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 Abstract  
 

Project Code: TRG5780088 
 
Project Title: Molecular epidemiology of the non-HIV associated cryptococcal genotype, 
VNIc/M5/ST5, in Thailand 
Investigator: Popchai Ngamskulrungroj  
E-mail Address: popchai.nga@mahidol.ac.th 
Project Period: 2nd June 2014 - 1st December 2016 
 
Abstract:  

Despite a strong association between C. neoformans and HIV status of the patients globally, 
most of cryptococcosis in Far East Asia occurs in non-HIV individuals. Further molecular 
epidemiological studies, using MLST, revealed more than 95% of the cryptococcal strains belonged 
to a specific sub-type of the molecular type VNIc/ST5 genotype. Such association of this genotype 
has never been specifically explored in other part of Asia. Therefore, this study aims to investigate 
the VNIc/ST5 genotype distribution among cryptococcosis patients in Thailand, a South East Asian 
country. 
 Fifty-one of C. neoformans isolates were collected from clinical samples in Siriraj Hospital, 
Bangkok, Thailand. The strains were mostly isolated from HIV positive (88.57%) and all were 
molecular type VNI MATα. Multilocus Sequence Typing (MLST) analysis identified five sequence 
types (ST) in Siriraj Hospital. ST4 (45.10%) and ST6 (35.29%) were found to be the two most 
common. The other less common were ST5 (15.69%), ST32 (1.96%) and ST93 (1.96). The ST5 
was, unlike what reported in the Far East Asia, mostly (83.3%) found in HIV patient (p = 0.657) and 
there was no significant change in ST5 prevalence over the past 10 years (p = 0.548). Further 
analysis of co-morbidities showed higher morbidity and delays in cryptococcal diagnosis in a group 
with TB co-infection or with non-HIV status.  

Our study suggested that, though Thai is genetically closely-related to the Far East Asian, 
ST5 in Thailand is not associated with non-HIV status. Thus, such association might not relate to the 
host genetic. However, the definite mechanism remains a mystery. 
Keywords: Cryptococcus, HIV, AIDS, molecular epidemiology 
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Executive summary 
 

C. neoformans is found worldwide and can be classified by molecular techniques showing 
VNI is the most common molecular type in Thailand and worldwide. 51 cryptococcal isolates were 
obtained from clinical samples at Siriraj Hospital. Cryptococcus occurred more frequently in HIV 
positive (88.6%) and HIV negative (11.4%). 57% of the isolates were from male and 43% were from 
female patients. An average age of the patients was 40.2 years. All strains in this study is VNI and 
MATα. This research found five STs; ST4 (45%), ST5 (15.3%), ST6 (35.7%), ST32 (2%) and ST93 
(2%). In conclusion, the non-HIV specific ST5 was still uncommon compared to other STs. 
Phylogenetic analysis showed five STs were highly homogenous. However, the relationship between 
the sequence type and HIV status were unclear. Further collection of were clinical strains are 
needed to ensure such correlation. 
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Objective 
 

1. To explore molecular epidemiology of cryptococcosis in Thailand 
2. To identify association of the ST5 and non-HIV status in Thailand 
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Research methodology 
 
Clinical isolates 
 
 Cryptococcal isolates, from 2012-2014 were obtained from clinical samples in the 
Department of Microbiology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok, 
Thailand. All clinical isolates were identified using RapID™ Yeast Plus System (Thermo Fisher 
Scientific, MA, USA). L-canavanine-glycine-bromothymol blue (CGB) agar was used to differentiate 
C. neoformans from C. gattii. 
 
Reference strains 
 
 A set of laboratory standard reference strains representing each of the eight major molecular 
type were used for molecular type identification: WM148 VNI), WM626 (VNII), WM 628 (VNIII), WM 
629 (VNIV), WM 179 (VGI), WM 178 (VGII), WM 175 (VGIII), and WM 779 (VGIV) (1). KN99α and 
KN99a were used as a reference strains for mating type analysis (2). 
 
Genotype and mating type analysis 
 
 DNA extraction was performed using  the phenol–chloroform–isoamyl alcohol (25:24:1, v:v:v) 
method (3). Genotypes were determined by URA5- RFLP analysis with the enzymes HhaI and 
Sau96I (Thermo Fisher Scientific, MA USA) (1). Mating types were identified by PCR using two 
specific primer pairs STE20Aα and STE20Aa (4). 
 
