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ABSTRACT 
Introduction: Cryptococcosis is an invasive disease acquired by inhalation of infectious propagules from the environment. 
Currently, compulsory notifi cation of the spread of this disease is not required in Colombia. However, reporting of human 
immunodefi ciency virus (HIV)/acquired immune defi ciency syndrome cases to the National Surveillance System has 
suggested that there is a growing population at risk of contracting cryptococcosis. Few studies have described the occurrence 
of cryptococcosis in Colombia. Therefore, in this study, we examined the pathology of this disease in Atlántico, Colombia 
and determined the distributions of Cryptococcus neoformans and Cryptococcus gattii in the environment. Methods: Clinical 
samples/isolates were gathered from cases of cryptococcosis previously diagnosed at health institutions in Atlántico, and surveys 
were completed by clinicians. The environmental study considered 32 sampling points and three tree species, i.e., Quickstick 
(Gliricidia sepium), Almond (Terminalia catappa), and Pink trumpet (Tabebuia rosea). Environmental and clinical samples/
isolates were analyzed for phenotypic and genotypic confi rmation. Results: From 1997-2014, 41 cases of cryptococcosis were 
reported. The mean patient age was 40.5 years (range: 18-63 years); 76% were men, and 78% were HIV positive. Isolation was 
possible in 38 cases (C. neoformans, molecular type VNI in 37 cases and C. gattii, molecular type VGI in one case). In 2012-
2014, 2,068 environmental samples were analyzed with a positivity of 0.4% (C. neoformans, molecular type VNI) in Almond 
and Pink trumpet trees. Conclusions: Cryptococcus neoformans, molecular type VNI had a higher prevalence than C. gattii and 
was associated with human exposure and the pathogenesis of cryptococcosis in this geographical region.
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Cryptococcosis is a life threatening fungal disease that affects 
man and other vertebrates. Nearly one million individuals will 
be diagnosed with cryptococcosis annually, with an increased 
incidence among patients with human immunodeficiency 
virus/acquired immune defi ciency syndrome (HIV/AIDS). 
The highest incidence of cryptococcosis has been reported in 
Sub-Saharan Africa, where the mortality rate associated with 
this disease is estimated to range from 50% to 70%; however, 
other countries, such as the United States of America, Brazil, 
and Australia have also reported a signifi cant number of cases. 
Therefore, this mycosis may be considered an AIDS-defi ning 
condition(1) (2) (3).

The main etiological agents of cryptococcosis are two 
basidiomycetous yeasts, Cryptococcus neoformans and 
Cryptococcus gattii. Cryptococcus neoformans can be further 
classifi ed in two varieties, Cryptococcus neoformans var. grubii 
and Cryptococcus neoformans var. neoformans; both of these 
species can be differentiated into four serotypes (A and D or B and 
C, respectively), several hybrids (AD, AB, and BD)(4), and eight 
molecular types (molecular types VNI-IV, and molecular types 
VGI-IV)(1) (5). In 2003, Meyer et al.(5) performed a molecular typing 
study that included 340 Ibero-American clinical, veterinary, and 
environmental isolates from Argentina, Brazil, Chile, Colombia, 
Mexico, Peru, Venezuela, Guatemala, and Spain; for each 
participating country, these data facilitated the identifi cation of 
the eight major molecular types of these two pathogens through 
polymerase chain reaction (PCR) fi ngerprinting(5). Additionally, 
according to current studies, the natural habitat for both species 
has been expanding and includes environments in rural as well as 
urban settings in native and non-native trees in decaying wood, 
hollows, bird droppings, and water(1) (5) (6) (7) (8) (9) (10). 

In Colombia, cryptococcosis does not require compulsory 
notifi cation. However, various reports have confi rmed the 
importance of cryptococcosis in this country. Since 1997, a 
national survey focusing on cryptococcosis has been carried 
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out voluntarily at medical institutions in order to report and 
describe cases of cryptococcosis, allowing researchers to study 
the demographic and clinical data associated with each case. 
According to data amassed by the Colombian Cryptococcosis 
Study Group, the mean annual incidence rates of cryptococcosis 
between 1997 and 2005 and between 2006 and 2010 in the 
general population were both 2.4 × 106 individuals; in AIDS 
patients, the rate rose from 3.0 × 103 individuals during the 
fi rst period to 3.3 × 103 individuals during the second period. 
C. neoformans var. grubii was found to be prevalent during both 
periods (95.9% and 96.7%, respectively) in comparison with 
C. gattii (3.3% and 2.2%, respectively)(11) (12).

