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Studies by Western blot analyses have shown that antibodies in the sera of host species infected by
Pythium insidiosum recognized several prominent proteins expressed by this fungus-like pathogen. Al-
though these studies have utilized sera from infected patients and relevant local strains of P. insidiosum,
the results are difficult to compare because of the lack of method standardization. In an effort to resolve
this issue, we have utilized standardized methodologies to evaluate six P. insidiosum strains from Asia and
the Americas and 15 serum samples from cattle, cats, dogs, horses, and humans with pythiosis from the
same geographical regions. Our data show that the antibodies present in these sera recognize a wide
variety of unique P. insidiosum immunogenic proteins. Although some of the prominent proteins in this
study have been previously reported, several others have yet to be described. For instance, a �28-kDa-
molecular-mass antigen was detected by the antibodies in all serum samples evaluated. However, this
antigen was strongly expressed by only one of the strains evaluated. A diffuse �51-kDa protein was not
detected by the antibodies in the human sera; but it was recognized by the antibodies in the sera of cattle,
cats, dogs, and horses. This antigen was expressed by only two of the strains investigated. Several other
similar examples were also observed. The variation of the P. insidiosum protein profile identified by the
antibodies in the sera evaluated indicates that some geographically diverged P. insidosum strains ex-
pressed some unique immunogens in vitro and that during natural infection (in vivo) P. insidiosum might
express a broader number of antigens variably detected by individuals within the same species but
especially across species.

Pythiosis is a life-threatening infection of humans (10, 23,
26) and lower animals (2, 4, 14, 16), including birds (15). The
disease is caused by Pythium insidiosum, a protist strameno-
pilan oomycete that develops sparsely septated hyphal ele-
ments which mimic the coenocytic hyphae of the zygomycetous
fungi (4, 10). Thus, in the past pythiosis has been misdiagnosed
as a fungal infection in both humans (10, 14) and animals (9).
Once considered an exotic disease, new reports indicate that
pythiosis is more common than was previously expected in
humans, horses, and dogs in the United States and elsewhere
(1, 2, 4–6, 9, 11–14, 17, 22, 25). Despite new diagnostic meth-
ods, however, pythiosis is still difficult to diagnose because
most clinical laboratory workers are not familiar with this pro-
tistan oomycete (10, 17, 26). Moreover, physicians have only
recently learned of this life-threatening infection, especially in
the areas where the disease is endemic (9, 10, 26).

Serological assays (1, 2, 4–6, 9, 11–14) and other immuno-
logical studies (3, 8, 9) have been instrumental in the diagnosis
of pythiosis. The first serological assay used for the diagnosis of
the disease was developed in 1924 by Witkamp (27). In 1981,
Miller and Campbell (14) introduced immunodiffusion and

complement fixation assays on the basis of the findings of the
study of Witkamp (27). Later on, several other investigators
introduced more specific antigens tested in new serological
tests for the diagnosis of pythiosis (9). Although several
immunogens have been detected by the antibodies in the
sera of P. insidiosum-infected hosts, those antigens have yet
to be characterized and techniques for their detection have
yet to be properly standardized (2, 5, 8, 12, 16, 22, 25). For
instance, Western blot (WB) analysis showed that the sera
of bovines, felines, canines, equines, and humans with the
disease detect several antigenic proteins (2, 5, 9, 12, 16, 19,
22). However, the findings from those studies could not be
compared due to the lack of standardization.

In an effort to begin characterizing the antigens detected by
the immunoglobulins in infected hosts, we have used standard-
ized WB techniques to evaluate the immunogens of six geo-
graphically diverged P. insidiosum strains expressed in vitro
with sera from multiple host species. Variations in the protein
profiles even among individuals within the same species were
observed. The antibodies in the sera of the species tested
identified numerous immunogens in the six P. insidiosum
strains used in this study. Some of these immunogens were
unique to at least two of the strains analyzed and were consis-
tently detected by the antibodies in all sera. The detection of
prominent immunogenic proteins, such as the 28-kDa-molec-
ular-mass antigen and other proteins in some of the strains
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evaluated, is interesting, and these proteins warrant further
studies.

