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Abstract

Progressive multifocal leukoencephalopathy (PML) is a rare, demyelinating disease of the central

nervous system caused by JC virus. Fewer than 30 cases have been reported in HIV-infected and

non-infected children. We report the case of a 15 year-old girl with PML and AIDS who presented

with nystagmus, dysarthria, and ataxia. Following combined antiretroviral therapy, she developed

immune reconstitution inflammatory syndrome, which proved fatal.
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CASE DESCRIPTION

A 15-year-old girl with a history of recurrent otitis media and bilateral herpes simplex virus

keratitis presented with a six-week history of fatigue, 12 kg weight loss, right hand and leg
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clumsiness, diplopia, dysarthria and gait instability. Although the patient’s biological mother

was HIV infected, the patient’s HIV status was unknown to her adoptive family. Details

regarding the biological mother’s medical history, including HIV management, were

unknown. Physical examination revealed an acneiform rash of the face, thrush, sustained

nystagmus with up-, left- and rightward gaze, diplopia with rightward gaze, right lower face

weakness, dysarthria, truncal ataxia, and a wide-based gait.

Laboratory tests revealed a white blood cell count of 2,580/mm3 and absolute CD4 count of

5 cells/mm3. Additional laboratory testing demonstrated a positive HIV-1 antibody and

plasma viral load of 82,000 copies/mL. Cerebrospinal fluid was notable for protein of 30.3

mg/dL, glucose 51 mg/dL, white blood cell count 2 cells/mL, HIV-1 viral load 99,400

copies/mL, and JCV PCR 4,200 copies/mL. Cerebrospinal fluid gram stain, culture, CMV

PCR, EBV PCR, HSV PCR, KOH, fungal culture, cryptococcal antigen, acid fast bacillus

(AFB) stain, AFB culture, and toxoplasma PCR were negative. A brain MRI demonstrated

patchy regions of T2 signal hyperintensity within the right cerebellar hemisphere, middle

cerebellar peduncle, and diffusely within the pons and medulla (Figure 1A). Vascular ectasia

of the supraclinoid internal carotid arteries was present bilaterally and consistent with a

history of perinatal HIV infection.

Based on the radiographic findings and positive JCV CSF PCR, the patient was diagnosed

with AIDS and progressive multifocal leukoencephalopathy (PML). Combination

antiretroviral therapy (cART) was initiated with nevirapine, tenofovir/emtricitabine and

raltegravir. Her antiretrovirals were chosen based on their favorable penetration into the

central nervous system. Shortly after cART initiation, the patient developed worsening

dysarthria, dysphagia, and aspiration of liquids and a repeat MRI demonstrated new and

increased bilateral medullary lesions concerning for immune reconstitution inflammatory

syndrome (IRIS). Based on the interval radiographic changes and neurologic worsening, she

was started on high-dose methylprednisolone followed by a prednisone taper. The patient’s

neurologic status improved and she was discharged approximately one month following

admission.

She was readmitted one week later for urinary incontinence, worsening dysarthria, new left

hemiplegia, and inability to ambulate. A repeat MRI showed interval increase in T2-signal

abnormalities of the brainstem and cerebellum. Given her significant clinical and

radiographic progression, the patient was given a second course of methylprednisolone.

Despite this, she had progressive weakness, inability to clear secretions, and developed

generalized tonic-clonic seizures. Repeat MRI demonstrated new, diffuse supratentorial

lesions and interval worsening of the infratentorial lesions (Figure 1B, E, F). She had

worsening respiratory drive and a progressively diminished level of consciousness and died

eight weeks following her initial presentation.

REVIEW

Progressive multifocal leukoencephalopathy (PML) is a demyelinating disease of the central

nervous system that results from infection with JC virus (JCV), a neurotropic polyomavirus

whose only known reservoir is humans.1 While well-described among HIV-infected adults,
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PML has been rarely reported in immunosuppressed pediatric patients who are HIV-infected

or have a primary immunodeficiency, cancer, or solid organ transplant.

Epidemiology

Epidemiologic seroprevalence surveys estimate that up to 86% of healthy adults have been

exposed to JCV. One recent study demonstrated that JCV age-specific seroprevalence rises

from about 16% in children 1-5 years of age to 34% by age 21-50 years.1, 2 This increase in

JCV seroprevalence over time may explain why PML is relatively uncommon among

children. Once infected, latent virus persists within reservoirs including the bone marrow,

tonsillar B-lymphocytes and proximal renal tubule cells.3 Factors that determine whether the

virus remains quiescent, reactivates, or progresses to cause PML are unknown.