Studies have suggested that the eight molecular types 
of Cryptococcus are distributed within South America and 
at least seven of these types are actually circulating in 
Colombia(1) (13) (14) (15) (16) (17). Determination of the ecological 
niches of genotypes of both species is important. To this end, 
previous reports have demonstrated the presence of these 
species associated with eucalyptus, fi cus, and almond trees and 
with pigeon droppings in several regions throughout 
Colombia(15) (16) (17). Therefore, studies of the specifi c distributions 
of these etiological agents within Atlántico, Colombia are 
necessary, particularly considering the variety of trees that 
belong to the local fl ora, including Pink trumpet and Quickstick 
trees. Studies focusing on specifi c areas in Colombia where 
C. neoformans/C. gattii are established are necessary to predict 
possible endemic areas for these two pathogens in the future 
through ecological niche modeling. 

Therefore, the aim of this study was to determine the 
epidemiology of cryptococcosis in Atlántico, Colombia by 
analyzing data collected through the National Surveillance 
Program and to investigate the geographical distribution of the 
molecular types/serotypes found in this part of Colombia in order 
to obtain important information for future surveillance purposes.

Study area

The Department of Atlántico is one of the political divisions 
of Colombia, South America and is geographically located in 
the northern coast of the country. Barranquilla is the capital city 
of Atlántico(18). Topographically, the Department of Atlántico 
is predominantly fl at, and the climate is hot and dry, with an 
average annual temperature of 28°C. The windy season usually 
covers part of the last quarter of one year and the fi rst quarter 
of the next. Additionally, the rainy season during the year is 
bimodal (May to June and September to November), with an 
average annual precipitation between 500 and 1,500mm; dry 
periods occur from December to March and June to July(19). 

Study design

This was a descriptive observational study in which clinical 
and epidemiological data were gathered from surveys collected 
across a 17-year period (1997-2014) and from corresponding 
samples/isolates from patients with cryptococcosis diagnosed 

in the Department of Atlántico, Colombia. The survey also 
explored whether cryptococcosis was an AIDS-defining 
illness, inquiring about diagnosis date, clinical fi ndings, type 
of treatment, outcomes, types of diagnostic assays employed 
(clinical laboratory/imagenology), and treatment. 

Clinical and environmental studies

Clinical study: a survey was completed for every case of 
cryptococcosis diagnosed at a public or private institution 
throughout the Department of Atlántico. Whenever possible, the 
survey was submitted with a corresponding isolate or sample 
to the Departmental Public Health Laboratory in Barranquilla. 
Data and isolates/samples were fi nally submitted to the Instituto 
Nacional de Salud (INS). At this national study center, a database 
was created for surveillance purposes using Biolomics software, 
and all national data were collected. Analysis of the information 
was performed using the statistical program Epi Info 6.1. 

Each clinical isolate given to the INS was confi rmed using 
conventional laboratory techniques (i.e., presence of a capsule 
through the Indian ink exclusion method, melanin production in 
Guizotia abyssinica media, urease production, or use of nitrates) 
or detection using cryptococcal antigen latex agglutination 
system (CALAS) (Meridian Bioscience, Inc., OH, USA) for 
cases in which cerebrospinal fl uid (CSF) or serum samples were 
provided. Species determination was performed using canavanine-
glycine-bromothymol blue agar (CGB). The isolates were 
maintained in sterile distilled water and as glycerol stocks at -70°C. 

Environmental study: for the environmental study, a census of 
trees was performed in 32 sampling points (local parks and areas 
with a high density of trees) in Barranquilla for three common 
trees species, i.e., Almond, Pink trumpet, and Quickstick trees. 
At every sampling point, each tree was identifi ed in alphanumeric 
order with a letter: M for Quickstick, A for Almond, and R for 
Pink trumpet, with a consecutive number for each case. The 
census was introduced into Google Maps; this layer allowed the 
georeferenciation of all sampling points in terms of geographical 
coordinates. Representative samples included leaves, fl owers, 
soil, bark, and hollows. The samples (approximately 10g each) 
were collected between September 2012 and November 2014 
within different quarters each year to sample variable climatic 
conditions. Environmental data from Barranquilla were obtained 
from the Instituto de Hidrología, Meteorología y Estudios 
Ambientales de Colombia (IDEAM)(19). 

Environmental samples were processed using conventional 
techniques(14) (15) (16) and plating of the processed samples in 
G. abyssinica selective media. Typical brownish colonies, 
indicating melanin production, were subcultured in Sabouraud 
dextrose agar media to determine the purity of isolate growth 
and confi rmed using conventional laboratory techniques, as 
described for the clinical study. When possible, more than one 
colony was recovered from positive samples.