Multilocus sequence typing (MLST) 
 
 Analysis of MLST was performed on C. neoformans isolates, using the ISHAM consensus 
scheme of seven unlinked loci (CAP59, GPD1, IGS1, LAC1, PLB1, SOD1 and URA5). Each locus 
was amplified using the primers and amplification parameters described previously (5). Allele types 
(AT) and sequence types (ST) were defined according to ISHAM MLST database for C. neoformans 
(http://mlst.mycologylab.org) (2). 
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Statistical analysis 
 
 Statistical analysis was performed using the Fisher exact test. Unknown data were regarded 
as lost data and not included in the calculations. Fisher Exact test was done by using online 
program SISA (http://www.quantitativeskills.com/sisa/statistics/fisher.htm). Statistical significance was 
defined when p value ≤ 0.05. 
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Result 
 
Distribution of major molecular types and mating types 
 
  A total of 165 C. neoformans isolates were collected from 51 patients. Only one isolate per 
patient were selected for subsequent analysis. Cerebrospinal fluid (29 strains, 56.86%) was the most 
common site of isolation and followed by blood (21 strains, 41.18%) and bone marrow (1 strain, 
1.96%). All isolates were identified as molecular type VNI and mating type MATα. 
 
MLST analysis 
 
All isolates were identified as molecular type VNI (table 1). MLST analysis divided the 51 C. 
neoformans isolates into five STs, including ST4 (45.10%, n = 23), ST6 (35.29%, n = 18), ST5 
(15.69%, n = 8), ST93 (1.96%, n = 1) and ST32 (1.96%, n = 1).  
 
Table 1. The alleles and sequence types of cryptococcal isolates in this study. 

Strain 
Molecular 

type 
Mating 

type 

Allelic profiles Sequen-
ce type CAP59 GPD1 IGS1 LAC1 PLB1 SOD1 URA5 

SICN_001 VNI α 1 3 1 5 2 1 1 5 

SICN_002 VNI α 1 1 1 4 2 1 5 4 

SICN_003 VNI α 1 1 1 3 2 1 5 6 

SICN_004 VNI α 1 1 1 4 2 1 5 4 

SICN_005 VNI α 1 1 1 4 2 1 5 4 

SICN_006 VNI α 1 1 1 4 2 1 5 4 

SICN_008 VNI α 1 1 1 3 2 1 5 6 

SICN_009 VNI α 1 1 1 3 2 1 5 6 

SICN_011 VNI α 1 1 1 4 2 1 5 4 

SICN_012 VNI α 1 3 1 5 2 1 1 5 

SICN_013 VNI α 1 1 1 4 2 1 5 4 

SICN_014 VNI α 1 1 1 4 2 1 5 4 

SICN_015 VNI α 1 1 1 3 2 1 5 6 

SICN_017 VNI α 1 1 1 4 2 1 5 4 

SICN_018 VNI α 1 23 10 3 4 1 1 93 
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SICN_019 VNI α 1 3 1 5 2 1 1 5 

SICN_021 VNI α 1 3 1 5 2 1 1 5 

SICN_022 VNI α 1 1 1 3 2 1 5 6 

SICN_024 VNI α 1 1 1 3 2 1 5 6 

SICN_025 VNI α 1 1 1 3 2 1 5 6 

SICN_026 VNI α 1 1 1 3 2 1 5 6 

SICN_027 VNI α 1 1 1 3 2 1 5 6 

SICN_028 VNI α 1 3 1 5 2 1 1 5 

SICN_029 VNI α 1 1 1 3 2 1 5 6 

SICN_030 VNI α 1 3 1 5 2 1 1 5 

SICN_031 VNI α 1 1 1 3 2 1 5 6 

SICN_032 VNI α 1 1 1 4 2 1 5 4 

SICN_033 VNI α 1 1 1 3 2 1 5 6 

SICN_034 VNI α 1 1 1 3 2 1 5 6 

SICN_035 VNI α 1 1 1 4 2 1 5 4 

SICN_036 VNI α 1 1 1 4 2 1 5 4 

SICN_038 VNI α 1 1 1 4 2 1 5 4 

SICN_039 VNI α 1 1 1 4 2 1 5 4 

SICN_040 VNI α 1 1 1 4 2 1 5 4 

SICN_041 VNI α 1 1 10 3 4 1 1 32 

SICN_060 VNI α 1 1 1 4 2 1 5 4 

SICN_061 VNI α 1 1 1 3 2 1 5 6 

SICN_062 VNI α 1 1 1 4 2 1 5 4 

SICN_063 VNI α 1 1 1 3 2 1 5 6 

SICN_064 VNI α 1 1 1 4 2 1 5 4 

SICN_065 VNI α 1 1 1 4 2 1 5 4 

SICN_066 VNI α 1 1 1 4 2 1 5 4 

SICN_067 VNI α 1 1 1 4 2 1 5 4 

SICN_068 VNI α 1 1 1 4 2 1 5 4 

SICN_069 VNI α 1 1 1 4 2 1 5 4 

SICN_070 VNI α 1 3 1 5 2 1 1 5 

SICN_071 VNI α 1 1 1 3 2 1 5 6 

SICN_072 VNI α 1 1 1 4 2 1 5 4 

SICN_073 VNI α 1 1 1 3 2 1 5 6 
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SICN_074 VNI α 1 3 1 5 2 1 1 5 

SICN_075 VNI α 1 1 1 3 2 1 5 6 

 
Demographic data  
 
 Medical record of thirty-five patient with cryptococcosis were available. Patient ages were 
ranged from 24-82 years (mean 40.2 years) and most were males (65.71%). Thirty-one patients 
(88.57%) were HIV positive. 
 
