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Objective: Pythiosis, a life-threatening infectious disease, has been reported from Maharaj Nakorn Chiang
Mai hospital since 2001. Delayed diagnosis, due to difficulty in obtaining an appropriate specimen and in
timely identification, causes delayed treatment resulting in a high mortality rate. To address this problem, a
previously developed immunoblot has been evaluated and objected as an effective diagnostic tool for human
pythiosis in this hospital.

Material and Method: The immunoblot assay was evaluated using human sera with culturally proven fungal
infection. Sera from humans with a variety of other fungal infections, pooled healthy human sera including
Cryptococcus neoformans-, Penicillium marneffei-, and Histoplasma capsulatum-immunized rabbit antisera
were used as controls. The assay was applied to evaluate twenty-six sera of suspected pythiosis patients.
Moreover, in appropriate cases, a combination of immunoblot, culturing and polymerase chain reaction
(PCR) were also performed in order to determine the accuracy of the immunoblot assay.

Results: The presented immunoblot assay was not reactive with any sera of the controls or those of the other
fungal-infected patients used in the present study. Pythiosis could be differentiated from other fungal
infections with similar symptoms in sixteen of twenty-six samples of suspected patients. The positive ones
showed the proper reactive pattern as shown in P. insidiosum-immunized rabbit serum. The present study
provided evidence that the 40 to 35-kDa antigens were reactive specifically with all sera from both treated
and active pythiosis patients. Culturing and PCR results were consistent with the immunoblot finding.
Conclusion: The immunoblot assay developed in the present study is specific to P. insidiosum-infection and
suitably applied as an effective tool for human pythiosis diagnosis.
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have been reported from every region of Thailand®.
Clinical manifestations of the disease have been

Human pythiosis is a life-threatening disease
caused by the mammalian pathogen Pythium

insidiosum. Human pythiosis has been documented
mainly in Thailand and occasionally in other tropical
and subtropical countries such as Australia, Haiti, New
Zealand, and the USA. The first five cases of human
pythiosis were found in rural areas of northern
Thailand®. More recently, however, pythiosis cases
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described in four forms, including cutaneous/subcuta-
neous™®, ocular®®, vascular, and disseminated
forms®”. Pythiosis has been reported both in patients
with immunological abnormalities and in apparently
healthy individuals. Patients with cutaneous/subcuta-
neous, disseminated and vascular forms are usually
associated with hematological disorders, such as
thalassemia, leukemia or pyroxysmal nocturnal
hemoglobinuria®™®. In contrast, most ocular cases are
usually found in healthy individuals®.
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Working in aquatic habitats are the most
likely risk factors involved in human pythiosis. The
natural occurrence of P. insidiosum has recently been
determined'?. Irrigation water may be the prevalent
source of P. insidiosum colonization and infection,
especially for individuals working in endemic
agricultural areas'”. In its natural aquatic habitat,
P. insidiosum produces motile biflagellate zoospores
that likely play an important role in the initiation of
animal infection!". Damaged tissue and open wounds
could attract zoospores to bind and attach to them
using an adhesive material.

In human pythiosis, the disseminated and
vascular forms are lethal, since they have a very
high mortality rate. Although the ocular form is not
life-threatening, eye recovery has not been entirely
successful ™. Therefore, rapid and reliable diagnostic
tools are necessary for an effective treatment.
Standard diagnostic techniques, such as culturing
and zoospore induction, take several days and require
taxonomic expertise, causing delayed treatment.
Many advanced antibody-based assays have been
developed, including an immunodiffusion test!*!?,
an enzyme-linked immunosorbent assay (ELISA)1¢18),
indirect immuno-fluorescence" and immunoblot!®2",
These techniques have facilitated the rapid detection
of P. insidiosum infection. Since many advantages of
immunoblot have been determined, this technique
has been chosen for pythiosis diagnostic tool in our
hospital. Although the presented immunoblot assay
has been studied previously, the efficiency of the
technique as a rapid diagnostic test for human
pythiosis has not been evaluated. In the present study,
the appropriate strain of P. insidiosum and type of
antigens under different culture conditions were
determined. Then, the immunoblot assay with an
appropriate condition was applied for diagnosing
samples from all suspected cases collected in our
hospital since 2002. The specificity of the assay was
evaluated using immunized rabbit sera and naturally
infected patients’ sera with other proven fungal
infections. Moreover, culturing and PCR assay
were also applied to determine the reliability of the
immunoblot result.