Molecular typing

DNA extraction and molecular typing: high-molecular-
weight deoxyribonucleic acid (DNA) was extracted as previously 
described(20). Primers of the microsatellite-specifi c sequence 
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TABLE 1 - Laboratory fi ndings in 41 patients with cryptococcosis in Atlántico Colombia, 1997-2014.

Diagnostic test Number Percentage Results

Culture 
cerebrospinal fl uid 25 61.0 Cryptococcus neoformans var. grubii, molecular type VNI
lung biopsy 2 5.0 Cryptococcus neoformans var. grubii, molecular type VNI
skin lesion 1 2.4 Cryptococcus neoformans var. grubii, molecular type VNI
blood culture 9 22.0 Cryptococcus neoformans var. grubii, molecular type VNI
blood culture 1 2.4 Cryptococcus gattii, molecular type VGI

Total cultures 38 92.8 

Latex agglutination 
serum 1 2.4 positive 1:32
cerebrospinal fl uid 1 2.4 positive 1:64

Direct exam 1 2.4 positive Indian ink test

Total 41 100.0

(GTG)5 were used for the genotyping of the isolates by PCR 
fi ngerprinting(21). Molecular types were assigned by comparison 
with the reference strains of the eight major molecular types 
loaded on each gel. Isolates were also typed using restriction 
fragment length polymorphism (RFLP) analysis of the URA5 
gene, which was amplifi ed with the two fl anking primers URA5 
(5′-ATGTCCTCCCAAGCCCTCGACTCCG-3′) and SJ01 
(5′-TTAAGACCTCTGAACACCGTACTC-3′)(5). Restriction 
fragment length polymorphism patterns were assigned visually 
by comparison with the patterns obtained from standard strains 
(VNI-VNIV and VGI-VGIV).

Determination of mating type by PCR: two PCR primer 
pairs for C. neoformans specific for mating types α and 
a were used. The MATα-specific mating type primers 
were MFαU (5′-TTCACTGCCATCTTCACCACC-3′) 
and MFαL (5′-TCTAGGCGATGACACAAAGGG-3′). 
The MATa-specific mating type primers were MFa2U 
(5′-ACACCGCCTGTTACAATGGAC-3′) and MFa2L 
(5′-CAGCGTTTGAAGATGGACTTT-3′). Amplification 
reactions were performed as described previously(22); for mating 
type a, the primer concentration was 50ng/mL. The PCR products 
were separated on 2% agarose gels in 1× Tris Borate EDTA buffer 
containing 0.5mg/mL ethidium bromide for 1h at 100V.

Ethical considerations

The survey was designed according to the guidelines 
established by the European Confederation of Medical 
Mycology and was approved by the Ethics Committee of the 
Instituto Nacional de Salud (INS). Health professionals in 
public, private, and educational institutions completed the forms. 
Demographic data, including gender, age, date and place of 
birth, and place of residence, were collected. Additionally, the 
presence of any risk factors, such as HIV infection/AIDS and 
others, were considered.

Clinical isolates and surveys

Forty-one cases of cryptococcosis were reported in the 
Department of Atlántico, Colombia between 1997 and 2014. 
Thirty-one (76%) cases were adult men (median age: 40.5 years; 
range: 18-63 years). Thirty-two (78%) cases were positive for 
HIV; of these, 25% denied having received antiretroviral therapy 
(ART). In three (7.3%) cases, cryptococcosis diagnosis defi ned 
the AIDS condition. Other risk factors included solid tumors 
in three (7.4%) cases, autoimmune disease in one (2.4%) case, 
and kidney transplant in one (2.4%) case. 

Chest X-rays were performed in 14 (34.1%) of the 41 
patients, six of whom showed positive fi ndings characterized 
by pleural effusion with pulmonary nodules, alveolar infi ltrates, 
acute bronchopathy, and unspecified abnormalities. Brain 
computed tomography revealed recounted hydrocephalus in 
two patients and cysticercosis in one patient. 

Isolation of the fungus was possible in 38 (92.7%) of the 41 
cases. Most isolates were obtained from the CSF, followed by 
blood culture (25 and 10 cases, respectively). C. neoformans 
var. grubii, VNI was identifi ed in 37 (97.4%) cases, whereas 
C. gattii, VGI was identifi ed in one (2.6%) case (Table 1). This 
single C. gattii isolate was recovered from the blood culture of a 
male patient with AIDS hospitalized with pulmonary symptoms 
who was not receiving ART and eventually died at a tertiary 
care institution during intravenous treatment with amphotericin 
B plus fl uconazole.