ST5 is not associated with non-HIV strains in Thailand 
   

Recent data showed significant association between ST5 and non-HIV patients. Thus, we 
expected similar phenomenon among Thai isolates. However, our result showed ST5 were found 
mainly in HIV positive patient (83.3%) and no significant difference in prevalence of HIV infections (p 
= 0.657) were found between ST5 and non-ST5 group (table 2).  
 
No change in ST distributions in Thailand during the last 10 years 
 
  After a national campaign of highly active antiretroviral therapy (HAART), prevalence of 
cryptococcosis dropped significantly. According to our records, 90% decrease in cryptococcosis 
cases was evident in the past 10 years (data not shown). Thus, we speculated changes in ST 
distributions might occurred. However, data showed such change were not evident significantly (p = 
0.548) as showed in table 2. 
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Table 2. Association of sequence types with HIV status and time periods  

Data 
                          Sequence type 

P-value 
 ST5 Non-ST-5 

HIV status# 

 

Positive 
(n=31) 

5 
(16.13%) 

26 
(83.87%) 

0.657 
Negative 
(n=4) 

1 
(25.00%) 

3 
(75.00%) 

Years 

2003-2005 
(n=231) 

29 
(12.55%) 

201 
(87.45%) 

0.548 
2012-2014 
(n=51) 

8 
(15.70%) 

43 
(84.30%) 

#only data available in medical records were considered. 
 
 
High mortality was associated with tuberculosis and non-HIV strains 
  
 As other comorbidities may affect treatment efficiency in cryptococcosis, we investigated 
effect of tuberculosis (TB) and HIV infection on treatment outcome. As expected, patients with active 
TB had higher morbidity (75% VS 25%; p = 0.031). However, patients without HIV infection 
surprisingly had higher morbidity (66.67% VS 33.33%; p = 0.041) (table 3). 
 
Table 3. Association of comorbidities (HIV or TB) with treatment outcome# 

Disease  
Treatment outcome 

P-value 
Cure Dead 

TB 

Active 
(n=4) 

1 
(25.00%) 

3 
(75.00%) 

0.031 
Non active 
(n=27) 

18 
(78.26%) 

5 
(21.74%) 

HIV 

Positive 
(n=22) 

17 
(77.27%) 

5 
(22.73%) 

0.041 
Negative 
(n=6) 

2 
(33.33%) 

4 
(66.67%) 

#only data available in medical records were considered.  
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 As comorbidities may complicate investigations of cryptococcosis, we tested whether TB or 
HIV infection delayed the diagnosis. The data showed having TB co-infection or being non-HIV 
patients delayed diagnosis of cryptococcosis (took 1.9 and 2.3 times longer, respectively) (table 4) 
with the significant difference in the TB co-infection group (p = 0.024). 
 
Table 4. Association of comorbidities with time from onset of symptom to the disease diagnosis# 

Disease 

Mean of time from onset of symptom to the disease 
diagnosis (days) 

P-value 
Active/ positive status Non-active/ negative status 

TB 
42.50 
(n = 4) 

22.35 
(n = 31) 

0.401 

HIV 
18.74 

(n = 27) 
44.63 
(n = 8) 

0.024 

#only data available in medical records were considered.  
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Conclusion and Discussion 
  

Cryptococcosis is mostly considered as on opportunistic infection with more than 90% 
association in AIDs-patients. A patient typically gets infected by inhaling the spores of Cryptococcus 
and, primarily, causes disease in the lungs. Subsequently, they can disseminate via bloodstream to 
other organs, especially, central nervous system. Similarly, this study found that the most common 
source of cryptococcal isolates were from cerebrospinal fluid (CSF) (56.86 %). Moreover, 41.18% of 
the isolates were from blood and 1.96% was from bone marrow which is known to be involved in 
pathogenesis of this organism. Our result was in line with a previous study that more than 80% of 
specimens came from cerebrospinal fluid (CSF) (5). 

