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a  b  s  t  r  a  c  t

Compared  to  the  incidence  in  adults,  cryptococcosis  is  rare  among  children.  We  report  a  case  of  neurocryp-
tococcosis  due  to Cryptococcus  gattii  in  a  five-year-old  girl  without  identified  risk  factors  living in  French
Guiana.  Neurological  surgery  in  combination  with  long-term  antifungal  treatment  with  amphotericin  B
and  5-flucytosine  successfully  resolved  the  cryptococcal  infection.  Subsequent  molecular  characteriza-
tion  of the  Cryptococcus  isolate  revealed  that  the infection  was caused  by  a C. gattii  genotype  AFLP6B/VGIIb
strain.

©  2011  Revista  Iberoamericana  de Micología.  Published  by  Elsevier  España,  S.L.  All rights  reserved.

Tratamiento  satisfactorio  de  una  neurocriptococosis  por  Cryptococcus  gattii
en  una  niña  inmunocompetente  de  5  años  de  edad,  procedente  de  la  Guyana
francesa,  Amazonia

alabras clave:
eurocriptococcosis

r  e  s  u  m  e  n

Comparado  con  la  incidencia  en  pacientes  adultos,  la  criptococosis  es  una  infección  excepcional  entre
ryptococcus gattii
iños
uyana francesa

niños.  Describimos  un  caso  de  neurocriptococosis  debida  a Cryptococcus  gattii  en  una  niña  de  5  años
de  edad,  sin  factores  de  riesgo  identificados,  que  vivía  en  la Guyana  francesa.  La  cirugía  neurológica
combinada  con  un  tratamiento  antimicótico  prolongado  con  anfotericina  B y  flucitosina  (5-fluorocitosina)
resolvieron  satisfactoriamente  la  infección.  La  caracterización  molecular  posterior  del  aislamiento  de
Cryptococcus  reveló  que  la  infección  se debió  al genotipo  AFLP6B/cepa  VGIIb  de C.  gattii.

©  2011  Revista  Iberoamericana  de  Micología.  Publicado  por  Elsevier  España,  S.L. Todos  los  derechos
Cryptococcosis is a potential life threatening fungal infec-

ion that affects humans and animals. Cryptococcal infections are

ainly caused by the pathogenic basidiomycetous yeast species
ryptococcus neoformans and Cryptococcus gattii.2,22 The former
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causes disease mainly among immunocompromised subjects, such
as HIV-infected patients or those who underwent organ trans-
plantation, while C. gattii has a predilection to infect apparently
immunocompetent individuals.7,26
C. neoformans has a worldwide distribution pattern but the
geographical distribution of C. gattii has changed in the last
decade.3,26 Initially, this yeast occurred more frequently among
humans and animals in tropical and subtropical regions, but an
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ngoing outbreak emerged a decade ago on Vancouver Island,
ritish Columbia (Canada), and has subsequently expanded to the
ainland of Canada and the Pacific Northwest.1,5,19

Detailed genotyping of C. gattii outbreak strains revealed that
 previously rare genotype, named AFLP6/VGII, was the cause of
his unprecedented outbreak. This is one of the five genotypes
ithin C. gattii (AFLP4/VGI, AFLP5/VGIII, AFLP6/VGII, AFLP7/VGIV

nd AFLP10/VGIV) that can be discerned from each other using
olecular biological techniques such as M13  PCR fingerprinting,

LB1 and URA5 Restriction Fragment Length Polymorphism finger-
rinting (RFLP), Amplified Fragment Length Polymorphism (AFLP)
nd Multi-Locus Sequence Typing (MLST).2,15,22

Treatment options for cryptococcal infections are dependent
n the severity and localization of the infection. Recently updated
reatment guidelines from the Infectious Diseases Society of Amer-
ca (IDSA) recommend treatment of severe cases of cryptococcosis
n immunocompetent and immunocompromised patients using
nduction therapy for two weeks with a combination of ampho-
ericin B and 5-flucytosine, followed by ten weeks of consolidation
herapy using fluconazole.24 These updated IDSA guidelines con-
ain recommendations for several patient categories, such as
hose infected with C. gattii or children, and describe therapeu-
ic variations on the generally recommended treatment strategy.24

ompared to C. neoformans, infections with C. gattii might need
 more aggressive antifungal therapy due to the higher proba-
ility of severe neurological complications and possible delayed
esponse to used antifungal compounds.24 It has been observed
hat in vitro antifungal susceptibilities significantly differ between
enotype AFLP4/VGI and AFLP6/VGII C. gattii strains, which might
ffect the outcome of antifungal therapy, and which is an indication
hat in vivo differences may  exist.15