In two cases (both patients with AIDS who had not received 
ART, one of whom also had cysticercosis), the diagnosis of 
cryptococcosis was made through cryptococcal antigen latex 
agglutination tests; one patient was positive using a 1:32 dilution 



  583

from a serum sample, and the other was positive using a 1:64 
dilution from CSF. Culturing of CSF in this case was also 
performed with a negative isolation report, and no information 
about antifungal treatment was provided. This patient also 
showed meningeal signs. 

One case was diagnosed through Indian ink exclusion staining 
of CSF by identifi cation of typical encapsulated yeasts. In this case, 
the patient was HIV positive, showed meningeal signs, received 
treatment with amphotericin B (50mg/day) plus fl uconazole 
(400mg/day), and was discharged after hospitalization. 

Two (4.9%) of the 41 patients experienced relapse of 
mycosis; one had a kidney transplant, and the other had an 
AIDS-related condition but did not receive ART. This latter 
patient had a CD4+ cell count of 40 cells/mm3 during initial 
hospitalization. For these cases, isolation of C. neoformans 
var. grubii, VNI was possible from pulmonary biopsy and CSF, 
respectively. The patient with the kidney transplant also had skin 
lesions (cellulitis of lower limbs) and died during hospitalization 
while receiving amphotericin B. 

For treatment of cryptococcosis, two (4.9%) patients 
received amphotericin B plus fl uconazole, 12 (29.3%) received 
monotherapy with amphotericin B, and seven (17.1%) received 
only fl uconazole.

Environmental study

A total of 2,068 environmental samples were collected. Of 
these samples, 13% were collected in 2012, 58% were collected 
during 2013, and 29% were collected during 2014 (Table 2). 
C. neoformans var. grubii was isolated from nine samples 
(positivity: 0.4%) from Almond and Pink trumpet trees, yielding 

TABLE 2 - Environmental sampling for Cryptococcus neoformans/Cryptococcus gattii in Barranquilla, Colombia, 2012-2014

                            Samples collected 
Year Quarter

 n % 
Positive fi ndings

2012    

 third 36 1.7 -

 fourth 226 10.9 -

2013    -

 fi rst 139 6.7 

 second 190 9.2 -

 third 202 9.8 -

 fourth 665 32.1 +

2014    -

 fi rst 156 7.6 

 second 0 0.0 -

 third 330 16.0 -

 fourth 124 6.0 -

Total  2,068 100.0 

40 colonies [25 colony-forming units (CFU) from Almond trees 
and 15 CFU from Pink trumpet trees]. The positive samples 
were collected and processed during the last quarter of 2013, 
accounting for 32.1% of the total (Table 2). There were no 
signifi cant differences in terms of sample type, and no C. gattii 
isolates were detected in any of the samples analyzed during 
this period, as shown in Table 3. There were no environmental 
isolates from samples associated with Quickstick trees.

During the study period, the mean temperature and relative 
humidity remained within the averages of 28°C and 78.93%, 
respectively. In 2012 and 2013, the annual days of rain were 
similar (95 and 91 days, respectively); however, this number 
decreased in 2014 (75 days). Annual rainfall remained similar 
for all 3 years (51.4 in 2012, 49.2 in 2013, and 56.3 in 2014), 
with the highest periods of rain occurring during the third 
quarters of 2013 and 2014 (Table 4). 

Molecular typing 

Thirty-seven (97.4%) of the 38 clinical isolates were 
molecular type VNI; the remaining clinical isolate (2.6%) was 
identifi ed as VGI. All of the environmental isolates (40 colonies) 
were identifi ed as VNI (Figure 1). All isolates were mating type α.

DISCUSSION

Pathogenic species of Cryptococcus have been isolated from 
clinical and environmental samples in Colombia(3) (11) (12) (15) (16) (17). 
In the Department of Atlántico in Colombia, only 41 cases of 
cryptococcosis have been reported in the last 17 years. However, 
because notification of cryptococcosis is not compulsory 
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TABLE 3 - Distribution of 40 isolates from environmental sampling according to place, type, and number of trees sampled in 
Barranquilla, Colombia during October 2013 (fourth quarter).

