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Clinical History

* A young male child in his first decade, adopted from India
approximately three years prior to presentation

* Presented with altered mental status, seizures, and progressive
symptoms including hypertonia, ataxia, myoclonus, and autonomic
storming

* Imaging showed progressive T2/FLAIR abnormalities in the bilateral
cerebral hemispheres


Presenter Notes
Presentation Notes
Our case comes from a young boy who was adopted from India about three years prior to presentation
He presented with altered mental status, seizures, and progressive neurologic symptoms
Brain imaging showed bilateral, hemispheric T2/FLAIR abnormalities
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Presentation Notes
- Here are representative axial T1 and T2 images


Clinical History

* Clinical differential diagnosis included infectious encephalitis,
autoimmune encephalitis, vasculitis, and mitochondrial disease

* Extensive infectious workup was essentially negative
* Multiple lines of therapy failed (IVIG, PLEX, Rituximab)

* Brain biopsy was performed and reviewed at CDC:

* Negative antigen testing for Measles, Eastern equine encephalitis virus, West
Nile virus, and La Crosse encephalitis virus


Presenter Notes
Presentation Notes
The clinical differential diagnosis was broad and included infectious and non-infectious etiologies
Infectious workup did not point to a particular pathogen and empiric treatment was not successful
Brain biopsy was performed and sent for review to the CDC, where testing for multiple viral causes of encephalitis was negative
The biopsy was then sent to our institution


H&E, 10x
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- Here is a low-power view of a representative portion of the biopsy material
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- Here is a view at higher power
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Differential diagnosis and
workup?
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Within this background of vacuolar change and extensive gliosis, we noticed what appeared to be inclusions within glial cells in the biopsy and became concerned about a viral process
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Presenter Notes
Presentation Notes
Here is an enlarged view of the inclusions
We had limited blanks available so we performed a focused IHC workup with stains for CMV and VZV, both of which were negative, then proceeded with electron microscopy to further investigate the inclusions
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Here we have the round nucleus of an oligodendrocyte with some of the cellular structures marked for reference, for those who missed the golden age of EM like myself
We performed electron microscopy on the previously paraffin-embedded tissue, with relatively good results, but nuclear and cytoplasmic inclusions were difficult to find
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Presentation Notes
The nucleus shows changes similar to those observed on H&E and, importantly, we also see tubulofibrillar (or filamentous) material filling the cytoplasm which matches classical EM descriptions of cytoplasmic aggregates in Measles virus infection; of note, we did not see budding virus or any structures resembling mature virions
In light of these findings, our concern for SSPE grew and we performed in situ hybridization studies for Measles RNA on an experimental/non-clinical basis


| Measles RNA ISH Negative Control
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- Here is the negative control tissue for measles RNA in situ hybridization
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Here is the tissue from our case at low power
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Here is a higher power view showing widespread reactivity, as well as endothelial cells serving as a negative internal control
In contrast to the rare and difficult to unambiguously identify cytoplasmic inclusions seen on EM, the vast majority of neuroglial elements show ISH signal consistent with massive viral load

***It is not entirely clear why endothelial cells do not show mRNA – one possible explanation is that their location outside the blood-brain barrier permits a protective exposure to immune surveillance***


Final Diagnosis

Brain, Right Frontal, Biopsy:
Subacute Sclerosing Panencephalitis



Discussion Points

* SSPE is a progressive subacute encephalitis usually presenting years
after initial infection by measles

* Likely first described by Dawson in 1933-34
* First associated with measles virus by Bouteille in 1965

* Some features overlap with measles inclusion body encephalitis
(MIBE)

* MIBE occurs primarily in immunocompromised individuals and has an
accelerated course

* Both SSPE and MIBE are progressive, incurable diseases with high
mortality
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Presentation Notes
SSPE is a form of subacute measles encephalitis that primarily affects young children and occurs an average of 7 years following measles infection (the latent period is shortened to months in cases of SSPE developing in infants born to mothers who were infected shortly before delivery)
Dawson is generally credited with the first descriptions of the disease in two cases reported in 1933 and 1934; he called it “inclusion body encephalitis” and suspected a viral origin
In 1965, Bouteille et al. identified intranuclear structures by electron microscopy that resembled the nucleocapsid of measles virus in brain biopsies from patients with SSPE
The clinicopathologic features of SSPE overlap somewhat with the other form of subacute measles encephalitis, MIBE; however, there are some differences that we will discuss in a bit more detail
Accurate diagnosis is critically important, as both diseases are progressive and incurable, with high mortality


