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ABSTRACT: Cryptococcus neoformans is best known as a life threatening pathogen that infest majorly 
immuocompromised individual. In this work, two isolates; one clinical CD4832 and environmental NMB5 selected and 
confirmed based on their melanin production on niger seed agar and ability to grow at 37°C. These selected isolates were 
involved in antifungal susceptibility test using Fluconazole as the antibiotic agent. Response to Fluconazole showed that 
the CD4832 is less susceptible compare to NMB5. The results clearly demonstrated that the two strains have different 
susceptibility levels based on the various concentration of the Fluconazole that was used. In attempting to check if the two 
strains have the ability to recombine, they were mixed together and treated with the same concentration of Fluconazole. 
Interestingly, the results suggested two mating types- thus opening wide discussion for research into new drug target. 
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Cryptococcus neoformans are the main causative 
agents of Cryptocococcosis. Cryptococcus is a 
basidiomycetes yeast that causes infections after 
inhalation of its basidiospores found in the 
environment (Martinez and Casidevall, 2006; Giles et 
al., 2009; Negroni, 2012). The clinical manifestation 
usually occur in cerebral and pulmonary forms and 
then may progress to the most severe form of the 
disease, meningeoncephalitis (Chau et al., 2010; 
Kester et al., 2010; Negroni, 2012). C. neoformans is 
estimated to be the cause of more than a million cases 
of crytococeosis every year with about 625,000 deaths 
worldwide (Park et al., 2009). An estimate of 720,000 
cases are reported to occur in sub-Saharan Africa 
(Park et al., 2002) and an estimate of 500,000 deaths 
annually. 
 
Two types of mating in C. neoformans are recognized, 
mating types α and a (Kwon-Chung, 1976). More than 
95% of all clinical and environmental isolates of C. 
neoformans are Mat α Serotype A isolates (Aα) 
(Halliday et al., 1999; Klickes et al., 1996; Yan et al., 
2002). The bias in this mating type ratio has been 
postulated to be as a result of the wild type haploid 
MAT α cells that under suitable conditions develop a 
hyphal phase, producing basidia with viable 
basidiospores (Kwon-Chung et al., 1992; Klickes et 
al., 1996). This may explain the predominance of 
MAT α strains among environmental and clinical 
isolates. Differences in biology, virulence, clinical 

features, epidiomology, drug susceptibilities have 
been reported to be related to mating types varieties 
species and molecular types within the Cryptococcus 
species complex (Kwon-Chung et al., 1992; Speed and 
Dunt, 1995; Casadevall and Perfect, 1998; Meyer et 
al., 2003; Tritles et al., 2004; Campbell et al., 2005; 
Fraser et al., 2005). Strains of serotype A MAT C. 
neoformans var. neoformans commonly found in 
Europe has been reported to be less virulent and more 
susceptible than C. neoformans var. grubii to 
fluconazole (Fortorano et al., 1997; Casadevall and 
Perfect, 1998). Virulence factors are those 
mechanisms that enable the fungus to inflict damage 
to host (Casadevall and Pirofski, 1999, 2003). Mating 
types and serotypes have both been implicated as 
virulence factors in C. neoformans (Xlin et al., 2008). 
From existing knowledge, mating types has only been 
detected using the PCR technique. Since antifungal 
susceptibility tests has been used in identifying 
serotypes, here in this work, attempt has been made to 
identifying mating types, using the reaction of strain to 
fluconazole. Mating tests are carried out using the 
method described by Kwon-Chung and Beneth (1978). 
In this work, two strains have been selected to verify 
this claim. 
 

MATERIALS AND METHODS 
Strain Preparation: Nine clinical isolates were 
obtained from blood samples which had been 
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collected, tested and discarded in the University of 
Benin Teaching Hospital without having contact with 
patients. Six environmental isolates were obtained 
from pigeon droppings in Benin City. They were 
grown on sabouraud Dextrose Agar (SDA) and the 
viabilibitywas maintain on slant in +4°C. 
 
Confirmation of Isolates via Selective Medium-Niger 
Seed Agar and Thermotolerance: Niger seed medium 
was used as selective medium for the confirmation of 
C. neoformans  in this work.The isolates were 
confirmation  by the production of melanin (dark 
pigmentation) (Lazera et al., 1997) after incubation for 
at least 48 hours, at a temperature of 37°C. The ability 
to grow at this temperature range was also used as a 
mark for the selection. 
 
Antifungal Susceptibility Testing: Environmental 
isolate NBM 5 and clinical isolate 4832 were selected 
for testing with fluconazole because of the 
conspicuous production of melanin on Niger seed 
Agar suggesting high virulence. Antifungal 
susceptibility testing was carried out according to the 
Clinical and Laboratory Standard Institute (CLSI) 
document on both microdilution method (CLSI, 
2002). A stock solution of 150mg fluconazole was 
prepared freshly at each testing to a concentration of 
7.5mg/ml. Final fluconazole concentrations ranged 
from 16 – 64mg/ml. the various concentrates were 
added to the medium inoculated with 100µl of isolates 
in various dilutions. 
 
Minimum inhibitory concentrations were determined 
visually by the concentration that inhibited more than 
50% of growth compared with the positive control.  
 