MATERIALS AND METHODS

Sera and strains. Fifteen serum samples were collected from various host
species, as follows: three cats with subcutaneous pythiosis on different anatomical
areas, three cattle with subcutaneous pythiosis on their limbs, three dogs (two
dogs with intestinal phthiosis and one dog with subcutaneous pythiosis), three
horses with cutaneous pythiosis on different anatomical areas, and three humans
(two patients from Thailand with arterial pythiosis and one patient from the
United States with orbital disease). The sera were kept at �80°C until they were
used (Table 1). The diagnosis of pythiosis in the selected host species was
confirmed by either culture or serology (enzyme-linked immunosorbent assay
[11], WB [12], detection of anti-P. insidiosum fluorescent antibodies in tissue
sections [16]) or by a combination of these methods. In addition, the following
sera were used as controls: one serum sample each from an apparently healthy
human, dog, cat, and horse; three serum samples from humans with candidiasis
(serum sample 033227), aspergillosis (serum sample 026515), and histoplasmosis
(serum sample 033351); and one serum sample from a horse with sporothricho-
sis, one serum sample from a dog with Aspergillus infection, and one serum
sample from a cat with cryptococcosis from previous studies (11, 12). Six geo-

graphically diverse P. insidiosum strains were analyzed. Details about the strains
can be found in Table 2.

Antigen production. The P. insidiosum strains described above were subcul-
tured at 37°C on 2% Sabouraud dextrose agar every 2 weeks and were then
transferred to cornmeal agar slants and incubated at 37°C for 24 h. After incu-
bation, �3-mm2 blocks with hyphal elements of P. insidiosum were cut and used
to inoculate a 1.0-liter flask containing 500 ml of 2% Sabouraud dextrose broth.
The broth cultures were incubated at 37°C while being rotated at 150 rpm for 5
days. After incubation, the cells in the cultures were killed with merthiolate
(0.02%, wt/vol) and were then filtered to separate the hyphal cell mass. The
hyphal cell mass was then transferred to a mortar and ground in the presence of
liquid nitrogen. The resulting powder was resuspended in 5 ml of sterile distilled
water, and the antigenic preparation was used on the same day in all experi-
ments. The protein concentration was estimated by a microassay procedure
(Bio-Rad Laboratories, Hercules, CA).

SDS-polyacrylamide gel electrophoresis (PAGE). Ten-microliter samples con-
taining �20 �g of P. insidiosum protein were added to an equal volume of buffer
consisting of 125 mM Tris-HCl (pH 6.8), 6% sodium dodecyl sulfate (SDS), 20%
glycerol, 10% 2-mercaptoethanol, and 0.05% bromophenol blue; and the sam-
ples were boiled for 10 min. The samples were then centrifuged at 14,000 � g and
subjected to electrophoresis on a 12% (wt/vol) polyacrylamide resolving gel and
a 4% (wt/vol) stacking gel, as described by Laemmli (7). The gels were then
stained with Coomassie brilliant blue (Bio-Rad Laboratories), and the molecular
masses were estimated by use of a standard preparation (Bio-Rad Laboratories).

Immunoblotting. The immunogens separated in SDS-polyacrylamide gels
were electrophoretically transferred from a one-dimensional polyacrylamide gel
to Immun-Blot polyvinylidene difluoride membranes (0.2 �m; Bio-Rad Labora-
tories) according to the methods described by Towbin et al. (24). After overnight
transfer, the membranes were blocked for 2 h at 37°C with 5% gelatin from the
skin of a cold-water fish (Sigma, St. Louis, MO) in phosphate-buffered saline
(PBS)–10% Tween, pH 7.2 (8.5 g NaCl, 1.07 g Na2HPO4 anhydrous, 0.39 g
NaH2PO4 � H2O, 1 liter distilled water, 10% [wt/vol] Tween 20). The sera ana-
lyzed (Table 1) were diluted 1:500 in 5% gelatin blocking solution and were then
incubated at 37°C for 90 min with shaking before they were washed once with
PBS–10% Tween, twice with 0.01 M PBS, pH 7.2, and once with 0.1 M Tris, pH
9.2. Antibody binding to the membrane antigens was detected in triplicate with
goat anti-human immunoglobulin G (IgG; H�L)-horseradish peroxidase (HRP;
Bio-Rad Laboratories); goat anti-cat, anti-cattle, anti-dog, or anti-horse IgG
(H�L)-HRP (Jackson ImmunoResearch Laboratories, Inc., West Grove, PA);
or HRP-mouse anti-human IgG1, IgG2, IgG3, and IgG4 monoclonal antibodies
(Zymed Laboratories Inc. San Francisco, CA) at a 1:1,000 dilution (vol/vol) in
the gelatin blocking solution after 1 h of incubation at room temperature in a
rotating shaker. The membranes were washed as described above and then once
with PBS-Tween and twice with 0.01 M PBS, pH 7.2; the antibody reaction was
developed with an Immun-Blot assay kit (Bio-Rad Laboratories); and the re-
acted membranes were digitally scanned at high resolution.