Place of sampling Type Positive trees/ number Number of colonies
 of tree of trees sampled recovered

Venezuela Park Almond 3/17 10

Venezuela Park Pink trumpet 2/11 10

José Martí Park Pink trumpet 1/11 5

Villa Santos Boulevard Almond 3/17 15

Total   9/56 40

TABLE 4 - Weather variables detected during environmental sampling for Cryptococcus neoformans/Cryptococcus gattii in Barranquilla, 
Colombia, 2012-2014*.

                    Years

Weather variables 2012 2013 2014

 quarters quarters quarters

 1 2 3 4 1 2 3 4 1 2 3 4 

Average

Mean temperature (°C) 26.66 28.30 28.67 28.30 27.53 28.46 28.13 27.80 27.00 28.63 28.63 27.90 28.00

Max temperature (°C) 31.03 33.60 34.07 33.13 32.53 34.43 34.10 33.10 32.37 34.40 34.60 33.40 33.40

Min, temperature (°C) 23.80 25.00 24.87 25.07 24.47 25.13 24.23 24.43 24.07 25.40 25.30 24.77 24.71

Rainfall (mm) 0.00 63.34 52.49 38.35 0.00 60.45 103.63 32.68 0.00 30.28 102.87 92.03 48.01

Relative humidity (%) 77.30 75.57 82.53 80.93 75.97 78.50 80.87 83.96 79.30 63.74 82.13 86.33 78.93

Days of rain 0 32 36 27 1 29 34 27 0 11 34 30 21.75

*Adapted from IDEAM data (www.ideam.gov.co). Highlighted numbers represent the quarter in which we observed positive fi ndings.

FIGURE 1 - PCR fi ngerprinting using (GTG)5 primer of environmental 
isolates of Cryptococcus neoformans var. grubii recovered in Atlántico, 
Colombia. 1. Molecular Weight Marker 1kb; 2. VNI: control strain; 3. 
VNII: control strain; 4. VNIII: control strain; 5. VNIV: control strain; 
6. VGI: control strain; 7. VGII: control strain; 8. VGIII: control strain; 
9. VGIV: control strain; 10-14: environmental isolates, molecular type 
VNI; 15. Molecular Weight Marker 1kb. PCR: polymerase chain reaction.

1       2     3     4      5     6    7     8      9     10    11    12   13    14    15in Colombia, the possibility of under registration of clinical 
cases cannot be ruled out. Accordingly, we propose that 
surveillance of cryptococcosis within Colombia should be 
improved through the application of a national survey and 
studies of clinical Cryptococcus isolates. 

Data from the Sistema Nacional de Vigilancia en Salud 
Pública (SIVIGILA) indicate that the incidence of HIV/AIDS 
has been increasing in Colombia since 2007. In 2012, data from 
this reporting system showed that the district of Barranquilla 
had a high incidence of HIV/AIDS (33.7 × 105 individuals), 
which was more than twice the national indicator (16.4 × 105 
individuals). Similarly, the incidence of HIV/AIDS reported 
in Atlántico (19.4 × 105 individuals) was also higher than the 
national average. Therefore, based on these epidemiologic 
reports, the number of cases of cryptococcosis in these regions 
should be higher, and many cases may not have been reported. 
These data also suggest that there is a population at risk that 
could be suffering from an opportunistic disease, such as 
cryptococcosis, or be more prone to acquiring this disease. 
Data from the World Health Organization showed that only 
34% of patients with HIV in Colombia were receiving ART 
as of December 2010(23) (24). Thus, the untreated seropositive 
population may be at higher risk of developing an opportunist 
infection, such as cryptococcosis. These numbers are consistent 
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with those found in a study in Colombia between 1996 and 2010, 
where only 23.8% of patients with AIDS were receiving ART(3).

In our study, all infected patients were adults. This is 
consistent with previous reports in which the majority of cases 
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of cryptococcosis have been reported to occur in adults, with the 
exception of cases in the Northern part of Brazil, where mycosis 
is frequently observed in younger individuals(2) (3) (11) (12) (25) (26). The 
high prevalence of cryptococcosis in patients with HIV in the 
current study is also consistent with previous reports in which 
HIV/AIDS, transplantation, and other immunodefi ciencies have 
been shown to be the main risk factors for cryptococcosis(1) (2) (3) (4). 
Finally, our fi ndings that most infected individuals were men 
are also consistent with other studies, including some studies 
of populations in Colombia(3) (11) (12).