Material and Method
Microorganism

Four Pythium insidiosum reference strains
(CBS119452,CBS119453,CBS119454, and CBS119455),
isolated from humans with pythiosis in Thailand, were
used for antigen preparation.
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Sera

Twenty-six serum samples were obtained from
patients who had presented with a clinical suspicion of
pythiosis, including gangrene and thalassemia as an
underlying disease. Twenty-five of the twenty-six
samples were collected from patients with active
infection but one sample was obtained from a pythiosis
patient who had been cured a year earlier by limb
amputation. Cross-reactivity of the immunoblot assay
was performed using sera from ten healthy individuals
and five patients with other proven fungal infections,
including candidiasis, cryptococcosis, aspergillosis,
penicilliosis marneffei, and histoplasmosis.

Four control rabbit antisera were prepared
by immunizing white rabbits with antigens of human
pathogenic fungi, including Pythium insidiosum,
Cryptococcus neoformans, Candida albicans, Peni-
cillium marneffei, and Histoplasma capsulatum. The
rabbits were injected subcutaneously with a 1 ml
mixture of the concentrated antigens and 1 ml of
incomplete Freund adjuvant. After 2 and 4 weeks, the
rabbits were immunized subcutaneously and then
bled 2 weeks later.

Protein preparation

Pure cultures of P. insidiosum were analyzed
for their protein and immunoblot profiles. Briefly, the
cultures were grown in 2% Sabouraud dextrose broth
(SDB) pH 6.9 at 37°C on a shaker rotating at 150 rpm
for 5 days. Mycelia harvested by vacuum filtration
were washed three times with sterile PBS pH 7.2 and
resuspended in 1 ml of sterile PBS containing a
protease inhibitor cocktail [4-(2-aminoethyl) benzene-
sulfonyl fluoride (AEBSF), pepstatin A, E-64, and 1,
10-phenanthroline] (Sigma, St Louis, USA). Protein
antigens were extracted from the mycelium mass using
a bead beating procedure. Briefly, mycelium mass was
homogenized with 500 mg of 0.4-0.6 mm diameter glass
beads (Biospec, Oklahoma, USA) in a microcentrifuge
tube at full speed for 30 s. The samples obtained after
bead-beating were centrifuged at 12,000 g for 15 min
and then the supernatant was collected and used as a
cytoplasmic antigen. Secretory protein antigens were
prepared from cell-free culture filtrate antigens and
concentrated by ammonium sulfate precipitation. The
proteins were suspended in PBS pH 7.2 containing a
protease-inhibitor cocktail (Sigma, St Louis, USA). The
protein concentration of the samples was measured by
a Bio-Rad microassay procedure (Bio-Rad Laboratories,
Milan, Italy). The samples were stored at 4°C until
use.
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To determine whether different culture media
affected the secretory protein profile of P. insidiosum,
a strain CBS119452 was cultured in different types of
media including 1. home-made SDB pH 6.9 (20 g
glucose and 10 g polypeptone) (Beckton Dickinson,
Cockeysville, MD, USA), 2. SDB pH 6.9 (Difco
Laboratories, Detroit, MI, USA), 3. SDA pH 6.9
(Scharlau Chemie S.A., Barcelona, Spain), 4. Brain-Heart
infusion broth (BHIB) (Difco), 5. BHI broth (Oxoid,
Basingstoke, UK) and 6. Nutrient broth (Himedia,
Mumbai, India). The strain was cultured using the
method described above.

SDS-PAGE

Twenty micrograms of each protein extract
was solubilized in a sample buffer containing 62.5 mM
Tris-HCI (pH 6.8), 5% 2-b-mercaptoethanol, 10%
glycerol, 5% sodium dodecyl sulfate (SDS) and 0.01%
bromphenol blue, and then boiled for 5 min. The
protein extracts were loaded onto constant gradient
gels (10%) and run in a Mini Protean II slab cell
system (Bio-Rad Laboratories, Milan, Italy) at a
constant current of 100 V for 1 h 45 min. The gels were
stained for protein with 0.2% Coomassie brilliant
blue R-250.