RESULTS

Protein profile by SDS-PAGE of Pythium insidiosum strains.
The protein profiles of the six geographically divergent P.
insidiosum strains used in this study were very similar. Several
proteins ranging in molecular mass from �209 to 9 kDa were
consistently found in the Coomassie brilliant blue-stained
SDS-polyacrylamide gels (Fig. 1). The molecular masses of the

TABLE 1. Host sera with pythiosis used in this study and
pathological features and geographical origin of each host

Host serum
sample Pathological feature Geographical

origin

Cat A Subcutaneous infection of
limbs

Georgia

Cat B Subcutaneous nasal
infection

North Carolinaa

Cat C Subcutaneous infection of
neck and a limb

Florida

Cattle A Multiple ulcerated lesions
on the limbs

Venezuelab

Cattle B Multiple fistulas on limbs Venezuelab

Cattle C Multiple fistulas on limbs Venezuelab

Dog A Subcutaneous infection
on a limb

Georgia

Dog B Intestinal North Carolina
Dog C Intestinal Florida
Horse A Large abdominal ulcerate

tissue
Costa Rica

Horse B Subcutaneous infection
on limbs

Texas

Horse C Subcutaneous infection
on limbs

Alabama

Human A Orbital infection Tennesseea

Human B Carotid artery Thailandc

Human C Femoral artery Thailand

a Provided by Leo Kaufman.
b Provided by Rosa C. Perez and Juan J. Luiz-León (16).
c Provided by Arunee Thitithanyanont (23).

TABLE 2. Pythium insidiosum strains used in this study, the host from which the isolate was recovered, the pathological features of the host
with the infection, the geographical origins of the strains, and additional information on their accessibility in other collections

Identifier used in this study Host Pathology Geographical origin Strain(s) in other collectionsa

MTPI-19 (typestrain) Horse Abdominal ulcer Costa Rica ATCC 68643 � CBS 574.85
MTPI-04 Horse Ulcerated limbs United States ND
MTPI-12 Human Arterial pythiosis Thailand ND
MTPI-14 Human Lymph nodes Thailand ND
MTPI-21 Horse Limb New Guinea ATCC 28251
MTPI-24 Horse Limb Australia ATCC 64218

a ATCC, American Type Culture Collection; CBS, Centraalbureau voor Schimmelcultures; MTPI, Medical Technology Pythium insidiosum; ND, not deposited in
other collections.
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proteins expressed by the six P. insidiosum strains tested usu-
ally ranged from �209 to �74 kDa, �52 to �45 kDa, �40 to
�30 kDa, and �21 to �9 kDa. High-molecular-mass proteins
with molecular masses ranging from 209 to 124 kDa, the pro-
teins of �74 to �52 kDa, as well as those with molecular
masses ranging from �28 to �21 kDa were moderately ex-
pressed. Some strains weakly expressed an array of proteins
with different molecular masses that were consistently absent
from the others strains tested. All strains overexpressed a dou-
ble band at �30 and �32 kDa. The overexpressed �38-kDa

protein on Thai strain MTPI-14 was not found on any of the
other strains examined (Fig. 1, arrowhead).

