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Abstract
Nocardiosis is relatively uncommon in children and adults with acquired immunodeficiency syndrome (AIDS), 

despite the profound associated cellular immunodeficiency. Acquired most often by inhalation and less commonly by 
percutaneous inoculation, subsequent hematogenous dissemination may lead to infection of almost any organ, with a 
particular predilection for the central nervous system. Nocardial brain abscesses are rare. To the best of our knowledge, 
pediatric Nocardial brain abscesses have not been documented in Human Immunodeficiency Virus (HIV)-infected 
children in the English-language literature, to date. In reporting two Nocardial brain abscesses in a 9 year old AIDS 
patient with intermittent seizures, we highlight the difficulty associated with the ante-mortem diagnosis of Nocardial 
brain abscesses, and the need for cognizance of rare entities occurring in HIV-infected children. Furthermore, we 
emphasize the pivotal role of the autopsy in finalizing the nature of the cerebral pathology, the cause of the seizures 
albeit post-mortem, a cause of death and in providing a platform for continued learning in the AIDS era.
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Introduction
Nocardiosis is a localized or systemic infection caused by Gram-

positive, weakly acid fast, filamentous, strictly aerobic actinomycetes 
belonging to the genus Nocardia in the order Actinomycetales [1]. It 
occurs more commonly in patients with impaired immunity, especially 
males in the 3rd and 4th decades [1-3]. Nocardiosis is relatively uncommon 
in children and adults with acquired immunodeficiency syndrome 
(AIDS), despite the profound associated cellular immunodeficiency 
[2-5]. Acquired most often by inhalation and less commonly by 
percutaneous inoculation, subsequent hematogenous dissemination 
may lead to infection of almost any organ, with a particular predilection 
for the central nervous system (CNS), the latter being involved in 20-
40% of patients [2,5]. Notwithstanding the CNS spectrum, Nocardial 
brain abscesses are rare, representing only 2% of all cerebral abscesses 
[6]. To the best of our knowledge, pediatric Nocardial brain abscesses 
have not been documented in Human Immunodeficiency Virus (HIV)-
infected children in the English-language literature, to date.

In reporting two Nocardial brain abscesses in an HIV-infected 
child, we highlight the need for cognizance of rare entities occurring in 
HIV-infected children. Furthermore, we emphasize the pivotal role of 
the autopsy in finalizing a cause of death and in providing a platform 
for continued learning in the AIDS era.

Case Report
Clinical features

A 9 year old Black African male was admitted to a peripheral 
hospital with a 6 month history of intermittent seizures that involved 
the right side of the face without loss of consciousness. He was initiated 
on anti-convulsant therapy. The patient was discharged but required 
re-admission because of poor seizure control. At this stage, the patient 
was also found to be HIV-seropositive with a CD4 count of 105 cells/
µL. A brain computed tomography (CT) scan was performed at the 
peripheral hospital. It revealed ring-enhancing lesions that involved 
the right basal ganglia and thalamus and left parietal regions. There 
was partial aqueductal obstruction, raised intracranial pressure and 

left midline shift. The radiological considerations were tuberculosis 
and toxoplasmosis. He was initiated on highly active anti-retroviral 
therapy (HAART) (efavirenz, stavudine, lamivudine), morphine, 
paracetamol, metronidazole and fluconazole and was referred 
urgently to the academic unit for definitive management. A contrast-
enhanced magnetic resonance imaging (MRI) scan was undertaken at 
the academic unit; it confirmed the CT scan findings (Figure 1). The 
patient was booked for immediate neurosurgical intervention at the 
academic center but developed respiratory distress and demised before 
further investigations and management.

The clinical information was incomplete in respect of the clinical 
investigations undertaken at the peripheral hospital. The referral 
consultation letter confirmed that a lumbar puncture had been 
performed but the cerebrospinal fluid did not reveal any gross or 
microscopic abnormalities; however, the detailed cerebrospinal fluid 
results were not provided. The patient’s serological biochemical profiles 
were also not included therein. The clinical records did not contain 
information on the parental HIV status or the history of the patient’s 
HIV disease. Attempts to contact the parents after the autopsy failed.