Cryptococcal infections in children are rarely reported and are
utnumbered by the large number of adult patients. In most coun-
ries where C. gattii is endemic, this disease rarely occurs in children
xcept in North-Eastern and Northern regions of Brazil. A recent
razilian study of paediatric cases shows that cryptococcal infec-
ions are more frequently observed in middle childhood, and that
. gattii infections were all characterized by CNS infection.25

The current case report describes a severe case of neurocrypto-
occosis due to C. gattii in a five-year-old girl living in a remote
illage in French Guiana. Neurological surgery in combination
ith antifungal treatment with amphotericin B and 5-fluocytosine,

ollowed by long-term treatment using fluconazole, successfully
esolved the cryptococcal infection. Subsequent molecular charac-
erization of the Cryptococcus isolate revealed that the infection was
aused by a C. gattii genotype AFLP6B/VGIIb strain.

ase report

A five-year-old girl, living in an Amerindian village (Wayampi
nd Emerillon tribe) located in the Amazon forest along the
yapock river at the Eastern border of French Guiana and Brazil,
resented at the local field hospital with acute gastro-enteritis,
ever and weight loss. During the past 2-3 months, she showed
igns of asthenia and irregular febrile seizures without aetiology.
he patient was rehydrated and treated with ceftriaxone; however,
here were no signs of improvement. Therefore, she was  transferred
o the paediatric unit of the Cayenne hospital two  days later.

Diarrhoea and vomiting were cured by symptomatic treatment,
ut fever persisted. A few days later, she presented two  seizures
f vomiting with convulsions, behaviour disorders and left facial

aralysis. Due to the deterioration, a cerebral CT scan and a lumbar
uncture were performed. The CT-scan did not reveal any anoma-

ies. However, the CSF had a slightly turbid appearance and direct
xamination of an Indian ink-stained sample showed abundant
 Micol. 2012;29(4):210–213 211

presence of encapsulated yeasts suggestive of a Cryptococcus infec-
tion.

CSF showed an elevated glucose concentration of 1.6 mmol/L
(reference value: 1.1–1.2 mmol/L), protein level of 0.63 g/L and
a lactic acid concentration of 6.3 mmol/L. CSF was found to
contain two  WBCs per mm3 and no RBCs. Cryptococcal infec-
tion was confirmed by the detection of cryptococcal antigen
in the CSF (PastorexTM CryptoPlus, Bio-Rad, Marne-la-Coquette,
France), with a titre of 1:200. CSF cultures on Sabouraud-
chloramphenicol-gentamicin agar (Bio-Rad, France) were positive
after 48 h incubation at 30 ◦C and 37 ◦C. Cryptococcus colonies were
observed as being round cream-colored mucoid colonies.

At the time of diagnosis of cryptococcal infection, the girl was
somnolent and presented with an increasing frequency of res-
piratory pauses. She was directly admitted to the intensive care
unit where she received antifungal treatment with amphotericin
B deoxycholate (paediatric dose of 1 mg/kg QD) and 5-flucytosine
(paediatric dose of 25 mg/kg QID) in parenteral form. Examina-
tions included blood cultures, which were found to be negative,
and serum cryptococcal antigen tests that yielded a titre of 1:2520.
With an improved clinical state, she was transferred back to the
paediatric care unit where her CSF was directly examined micro-
scopically, as well as by culture and antigen agglutination, on days
1, 8, 15 and 30, post-diagnosis of the cryptococcal infection. On day
1, CSF was found to contain encapsulated spherical budding cells,
and a cryptococcal antigen titre of 1:200 was observed. CSF cul-
tures were found to be positive for Cryptococcus species. Identical
results were obtained on day 8, but the cryptococcal antigen titre
decreased to 1:10 and a C. neoformans/C. gattii real time-PCR test
was positive.27 Despite a negative CSF culture on day 15, the cryp-
tococcal antigen titre was found to be 1:10. On day 30, culture and
real time-PCR were both negative, and the antigen titre was found
to be 1:5.