Statistical analysis: SPSSV 9.5 was used for the 
statistical ananlysis. The differences in the means of 
response of the treatments (clinical and environmental 
isolates) to Fluconazole was analysed using one-way 
Anova confirmed with Duncan multiple range test. 
 

RESULTS AND DISCUSSION 
Two isolates of C. neoformans one clinical (CD 4832), 
the other environmental (NBM5) were selected for 
antifungal susceptibility test of which Fluconazole 
was used. Antifungal efficacy of Fluconazole and its 
broad spectrum activity has been proved. It is known 
that Fluconazole is an active agent against wide 
variety of yeasts and filamentous fungi( Sckhon, Garg 
and Hamit, 1990; Mallic et al., 1990) These isolates 
were selected based on their growth and melanin 
production on a selective medium – Niger seed agar 
and their thermotolerant ability; growth at 37°C. 
 

The results of antifungal susceptibility test showed 
that the minimum inhibitory concentration of 
fluconazole on Cryptococcus neoformans is 16mg/ml 
(Hagen et al., 2012). From table 1and 2 it was clear 
that that environmental isolates is more susceptible to 
fluconazole than the clinical samples. This is 
understandable, since clinical isolates may be more 
virulence due to their active involvement in cases of 
Cryptococcosis. In attempting to find out if these 
isolates behaved differently as mating types, they were 
mixed together in equal concentration. The mixed 
isolates were incubated on the same medium in the 
presence of fluconazole. For a very clear result, the 
highest concentration 64mg/ml used in Table 1 and 2 
was maintained for the mixed culture. The results 
clearly demonstrated that the mixed culture has 
developed more resistance to the antifungal drug – 
fluconazole. This was reflected generally in the 
increase in the number of colonies in the diluted 
inoculum (10-9) concentration. The result showed that 
the two isolates behave differently – this was reflected 
in the change of reaction to fluconazole. 
 
Cryptococcus neoformans isolated from blood 
samples is expected to behave differently from that of 
the environmental samples. Based on this assumption, 
the two isolates were involved in a mixed culture in 
order to certify their ability to recombine in sexual 
recombination. This result suggested the term, 
reproductive advantage for C. neoformans. Here in 
this research, this term is explained as the result of 
sexual recombination (Table 3) that led to the 
development of more resistance to a certain antibiotic. 
This resistance was not attainable in the presence of 
the individual isolates. The reproductive advantage is 
bias toward the environmental isolate that was 
previously highly susceptible to fluconazole. 
However, the higher level of resistance due to 
reproductive advantage is only attainable upon the 
mixing up of the two strains of C. neoformans. This 
shows that pathogenic organisms have the capacity to 
develop resistance to antibiotic through sexual 
recombination. According to Lanirs and Idnum 
(2015), pathogenic microbes are difficult to handle 
due to the ease with which they develop resistance to 
the existing drugs. Sexual recombination may be the 
means by which this resistance is attained. This 
suggests that the genetic system of Cryptococcus must 
be highlighted for the understanding of the 
pathogenicity (Nielsen et al., 2005). 
 
Antifungal drug treatment based on azoles, flucytosine 
and amphotericin B can be effective in treating cases 
caused by Cryptococcus (Leeh, Chang and Kwon-
Chung, 2010). However, prolonged use of these drugs 
as lifelong prophylactics can lead to drug resistance. 
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Table 1: Response of clinical isolate to Fluconazole: Colony count per plate of Strain CD4832 

Concentration of 
Fluconazole 

10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9 

64µg/ml 2016 648 312 272 240 216 168 128 32 

32µg/ml 2120 960 496 192 264 232 200 152 104 

16µg/ml 1536 664 280 176 112 80 56 120 48 

 
Table 2: Response of environmental isolate to Fluconazole: Colony count per plate of Strain NBM 5 

Concentration of Fluconazole  10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9 

64µg/ml  1004 60 30 13 5 2 4 4 4 
32µg/ml  320 18 3 12 10 0 0 0 0 
16µg/ml  580 26 23 11 2 2 1 0 0 

 
Table 3: Response of both clinical and environmental isolates: Colony count per plate of combination of strain 4832 x NBM 5 

Concentration of Fluconazole  10-1 10-2 10-3 10-4 10-5 10-6 10-7 10-8 10-9 

64µg/ml  1496 780 640 408 506 600 576 504 384 

 
Table 4a: Analysis of response of treatments to antibiotics (Fluconazole) 

 
*Significant> 0.05 

 
Table 4b: Analysis of response of treatments to antibiotics (Fluconazole) 

 
 
This in the view of (Mondon et al. 1999) may be due 
to the presence of “heteroresistance”. In the context of 
this work, heteroresistance may be involved when two 
strains from clinical and environmental sources are 
mixed together and allowed to incubate in the same 
medium. This makes identification and development 
of new drug targets for treatment of Cryptococcus an 
active area of research. This was what necessitated the 
exposure of the strains to fluconazole. Since the two 
strains used in this work showed statistical differences 
(table 4a and 4b) in their susceptibility to fluconazole 
at the level of recombination, this suggested two 
mating types. 
 
Interestingly, when the two strains were mixed 
together a higher level of resistance ensued. This 
immediately brought to mind the development of 
heteroresistance to antifungal drug due to different 
mating types In conclusion, this work has 
demonstrated that mating types can also be determined 
using virulence approach apart from PCR 
methodology. This may be easier in the selection of 
strains for further research work 
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