Immunoblotting

Immunoblotting was performed using the
following method; one microgram of the cytoplasmic
and secretory protein antigens was separated by
SDS-PAGE, and then transferred to the nitrocellulose
membrane (Amersham). The blot was incubated with
5% skimmed milk blocking buffer for 2 h at room
temperature and then washed three times in phosphate-
buffered saline (PBS) with 0.05% Tween 20. The blot
was cut into strips. The strips were then incubated
with each serum sample (1:100 dilution) for 1 hat 37°C
before washing three times in PBS-Tween. Following
incubation with horseradish peroxidase-conjugated
goat anti-human IgG (1:1,000 dilution) or anti-rabbit
IgG (1:3,000 dilution), the reaction was detected with
4-chloro-1-naphthol as a substrate.

Specimen processing

The specimens, including biopsy material,
exudates and/or arterial tissue (Fig. 1a), were processed
immediately after being received. Biopsy tissues
were cut into small pieces using aseptic technique,
and then cultured on Sabouraud glucose agar
(SGA) pH 6.9 (Fig. 1b). The cultures were examined
daily. Morphological identification based on the
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characteristics of sporangia was performed using a
previously described method®.

PCR amplification

For the PCR assay, specific primers ITSpy1
(5’-CTGCGGAAGGATCATTACC-3") and ITSpy2
(5’-GTCCTCGGAGTATAGATCAG-3")"® were used
to amplify the internal transcribed spacer region of
P. insidiosum. The DNA of the specimen was extracted
with the Dneasy® tissue kit (Qiagen GmbH, Hilden,
Germany) according to the manufacturer’s instruction.
PCR conditions were performed as follows: 94°C for
3 min; 35 cycles at 94°C for 45 s, 60°C for 30's, and 72°C
for 30 s; and a final extension at 72°C for 10 min. The
amplicons of approximately 233-bp were analyzed
by agarose gel electrophoresis, followed by ethidium
bromide staining.

Results
Immunogen profile of P. insidiosum clinical isolates
To develop an immunoblot assay for the
diagnosis of human pythiosis, the appropriate strains
of P. insidiosum and types of antigens were determined.
The protein- and immunogen profiles of four clinical
isolates of P. insidiosum are shown in Fig. 2a and 2b.
All four strains showed similar cytoplasmic protein
profiles by SDS-PAGE and immunoblotting. Dominant
protein bands of approximately 86, 68, 53 to 56, 49, 36,
34,25, 18, and 16 kDa were observed in the Coomassie
blue-stained gel (Fig. 2a, left panel). The 86, 76 and 38
kDa bands were dominant antigens on the immunoblot
(Fig. 2b, left panel). In contrast to the cytoplasmic
protein antigens, secretory proteins of these strains
showed significant differences in both protein and
immunogen profiles. Several bands ranging from 130
to 17 kDa and lower in molecular weight were observed
on the SDS-PAGE gel. The 70, 45, and 42 to 35 kDa
bands indicated prominent antigens in all strains
(Fig. 2a, right panel). Inmunodominant bands of 70

Fig. 1 Clinical specimens of pythiosis patients. (a) femur
artery (b) culture of P. insidiosum growing from
clinical specimens (arrow)
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and 42 to 35 kDa were particularly prominent in all
strains (Fig. 2b, right panel). However, three more bands
including 28, 26 and 23 kDa were found only in strain
CBS 119452 (Fig. 2b, right panel, lane 1).

Although the cytoplasmic proteins of the
isolates showed several dominant bands on SDS-PAGE,
only some bands were detectable on the immunoblot
assay. All strains showed very similar patterns and at
least five bands could be detected. On the other hand,
from the secretory protein profiles of these four
strains, the profile of P. insidiosum strain CBS 119452
provided the most proper pattern, containing many
high-intensity reactive bands and well-distributing on
the blot. Thus, the secretory antigen profile of strain
CBS 119452 could be a good candidate for facilitating
the diagnostic assay for human pythiosis.