Differential Diagnosis: SSPE vs MIBE

 MIBE occurs weeks to months after infection, not years

* Our patient had no recent infection and likely was exposed in the years prior
to adoption

* MIBE is primarily associated with immunosuppression
* Our patient had no known baseline immunosuppression

* MIBE often has abundant inclusions (as seen in this case), normally
sparser in SSPE

* Possibly related to therapeutic immunosuppression in this case
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Presentation Notes
As compared to SSPE, MIBE develops rapidly after infection, but our patient had no documented recent infection; considering his adoption from a part of the world with lower measles vaccination rates, infection likely occurred prior to his adoption
MIBE has been reported only rarely in patients with intact immune systems and occurs primarily in immunosuppressed populations; our patient had no history of immunosuppression or dysfunction
As the name would suggest, inclusion bodies are frequently seen in MIBE. In SSPE, they are also present but generally sparse; the presence of abundant inclusions in our case may be related to therapeutic immunosuppression received during the patient’s hospital course
The time course and extreme rarity of MIBE in immunocompetent individuals favors SSPE


Pathogenesis of SSPE

* SSPE is hypothesized to be caused (A)
by a mutated form of the measles
Virus

* Virus enters brain during acute
infection, but is not cleared

e Over time CNS RNA editing (e.g.
ADAR1) selectively hypermutates the
matrix gene preventing its translation
and reducing viral release

* This explains the negative measles
ar\tlgen (M protelp) testing on IH; and . b, ssRNA () = [T TP &.[. ; "
viral escape from immune detection

Biased hypermutation

The RNP complex

Watanabe et al., 2019


Presenter Notes
Presentation Notes
In SSPE, a mutated form of the measles virus is thought to be responsible for development of disease; interestingly, the altered virus appears to be a consequence of continued infection rather than the agent of initial infection
The alterations characteristically seen in measles virus isolates obtained from cases of SSPE and MIBE involve biased hypermutation of the M gene, thought to be a result of cytokine-induced upregulation of RNA editing machinery such as ADAR1
This hypermutation leads to dysfunctional M protein and subsequent reduced or absent virus particle formation, explaining negative IHC and allowing the virus to evade detection by the immune system


Pathogenesis of SSPE

* SSPE is hypothesized to be caused
by a mutated form of the measles
Virus

* Measles fusion protein production
persists, allowing for intercellular
fusion events and massive direct cell-
to-cell spread of viral nucleic acid

e Application of RNAscope
technology to SSPE

* The strong diffuse expression of viral
RNA demonstrates the spread of the
disease far beyond what is
appreciated on H&E and EM
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However, viral spread does still occur due to continued production of functional F protein (recurrent alterations in which have been reported and are hypothesized to have a destabilizing effect that lowers the activation energy required for fusion)
Ultimately we end up with an altered virus that hides from the immune system within infected cells and spreads exclusively or almost exclusively by cell-to-cell contact
RNA ISH studies were instrumental in making the diagnosis in the absence of detectable measles virus antigen and this case represents, to our knowledge, the first use of this technology to diagnose measles infection in the brain
Interestingly, expression of viral RNA in the absence of detectable viral antigen by IHC has been reported in autopsy examination of longstanding SSPE cases


Patient Follow-Up

* The patient passed away about five months after presentation
* No autopsy was performed
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Presentation Notes
In keeping with the progressive and incurable nature of SSPE, the patient passed away approximately five months after presentation


Take-Home Points

* Measles virus infection and SSPE/MIBE are currently rare but
decreasing vaccination rates could mean an increase in cases

* Negative measles virus IHC does not necessarily indicate absence of
the virus

* RNA ISH can be employed to resolve difficult cases
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In the context of decreasing vaccination rates, cases of measles, and subsequently SSPE/MIBE, could increase in the near future; therefore recognition of the clinicopathologic features of these currently rare diseases remains important
Perhaps the most important takeaway from this case is that measles IHC can be negative in SSPE, particularly in long-standing cases, highlighting the utility of RNA ISH in workup of difficult cases
For historical interest on our 100th anniversary meeting, I’d like to show the previous cases of SSPE presented at the DSS


SSPE, 2003 DSS
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- This case from the 2003 DSS demonstrates very nice nuclear inclusions and vacuolar/gliotic changes similar to our case
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- Neurofibrillary tangles can develop in longstanding cases of SSPE, as in this case of SSPE from the 1983 DSS


2003 DSS | | 2044 DSS??

a

1983 DSS
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- Everyone should be prepared for 2044
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