Immunoblotting (WB). The antibodies in the control sera,
including sera from host species with various diseases, did not
detect the antigens of P. insidiosum (data not shown). The
antibodies in the sera from various species with pythiosis de-
tected multiple P. insidiosum immunogens with molecular
masses that ranged from �209 to �20 kDa in all strains, but
the intensities of detection differed (Fig. 2 to 4). The majority
of immunodominant antigens were high-molecular-mass im-
munogens that ranged from �209 to �49 kDa and �35 to �28
kDa. High-molecular-mass antigens (�209 kDa) were also de-
tected by some of the serum samples evaluated. Some immu-
nogens were more strongly detected by the antibodies in one
host species than by the antibodies in others. Our data showed
that, with the exception of strains MTPI-21 (from New Guinea;
Fig. 2 and 3, lanes 5) and MTPI-24 (from Australia; Fig. 2 and
3, lanes 6), the antibodies in the sera from patients from the
Americas strongly detected the immunogens expressed by the
Costa Rican and U.S. strains. In contrast, the antibodies in sera
from human Thai patients detected the P. insidiosum immu-
nogens in the two Thai, the New Guinean, and the Australian
strains used in this study with greater intensities (Fig. 4, lanes
3 to 6). A summary of the prominent antigens in all sera and
strains detected by WB is shown in Table 3.

For convenience, the data were compared according to the
host sera analyzed. For instance, the WB results for sera from
cattle and horses (large animals) are placed together in Fig. 2,
the WB results for sera from cats and dogs (small animals) are
placed together in Fig. 3, and the WB results for sera from
humans are placed together in Fig. 4. The P. insidiosum im-
munogens detected in the six strains tested by the antibodies
present in the sera from each of the five host species tested
were as follows: the antibodies in the sera from three different

FIG. 1. SDS-PAGE profiles of the proteins from six Pythium insid-
iosum strains in this study. The gels were stained with Coomassie
brilliant blue. Lanes: 1, MTPI-19; 2, MTPI-04; 3, MTPI-12; 4, MTPI-
14; 5, MTPI-21; and 6, MTPI-24. Asterisk, the �74-kDa-molecular-
mass antigen, solid arrowhead, one of the antigens in strain MTPI-14
prominently expressed in vitro; arrow, putative location of the immu-
nodominant �28-kDa-molecular-mass antigen found on almost all
WB membranes (Fig. 2 to 4). Note that the 28-kDa immunodominant
antigen is faintly expressed on the SDS-polyacrylamide gels. Lane M,
molecular mass marker (the numbers on the left are in kilodaltons).

FIG. 2. Western blot analysis of the three serum samples collected from cattle with pythiosis (A to C, upper panels) and the three serum
samples collected from horses with pythiosis (A to C, lower panels). Lanes: 1, MTPI-19; 2, MTPI-04; 3, MTPI-12; 4, MTPI-14; 5, MTPI-21; and
6, MTPI-24. Arrows, the �28-kDa antigen on strain MTPI-04; asterisks, the �34-kDa antigen; arrowheads, the �51- and 49-kDa-molecular-mass
immunodominant antigens detected by the antibodies of cattle and horses; lanes M, molecular mass markers (the numbers on the left are in
kilodaltons); dashes in lanes M in panels B and C, the estimated locations of the molecular mass markers on those membranes.
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Venezuelan cattle, two U.S. horses, and one Costa Rican horse
with pythiosis strongly detected high-molecular-mass immuno-
gens ranging from �209 to �49 kDa, especially in the strains
from the Americas (strains MTPI-04 and MTPI-19), and de-
tected these immunogens in one of the Thai strains tested
(strain MTPI-14), but with less intensity (Fig. 2A to C). The
antibodies in the bovine sera weakly detected the immunogens
mentioned above in the strains from Thailand (MTPI-12), New
Guinea (MTPI-21), and Australia (MTPI-24) (Fig. 2A to C,
lanes 3, 5, and 6, respectively). A diffuse prominent �51-kDa
antigen in strains MTPI-04, and MTPI-19 from the Americas
and an antigen at �49 kDa in strain MTPI-14 from Thailand
were also detected by the antibodies of both host species (Fig.
2A to C, lanes 1, 2, and 4, respectively, arrowhead, left side

only). Several P. insidiosum immunogens with low molecular
masses ranging from �40 to �25 kDa were also detected with
less intensity by the antibodies in bovine serum samples A and
B. The detection of these lower-molecular-mass antigens by
bovine serum sample C was less evident (Fig. 2). The antibod-
ies in the sera from the three horses readily detected the �35-
to �25-kDa-molecular-mass antigens, especially those in Fig.
2B and C. In contrast, the antibodies in the bovine sera de-
tected only some of these antigens. An antigen located at �124
kDa expressed only by strain MTPI-04 was strongly detected by
the antibodies in the sera of cattle (Fig. 2A, lane 2). In addi-
tion, the �28-kDa and �34-kDa-molecular-mass immunogens
in strains MTPI-04 and MTPI-12, which were not expressed by
any of the other strains tested, were detected with different

