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Learning Objectives

• Identify the morphological appearances of the various infectious 
agents that affect the Central Nervous System (CNS).

• Formulate diagnostic hypotheses of CNS infections according to the 
topography and morphological presentations of the lesions.

• Propose diagnoses of CNS infections taking into account the 
immunological state of the patient.



Etiology

Bacterial:

Fungal:

Parasitic: Protozoal:

Metazoal (Helminths): Cestodes:
Nematodes:

Trematodes:

Viral:



Etiology

Bacterial: Pyogenic (Gram + / -), Tuberculosis, Syphilis

Fungal: Cryptococcosis,  Histoplasmosis, Mucormycosis,   

Aspergillosis, Paracoccidioidomycosis

Parasitic: Protozoa: Toxoplasmosis, Trypanosomiases, Malaria,  Amebiasis

Helminths: Cestodes: Cysticercosis
Nematodes: Strongyloidiasis

Trematodes: Schistosomiasis

Viral:  Arboviroses (Dengue, Zika), CMV, Herpes, HIV, HTLV1,

Measles, Poliomyelitis, PML, Rabies.



Morphological Presentations of the Lesions

- Meningitis
- Encephalitis/Myelitis (Polio, Leuko)
- Encephalopathy/Myelopathy

- Space occupying lesions “Pseudo-tumors”
Abscesses
Granulomatous lesions
Non-granulomatous (necrotizing) lesions
Cystic lesions
Calcified lesions

- Vasculitis/Infarct/Hemorrhage

- Congenital Infections / Malformations



Morphological Presentations x Etiology x Host 

One single agent can present with various morphological patterns  
(e.g. Tuberculosis, Toxoplasmosis, Cryptococcosis).

Relationship with the immunological state of the host 
(e.g. Cryptococcosis, Toxoplasmosis, Tuberculosis).

Relationship with the age of the host  (e.g. etiology of bacterial meningitis).

Acute, sub-acute, chronic, post-infectious
(e.g.  Pyogenic, Dengue, Measles…)



Neisseria meningitidis (Gram -) Hyper acute meningitis
Waterhouse-Friderichsen syndrome









Sub-acute / Chronic stages



COMPLICATIONS

• Ventriculitis

• Hydrocephalus

• Infarct (vasculitis, thrombosis)

• Abscess (micro-abscesses)



Ventriculitis, hydrocephalus



Venous congestion, inflammation, may cause thrombosis and venous infarct



Microabscess and large abscess



Pyogenic
Abscess

Hematogenic
origin



Abscesses – Surgical specimens



Pyogenic 
Abscess

Granulation 
Tissue

Fibrous wall



Gram + cocciPyogenic contents rich in PMN neutrophils



Surgical specimen

Less frequent bacterial abscess

Courtesy of Dr. T Freire





Filaments Grocott and Gram (+)

Diagnosis - Nocardia



TUBERCULOSIS
• Still a major health problem

• Endemic in developing countries with a large
population, crowding and poverty

• Cerebral Tuberculosis
• Tuberculous meningitis

• Tuberculoma

• Tuberculous abscess



Tuberculous Meningitis

*



*



Granuloma and vasculitis (infarct)

*



Tuberculoma

***





Abscess in an immunodeficient young male



Tuberculous Abscess
Ziehl Nielsen staining shows numerous acid fast bacilli



Syphilis

Meningovascular
Goma
Tabes dorsalis





Etiology

Bacterial: Pyogenic (Gram + / -), Tuberculosis, Syphilis

Fungal:  Cryptococcosis,  Histoplasmosis, Mucormycosis,   

Aspergillosis, Paracoccidioidomycosis.

Parasitic: Protozoa: Toxoplasmosis, Amebiasis, Malaria, Trypanosomiases

Helminths: Cestodes:   Cysticercosis, Hydatidosis
Nematodes: Strongyloidiasis

Trematodes: Schistosomiasis

Viral:  Arboviroses (Dengue, Zika), CMV, HIV, Herpes, HTLV1,

Measles, Poliomyelitis, PML, Rabies.



Cryptococcosis

Meningitis 
(Immunodeficient)

*

*











*



*

*



Courtesy of Dr. F. Andreiuolo

Grocott Metenamine Silver

*



47-year-old HIV+ man – Clinoid tumor



Large septate and branching hyphae - Mucormycosis PAS



Histoplasmosis
• Histoplasma capsulatum
• Inhaled in infected dust contaminated by

chicken, bird or bat excreta 
• Lungs are primarily infected, but also

mouth, digestive tract and skin
• Frequent involvement of lymphnodes, 

spleen, liver
• CNS infection is rare



Histoplasmosis – Basal meningitis

**



Histoplasmosis

Infarct in basal ganglia

*



Paracoccidioidomycosis
(South American blastomycosis)

• Paracoccidioidis brasiliensis

• Organisms found in soil and vegetation

• Frequent in Brazil, Venezuela and 
Colombia

• Preferential sites: lungs, oral and nasal 
mucosae, lymphnodes

• CNS involvement is not frequent



*

*



*







PAS



Grocott Metenamine Silver



Unusual presentation of fungal infection
50-year-old man with a frontal cerebral tumor



Mycetoma
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