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Central Nervous System Paracoccidioidomycosis: An Overview

SérgioMonteirodeAlmeida

Neurology Division, Federal University of Parang; Curitiba, PR, Brazl

Paracoccidioidomycosis(PCM) isan infectiousdisease, endemicto subtropical areasof Central
and South America, caused by thedimor phicfungusParacoccidioidesbrasiliensis. It isachronic
disease, mostly affecting adult males, with amean patient ageof 44 year s. Central nervoussystem
involvement (CNSPCM ) hasbeen found in 13% of thepatientswith sysemicdisease. Wereviewed
theclinical presentation, diagnosistechniquesand treatmentsfor CNSPCM. .
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Etiologic agent

Paracoccidioidomycosis (PCM) is a chronic
granulomatousinfectiousdisease. Theetiologic agent
isthethermally dimorphic fungus Paracoccidioides
brasiliensis (Splendore, 1912) [1]. At 19°-28°C
the fungus devel ops asamold and produces slow-
growing colonies; the microscopic structuresarethin
septet hyphae with chlamydospores, which isthe
form found in nature. Chlamydospores are the
infectiousform of thefungus. In culturesat 37°C, as
well asintissues and exudates, the fungus appears
as an oval-to-round yeast cell that reproduces by
multiple budding; the “pilot wheel” cell is
characteristic[2].

PCM geographicdistribution
PCM isthemod prevaent sysemic mycossinmany

countriesinLatin America. Itsdidtributionislimitedto
subtropical regions of Central and South America,
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whereitisendemic. Approximately 10 million people
areinfected by thisfungusand up to 2% of them may
develop the disseminated formsof thedisease[3]. It
hasbeenreported only inLatin America, fromMexico
(20 degreesN) to Argentina (35 degrees S). However,
some countrieswithin theselatitudes are not affected
(some of the Caribbean Islands and Chile). The
characterigticsof endemicregionsaremild temperature
and relatively high and constant humidity throughout
the year [4]. In theseregions, P. brasiliensis exists
both asaplant and soil saprophyte[1,5-7]. Naturally
acquired anima infection hasbeen demonstrated only
inarmadillos (Dasiypus novemcinctus) [4,7].

Nonautochthonous cases have been reported
outsidetheendemic area. All of these patients have
ether livedinor visited Latin Americaat |east once.
Therefore, PCM can be considered a traveler’s
disease [1,8]. This disease has long periods of
latency; some nonautochthonousinfections develop
over 30 or more years after leaving the endemic
regions[2].

The constant movement of people from rural to
urban areas and an increase in the average life span
will certainly contributeto ahigher frequency of patients
withimmunosuppress vediseases[9-14] or conditions
for endogenousreinfection of aquiescent PCM focus
[1,15]. The association of systemic PCM with
pulmonary Tb is common, but there have been no
reports of association of Th meningitiswith PCM in
the Central Nervous System (CNSPCM).
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Pathogenesis

Nowadays, inhalation is considered the most
important route of infection. After inhalation, the
chlamydospores, which are the infecting particles,
transform to theyeast forminthe patient’'sbody. The
primary Steof infection, whichisoften not pparent, is
thelungs. After beinginhaled, P. brasiliensscausesa
benign and transient pulmonary or oral infectionin
normal individuals. The primary infectionisamost
awayssubclinica inindividua swithanorma immune
system. If the host becomesimmunedepressed, alater
subsequent reactivation resultsin chronicinfection of
the lungs or other organs, especially mucous and
cutaneoustissue, lymph nodes, adrena sand the central
nervoussystem (CNS) [5,6]. PCM isnot contagious
from person to person, because at body temperature
thefungusisintheyesast form.

Theinvolvement of the CNS

Central nervous system (CNS) involvement of
paracocci dioidomycos S(neuroparacocci dioidomycos's,
NPCM) occurs more frequently than has been
admittedinthepast [1,16]. NPCM should alwaysbe
considered in the differential diagnosis of
meningoencephditisand in expansve processesof the
CNS, epecidly inendemicareasor amongindividuas
who havevisited theseregions[1].

Whenever the CNSisinvolved, most patientshave
awidely disseminated diseasethat iseasly identified.
NPCM may occur without any other manifestation of
thedisease. Theremay be histopathol ogical evidence
of NPCM in patientswith no clinical symptoms.

The frequency of CNS involvement in PCM is
extremely variable, from 9.65%10 25.45%(1,15-19].
There have been anincreasing number of reports of
NPCM, most of which involve neurosurgical or
anatomopathological findings[1,16,17,19-26].