PML has been reported largely among patients infected with HIV.3 A retrospective review

of 13 Pediatric AIDS Clinical Trials Group (PACTG) studies conducted before the advent of

cART revealed a PML event rate of 0.06 per 100 person years, with affected children

identified at a median age of 10.8 years and median CD4 count of 6 cells/mm.4, 5 The rarity

of PML among HIV-infected children was initially thought to be secondary to perinatally-

infected children dying before they experienced primary JCV acquisition.6 Concerns that

improved outcomes and prolonged survival would result in an increased incidence of PML

among HIV-infected children have not been borne out.7

We identified 19 reported cases of PML among HIV-infected children (Table 1).6, 8-23 Of

the 19 published reports, 12 patients acquired HIV via vertical maternal-to-child

transmission, 4 via blood product transfusions, 1 from a contaminated needle, and 1 from an

orthotopic liver transplant. The source of infection for one child was not reported. Twelve

(63%) of the identified patients were male and the median age at PML diagnosis was 12

years (range 6-22 years). Only 3/19 (16%) of patients were newly-diagnosed with HIV at the

time of PML presentation.6, 12, 18 CD4 count was <500 cells/mm3 in all but one patient.

Viral load was reported in 5 cases and ranged from 11,800-292,000 copies/mL.

PML has also been described in 10 children with a history of solid organ transplant,

malignancy, or primary immunodeficiency, including hyperimmunoglobulin E,

hyperimmunoglobulin M, Wiskott-Aldrich, and severe combined immunodeficiency (Table

2).24-33 PML presenting symptoms, radiographic findings, and histopathologic findings in

these immunosuppressed children resembled those of HIV-infected children.

Clinical Presentation

Clinical manifestations of PML are variable and depend on the region of the central nervous

system affected. Symptoms are likely the result of demyelination that occurs due to lytic

oligodendrocyte infection. The most commonly reported signs among adults include paresis,

speech abnormalities, gait disturbances, ataxia and cranial nerve palsies.34, 35 Our review

revealed similar findings in children, including hemiparesis, ataxia, and dysarthria. Seizures

occur in 18% of PML adult patients and were noted in 4/29 (14%) of the pediatric

cases.15, 20, 28, 31, 36
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Neuroimaging

MRI is the most widely utilized radiographic modality for the evaluation of PML. Typical

radiographic features include a single or multiple non-space-occupying, T2-hyperintense,

T1-hypointense lesions without associated edema. These lesions commonly involve the

frontal and parieto-occipital subcortical white matter.37 Involvement tends to be asymmetric

with relative sparing of the periventricular white matter. PML lesions have also been

described in gray matter structures and the spinal cord.38, 39 Enhancement of PML lesions in

patients not undergoing immune reconstitution was once thought to be atypical, although

this assumption has been challenged by more recent reports.9, 40 As in adults, lesions in the

25 pediatric PML cases with radiographic information predominantly involved white matter

and most (84%) demonstrated no enhancement with gadolinium contrast. Posterior fossa and

brainstem involvement was common. In the present case, areas of enhancement were noted

in the right basal ganglia, medulla, and cerebellum; histopathology from these areas was

consistent with PML. Cortical enhancement noted shortly before her death, however, was

not consistent with PML on histopathology (Figure 1E, F).

Pathology

Characteristic histopathologic features of PML in children, as in adults, include foci of

demyelination involving the white matter and gray-white junction, lesions with abundant

lipid-laden macrophages and bizarre astrocytes, and enlarged oligodendrocytes with

intranuclear inclusions. The case patient’s pathology included multiple foci of demyelination

in the brainstem and cerebellum, featuring oligodendrocytes with large, ground-glass nuclei

and large, bizarre astrocytes with prominent nucleoli (Figure 1D, Figure 2A, B). In addition,

there were intraparenchymal infiltrates of CD163+ macrophages and CD8+ T lymphocytes.

In contrast to published pediatric cases, JCV immunoreactivity was visualized within both

oligodendrocytes and cerebellar granule cell neurons in our case patient (SV40 antibody

staining, Figure 2C, D). Further staining of the granule cell layer for JCV T Ag and VP1

protein expression was notable for a predominance of granule cell neurons expressing T Ag

only, consistent with early or restricted infection, with rare VP1-expressing cells indicating

productive infection. These findings are consistent with earlier observations that although

JCV infection was initially thought to be limited to glial cells, restrictive granule cell neuron

infection may also be important in pathogenesis.41

Laboratory Diagnostics

A definitive diagnosis of PML can be established by detection of JCV DNA in the CSF or

viral proteins on brain biopsy. In adults with PML the reported sensitivity of JCV DNA CSF

PCR is 58%, with an estimated specificity of 100%.42 Given the relatively low sensitivity,

cases with characteristic clinical and neurologic manifestations can be categorized as having

‘possible PML’ even in the absence of positive molecular diagnostics.43 The majority of

reported pediatric cases had a positive JCV CSF PCR (17/29, 59%).