In this study, the diagnosis of cryptococcosis was 
possible from CSF in the majority of cases, and most 
isolates were C. neoformans molecular type VNI. These 
signifi cant fi ndings provide insights into the epidemiology 
of this disease in the Colombian population and are 
consistent with the predominant fungal tropism for the 
central nervous system, similar to results reported by 
other investigators(2) (3) (11) (12). However, one of the isolates 
obtained from blood culture was identifi ed as C. gattii, VGI. 
This result is consistent with other fi ndings showing the 
reduced clinical frequency of this species worldwide and 
the low prevalence of the molecular type VGI in South 
America (1). Our fi ndings are also similar to the results of 
the National Surveillance Program of Cryptococcosis in 
Colombia from 1997 to 2010(11) (12). Furthermore, in a study 
by Meyer et al(5). in 2003, the frequency of this molecular 
type was found to be low in Colombian isolates(5). However, 
the observation that cryptococcosis caused by C. gattii is 
associated predominantly with hosts having normal immunity 
may no longer be true, as supported by the identifi cation of 
underlying conditions such as HIV infection and cancer of 
solid organs as risk factors for cryptococcosis(27). For the 
patient in our study with C. gattii infection, we did not have 
information available concerning the patient’s travel history 
to geographical areas in which C. gattii has been identifi ed; 
this information may be useful for identifi cation of the 
possible source of infection.

Basidiomycetous yeasts of the genera Cryptococcus have 
already been isolated from decaying wood, bark, and tree hollows 
of more than 36 arboreal species(8) (9) (13) (14) (15) (16) (28) (29) (30) (31) (32). 
The isolation of a signifi cant number of colonies both from 
Almond and Pink trumpet trees is consistent with these fi ndings. 
Further studies are needed to better establish the association 
between the presence of Cryptococcus in tree species and 
infection in humans in Colombia. 

VNI isolates were identified in both clinical and 
environmental isolates, suggesting an association between 
the environmental exposure to the fungus and the acquisition 
of the disease. This association is being studied by our group 
using more discriminative molecular assays, such as multilocus 
sequence typing (MLST) of seven consensus genes, allowing 
us to determine the specifi c associations between clinical and 
environmental isolates in our country. Previous studies have 
identified the molecular association between clinical and 
environmental isolates in Colombian strains, supporting previous 
studies showing that cryptococcosis can be acquired by exposure 

to environmental sources(13). Our fi ndings confi rmed that VNI was 
the major molecular type circulating among patients in Colombia 
and that this molecular type was found with mating type α, which 
is considered more virulent than mating type a and is not very 
frequently reported for isolates of C. neoformans var. grubii. 

In this study, we analyzed the data from samples collected 
under different climate conditions. Notably, the mean 
temperature and relative humidity were similar for all 
years during the environmental sampling period. In the 
geographical area examined in this study, the rainy season 
is usually characterized by periods of intense precipitation. 
Moreover, rainfall during the fourth quarter (the rainy season 
in Barranquilla) in both 2012 and 2013 (38.35 and 32.68mm, 
respectively) was lower than that during the same quarter in 
2014 (92.03mm). Despite this, the number of samples collected 
during the fourth quarter of 2014 was low (6%), which may 
have affected our results (Table 2). Furthermore, the occurrence 
of the El Niño weather pattern in 2012 may have had a unique 
impact on rainfall and spread of Cryptococcus species in the 
Colombian Caribbean Region. During this period, the IDEAM 
reported only 52.5mm of rainfall for the third quarter of 2012 
for Barranquilla, which was only half of that reported during 
the same period in 2013 and 2014 (103.6 and 102.9mm, 
respectively)(19); these weather patterns may have affected 
the results of this study, particularly considering that 10.9% 
of all samples were collected and processed during this last 
quarter of 2012. Precipitation may have favored the recovery 
of C. neoformans in the last quarters of 2013, consistent with 
reports by Granados et al., who showed higher recovery of the 
fungus during periods of increased rainfall(33). Additionally, the 
increased number of samples (32.1%) collected during the fourth 
quarter of 2013 support the possibility that the weather patterns 
may have increased the opportunity to isolate the fungus. 

To the best of our knowledge, this paper is the fi rst attempt 
to determine the epidemiology of cryptococcosis in this part of  
Colombia, where no data were previously available. Our results 
showed that the prevalence of C. neoformans was higher than that 
of C. gattii from both clinical and environmental sources. The 
identifi cation of this fungus in this region in Colombia in Almond 
trees, and particularly in Pink Trumpet trees, suggests the need for 
further studies focused on the ability of both causative species to 
colonize different niches considering variations in meteorological 
conditions in order to provide stronger tools for the development 
of an ecological niche model in Colombia.

ACKNOWLEDGMENTS

Departamento Administrativo de Ciencia, Tecnología e 
Innovación, Colciencias for fi nancial support of this work (grant 
number: 2011-3600115683). 