FIG. 3. Western blot analysis of the three serum samples collected from U.S. cats with pythiosis (A to C, upper panels) and the three serum
samples collected from dogs with pythiosis (A to C, lower panels). Lanes: 1, MTPI-19; 2, MTPI-04; 3, MTPI-12; 4, MTPI-14; 5, MTPI-21; and 6,
MTPI-24. Left-pointing arrowheads, the prominent �41-kDa-molecular-mass antigen in one of the cats (B, upper panel) and the three dogs (A
to C, lower panels); right-pointing arrowheads, the �51- and 49-kDa-molecular-mass immunodominant antigens also detected by the antibodies
of calves and horses, as shown in Fig. 2; double-headed arrows and asterisks, the location of the �46-kDa P. insidiosum antigen detected by the
antibodies of the dogs and one of the cats on some of the strains (dogs, panels A to C; cat, panel C); arrows, the �28-kDa-molecular-mass
immunodominant antigen; lanes M, molecular mass marker (the numbers on the left are in kilodaltons); dashes in lanes M in panels B and C, the
estimated locations of the molecular markers on those membranes.

FIG. 4. WB analysis of the three serum samples collected from two Thai humans with pythiosis (A and B) and a U.S. boy with pythiosis (C).
Lanes: 1, MTPI-19; 2, MTPI-04; 3, MTPI-12; 4, MTPI-14; 5, MTPI-21; and 6, MTPI-24. Right-pointing arrowhead, the �41-kDa-molecular-mass
prominent antigen in one of the human Thai patients (panel A, lane 4); left-pointing arrowhead, the �34-kDa antigen (panel A, lane 3); asterisks,
estimated location of the double �74-kDa prominent proteins; double-headed arrow, location of the �46-kDa antigen; solid circle, location of the
�30- and �32-kDa double band; arrows, the �28-kDa-molecular-mass immunodominant antigen; lanes M, molecular mass markers (the numbers
on the left are in kilodaltons); dashes in lanes M in panels B and C, estimated locations of the molecular markers on those membranes.
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intensities by the antibodies in the sera from some cattle and
horses (Fig. 2A to C, lanes 2 and 3, arrows and asterisks,
respectively).

Compared to the antibodies in the sera from cattle and
horses (Fig. 2), the antibodies in the sera from cats and dogs
(Fig. 3) recognized the smallest number of immunogens, espe-
cially high-molecular-mass immunogens. For instance, the dif-
fuse �51- and �49-kDa-molecular-mass antigens were consis-
tently detected by the antibodies in these sera but not in strains
MTPI-12 (Thailand), MTPI-21 (New Guinea), and MTPI-24
(Australia) (Fig. 3A to C, lanes 1, 2, and 4, respectively). An
exception was the cat serum sample in Fig. 3C, which weakly
detected this immunogen in strain MTPI-12 but not in strain
MTPI-24. An �80-kDa immunogen was detected by the anti-
bodies in the cat and dog sera (Fig. 3A and C, lanes 1, 2, and
3) but not by the antibodies in the other sera. The �74- and
�78-kDa immunogens were strongly detected in all strains
except strain MTPI-12 by the dog serum (Fig. 3A). One of
these immunogens (�74 kDa) was weakly detected in the same
strains by the cat serum (Fig. 3A, lanes 1 to 3). The �28-kDa
immunodominant antigen expressed only by strain MTPI-04
was also consistently detected by the antibodies in the sera
from the cats and dogs (Fig. 3A to C, lanes 2, arrows). In
addition, an �46-kDa immunogen was detected by the anti-
bodies in the sera from the three dogs (Fig. 3A to C, lanes 1,
2, 5, and 6) and the three cats (Fig. 3A, lanes 1, 2, 4, and 5; Fig.
3B, lanes 1 and 2; Fig. 3C, lanes 1, 2, and 3). Various other
low-molecular-mass immunogens, some of which were very
prominent and that ranged in molecular mass from �46 to
�25 kDa, including a �38-kDa antigen, were also detected by
these sera (Fig. 3A to C, lanes 1 to 6, single arrowheads for
both dogs and cats).