CSF white cell count, protein, and glucose are usually normal to slightly elevated in patients

with PML.34, 44 Among the reported cases in HIV-infected children, none had pleocytosis

and all had a normal glucose (48-92 mg/dL) and a normal to slightly elevated protein (12-76
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mg/dL).6, 10, 11, 13-16, 19, 20, 23, 34 Among case reports in children without HIV, the CSF

profiles, including cell count, glucose, and protein, were also within normal

limits.26, 28, 30-32

Treatment

Immune system restoration is the mainstay of PML management. Although cART does not

have direct anti-JCV activity, survival among HIV-infected adults with PML has increased

from 10% in the pre-cART era to 50% with cART.45, 46 The effects of antiretroviral drugs

on PML outcomes in children are unknown; only 7/19 (37%) of published cases initiated

cART at the time of their PML diagnosis.11-16, 18

Additional treatment modalities have been used for the management of PML. Inconsistent

improvements in clinical progression have been reported in adults treated with cidofovir,

cytarabine, or alpha-interferon therapy.47, 48 Among the HIV-infected pediatric patients, two

were treated with cidofovir and had improvement in their neurologic status.12, 13 Two HIV-

uninfected children were treated with cidofovir. One patient had complete resolution of

neurologic symptoms, although this patient’s immunosuppression was also reduced as part

of their PML management.25, 27

Immune Reconstitution Inflammatory Syndrome

In a subset of patients with PML, inflammation and an apparent increase in JCV-mediated

tissue destruction follow the suppression of HIV infection with cART. This PML-associated

IRIS is a severe, often fatal, complication. Histologically, the syndrome is marked by

infiltration of brain parenchyma by CD8+ lymphocytes, as was noted in the case patient.40

PML-IRIS occurs in 19-31% of adult patients with PML, most often within 1 week to 26

months of cART initiation.49-51 Among the 19 reported cases of PML in HIV-infected

children, 3 (16%) had clinical courses concerning for PML-IRIS, with the onset of

neurologic symptoms 12-28 days after starting cART.14, 16, 18

Steroids have been used for PML-IRIS, especially in cases of rapid clinical deterioration or

when neuroimaging demonstrates inflammation. In one series of adults who received

steroids, 58% had good neurologic recovery; those who survived received steroids earlier in

their course and had contrast enhancement of their PML lesions on MRI.51 All 4 reported

cases of HIV-infected children with suspected PML-IRIS received steroids; two had a

protracted neurologic course and two died.

Prognosis

The prognosis of PML in children is poor. Though the prognosis for HIV-infected patients

with PML has improved with the introduction of cART, the lack of an agent with activity

against JCV has hampered efforts to improve overall survival. Among pediatric PML cases,

only 5/16 (31%) HIV-infected patients and 2/10 (20%) patients without HIV

survived.11, 13-16, 25, 28 The remainder died within one year of PML diagnosis, most by 2-6

months. The majority of survivors had long-term neurologic deficits including residual

hemiparesis and cerebellar dysfunction.
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Several factors, including JCV CSF viral load, CD4 count >100 cells/mm3, contrast

enhancement on radiographic imaging, evidence of neurologic function recovery, and the

presence of JCV-specific cytotoxic T-cells, have been suggested to predict survival among

HIV-infected adults with PML.52-57 Specific predictors of mortality in children remain to be

elucidated.
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Figure 1. Radiographic, pathologic, and histologic characteristics of PML
A, T2-weighted MRI images captured at the time of presentation and B, six weeks later

(three days prior to death). C, Marked volume loss in the right cerebellar folia and distortion

of the medulla are likewise seen at the gross level. D, Luxol fast blue (LFB) staining

demonstrates marked destruction and demyelination of the cerebellar white matter. E,

FLAIR and F, gadolinium-enhanced T1 MRI three days prior to death demonstrates

extensive subcortical and deep white matter edema and contrast enhancement.
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Figure 2. Immunohistologic characteristics of PML
A, Infected and diseased oligodendrocytes showing enlarged, ground-glass appearing nuclei,

mostly found at the edges of demyelination (pons, 400X). B, Bizarre, multi-nucleated

astrocytes often found within demyelinated lesions (pons, 400X). C, Immunohistochemistry

staining, highlighting JCV-infected oligodendrocytes (pons, 400X). D, and JCV-infected

granule cell neurons of the cerebellum (400X).
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