Autopsy findings

Gross features: The patient’s height and weight were 115.4 cm and 
15.3 kg, respectively. Lymphadenopathy or mucocutaneous lesions 
were not identified on external examination. The lungs demonstrated 
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congestion and mild firmness without evidence of consolidation, 
friability, cavitation or abscesses. The brain weighed 1400 g. It was 
swollen and demonstrated features of raised intracranial pressure, 
including herniation of the left uncus and parahippocampal gyrus. 
Meningitis was not evident; culture of a meningeal swab was negative. 
Apart from non-specific terminal autopsy findings, the other organs 
did not demonstrate any specific abnormalities.

The brain was sectioned following two weeks formalin fixation. 
The gross findings were congruent with that noted on the CT and MRI 
scans (Figure 1). Two abscesses were noted in the region of the right 
basal ganglia and thalamus and left parietal region (Figure 2). There 
was associated asymmetric cerebral swelling, displacement of the 
midline structures to the right and distortion of the lateral ventricles 
and aqueduct.

Microscopic features: Sections of the brain abscesses confirmed 
non-specific chronic suppurative inflammation and a surrounding 
gliomesenchymal reaction (Figure 3A). The Gomori Grocott 
methenamine silver (GGMS) (Figure 3B) and modified Gram (Brown 
Brenn Hopps) (Figure 4) stains revealed approximately 1 µm slender, 
filamentous beaded Gram-positive bacteria. These demonstrated 
frequent right angled branching. The Ziehl Neelsen and periodic acid 
Schiff (PAS) stains did not demonstrate concomitant mycobacteria or 
fungi, respectively. A direct smear of the abscess contents demonstrated 
poorly preserved, fragmented, beaded, filamentous acid fast organisms 
on Kinyoun staining (Figure 4). The branching, filamentous morphology 
of the organisms and associated Gram and Kinyoun positive staining 
were typical of Nocardial organisms. Autopsy budgetary constraints 
prohibited molecular investigation of the exact Nocardial species by 
polymerase chain reaction and sequencing.

Sections of the lung demonstrated a polymorphous infiltrate of 
lymphocytes, plasma cells and histiocytes in the interstitium and 
interlobular septa. Nodular lymphoid aggregates with focal small 
germinal centers were noted. The lymphocytic component displayed 
a mixed B and T immunohistochemical profile, with a predominance 

Figure 1: Coronal post-contrast magnetic resonance imaging scan of 
abscesses in the right basal ganglia and thalamus (arrows) and the left parietal 
(arrowheads) regions.

Figure 2: Abscesses in the right basal ganglia and thalamus (arrow) and the 
left parietal (arrowheads) regions.

Figure 3: A. Abscess wall with central suppuration (S) and peripheral 
granulation tissue with fibrosis (asterisks) [Hematoxylin & eosin, 240X]. B. 
Branching, filamentous organisms (arrows) [Gomori Grocott methenamine 
silver, 480X].

Figure 4: Filamentous, Gram-positive, branching organisms [Brown Brenn 
Hopps, 1200X]. Inset: Direct smear of abscess contents with fragmenting, 
filamentous, weakly acid fast organisms (arrows) [Kinyoun, 1200X].
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of the latter. Immunohistochemical staining of the T-lymphocytic 
component confirmed a mixed CD4+/CD8+ infiltrate with a 
predominant CD8+ immunophenotype. The features were in keeping 
with lymphocytic interstitial pneumonia. Granulomas or abscesses 
were not identified. Ziehl Neelsen, PAS and GGMS stains did not 
reveal Nocardial or other infective agents. Sections of the other organs 
did not reveal any specific pathology.

The final autopsy diagnosis was that of AIDS with Nocardial brain 
abscesses, associated raised intracranial pressure, lymphoid interstitial 
pneumonia and respiratory failure.

Discussion
Since the first documentation of human nocardiosis more than a 

century ago, Nocardial infections have been increasingly recognized 
as a serious, primarily opportunistic, infection. This has been ascribed 
mainly to an increasing population of immunocompromized hosts, 
wider use of immunosuppressive therapy, improved methods for 
detection and identification of Nocardia species, and a heightened 
index of suspicion among physicians [6,7]. Thirteen medically 
important species are contained within the genus Nocardia. Of these, 
N. asteroides, N. farcinica, N. nova and N. abscessus are responsible 
for the majority of invasive infections, but N. asteroides is identified 
most commonly [8]. The anti-Nocardial host defense mechanisms 
include initial bacterial inhibition by neutrophils and macrophages 
and subsequent T-cell mediated bacterial destruction [1,3,8]. Nocardial 
virulence factors include the catalase and superoxide dismutase 
enzymes that enable Nocardial inactivation of neutrophil-generated 
reactive oxygen species [8,9]. In addition, ‘cord factor’, a Nocardial 
cell wall glycolipid, obstructs macrophage activation and associated 
phagocytosis and phagolysosome formation [8,10]. Approximately one 
third of patients afflicted by nocardiosis are immunocompetent [8].

