodies were prominent in metamyelocytes and band forms. Dohle bodies could be clearly identified in some neutrophils as the 

aggregates of rough endoplasmic reticulum within the cytoplasm. These aggregates were in lamellar structure and were best seen in 

the thick sections when three or more rows of the rough endoplasmic reticulum were present. [57, 58]  

 

Staining: Leishman-Giemsa stain, Romanowsky stain, Wright-Giemsa, H&E can be used to demonstrate Dohle bodies [1].  

 

III. Inclusion Bodies in Fungal Infections 

 

Asteroid bodies (Sarcoidosis, tuberculosis, leprosy, and berylliosis, foreign-body giant cell reactions, and fungal infections like 

Sporotrichosis and lobomycosis) 

 

Brief Description: An asteroid body is a microscopic finding seen within the giant cells of granulomas in certain diseases. 

  

Microscopic features: This histopathological appearance is named 'Asteroid bodies.' These stellate-shaped inclusions show 

numerous rays radiating from the central core. [5] Asteroid bodies are stellate, periodic acid Schiff-positive eosinophilic material 

surrounding the organisms. They appear as eosinophilic, stellate, or spider-like inclusions. The radiating filamentous arms contain 

complex lipoproteins, calcium, phosphorus, silicon, and aluminium. In cases of Sporotrichosis, star-like, eosinophilic material 

(Splendore-Ho¨eppli phenomenon) surrounding yeasts can be observed in 40 to 92% of cases. These structures have been called 

asteroid bodies.[59] 

 

Pathogenesis: They are thought to be cytoskeletal elements that consist primarily of vimentin. Recent research suggested that they 

may be composed of lipids arranged into bilayer membranes. Researchers have studied the profile of asteroid bodies (ABs) of giant 

cells in sarcoid and foreign body granulomas. Their findings indicate that ABs are products of the microtubule (MT) system and lack 

collagen. [60,61]  

 

Ultrastructure: An electron microscopic study of asteroid bodies in granulomatous and fungal diseases showed that Asteroid 

cytoplasmic inclusions are composed of organic proteinaceous structures. They contain few Microtubules. The body and arms of the 

structure consist mainly of longitudinally orientated, partially helical, collagen-free microfilaments with a diameter of approximately 

50 A. These structures are partly granular and partially ring-shaped. They are commonly referred to as paracentrioles.[62] 

 

Staining: H&E, Periodic Acid Schiff, Alcian Blue (pH 1 and 2.5), Warthin–Starry, Giemsa, Ziehl–Neelsen, Congo red, Von 

Kossa, GMS, Mucicarmine Masson trichrome, and Luxol.  

 

Conclusion 

Histopathological bodies in pathology have a great deal of significance in diagnosing diseases. These features are often indicative 

of the etiology of the disease and may be pathognomonic. 
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