Classcdly, PCM isadiseaseof young maes(mean
age 44 years) and rural workers[16]. It predominates
inmalepatientsat arate of 9-15/1[2]; NPCM seems
to be even more rarein woman, with amale/female
ratio of 23/1[16]. It has been suggested that the sex

difference could be explained by theinhibitory action
of estrogens on the transformation of conidia or
mycdliumtotheyeast form[1,2,27]. Whenthedisease
occurs in prepubertal patients, there is no gender
difference; thesameistruefor posmenopausd patients.
Also, the PCM skintest in endemic areasisequally
positive for both sexes, showing no difference in
exposureor infection[2].

Theinvolvement of the CNSin PCM (NPCM) is
secondary to aprimary focus. Thefungusdisseminates
from aprimary focus, through the hematol ogical and/
or lymphatic route, and possibly also by contiguity.
Simultaneousinvolvement of other organsor systems
does not necessarily occur. CNSinvolvement isnot
necessarily accompanied by dissemination of the
disease, andin some casesit isthe preferential or the
only location of thedisease[28].

In 21% of the cases the onset of neurological
symptomswasfound to take place before the onset of
systemic symptoms; in 33% they happened
smultaneoudy andin 46%they appeared after theonset
of the systemic symptoms|[16].

Clinical features

Thegranulomatousform predominatesinthe CNS
in 96% of cases, mainly in the brain hemispheres,
athoughit can occur inany location of the CNS[16].
Clinical manifestations are not specific and depend
on the CNS location of the lesion [15-
20,23,25,26,29-31]. The most frequent clinical
manifestationsare saizurein 33%, hemiparessin 25%,
cerebellar signs in 25%, headache in 21%, and
hydrocephdusin 21%; lessfrequent symptomsinclude
paresthesiasin 13%, confusion in 13%, and bulbar
signs in 8% [16]. Some cases can have an initial
diagnosisof brain tumor [31].

A published case presented with Holmestremor, a
resting and intention tremor with sometimesirregular
presentation. Postural tremor isalso befoundinmany
patients. The tremor is not as rhythmic as are other
tremors, it hasadow frequency, usudly lessthan 4.5Hz,
and atypical delay betweenthetimewhenthelesion
occursand the onset of thetremor istwo weeks[29].
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M eningitis associated with granulomacan occur
in 17% of NPCM cases[16]. Although meningitis
aonebrought onby P. brasiliensisisrare, the patient
can present with meningeal signs. It isaskull base
meningitis, characterized by a mild to moderate
increase in cerebral spinal fluid (CSF) cell count,
predominated by monocytes and lymphocytes; in
someunusual casesthe CSF cell count ishigher than
700 cellsmm?3[32].

NPCM inthespina cordisrare; it accountsfor
0.6% of al casesof systemic PCM and 4% of NPCM
cases. Thefirst report of NPCM in the spinal cord
waspublished by Canelaset al. in 1951. Sincethen,
there have been 13 published cases, al of them from
Brazil [13,16,21,22,24,26,33-37]. The most
frequently involved spinal cord levelsarethoracic
(58%), cervical (25%), and both (8%). Clinical
features suggest spinal cord compression, transverse
myslitis, and Signsof spinal root compression or conus
medullarisinvolvement, with arachnoiditis[33,21].

Diagnosis

Thediagnosisof systemic PCM isnot difficult; it
isestablished by visuaization of P. brasiliensisupon
light microscopi c examination, isolation of thefungus
by culture from biological specimens (sputum or
biopsy samples) and by immunologica testsof serum,
such asdoubleimmunodiffusion (DID) or ELISA with
specific antigens [38,39]. On the other hand, the
diagnosis of NPCM isoften difficult, and astrong
clinical suspicionisnecessary. Thisfrequently occurs
when apatient from an endemic areaor withahistory
of traveling to an endemic region, or apatient who
has systemic PCM, has neurological signs or
symptoms|[1,16].

A ddfinitivediagnogsisusualy medeby visudization
or isolation of the fungus P. brasiliensisfrom CNS
biopsy or necropsy material. However, finding the
fungusinthe CSF, istime consuming, isnot efficient,
andrarely occurs[16,40]. Biopsy of brainlesionsisa
definitive but invasive procedure, and not infrequently
thelesonsarelocatedin regionswhereabiopsy cannot
be safely performed.