The incidence of primary cerebral nocardiosis in the absence of 
extraneural involvement ranges from 5 to 33%, while secondary CNS 
involvement, caused by a spectrum of underlying diseases, occurs in 
15-44% of patients [8,11,12]. The clinical presentations of patients 
with CNS nocardiosis are non-specific but headache, fever, altered 
mental state, seizures, visual changes and nausea and vomiting have 
been reported in >20% of cases globally [8]. The range of Nocardial 
CNS pathology includes spinal cord lesions, diffuse cerebral 
infiltration, leptomeningitis, granulomas, ventriculitis and cerebral 
abscess formation [6,11]. While CNS Nocardial infection manifests 
overwhelmingly as a solitary abscess in a predominantly supratentorial 
location, multiple brain abscesses are reported in 38% of cerebral 
nocardiosis [13]. Apart from HIV infection and AIDS, Nocardial brain 
abscesses, in particular, have been associated with a range of local 
and systemic diseases (Table 1) [8,14-16]. Nocardial brain abscesses 
are caused by N. asteroides, N. farcinica, N. nova, N. paucivorans, N. 
brasiliensis, N. cyriacigeorgical, N. transvalensis and N. otitidiscaviarum 
[8,14,17-19]. Even in the presence of systemic nocardiosis, diagnostic 
aspiration of brain abscesses is recommended to evaluate co-infections 
by multiple organisms [14]. Disseminated nocardiosis with cerebral 
involvement has a very poor prognosis because the diagnosis of cerebral 
disease is seldom confirmed antemortem [20]. Leptomeningitis is an 
uncommon event. The cerebrospinal fluid is often normal even with 
an established intracerebral abscess [5]; this was the situation in the 
index patient. Although Nocardial brain abscesses occur mainly 
in immunocompromized patients, similar to other bacterial brain 
abscesses, no risk factors for infection are identified in >50% of patients 
with Nocardial abscesses [3].

HIV infection as a predisposing factor in the causation of 
nocardiosis was recognized in the 1980s, but HIV and Nocardial co-
infection remains an uncommon occurrence, with rates of 0.2-1.8% 
being reported [7,21]. Pulmonary nocardiosis with secondary cerebral 
disease is reported as the common mode of presentation in AIDS 
patients, but diverse disease presentations such as joint and bone 
infection, paraspinal and renal abscesses and adrenal insufficiency have 
expanded the clinical spectrum in the AIDS era [4].

The male predominance, range of organ involvement, association 
with an underlying host defect and the 40% mortality rate of nocardiosis 
in children, has paralleled the spectrum of disease reported in adults 
[22,23]. Pediatric nocardiosis, however, is a rarity in the global literature, 
even from developing countries ravaged by the AIDS epidemic; to 
date, cerebral Nocardial brain abscesses in pediatric AIDS patients are 
undocumented. Whether this is a true low incidence or whether the low 
incidence is an under-recognition or under-reporting phenomenon, 
especially since nocardiosis is not a Centers of Disease Control AIDS-
defining disease [7], remains conjectural. Ring-enhancing lesions in 
HIV-positive patients are presumed to be of T. gondii origin; patients 
are commenced on sulfonamide therapy, to which Nocardia may also 
be adequately sensitive. Also, many HIV positive patients receive 
trimethoprim sulfamethoxazole prophylaxis against Pneumocystis 
and other opportunistic infections. Such prophylaxis may prevent 
or treat Nocardia infection curatively [3,14]. Our patient had been 
on prophylactic anti-fungal and anti-bacterial agents for only 2 days 
prior to death. The Nocardial nature of the space occupying masses 
was unrecognized clinically; the lumbar puncture did not confirm 
meningitis and there were no extraneural clues of nocardiosis. In the 
index patient, AIDS and the attendant immunocompromize are the 
posited risk factors for cerebral nocardiosis, but it is arguable whether 
the brain abscesses were primary or secondary. Despite the absence 
of extracerebral systemic nocardiosis at autopsy, it is not possible to 
exclude that the use of antibiotics for other undeclared childhood 

