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This symposium has several main objectives: Re-Emerging Infections
1. Demonstrate the global burden of disease and the of the Central Nervous System
disproportionate amount of infectious diseases _
that track with poverty, many of which, secondary G
to immigration and travel, must be diagnosed and S
treated in North America. =
2. Highlight four infectious diseases affecting the
CNS that are seeing global, local, or epidemic burdens increase in recent years.
3. Provide the working neuropathologist with a list of tools and resources to
approach these and other difficult infectious diagnoses within the CNS.

. { ' . ' World Mapper is a data viewer (www.worldmapper.org) that
plots different statistics proportionately on a global map. There
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are many dozens of maps available which are related to

healthcare. In this particular view, the dollars spent on public
j health by each country are shown. When the total dollars spent
: is largely disproportionate to the population size (e. g. Africa,
India, and China), situations of massive healthcare disparity
occur. Several other World Mapper views are included at the end of this handout that
show similar patterns for the burden of malaria, the number of doctors, etc. Within the
context of central nervous system diseases, infections represent a small portion relative to
the whole because the dollars spent on public health (which is an inverse metric for the
burden of infectious diseases overall) reduce infections to rarities. In the modern world, a
family from Africa who has lived in abject poverty can be in New York or Atlanta in less
than 24 hours, bringing with them quiescent infections that may not present for weeks to
years later. Rapidly expanding economies in India and China have newly wealthy
business travelers and their families moving around the globe at rapid rates. Thus, as we
consider the ever expanding human population, we must remember that when we view
data presented above, that those dollars spent are only benefiting/injuring long term
inhabitants of a country. © Copyright 2006 SASI Group (University of Sheffield) and
Mark Newman (University of Michigan).
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- st From the WHO?s 2002 data on population and DALY's

PR 2 : (Disability Adjusted Life Years), we see the effects of the
public health spending (and other health metrics) reflected in
the massive differences in types of disease burden in different
continents and regions. DALY are not only life years lost
when a person dies but effective life years lost due to

- disability. North Americans are very familiar with the
leading healthcare issues in their own continent with DALY lost attributed to
neuropsychiatric, cardiovascular, cancer, pulmonary, and musculoskeletal diseases
primarily (with accidents also contributing non-medical causes). The burden of
infectious diseases in the Americas, Europe, and the Western Pacific is fourth or fifth




overall when considered as a group but individually never contribute more than 3%. In
Southeast Asia, the Middle East, and Africa, we see the opposite with a third to 61% of
all DALYs lost attributed to infectious diseases; moreover, as a category, infectious
diseases dominate in these three regions. On an individual basis, malaria, HIV, and
respiratory infections make up nearly 40% of the DALYSs lost in Africa. These data are
now 7 years old and there are many campaigns to reduce this deficit including ARV
treatment for HIV, malaria control, vaccination, and elimination programs, and individual
health treatment initiatives such as the Millennium Villages Project, Partners in Health,
MSF, etc. However, economy is moving faster than these programs and the drive for
peoples from these effected regions to move to other countries (especially North
America) means that infectious diseases endemic in these countries are “emerging.”

Viral CNS Infections ~ Viral infectious of the CNS are by and large diagnosed on
S clinical grounds due to high clinical suspicion and
" confirmation with appropriate serology or antigen testing
eSS 0 of either the peripheral blood or CNS. Rare is the report
o el mmesmess 0 the modern literature of a viral CNS infection
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clinicl vieal diagnoses is | t L] . . . . . - - -
ey e e diagnosed primarily on a histological biopsy as morbidity
. . . andmortality are nearly always increased with surgical

intervention. In this handout, there are several long tables
listing the many viral diseases of the CNS, some of which are certainly considering new
and emerging or re-emerging. However, one of the most challenging viral infections to
definitively diagnose pre-mortem is Rabies, a topic on which we will expand a bit.