Comparison of immunodominant antigens of P.
insidiosum cultured in different culture media

The secretory protein profiles of strain CBS
119452 cultured in different culture media are shown in
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Fig. 2  Protein and immunogen profiles of four clinical
isolates of P. insidiosum. Coomassie blue stained
SDS-PAGE gel (a) and immunoblot (b), probed
with P. insidiosum-immunized rabbit antiserum.
Lanes 1-4, strains nos. CBS 119452, CBS 119453,
CBS 119454 and CBS 119455, respectively.
Cytoplasmic and secretory proteins are shown on
the left and right panels, respectively
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Fig. 3. The proteins on SDS-PAGE gel exhibited slightly
different profiles among various types of culture
media. Many bands ranging from 100 to 23 kDa were
detected on the gel (Fig. 3a). After probing with
immunized rabbit anti-P. insidiosum antibodies,
prominent bands of 100, 70, 40 to 35, 28, 26 and 23 kDa
were clearly observed in home-made and Difco SDB
(Fig. 3b, lane 1 and 2). However, no 26-kDa band was
detected in Scharlau SDB and Nutrient broth (Fig. 3b,
lane 3 and 6). The 70-kDa band also could not be
observed in BHI and Nutrient broth (Fig. 3b, lane 4 to 6).
Therefore, home-made and Difco SDB were deemed to
be suitable media for further antigen preparation and
immunoblot analysis in the present study.

Pythiosis diagnosis using immunoblotting

Sixteen of twenty-six sera were positive to
pythiosis. Eight human-pythiosis positive samples were
selected to show here (Fig. Sa, lanes 3-10) comparing
with positive and negative immunoblot controls probed
with P. insidiosum-immunized and pre-immunized
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Fig. 3 Secretory protein profiles of P. insidiosum cultured
in various types of media. Coomassie blue stained
SDS-PAGE gel (a) and immunoblot probed with an
immunized rabbit anti-P. insidiosum antibodies (b).
P. insidiosum strain CBS119452 cultured in home-
made SDB (lane 1), Difco SDB (lane 2), Scharlau
SDB (lane 3), Difco BHIB (lane 4), Oxoid BHIB
(lane 5) and nutrient broth (lane 6)
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rabbit antiserum (Fig. 5a, lanes 1 and 2, respectively).
Bands of 100, 70, 42, 40 to 35, 28, 26, and 23 kDa were
found in seven samples, except one serum that showed
only 70 and 40 to 35 kDa bands (Fig. 5a, lane 7). In the
presented case, the serum was collected from a patient
who had been cured a year earlier by limb amputation
(Fig. 5a, lane 7). Serum samples from healthy subjects,
C. neoformans-immunized rabbit antisera, and sera
from cryptococcosis-, aspergillosis-, and penicilliosis
marneffei patients recognized the 70-kDa antigen. No
band was seen in reactions where serum samples of
candidiasis and histoplasmosis patients or Penicillium
marneffei and Histoplasma capsulatum-immunized
rabbit sera were applied. This data suggested that

Fig. 4 Morphology of clinical isolate of P. insidiosum.
Glabrous colony on Sabouraud’s agar at 25°C (a)
and zoospore production in induction medium (b),
magnification x 400
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Fig. 5 TImmunoblot analysis of P. insidiosum. Culture filtrate
antigens reacting with P. insidiosum-immunized
rabbit antiserum (lane 1 of a and b), pre-immunized
rabbit antiserum (lane 2 of a and b) and pythiosis
patients’sera, lane 3-10 (a). The reactivities with
(b) pathogenic fungi-immunized rabbit antisera;
Cryptococcus neoformans (lane 3), Penicillium
marneffei (lane 4), Histoplasma capsulatum
(lane 5) and sera of patients with other fungal
infections; candidiasis (lane 6), cryptococcosis
(lane 7), aspergillosis (lane 8), penicillosis marneffei

(lane 9), histoplasmosis (lane 10) and pooled sera of
10 healthy individuals (lane 11)
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the 70-kDa band observed in the controls had poor
specificity. The bands of 100 and 26 kDa were reactive
with all serum samples of the patients with active
pythiosis, while the 42- and 23-kDa bands were found
only in some cases. Interestingly, the 40 to 35-kDa
antigen was reactive specifically with all sera from both
treated and active pythiosis patients. Ten samples from
patients with suspected pythiosis were immunoblot-
negative (Table 1). In seven cases of immunoblot-
positive and four cases of immunoblot-negative
results, more clinical specimens of these patients were
collected with agreement for alternative diagnostic
tests.