INFLAMMATORY CONDITIONS ORGAN/CELL TRANSPLANT
1. Chronic granulomatous disease
2. Autoimmune Immune Diseases

• Sarcoidosis
• Systemic lupus erythematosus
• Polymyositis
• Rheumatoid arthritis
• Autoimmune hemolytic anemia
• Ulcerative colitis
• Diabetes mellitus

3. Chronic pulmonary disease:
• Bronchiectasis
• Chronic obstructive pulmonary 

disease
• Idiopathic pulmonary fibrosis

MALIGNANT NEOPLASMS
1. Hematolymphoid conditions

• Hodgkin lymphoma
• Chronic myeloid leukemia
• Multiple myeloma
• Neutropenia

2. Carcinoma
Digestive tract

• Gingival, gastric, rectal, liver
• Female genital tract and 

breast
• Cervix, breast

PHYSICAL INJURY
• Head injury/Prior CNS 

procedure

• Heart
• Liver
• Kidney
• Bone marrow
• Stem cells

DRUG AND SUBSTANCE USE
1. Chemotherapy

• Azathioprine
• Methotrexate
• Melphelan
• Etoposide
• Adriamycin
• Bleomycin
• Vinblastine
• Dacarbazine
• Anti-tumor necrosis factor-α 

agents
• Cyclosporine
• Tacrolimus
• Mycophenolate mofetil

2. Steroids
3. Chronic alcoholism
INFECTIONS

• Pulmonary aspergillosis
• Cytomegalovirus pneumonia
• Tuberculosis
• Human Immunodeficiency 

virus

CNS: Central Nervous System

Table 1: Conditions/diseases associated with Nocardial brain abscesses [8,14-16].
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illnesses, could have unintentionally treated undetected systemic 
disease.

The mortality rate of nocardiosis is 75-90% [5]. Factors predictive 
of a better outcome include early diagnosis, absence of underlying 
disease, administration of appropriate chemotherapy and restricted 
disease [5,8,14]. Mortality is also higher in those undergoing 
stereotactic aspiration (50%) than in those undergoing craniotomy 
(24%) or in those managed non-operatively [5]. There was limitation of 
the disease to the brain terminally, but the intracerebral multifocality, 
presence of underlying AIDS, lack of a timely diagnosis and timely 
appropriate medication provided a predictable permutation for poor 
prognosis. Had it not been for the autopsy, confirmation of nocardiosis 
would not have occurred.

Although the autopsy has been described as the “ultimate medical 
consultation” and the “ultimate audit”, the 20th and 21st centuries 
have experienced a marked global decline in autopsy rates. While 
many reasons for the decline exist, perhaps the most influential is the 
advances in medical technology that provide ante-mortem diagnosis, 
rendering physicians less uncertain of a cause of death. However 
discrepancies of approximately 10% between clinical and autopsy 
diagnoses are recorded and the autopsy is critical as a monitor of 
clinical investigative techniques [24]. Furthermore, autopsies are a 
critical continuing professional developmental tool, especially teaching 
and learning on new, emerging diseases and new presentations of 
old diseases. The learning on disease profiles in the HIV and AIDS 
era touches on both scenarios. While Nocardia species, with their 
characteristic morphological and staining profile, facilitated a definitive 
diagnosis of Nocardial brain abscesses, albeit post-mortem, the exact 
species identification remains unknown, because of the lack of positive 
antemortem Nocardial culture, and unsuitability of the post-mortem, 
formalin-fixed abscess contents for microbiological culture. Clinicians 
must inform the laboratory when the clinical suspicion of Nocardial 
infection is strong as prolonged culture may be necessary because 
some Nocardia species are slow growers [25]. Nocardial species 
identification from formalin-fixed paraffin-embedded tissue, although 
not undertaken because of autopsy budgetary constraints in the index 
patient, is important, moreso in ante-mortem biopsies, because not 
all Nocardia species are pathogenic and those that are, have known, 
markedly different susceptibility and resistance patterns [26].

In adding pediatric AIDS-associated Nocardial brain abscesses to 
the world literature, we emphasize the almost perfunctory consideration 
of Nocardia species as a cause for ring-enhancing lesions on imaging 
studies in children, especially in those who are HIV-infected, even 
when cerebrospinal fluid testing does not confirm meningitis.
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