The antibodies in the sera from two humans with pythiosis
from Thailand (Fig. 4A and B) identified some but not all of
the most prominent antigens detected by the sera described
above. The antibodies in the sera from the Thai patients (Fig.
4A) and the U.S. patient (Fig. 4C) tested consistently detected
an �74-kDa-molecular-mass antigen composed of a double

band and other high-molecular-mass immunogens in all strains
tested, but this antigen was not detected by the antibodies in
the human serum for which the results are shown in Fig. 4B. In
addition, these sera detected other low-molecular-mass anti-
gens, particularly the prominent �28-kDa antigen (Fig. 4A
and C, lane 2), an �34-kDa antigen (Fig. 4A to C, lane 3), and
the �38-kDa antigen (Fig. 4A, lane 4). In contrast, the anti-
bodies in the serum from a Thai patient with pythiosis (Fig.
4B) was unable to detect most of the prominent antigens de-
tected by the antibodies in the sera from the two other humans
from Thailand and the human from the United States (Fig. 4A
and C). In addition, the antibodies in the human serum in Fig.
4B readily detected several low-molecular-mass immunogens,
including a double band at �30 to �32 kDa, and the antibod-
ies in the sera from the other two humans (Fig. 4A and C) and
the antibodies from some host species also identified this dou-
ble band.

The anti-human IgG1, IgG2, and IgG4 monoclonal antibod-
ies detected most of the high- and low-molecular-mass P.
insidiosum immunogens identified by the polyclonal antibodies in
the Thai human serum used in the gel shown in Fig. 4A (data
not shown). The anti-human IgG2 and IgG4 antibodies readily
detected the antigens detected by the polyclonal antibodies of
host species in all strains except strain MTPI-19, whereas the
anti-human IgG1 antibody only mildly detected similar P.
insidiosum immunogens. The anti-human IgG3 monoclonal anti-
body did not react to the anti-P. insidiosum human antibodies
coupled to P. insidiosum immunogens on the membranes in-
vestigated (data not shown).

DISCUSSION

The protein profiles on the SDS-polyacrylamide gels of the
strains analyzed in our study showed similar patterns among
geographically diverse isolates (Fig. 1). Strikingly, the protein
profiles reported by others who used either Asian or American
strains could not be compared to the profiles obtained in this
study (2, 5, 18). For instance, Krajaejun et al. (5) and Supa-

TABLE 3. Prominent P. insidiosum immunogens found by WB analysis in each of the 15 serum samples from individuals with pythiosis
evaluated in this study

Host serum
sample

Immunogen (kDa)a

MTPI-19 MTPI-04 MTPI-12 MTPI-14 MTPI-21 MTPI-24

Bovine A 51, 30 124, 80, 51 209 209, 49 209 209
Bovine B 51 51, 28 34 49 Very weak bands 209
Bovine C 51 51, 28 209 49 Very weak bands 209
Horse A 51 51, 28 Very weak bands 49 Very weak bands Very weak bands
Horse B 74, 51, 32 124, 51, 34, 28 209 49, 34 Very weak bands Very weak bands
Horse C 74, 51, 34, 32 51, 34, 32, 28 Very weak bands 49 49, 32 34, 32
Cat A 74, 51 124, 80, 74, 51, 28 Very weak bands 80, 74, 49 Very weak bands Very weak bands
Cat B 51, 34, 32 51, 34, 32, 28 34 49 Very weak bands Very weak bands
Cat C 51, 46, 34, 32, 28 46, 28 46 46, 20 Very weak bands Very weak bands
Dog A 74, 51, 46, 34 124, 78, 51, 46, 28 41 78, 60, 49, 41, 27 74, 46 74, 46
Dog B 51 80, 51, 46, 34, 28 Very weak bands 49, 41 46 46
Dog C 80, 51 80, 74, 51, 28 209, 80, 74, 46 209, 49, 41 209, 46 209, 80, 74, 46
Human A 74, 34, 32, 30 76, 74, 34, 32, 28, 27 209, 74, 34, 30, 28, 26, 25 209, 74, 46 209, 74, 46, 34, 32 209, 74, 46, 34, 32
Human B 46, 32, 30 80, 46, 32, 30, 27, 21 80, 34, 32, 30 78, 32, 30 32, 30 32, 30, 27
Human C 80, 76, 74, 41,