Comparison between immunoblot, culture and PCR
assay

Culture and PCR methods were performed
in parallel with the immunoblot assay in order to
determine the accuracy of the immunoblot. Specimens
such as arteries from amputated limbs, wound
exudates, pus, or tissue biopsy were collected from
some patients for culturing and DNA extraction.
P. insidiosum could be isolated only from the arteries
collected from amputated limbs of the patients whose
immunoblots were positive (Table 1). All isolates
showed a white cream glabrous colony with broad,
sparsely septate hyaline hyphae and produced
filamentous sporangia and motile biflagellate
zoospores in induction medium (Fig. 4a, 4b). The
organism grew well within a few days at both 37°C and
room temperature. In addition, PCR results were well
consistent with immunoblot and culturing (Table 1).
However, it was likely that an appropriate sample
collection was also important for pythiosis identification
by PCR and culturing since there were inconsistencies
in some cases such as sample no. 2 in Table 1 which
was immunoblot-positive but negative for both culture
and PCR. In the cases of the immunoblot-negative
result, the authors found that the PCR and culture
findings were also negative in all cases. Therefore, the
present study revealed that the immunoblot assay is
easy, highly specific and very useful for being a rapid
pythiosis diagnostic test in our hospital.

Discussion

Immunoblot analysis for the detection and
identification of P. insidiosum has been studied
since 1992. The assay has been studied in order to
demonstrate the immune response of infected animals
and humans to P. insidiosum. The specific immunoblot
profile of P. insidiosum infection has been characterized
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Table 1. Diagnostic results of immunoblot, culture and PCR assay from twenty-six suspected pythiosis cases

Sample Specimen Immunoblot Culture PCR
1 serum and pus Pos Neg Pos
2 serum, pus and vessel Pos Neg Neg
3 serum Pos N/D N/D
4 serum Pos N/D N/D
5 serum and artery Pos Pos Pos
6 serum Pos N/D N/D
7 serum, wound exudates and artery Pos Pos Pos
8 serum and artery Pos Pos Pos
9 serum Pos N/D N/D

10 serum Pos N/D N/D

11 serum Pos N/D N/D

12 serum Pos N/D N/D

13 serum Pos N/D N/D

14 serum and artery Pos Pos Pos

15 serum Pos N/D N/D

16 serum and tissue biopsy Pos Neg N/D

17 serum and occlusion Neg Neg Neg

18 serum and pus Neg Neg Neg

19 serum and vessel Neg Neg Neg

20 serum, vessel and formalinized tissue Neg Neg Neg

21 serum Neg N/D N/D

22 serum Neg N/D N/D

23 serum Neg N/D N/D

24 serum Neg N/D N/D

25 serum Neg N/D N/D

26 serum Neg N/D N/D

Pos = positive, Neg = negative, N/D = not done

in many hosts such as horse, rabbit, cattle, and human.
Immunodominant antigens of P. insidiosum have
been determined. The immunogens of 80-, 33.5, 32-, 30-
and 28-kDa bands commonly reacted with sera from
horses infected with P. insidiosum29. A 74-kDa
immunodominant antigen was recognized by sera from
pythiosis patients®". In the present study, the bands
of 70- and 40 to 35-kDa were observed in all pythiosis
patients. However, sera from healthy subjects and other
fungal-infected patients also recognized the 70-kDa
band. Hence, the 70-kDa antigen found in the present
study was apparently a common fungal antigen. The
band of 40 to 35 kDa that reacted specifically with
pythiosis patients’ sera was a potential indicator of P.
insidiosum infection. Interestingly, the immunoglobulin
G reacting to the 40 to 35-kDa band was still found in
the 1-year treated patient, suggesting that this protein
may be an important protective immunogen in humans.
In addition, the immunoblot profile of 100-, 42-, 28-, 26-
and 23-kDa bands, which was found to react with sera
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from active pythiosis patients, may be useful for
indicating a pythiosis infection. Moreover, none of
these bands could be detected by the treated patient’s
serum (Fig 5, lane 7). Thus, the profile might be useful
both for diagnosis and for monitoring the disease and
treatment.