Staff from Departmental Public Health Laboratory and 
clinical institutions. 

Mauricio Salcedo Angulo, MD, supported the environmental 
study.

Noguera MC et al. - Cryptococcosis in Atlántico, Colombia



586

The authors declare that there is no confl ict of interest.

CONFLICT OF INTEREST

REFERENCES

1. Cogliati M. Global molecular epidemiology of Cryptococcus 
neoformans and Cryptococcus gattii: an atlas of the molecular 
types. Scientifi ca 2013; 2013:675213. doi:10.1155/675213.

2. Antinori S. New insights into HIV/AIDS-associated Cryptococcosis. 
ISRN AIDS 2013; 2013:471363. doi: 10.1155/2013/471363.

3. Lizarazo J, Chávez O, Peña Y, Escandón P, Agudelo CI, Castañeda 
E. Comparación de los hallazgos clínicos y de supervivencia 
entre pacientes VIH positivos y VHI negativos con criptococosis 
meníngea en un hospital de tercer nivel. Acta Médica Colombiana 
2012; 37:49-61.

4. Kwon-Chung KJ, Fraser JA, Doering TL, Wang Z, Janbon G, 
Idnurm A, et al. Cryptococcus neoformans and Cryptococcus 
gattii, the etiologic agents of cryptococcosis. Cold Spring Harb 
Perspect 2014; 4:a019760. doi: 10.1101.

5. Meyer W, Castañeda A, Jackson S, Huynh M, Castañeda E, 
IberoAmerican Cryptococccal Study Group, et al. Molecular 
Typing of IberoAmerican Cryptococcus neoformans Isolates. 
Emer Infect Dis 2003; 9:189-195.

6. Mazza M, Refojo N, Bosco-Borgeat ME, Taverna CG, Trovero 
AC, Rogé A, et al. Cryptococus gattii in urban trees from 
cities in North-Eastern Argentina. Mycoses 2013; 56:646-650. 
doi: 10.1111.

7. Lazera MS, Salmito MA, Londero AT, Trilles L, Nishikawa MM, 
Wanke B. Possible primary ecological niche of Cryptococcus 
neoformans. Med Mycol 2000; 38:379-383.

8. Refojo N, Perrotta D, Brudny M, Abrantes R, Hevia AI, Davel G. 
Isolation of Cryptococcus neoformans and Cryptococcus gattii 
from trunk hollows of living trees in Buenos Aires City, Argentina. 
Med Mycol 2009; 47:177-184. 

9. Alvarez C, Gonçalves BG, Vasconcellos COR, Penarrieta MB, 
Wanke B, Lázera MS. Techniques for the detection of pathogenic 
Cryptococcus species in wood decay substrata and the evaluation 
of viability in stored samples. Mem Inst Oswaldo Cruz 2013; 
108:126-129.

10. Chowdhary A, Randhawa H, Prakash A, Meis J. Environmental 
prevalence of Cryptococcus neoformans and Cryptococcus gattii 
in India: An update. Microbiol 2012; 38:1-16. doi: 10.3109.

11. Lizarazo J, Linares M, De Bedout C, Restrepo A, Agudelo 
CI, Castañeda E, Grupo Colombiano para el Estudio de la 
Criptococosis. Estudio clínico y epidemiológico de la criptococosis 
en Colombia: resultado de nueve años de la encuesta nacional, 
1997-2005. Biomédica 2007; 27:94-109. 

12. Escandón P, De Bedout C, Lizarazo J, Agudelo CI, Tobón A, 
Bello S, et al. Cryptococcosis in Colombia: results of the national 
surveillance program for the years 2006-2010. Biomédica 2012; 
32:386-398. doi: 10.1590.

13. Escandón P, Sánchez A, Martínez M, Meyer W, Castañeda E. 
Molecular epidemiology of clinical and environmental isolates 
of the Cryptococcus neoformans species complex reveals a high 
genetic diversity and the presence of the molecular type VGII 
mating type in Colombia. Fems Yeast Res 2006; 6:625-635.

14. Castañeda A, Huérfano S, Rodríguez MC, Castañeda E. 
Recuperación de Cryptococcus neoformans var. gattii serotipo C a 
partir de detritos de almendros. Biomédica 2001; 21:70-74.

15. Escandón P, Sánchez A, Firacative C, Castañeda E. Isolation of 
Cryptococcus gattii molecular type VGIII, from Corymbia fi cifolia 
detritus in Colombia. Med Mycol 2010; 48:675-678. doi: 10.3109.