A current discussion of rabies virus incidence, prevalence
and new understandings of biology and immune evasion will
be presented.[1, 2]

Unlike viral infections which can be difficult to localize, Bacterial CNS Infections
bacterial infections can be greatly augmented by . S i st it s st b
radiology and microbiological culture. When a bacterial iy ey oo ancfor G dapost s

abscess is present, the differential includes fungal and
parasitic infections as well as non-infectious causes. :

Unlike viral infections, surgical drainage and/or biopsies " e S i s o i
are more common in order to drain abscesses and

especially for antibiotic resistance testing in prolonged

lesions. Although the pathologist may be able to give a gram staining pattern and a
morphology reading, culture is required for definitive diagnosis and antibiotic testing.
16S rRNA PCR and sequencing can be performed on formalin fixed tissue when no
culture is available (e.g., the CDC); however, this does not provide antibiotic
susceptibility in most cases. Fungal infections can be evaluated using several peripheral
blood markers (Galactomannan and Beta-1,3-glucan). Parasitic infections (with the




exception of Toxoplasmosis) will usually have a clinical history of exposure; however, if
patients are severely ill (i.e., coma) obtaining such a history may be difficult especially if
family members are either not available or language is a barrier. Mycobacterial disease,
especially disseminated tuberculosis, requires marked input from the neuropathologist
with regards to the pattern of inflammation (granulomatous vs. neutrophilic), presence of
AFB on special stains, etc. Let us further explore recent developments in the diagnosis of
Mycobacterium tuberculosis in the CSF.

Bacterial CNS Infections To begin, remember that aseptic or culture-negative
Aseptic Meningiis Agents meningitis can include a long list of organismes.
. e Many of these organisms are aseptic because
. R growth is not amenable to typical culture techniques
e R and/or the specimen is not handled properly before
. Touponon s arriving in microbiology. In some cases, however,
| Mymonscrerim fipereitbals growth may take an excessive amount of time (e.g.,
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mycobacteria). Molecular techniques on both fresh
tissue (if obtained) and CSF can be tremendously
helpful in ruling in these organisms (though not the opposite) and a role for traditional
serology is still common for both CSF and peripheral blood. From the perspective of a
neuropathologist, very few of these lesions are ever going to produce a brain biopsy (nor
should they!) with the exception of M. tuberculosis and Nocardiosis—the former due to
bulky granulomatous disease and the latter due to the propensity to form abscesses
eventually. Both organisms have AFB staining patterns but can be easily distinguished
by morphology and milieu.

A current discussion of detection of mycobacterial
disease in the CNS will be presented][3, 4].

A e B Parasitic disease is a catchall expression for any
4 * 4RSS non-viral/non-bacterial/non-fungal disease of
0 x /;L.r humans which includes some TRUE parasites but

T — many opportunistic or incidental infections which

N _ il can not truly be thought of as parasitic. For
RSB RRCHS x?. .:;f x ? example, in the diagrams above are several
B schematics of general life cycles of parasites.
E F - Diagrams A, D, and E demonstrate what can be
C | X thought of as true parasitic relationships with




examples being malaria, tapeworms, and roundworms or entamoeba, respectively. In
these cycles, humans are REQUIRED for the parasite to complete their lives and a
significant number of patients infected with the organism are asymptomatic. B and C
represent zoonotic diseases such as African Sleeping Sickness and Toxoplasmosis
respectively in which humans are either incidental hosts or dead end hosts. In the former,
disease is very severe in humans (with 100% mortality if not treated for African Sleeping
Sickness) because humans are not commonly part of the life cycle. In the latter, the role
of the human as a reservoir that must be “consumed” by another organisms such as a
carnivore to complete the life cycle results in humans as a dead end host. These,
although included in any textbook of parasitology, may not be considered true parasites
by strict definitions. Diagram F is a special case, such as Taenia solium (the agent of
cysticercosis), where humans can be part of a normal parasitic life cycle (i.e., humans
have a tapeworm), but when the cycle is interrupted, humans change positions and
become a dead end host. These diagrams are helpful in understanding why some
infectious parasitic diseases present acutely while others may take months or years to
manifest. For the sake of this discussion, we will now turn to helminthic parasitic
diseases that lead to CNS complications.