Despite the antifungal consolidation treatment using flucona-
zole (paediatric dosage of 12 mg/kg/day) initiated at day 30, the
fever and neurological signs persisted after one month of hos-
pitalization. The patient was transferred to the Necker-Enfants
malades hospital in Paris (France) for the management of her fungal
infection and to further investigate the presence of any immuno-
logical abnormality or other predisposing factor. Upon arrival, the
patient presented hydrocephalus and underwent external ventric-
ular drainage. No immunological disorders were observed (HIV
and HTLV negative, CD4 count and cytokine values were nor-
mal). The patient presented subsequently with a meningeal drain
infection caused by Staphylococcus epidermidis, which was  success-
fully treated. Throughout this period of hospitalization the patient
received fluconazole, and cryptococcosis was monitored by CSF and
blood culture (always negative) and serum antigen titre (which
decreased from 1:1429 to 1:72).

After one month of hospitalization in Cayenne (French Guiana)
and five months in Paris (France), the patient returned to her vil-
lage in the Amazonian forest without any neurological impairment
at follow-up. A familial survey was carried out to trace a poten-
tial source of the C. gattii infection. The patient’s parents, brothers
and sisters were medically examined but pulmonary radiography
presented no abnormalities and detection of cryptococcal antigen
tests remained negative for the patient and all examined family
members.

Identification of the C. gattii strain
The Cryptococcus strain obtained from the CSF of the patient was
deposited in the CBS-KNAW publicly accessible yeast culture col-
lection under accession number CBS11998. Species identification
was performed using API32C (BioMérieux, Marcy l’Etoile, France),
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ollowed by determination of the serotype and in vitro antifun-
al susceptibility profile using the EUCAST method. This revealed a
. gattii serotype B strain that was found susceptible to ampho-
ericin B (MIC 0.25 �g/mL), 5-fluorocytosine (MIC 16 �g/mL),
uconazole (MIC 16 �g/mL), voriconazole (MIC 0.25 �g/mL) and
osaconazole (MIC 0.5 �g/mL).

DNA sequencing of the ITS region identified the strain as C. gattii
Genbank accession number HQ386249).2,20

Further genotyping analysis using Amplified Fragment Length
olymorphism (AFLP) fingerprinting revealed that the C. gattii
train was genotype AFLP6B.3,19 Subsequently, the nuclear loci
AP59, GPD1, IGS1, LAC1, MPD1,  PLB1 and TEF1� were sequenced to
ompare the strain with a large set of clinical, veterinary and envi-
onmental C. gattii strains.9 Additionally, the nuclear loci CAP10,
OD1 and URA5 were sequenced to complement the MLST dataset to
hat of the recently launched Cryptococcus MLST scheme, this makes
uture comparison of this strain possible.22 The sequences of these
en nuclear loci are available under Genbank accession numbers
Q606082–HQ606091. This detailed MLST analysis confirmed that

he C. gattii strain CBS11998 belonged to genotype AFLP6B/VGII and
hat it was genetically identical to other C. gattii strains collected
rom French Guiana and Northern Brazil [F. Hagen, T. Boekhout and
. Dromer, unpublished data, 9].

iscussion

Cryptococcosis is mainly caused by the basidiomycetous encap-
ulated yeast species C. neoformans and C. gattii that differ in their
atural habitat and geographical distribution.3,26 C. gattii, in con-
rast to its globally occurring sibling C. neoformans, has mostly been
estricted to tropical and subtropical geographical regions until
ecently when outbreaks in Vancouver changed this geographical
istribution.26