C. neoformans molecular type VNI is the most commonly found in Thailand and around the 
world (5, 6) and mostly infected immunocompromised persons. Surprisingly, in 2008, it is reported 
that the majority (91.5%) of C. neoformans VNIc/ST5 from China occurred in immunocompetent 
patients (7) and also reported in other area of Far East Asia (5, 8-10). Therefore, an epidemiology 
study of the non-HIV associated genotype, ST5, in Thailand where is closely related to the Far East 
Asia was initiated. Our result is consistent with all the previous worldwide results that more than 90% 
of the isolates were VNI (5, 11). MLST analysis divided C. neoformans strains from Siriraj Hospital 
into five STs of the molecular types VNI, including ST4 (45.10%, n = 23), ST5 (15.67%, n = 8), ST6 
(35.29%, n = 18), ST93 (1.96%, n = 1) and ST32 (1.96%, n = 1). The high prevalence of ST4 and 
ST6 genotypes is in line with the previous study in Thailand (5). ST93 was dominant in India and 
Indonesia (8). A recent report showed genotype ST32 was also rarely (3.2%) found in Japan. (9) 
The data showed a clear genetic variation among different Asian regions (5, 8-10). A phylogram, 
constructed by neighbor-joining analysis based on a concatenated data from the seven loci, showed 
that the five STs (ST4, 5, 6, 32 and 93) in this study were genetically homogenous. In fact, such 
clonality of C. neoformans was also emphasized by the fact that all strains were belonged to the 
MATα.  

The demographic data showed that most strains were isolated from HIV positive  patients 
(88.6%) which is in accordance with a previous study (5). The male predominance (65.71%) was in 
line with previous data in Thailand that more than 60 % of cryptococcosis patients were male (5).  A 
slight increase in the mean age from 30.5 years in 1997 to 32.4 years in 2004 was reported (12). A 
later study in 2013 reported a further increase average age in 37.97 years (5). This trend was shown 
again in our study where average age was increased to 40.2 years. One reason might be that 
HARRT therapy improved quality of patient lives and, therefore, increased their life spans (13). 
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Unlike cryptococcosis in Japan (9), China (14), and Korea (15), association between ST5 
and non-HIV status in Siriraj Hospital was not evident in this study. Only 14.29% of the clinical cases 
were ST5 and 2.86% of ST5 was isolated from a HIV negative patient. In fact, it is reported that ST5 
could be found both in patients who had HIV positive and negative status (8). Our data emphasizes 
that the association between ST5 and non-HIV status is unique to the Far East Asia. Moreover, 
despite the fact that such association might be due to specific genetic susceptibility of the Far East 
Asians (8), our data suggested otherwise. With a report of close genetic background between the 
Fast East Asians and the South East Asians (16), the specific genetic susceptibility theory would not 
explain such difference in ST5-HIV relationship between the two Asian populations. However, since 
number of samples is limited, a further sampling is needed. 

Co-infection of cryptococcosis and tuberculosis (TB) are relatively difficult to be treated. Our 
result also confirmed this finding that co-infection with tuberculosis decreased treatment efficiency. 
There was an evidence that both Mycobacterium tuberculosis and Cryptococcus synergistically 
suppressed immune system and, subsequently, reduced sign and symptom of patients resulting in 
delays in diagnosis and treatment (17). Moreover, the failure of treatment also occurred more 
frequently in HIV negative patients in this study. A similar suggestion was proposed in one report 
where a delay in diagnosis of cryptococcosis in non-HIV patients due to negative or low antigen titer 
in samples (18). These proposals were finally supported by our finding that having a co-infection 
with TB or being a non-HIV patient caused delayed on diagnosis of cryptococcosis. Therefore, timely 
diagnosis of the diseases, especially in endemic areas of TB, is mandatory (19, 20). 

In conclusion, the non-HIV specific ST5 was still uncommon compared to other STs in 
Thailand. Phylogenetic analysis showed five STs were highly homogenous. However, the 
relationship between the sequence type and HIV status were unclear. Further collection of more 
clinical strains are needed to ensure such correlation. 
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International conference presentation 
1. A chair session and invited speaker “Genotyping and the taxonomy of the C. neoformans/C. 
gattii species complex” and an invited speaker “Molecular Epidemiology of the Cryptococcus species 
complex in Asia” at the 19th International Society for Human and Animal Mycology Congress on 3rd-
7th May 2015 at the Melbourne Exhibition Centre, Melbourne, Victoria, Australia 
 
National conference presentation 
1. A poster presentation “Prevalence of a non-HIV specific genotype ST5 of Cryptococcus 
neoformans-gattii species complex in Thailand” at the TRF-OHEC Annual Congress 2016 on 6th-8th 
January 2016 at Reagent Cha-am Beach Resort, Cha-am, Petchaburi, Thailand 
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