Cerebrospinal fluid

There are few studies involving CSF in NPCM
patients[16,41]; thissubject should be better studied
in NPCM. The CSF has a poor diagnostic vaue
becausebiochemica or cytologicd aterationsarenon-
characteristic and CSF mycological examinations
(microscopic examination and cultures) are usually
negetive, evenin casesof meningitis,

Themain CSF aterationsareanincreasein total
protein (TP) and gammaglobulin. Among 18 cases,
anincrease of CSF TPwasfound in 61%; the mean
total CSF protein level was 62.7 + 42.6 mg/dL
(ranging from 21 to 181 mg/dL ). Thisincrease could
berelated to blood brain barrier (BBB) disruption
or intrathecal production of antibodies.
Gammaglobulin was determined by electrophoresis
in 11 patients, with the average being 15.5 + 6.1%
(ranging from 7.8 t0 26.5%). It was present at higher
than normal levelsin seven cases (63%). When the
relationship between CSF TP and gammaglobulin
[42] was examined, most cases had a normal
relationship, 25% of the caseshad aBBB disruption,
and 25% had BBB disruption and intrathecal
synthesis[16,41]. Although thisisavery inexact
manner to study the BBB, it can giveapreliminary
overview of BBB function in this disease; more
studies on this subject should be made.

Anincreaseof CSF cellswasfoundin 17 % of the
cases. Themean number of cellswas2.6 + 4.2 cells/
mm3 (ranging from 0.3t0 14). Glucosewasnorma in
all cases, mean glucosewas65.2 +9.4mg/dL (ranging
from51to 85 mg/dL) [16].

Direct microscopic examination for fungus and
culturefor P. bragliensswerenegativeinal samples,
including those caseswith an increased cell number.
DID wasasonegativeinal CSFsamples[16,41]. As
the diagnosis of NPCM is difficult, and thereis no
specific CSF or radiological characteristic, it is
important to look for specific tests of the CSF, using
immunologica reactionsor molecular biology [43].

A 43kDa glycoprotein, gp-43, is found in P.
brasiliensis. It isthe most important antigen of this
bacterium [45-49)]. It issecreted exocdl lularly during
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theinfectiveyeast phaseandisthemain PCM diagnogtic
antigen, being recognized by virtudly dl serafrom PCM
patientsin varioustest formats[50]. A strong antibody
response against gp43isobserved in PCM patients,
and specific antibodies persist for along time[44].

Theimportance of the search for these antibodies
is corroborated by the fact that 63% of the CSF
sampleshad anincreasein gammaglobulin synthes's,
which could indicate intrathecal antibodies. This
increase hasbeen foundin the seraand other biological
fluidsof patientswith chronic and acuteformsof PCM.
The 43 kDa antigen has been detected in the serum
and urine of patientswith PCM [40,50-52]. ELISA
anti-gp43ispogtivein 89% of CSF samplesfromthese
patients, withahigh sengtivity (89%) and asatisfactory
gpecificity (100%). Specificity must be better studied,
especidly in CSF sampleswith other fungus diseases
involving CSF. Severd researchershave observed that
gp43 cross-reacts with serum from patients with
histoplasmosisand aspergillosis[53,54], and both these
fungal infectionscan befoundinthe CNS, though they
arenot very common. ELISA anti-gp43 of the CSF
asohashigh predictiveva ues(postive 100%, negetive
94%); the Youden index is0.89.

Detection of specific antibodiesin CSF could be
helpful inthediagnosisaswell asfor monitoring the
evolution of the disease and itsresponseto treatment.
Thedetection of circulating gp43 antigenin CSF hasa
sengtivity of 100%; themean antigen concentrationwas
foundtobe 19.26 ug/mL. Serumlevelswere4.59 ug/
mL lower than those obtained in CSF samples[43].

Neuroimaging

Neuroradiologica methods (brain CT or MRI) are
useful for diagnosis, but are not specific; thefeatures
of thisdiseasearesmilar tothose of al granulomatous
diseases of the CNS [55-57]. CT scan images are
usualy hypodense, with annular or nodular enhancing,
surrounded by mild edema, after contrast injection. In
65% of the patients, thereweremultiplemasslesions,
and 35% had asinglemasslesion. Thegranulomawas
most frequently located in brain hemispheres (67%);
in 25% thelocation wasthe cerebel lum and in 25% of

casesit wasthebrainstem, whilein 4% it wasin the
spina cord[16,58].