16. Firacative C, Torres G, Rodríguez MC, Escandón P. First 
environmental isolation of Cryptococcus gattii serotype B, from 
Cúcuta, Colombia. Biomédica 2011; 31:118-123.

17. Escandón P, Quintero E, Granados D, Huérfano S, Ruiz A, Castañeda 
E. Aislamiento de Cryptococcus gattii serotipo B a partir de detritos 
de Eucalyptus spp. en Colombia. Biomédica 2005; 25:27-31.

18. Instituto Geográfi co Agustín Codazzi (IGAC). (Accessed 2015 
January 10). Available at: http://www.igac.gov.co

19. Instituto de Hidrología, Meteorología y Estudios Ambientales 
(IDEAM). (Accessed 2014 December 15). Available at: http://
www.ideam.gov.co

20. Ferrer C, Colom F, Frasés S, Mulet E, Abad JL, Alió JL. Detection 
and identifi cation of fungal pathogens by PCR and by ITS2 and 
5.8S ribosomal DNA typing in ocular infections. J Clin Microbiol 
2001; 39:2873-2879.

21. Meyer W, Mitchell TG, Freedman EZ, Vilgalys R. Hybridization 
probes for conventional DNA fi ngerprinting can be used as 
single primers in the PCR to distinguish strains of Cryptococcus 
neoformans. J Clinical Microbiol 1993; 31:2274-2280.

22. Halliday CL, Carter DA. Clonal reproduction and limited dispersal 
in an environmental population of Cryptococcus neoformans var. 
gattii isolates from Australia. J Clin Microbiol 2003; 41:703-711.

23. Ministerio de Salud y Protección Social, República de Colombia. 
Informe GARPR-2014. (Accessed 2015 January 08). Available 
at: http://www.unaids.org/sites/default/fi les/country/documents//
COL_narrative_report_2014.pdf

24. Lizarazo J, Castañeda E. Consideraciones sobre la criptococosis 
en los pacientes con sida. Infectio 2012; 3: 94-99.

25. Lizarazo J, Escandón P, Agudelo CI, Castañeda E. Cryptococcosis 
in Colombian children and literature review. Mem Inst Oswaldo 
Cruz 2014; 109:797-804.

26. Soares Martins LM, Wanke B, Lázera MS, Trilles L, Gonçalves 
Barbosa G, Lima de Macedo RC, et al. Genotypes of Cryptococcus 
neoformans and Cryptococcus gattii as agents of endemic 
cryptococcosis in Teresina, Piauí (northeastern Brazil). Mem Inst 
Oswaldo Cruz 2011; 106:725-730. 

27. Chaturvedi V, Chaturvedi S. Cryptococcus gattii: a resurgent 
pathogen. Trends Microbiol 2011; 19:564-571. doi: 10.1016.

28. Chen S, Meyer W, Sorrell T. Cryptococcus gattii infections. 
Clin Microbiol Rev 2014; 27:980. doi: 10.1128.

29. Grover N, Nawange SR, Naidu J, Singh SM, Sharma A. Ecological 
Niche of Cryptococcus neoformans var. grubii and Cryptococcus 
gattii in decaying wood of trunk hollows of living trees in Jabalpur 
city in central India. Mycopathol 2007; 164:159-170.

30. Casali A, Goulart L, Rosa e Silva LK, Ribeiro AM, Amaral AA, 
Alves SH, et al. Molecular typing of clinical and environmental 
Cryptococcus neoformans isolates in the Brazilian state 
Rio Grande do Sul. FEMS Yeast Res 2003; 3:405-415.

31. Cattana ME, Sosa MA, Fernández M, Rojas F, Mangiaterra M, 
Giusiano G. Native trees of the northeast Argentine: natural hosts 
of the Cryptococcus neoformans-Cryptococcus gattii species 
complex. Rev Iberoam Micol 2014; 31:188-192. doi: 10.1016. 

32. Arguero Licea B, Garza BD, Flores Urbieta V, Cervantes Olivares 
R. Isolation and characterization of Cryptococcus neoformans var. 
gattii from samples of Eucalyptus camaldulensis in Mexico City. 
Rev Iberoam Micol 1999; 16:40-42.

33. Granados DP, Castañeda E. Isolation and characterization of 
Cryptococcus neoformans varieties recovered from natural 
sources in Bogotá, Colombia and study of ecological conditions in 
the area. Microb Ecol 2005; 49:282-290.

Rev Soc Bras Med Trop 48(5):580-586, Sep-Oct, 2015