34, 32, 30
80, 76, 74, 41, 34, 32,

30, 28, 23
209, 76, 74, 41, 34, 32, 30 76, 74, 27 76, 74 76, 74

a The strongest bands are underlined and in boldface.
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bandhu et al. (22), who used Asian strains to prepare their
antigens, and Leal et al. (8), who used American isolates to
prepare their antigens, reported the detection of different P.
insidiosum protein profiles by SDS-PAGE. One possible expla-
nation for this inconsistency might be the fact that they used
different concentrations of SDS-polyacrylamide gels (8% or
10%) and different methodologies to culture and extract the P.
insidiosum antigens. However, the separation of their P. insid-
iosum proteins according to their standard markers should not
be completely different from that in other studies, but that is
not the case. The protein profiles that we detected on 12%
SDS-polyacrylamide gels showed that the Asian and the Amer-
ican strains analyzed displayed similar protein profiles, with
only minor differences being detected between strains. An ex-
ception was Thai strain MTPI-14, which overexpressed a pro-
tein at 38 kDa that was not present in the other strains tested.
Interestingly, Mendoza et al. (12), using several American
strains and a methodology similar to that used in the present
study, also showed that the strains had comparable protein
profiles.

In the past decade, numerous investigators in Thailand and
the Americas have been using local strains of P. insidiosum
isolated from cases of pythiosis to investigate their antigenic
profiles utilizing the antibodies in the sera of a limited number
of host species in serological assays (1, 2, 4–6, 9, 11–14, 17, 18,
22, 25). From the findings of those studies, they concluded that
P. insidiosum expresses several immunodominant antigens dur-
ing infection (5, 8, 9, 12, 16, 22). The main problem so far has
been the lack of standardization of the methodologies used to
culture and extract the antigens as well as a lack of consistency
between laboratories performing the serological assays used to
generate the data (9). Krajaejun et al. (5) analyzed 16 Thai P.
insidiosum strains and 12 human serum samples from Thai
patients with different clinical manifestations of pythiosis and
reported the presence of antibodies against the 74-kDa immu-
nodominant antigen in human patients with the disease. They
also described the presence in some of the sera analyzed of
prominent lower-molecular-mass immunogens that were not
properly recognized by the antibodies in the sera detecting the
74-kDa antigen. This and other examples suggest that during
infection the immune system of the host species is being stim-
ulated by different types of immunogens in geographically di-
vergent P. insidosum strains, thus generating different WB pro-
files (2, 5, 12, 16, 22).

Our study found that the antibodies in the sera from the host
species analyzed consistently detected immunogens of similar
molecular masses among the strains evaluated in this study. Of
interest was the detection of a diffuse �51-kDa antigen (strains
MTPI-19 and MTPI04) and a �49-kDa antigen (strain MTPI-
14) by antibodies in the sera from cattle, cats, dogs, and horses
but not in the sera from humans with the disease. The anti-
bodies in the animal sera detected these antigens on the strains
from the Americas with different intensities, but the detection
of these antigens on the Asian strains was less evident. Pérez et
al. (16) also reported the presence of a similar diffuse antigen
in studies with three Venezuelan cattle. However, comparable
antigens in different WB studies with antibodies in the sera
from other infected cats, cattle, dogs, or horses could not be
found (8, 9, 18, 25), supporting our belief for the need for
standardization across laboratories for the proper character-