Treatment and evolution

Both meningitis and the parenchymatous form of
NPCM are treated with antifungal drugs. The
trimethoprim-sul phamethoxazoleassodiation canbeusd
asthefirg therapeutic option. Sulfasareconsidered the
drugs of choice for the treatment of NPCM, with
amphotericin B being used only in caseswith resstance
or intolerance to sulfonamides. The association of
sulfamethoxazol e-trimethoprin isused because of the
facility of itsadministration and low toxicity. Wehave
previoudy reported 24 casesof NPCM, dl treated with
sulfamethoxazole-trimethoprin, usnganora doseof 160/
800mgthreetimesdaily (atota daily doseof 2,400 mg
of sulfamethoxazoleand 480 mg of trimethoprin). Four
patientsdied, while 20 patientshad agood therapeutic
response. After trestment, 22 caseshad abrain CT scan
for treetment control,; among these 14 (64%) presented
resdua lesonsafter trestment, characterizedintheCT
scan as hyperdense lesions, with irregular contrast
enhancement. Some cases showed residual calcified
lesions. A normal brain CT scan after treatment was
foundin 8 (36%) cases[16].

Theduration of treatment dependsontheclinical
response [1]. Ketoconazole, itraconazole, and
fluconazolehave been used inthetrestment of systemic
PCM. The first two, particularly ketoconazole,
penetrate the BBB poorly and are therefore not
indicated for thetreatment of NPCM. Thereare some
reports of NPCM cases that have been successfully
treated with itraconazole [59]. Fluconazole could be
an alternative for treatment because it has excellent
penetrationinto the CNS.,

Voriconazole is a new wide-spectrum triazole
antifungal agent, presenting both asora and intravenous
formulations. It producesin vitro activity against yeast
cellsof P. brasilienss. Thisdrug has potentia for use
inNPCM, because of itsgood BBB penetration [60].
Despiteclinical improvement, some patients present
resdual lesionsinthebrain CT scan[1], independent
of thedrug used for treatment.
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Neurosurgical procedures are indicated under
specific circumstances: patientswith granulomasthat
do not respond to clinical treatment, intracranial
hypertension related to hydrocephaus, or agranuloma
inducing signsand symptomsof compression [1].

Duetothesmall number of casesreported, it isnot
clear whether intramedullary PCM granulomatashould
be surgically treated or if they are best treated with
specific therapy. Some doctors consider surgical
resection of thelesion when thereisprogressivespina
cord compression [21].

PCM and HIV

Patientswith PCM and AIDS generally present a
form similar to that of the more severe acuteform of
PCM, however thisinfection probably resultsfrom
reactivated latent foc thet lead tothelessseverechronic
form in nonimmunocompromised hosts [2,11,14].
PCM isseen asan opportunistic infection in patients
with AIDSinendemicregions, but agreater increase
inprevaencewasexpected [9-12,14,61]. Itispossible
to usetrimethoprim-sulfamethoxazoleasaprophylaxis
for Pneumocystiscarinii pneumonia; itisalso effective
against P. brasiliensis, which explains in part the
scarcity of reported casesof systemicand NPCM [10].

NPCM and HLA

Not all individualsfrom endemic areas devel op
the disease, and there are patientswith generalized
systemic PCM without CNS involvement. This
observation leads us to believe that conditions
peculiar to each patient, probably of an
immunological nature, favor theinvolvement of the
CNSinthemycosis[62].

Somestudiesof associ ation between systemic PCM
and HLA were conducted on various populations
(Table 1). Some of them found apositive association
with HLA antigens, while in others there was no
association. A positiveassoci ation wasfound with the
HLA antigens: A9, B13, B22, and B40 [63-66]; a
possible negative association wasfound with Al and
B40[63], and some studiesfound no association [62,

Rebd atto unpublished data, 67]. Studiesof association
between PCM and HLA havebeen madewith syslemic
patients, and involvement of the CNSisan exclusion
criterium. Sothereisno dataabout HLA and NPCM,
which could beimportant to help understand why only
some patients with systemic PCM show CNS
involvement.

We reported the phenotype characteristics of six
patientswithNPCM [62]. Inthisstudy theHLA antigen
frequency found in patients with NPCM was not
different fromthe allelefrequencies observedinthe
genera population of Parana state, where the white
individuasare predominantly of Europeanorigin[68].
However, the number of patientsin thisstudy isnot
sufficient to allow conclusionsto be drawn about the
influence of HLA antigensin NPCM; more of these
determinations could help in the study of the
neuropathogenesisof NPCM.

We need to answer the questions: Why don’t all
people from endemic areas develop the disease?
Why are there patients with generalized PCM
without CNSinvolvement? Other individual factors,
or even specific characteristicsrelated to the fungus,
such asahigher virulence or aspecific CNStropism
of strains of P. brasiliensis could explain these
unknowns, but no studies about these factors exist
at the moment.
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