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ABSTRACT

Pythium insidiosum is an aquatic fungus-like organism, classified in the
kingdom Stramenopila. It is the causative agent of the life-threatening human and
animal disease, pythiosis. Thailand is broadly recognised as an endemic area of
human pythiosis. Mortality rate and the risk of losing infected organs are very high. P.
insidiosum is able to infect apparently healthy individuals and patients with
hematological disorders such as thalassemia and leukemia. Most patients worked in
agricultural areas, especially farmers. Direct, prolonged contact with stagnant water is
frequently documented in pythiosis patients’ history. In nature, P. insidiosum can
produce asexual biflagellate zoospores that are assumed to be its infectious
component, because they have special tropism to hair and to the damaged skin of
human and animals. Therefore, contact with the natural habitat of this organism is a
high risk factor of P. insidiosum infection. In this study, the ecological niche of

Pythium insidiosum within the endemic agricultural areas of northern Thailand was
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described. Water samples were collected from irrigation water, including rice paddy
fields, irrigation channels, reservoirs in rice field and domestic reservoirs. Zoospores
of P. insidiosum were captured from water by the use of a baiting technique that
utilised sterile human hair. Pythium isolates were identified based on phenotypic
characteristics and by using a specific PCR assay for P. insidiosum. In addition,
internal transcribed spacer (ITS) regions of P. insidiosum rDNA were sequenced and
used for phylogenetic analysis with 20 other known P. insidiosum DNA sequences
available in the database and 11 DNA sequences of other closely related Pythium
species, including Lagenidium giganteum. P. insidiosum was isolated from all 4 types
of water source with a discovery rate of 26.1% (24 of 92 water sources). The
sequences of 59 environmental isolates of Pythium spp. recovered from irrigation
water confirmed 99% identity to P. insidiosum. The phylogenetic analysis showed
that the environmental isolates were separated from other closely related species with
high bootstrap support. This study provided the first evidence of P. insidiosum natural
occurrence in endemic aquatic environments. The highest recovery rate of this
hydrophilic pathogen was found to be at reservaoirs in rice fields. The data showed that
irrigation water may be an important source of P. insidiosum infection for individuals
working in endemic agricultural areas.

Phenotypic and genotypic relationships of the clinical and environmental
isolates collected in this study were determined by using Sodium dodecyl sulphate —
polyacrylamide gel electrophoresis (SDS-PAGE), immunoblot analysis and
microsatellite typing. Phenotypic analysis was based on patterns of mycelium-extract
and culture filtrate proteins and patterns of antigenic proteins. For genotypic analysis,
microsatellite markers were used, due to their high polymorphism and suitability for
diploid organisms. The markers were first developed in this study by constructing
partial genomic DNA library and designing proper primers flanking microsatellite
sequences. The SDS-PAGE and immunoblot analyses enabled us to determine that
pathogenic and natural-living P. insidiosum could not be distinguished by phenotypic
and genotypic criteria. Most isolates showed unique phenotypic and genotypic
patterns; only closely related isolates and clonal individuals showed similar patterns.
These findings showed that the methods contained high discriminatory power and

variability for distinguishing heterogeneous isolates. In addition, phenotypic and
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genotypic relationships of closely related clinical and environmental isolates were
affected by genetic background, regardless of geographic origin. The profiles of one
environmental isolate from Lumphun province were closely related to a clinical
isolate from Kanchanaburi province. The different geographic origin of the isolates
suggests that patients might be infected from the environmental isolate’s source, or
this was evidence supporting the distribution of P. insidiosum in Thailand. Moreover,
the distribution of P. insidiosum in natural sources was found to be heterogeneous
within the investigated sites. This data suggested that unknown factors may be
influencing the dispersal of the organism. This hypothesis needs to be tested by
ascertaining the broader spatial genetic structure of P. insidiosum in order to
determine the effective dispersal of P. insidiosum across endemic areas.

The dispersal potential of P. insidiosum has never been examined. The genetic
structure of P. insidiosum populations was investigated in the northern and central
regions of Thailand by using multi-locus microsatellite typing (MLMT) based on the
multiplex PCR technique. Nine appropriate microsatellite loci were used. Six
populations, based on geographic origin, of clinical and environmental isolates
showed low to moderate levels of genetic differentiation between samples and little
correlation between pathogens’ genotype and geography. These data indicate
substantial gene flow between the northern and central regions of Thailand. P.
insidiosum probably spreads mostly via thick-walled, resistant oospores (sexual
spores) and outcrossing may occur in nature, as no genotypes common to particular
regions were detected and there is evidence of recombination within populations. It
could be hypothesized that transportation, flood and irrigation systems may be
involved in the dispersal of P. insidiosum across Thailand.

In conclusion, irrigation water especially water reservoir was found to be an
important natural habitat of P. insidiosum in agricultural areas of Thailand. In
addition, P. insidiosum isolates obtained from patients and environments were similar
in both phenotypic and genotypic characteristics. However, there was some
differentiation between isolates but this was unrelated to geographical distance. Gene
flow and outcrossing may occur in nature. The results of this study suggest that any
strain of P. insidiosum is potentially pathogenic and can provoke a case of pythiosis

when it encounters a favorable environment in a susceptible host.
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