ization of P. insidosum immunogens. We have made a unique
observation that sera from cattle and horses infected with P.
insidiosum reacted with high-molecular-mass immunogens ex-
pressed by P. insidiosum strains originally isolated from horses
in the Americas, whereas strains originally isolated from hu-
mans from Asia and the Americas did not. However, the an-
tibodies in the sera from human patients with pythiosis did not
show greater reactivity with strains of P. insidiosum isolated
from humans than with strains of P. insidiosum isolated from
horses. This might suggest that (i) that cattle and horses may
have repeated subclinical environmental exposures to different
P. insidosum strains during their lifetimes, as reported by some
(9, 11); (ii) the reaction is due to the stimulation of the immune
system by local strains within the three different phylogeneti-
cally described groups (20, 21); and/or (iii) the immune systems
of horses could recognize a broader range of P. insidiosum
immunogens than those of other species may, as recently re-
ported by Garcia et al. (3).

A similar situation was encountered with the �28-kDa im-
munodominant antigen detected only in strain MTPI-04. With
the exception of the Thai patient whose serum weakly detected
this antigen (Fig. 4B), this antigen was strongly detected by the
antibodies of all sera. Interestingly, the antibodies in the serum
of the Thai patient (Fig. 4A) weakly detected this �28-kDa
immunogen in all P. insidiosum strains, although the band was
the most prominent with strain MTPI-04. Camus et al. (2),
Krajaejun et al. (5), and Supabandhu et al. (22) also reported
the detection of an antigen with a similar molecular mass by
antibodies in sera from several Thai human patients and U.S.
cats with the disease. Moreover, we believe that the �28-kDa-
molecular-mass immunodominant protein previously reported
by Mendoza et al. (12) is probably the same �28-kDa antigen
detected in this study. The fact that the �28-kDa P. insidiosum
antigen was faintly expressed in the stained SDS-polyacryl-
amide gels suggests that this prominent antigen could play an
important role during infection. The finding of antibodies in
host species that detect a �28-kDa-molecular-mass antigen
expressed predominantly by strain MTPI-04 is intriguing and
deserves further investigation.

The anti-P. insidiosum antibodies from human sera (Fig. 4A
and C) detected the �74-kDa protein reported by Krajaejun et
al. (5). However, the serum from a Thai patient with arterial
pythiosis (23) did not identify this antigen (Fig. 4B), a finding
also reported for some of the sera used by Krajaejun et al. (5).
The antibodies in the sera from humans and animals with
pythiosis did detect the double �30- and �32-kDa-molecular-
mass antigens that Mendoza et al. (12) previously reported to
be immunodominant antigens in studies with sera from horses
with the disease. These antigens were also expressed by all
strains in the stained SDS-polyacrylamide gels (Fig. 1). The
detection of these antigens has been long questioned by some
(8, 22). However, our data showed that sera from a number of
host species, including cats, dogs, horses, and humans, readily
detect these twin antigens on the strains evaluated. In addition,
other immunodominant proteins were also detected by the
antibodies in the human and animal sera evaluated in this
study. These included an �34-kDa-molecular-mass antigen
that was detected by several serum samples on strain MTPI-12
strain but that was less evident on strain MPTI-04; the �38-
kDa antigen on strain MTPI-14 detected by the antibodies in
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the sera from cats, dogs, and humans; and a �46-kDa antigen
on the New Zealand and Australian strains that was mainly
detected by the antibodies in the sera from dogs; as well as
several other high-molecular-mass P. insidiosum immunogens
(�109 kDa) not previously reported.

The strong detection of the blotted P. insidiosum immuno-
gens by anti-human IgG2 and IgG4 monoclonal antibodies but
not by anti-human IgG1 monoclonal antibodies suggests that
P. insidiosum presents antigens more likely through a Th2
response in the human patients evaluated (9, 26). The lack of
a reaction with the anti-human IgG3 antibody could be related
to the fact that the life span of this Ig is only a few hours. In
summary, our data show that several prominent immunogenic
proteins are detected by the antibodies in sera from geograph-
ically diverse host species. We propose the use of standardized
techniques, such as the one used in the present study, to con-
tinue the characterization of the P. insidiosum immunogens
described above and possibly other immunogens not reported
in this study. The recognition of these immunodominant pro-
teins and their future characterization could help provide an
understanding of the immunological and immunotherapeutic
features of P. insidiosum antigens and their potential use for
the diagnosis and the management of pythiosis in mammals.
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