During the C. gattii outbreak described in Vancouver, cryptococ-
osis incubation periods ranged from 2 to 11 months.21 However,
n early and effective treatment of infection is necessary because
eurological symptoms appear rapidly and are relatively serious,
nd admission to the intensive care unit was required. An epidemi-
logical survey to study the Vancouver Island C. gattii outbreak
evealed that among the 176 cases, close to one-fifth of patients
resented with central nervous system (CNS) disease, with or with-
ut concomitant pulmonary disease. Common signs and symptoms
ncluded headache, fever, night sweats and neck stiffness. The other
atients presented with pulmonary disease.10 C. gattii is less likely
o cause disseminated or CNS disease than C. neoformans, but more
ikely to form cryptococcomas in the lungs and brain. Cerebral dis-
ase is often associated with hydrocephalus, increased neurological
eficits and a slower response to treatment.12,23

For this species, the major risk factor appears to be environ-
ental exposure.12,23 C. gattii has been described in a biotope like

he Brazilian Amazon rainforest8 including regions next to French
uiana.4 Indeed, Cryptococcus gattii molecular type VGII has been

ound on kassod trees (Senna siamea)  in the city of Belèm, Brazil.4

In the present clinical case, CSF results upon diagnosis were
nly moderately disturbed in spite of acute clinical manifesta-
ions. These data are consistent with cryptococcal disease contrary
o other aetiological agents. In a large study of adult meningi-
is, among 514 cryptococcal meningitis cases, the CSF cell count
anged 0–3 neutrophils and 3–73 lymphocytes; the biochemical
ata ranged for glucose from 1.3 to 2.8 mmol/L and for protein from
.5 to 1.7 g/L.17 These researchers present 81 (16%) cryptococcal

eningitis cases with no abnormalities in the CSF, but these data

re observed in HIV positive patients.
Biochemical identification with an API32C gallery cannot differ-

ntiate C. gattii from C. neoformans. Specific phenotyping methods
 Micol. 2012;29(4):210–213

with growth on specific media or antibody and genotyping meth-
ods are required. This identification and MICs determination were
made by the National Reference Centre for Mycology and Anti-
fungals at the Pasteur Institute, Paris. Antifungal susceptibility of
this strain was in accordance with other Cryptococcus gattii strains
tested at the National Reference Centre for Mycology and Anti-
fungals or reported in the literature, in spite of high values for
flucytosine and fluconazole.14,15 Given such profiles, drug resis-
tance cannot be concluded, but clinical and biological surveillance
are necessary.24

The patient underwent biological monitoring with weekly lum-
bar punctures. One week after diagnosis, direct examination,
culture and PCR remained positive but cryptococcal antigen had
decreased. One week later, the culture was negative despite a
positive direct examination of CSF; this may  be explained by the
presence of non-viable yeast cells. Based on the favourable out-
come, we consider that the induction regimen with the fungicidal
combination amphotericin B and flucytosine, and consolidation
treatment with fluconazole according to the updated guidelines,
was successful.24

Another interesting point of this case is the age of the patient;
Cryptococcus species rarely infect children. For example, during the
Vancouver Island C. gattii outbreak from 1999 to 2002, no paedi-
atric cases were observed among the 25 cases described by Hoang
et al.16 and only four children among 218 cases were observed in a
large scale epidemiological study.11 Another recent study by Joshi
and co-workers revealed that cryptococcal infection in hospitalized
children was observed during admission in 6.2 cases per million
hospitalizations.18 In French Guiana, during a eleven-year period,
only two  cases of cryptococcosis were described among 43 cases
reports.7 Humans develop antibodies against Cryptococcus sp. in
early childhood,6,13 but children rarely develop symptomatic cryp-
tococcal disease. Recently, Severo and colleagues have reviewed
the Brazilian experience with paediatric cases of cryptococcosis.25

Epidemiological and clinical data are in agreement with our case.
This study has also shown a relationship between geographical area
and C. gattii or C. neoformans infection. Indeed, C. gattii seems more
frequent in northeastern and northern Brazilian regions (10/11
C. gattii vs. 9/10 C. neoformans in southern region), and the disease
is relatively frequent in children in this region.25

In conclusion, we  report a case of neurocryptococcosis, with no
specific symptoms at the early stage of the admission, in a five-
year-old child living in an Amazonian village of French Guiana. The
patient presented with no risk factors such as immune suppres-
sion. The aetiological agent of the disease was  found to be C. gattii
genotype AFLP6B which was successfully treated with the combi-
nation 5-flucytosine and amphotericin B followed by fluconazole
long-term therapy.
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