Helminths come largely in three flavors in human

infections. The nematodes, or roundworms, are abuuieiailh Loy
largely isolated to the gastrointestinal tract and - Nomatodes

lymphatics and, with the exception of agents such as _ PH
angiostrongylus (the most common cause of lgﬁn{.-;;a-::_-:p o
eosinophilic meningitis), do not cause CNS P
infections. The eyes are affected in Onchocerciasis " ko oeplstms gl
(River Blindness) with the movement of microfilaria T

into the eyes with inflammatory response; however,

this disease is a focus of international efforts to eliminate and reduce disease and so is
hopefully on the decline. The cestodes (i.e., segmented flatworms or tapeworms)
comprise two groups (see life cycles on previous slide) which include a) those that cause
only intestinal tapeworms in humans and b) those that cause disseminated diseases in
humans. Within the former group are the vast majority of tapeworms, which are of
nutritional and public health concern but not major contributors to mortality. In the latter,
we have Taenia solium (the pork tapeworm) and Echinococcus sp. (dog tapeworms)
which lead to disseminated disease. The pork tapeworm disseminates when a human is
exposed to the feces of a person with a tapeworm and ingests eggs or proglottids (as is
the norm for the pig). Similarly, echinococcosis results from exposure to the feces of
carnivores in the environment.

The nematodes comprise a large number of organisms
as listed above though only a few ever involve the
CNS. The four highlighted in bold (Ascaris,
Trichurus, and the two hookworm species) combined
infect approximately 3.5 billion people world wide.
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Strongyloides stercoralis, although less common, is of particular importance as a re-
emerging infection that can involve the CNS when hyperinfection occurs with
immunosuppression.

A review of hyperinfection with
Strongyloides will be discussed]5, 6].

Hypeiinlection
with
Strongyloides

The cestodes Taenia solium and Echinococcus sp, as

previously mentioned, can cause the most Laalores
catastrophic CNS involvement in humans. In the P Waelil o Cellarel
case of Taenia, many disseminated cysticerca can be ~Tevhughdh - Schhooos
present in the brain and muscle of the body with little - Conwannaraun - £ sl sooal
symptomatology. Only at a point when the organism Dk o s
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dies (presumably because it has a limited life span in
a pig, during which time it needs to be ingested), does
an immune response often become clinically evident
with resultant headaches, seizures, and focal neurological signs. Echinococcal disease,
on the other hand, is usually a single cyst that grows approximately 1 cm per year in size;
therefore, symptoms occur due to cyst walls impinging on normal structures. In the
former, rupture is usually required for clinical awareness; in the latter, however, a rupture
can be catastrophic with initially possible anaphylaxis and eventually the formation of
many daughter cysts which can behave in a cancerous fashion.

8 A current discussion of neurocysticercosis will be
é}] St presented[7, 8].

Mevrozysticarcaeis
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specific
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Summary and Conclusions

An understanding of Rabies biology is pointing towards
new pathways for treatment of the deadly disease which
has had a surprising increase in incidence in the last
decade.

Diagnosis of disseminated tuberculosis prior to biopsy is
still difficult making tissue samples vital tor the moment;
however, new markers should greatly increase the
accuracy of this diagnosis.

“Chronic” silent diseases can re-emerge as advance
treatments with immunosuppression are more commonly

used in traveling poplations.

As the global population is increasingly linked by rapid
travel, new economic vectors, and improved healthcare,
the incidence and prevalence of previously restricted
tropical diseases will increase in North America

See the following articles for the discussion of rabies, tuberculosis, Strongyloides and
cysticercosis.
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