The 40 to 35-kDa protein was an important
immunodominant antigen found in both clinical and
environmental strains. It was a highly specific antigen
for P. insidiosum since it was recognized only in
this organism but not in its closely related species,
P. grandisporangium and P. cystogenes"®. Since
pythiosis cases have been increasing and aquatic
agricultural areas are known to be a high-risk factor for
P. insidiosum infection, the development of effective
diagnostic and screening methods is imperative. This
antigen might be useful for developing a pythiosis
diagnostic test and a P. insidiosum screening test to be
applied in field work in the endemic areas of human
and animal pythiosis.
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Immunized rabbits’ immune response to P.
insidiosum displayed a unique profile similar to that of
naturally infected humans. This finding supports
previous studies suggesting that rabbits could be a
good model to study the pathogenesis and immune
response to P. insidiosum infection®??. Moreover,
hematological disorders, especially thalassemia, have
been reported as a common underlying disease found
in pythiosis patients. In order to study the immune
response of patients with hematological disorders to
P. insidiosum infection, an animal model such as
thalassemic mice may provide an alternative way to
further investigate this aspect.

Several fungi have morphological similarities
to the filamentous structures of P. insidiosum.
Histological examination might prove difficult when
differentiating pythiosis from those found in cases of
oomycosis caused by Lagenidium giganteum, and
zygomycosis caused by fungal species of the orders
Mucorales and Entomophthorales®. Basically, the
isolation of P. insidiosum is the ultimate basis for
the diagnosis of pythiosis. The identification of P.
insidiosum in the laboratory is definitely based on its
asexual zoosporangia, sexual oogonia, and hyphae-like
morphological features. However, culturing and
morphological identification have several limitations,
mainly that they are time-consuming and require
expertise. Furthermore, an appropriate biopsy specimen
is very important for the success of fungal isolation. In
the present study, the arterial tissue containing the
occlusion, which was isolated from an infected organ,
was proved to be highly positive for culturing, while
pus and skin biopsy obtained from infected wounds
might be unsuitable. It is necessary for the surgeon to
have a strong clinical suspicion of pythiosis to obtain
the appropriate specimens. Since the proper sample as
arterial tissue could be provided after amputation only,
the method may not be suitable for early diagnosis. To
overcome the limitations of the method, serodiagnostic
techniques, including the immunoblot assay, may
provide a fast and convenient alternative for early
diagnosis of pythiosis.

A PCR-based assay for pythiosis diagnosis
was developed in our laboratory to diagnose and
identify human P. insidiosum isolates. Vanittanakom
etal. developed primers that amplified 233 base pairs in
the internal transcribed spacer (ITS) regions"®. The
PCR provides excellent specificity for diagnosis of
pythiosis since it does not amplify DNA from other
human pathogenic fungi and bacteria (unpublished
data). The PCR assay was a good method for identify-
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ing P. insidiosum from a broad range of specimens,
including frozen specimen, ethanol-fixed tissue” and
fresh specimens such as arterial tissue, tissue biopsy,
pus, and drained secretions from infected wounds.
However, in the present study, it should be noted
that the assay was often negative with DNA extracted
from skin biopsies. Perhaps this specimen was not
appropriate. As in culturing, the success of PCR
depends on the presence of hyphae in the tissue
evaluated. Thus, when the concentration of P.
insidiosum DNA is low due to either DNA loss during
extraction process or limited number of hyphae
obtained from original clinical samples, the presented
PCR may provide false negative results. In such cases,
nested PCR could be an alternative tool for P.
insidiosum detection. Yet, although nested PCR
has been demonstrated as an effective assay for
identification of P. insidiosum®, some of presented
clinical isolates could not be amplified using primers
described in the literature. Unlike PCR and culturing,
the immunoblot assay for pythiosis diagnosis does not
need any special requirements for sample collection.
In conclusion, the present study demonstrated
the usefulness of the immunoblot assay as a
rapid detection and diagnostic tool for P. insidiosum
infection. The present results provided new informa-
tion on the advantages of the immunoblot assay,
especially regarding its non-invasive nature and ease
of use when compared to standard methods such as
culturing and to high-sensitivity assays such as PCR.
The immunoblot assay is the most rapid and sensitive
diagnostic tool recommended for human pythiosis. The
assay has been proven effective, especially for early
diagnosis after admitting patients to the hospital for
appropriate treatment. Combining the immunoblot
profile with the results from PCR and culturing provides
reliable results and an accurate diagnosis, which is
important for treating and monitoring the disease.
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