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The disseminated and progressive fungal disease Penicillium marneffei penicilliosis is one of the most
common infectious diseases in AIDS patients in Southeast Asia. To diagnose systemic penicilliosis, we devel-
oped an enzyme-linked immunosorbent assay (ELISA)-based antibody test with Mp1p, a purified recombinant
antigenic mannoprotein of P. marneffei. Evaluation of the test with guinea pig sera against P. marneffei and
other pathogenic fungi indicated that this assay was specific for P. marneffei. Clinical evaluation revealed that
high levels of specific antibody were detected in two immunocompetent penicilliosis patients. Furthermore,
approximately 80% (14 of 17) of the documented penicilliosis patients with human immunodeficiency virus
tested positive for the specific antibody. No false-positive results were found for serum samples from 90 healthy
blood donors, 20 patients with typhoid fever, and 55 patients with tuberculosis, indicating a high specificity of
the test. Thus, this ELISA-based test for the detection of anti-Mp1p antibody can be of significant value as a
diagnostic for penicilliosis.

Penicillium marneffei is a dimorphic pathogenic fungus en-
demic in Southeast Asia and southern parts of China (5, 6, 10,
11). It is the causative agent of a systemic disease, penicilliosis
marneffei, in both immunocompetent and immunocompro-
mised patients. However, penicilliosis is particularly common
in people infected with human immunodeficiency virus (HIV).
In certain parts of Southeast Asia, disseminated infection by P.
marneffei is the third most common opportunistic infection in
HIV-positive patients, after extrapulmonary tuberculosis (TB)
and cryptococcal meningitis (10). In addition, infections by P.
marneffei have been reported for visitors travelling to the re-
gion of endemicity (6).

Patients suffering from penicilliosis often present with non-
specific symptoms, such as low-grade fever, anemia, and weight
loss. Diagnosis is often made by identifying fungal cells in bone
marrow, spleen, lymph node, and sometimes, skin biopsy sam-
ples (9–11, 18). Because of the invasive nature of the proce-
dures to obtain such specimens, diagnosis is often delayed. The
clinical features of penicilliosis, however, are very similar to
those of TB, particularly extrapulmonary TB, which is also
difficult to diagnose. Therefore, in areas of penicilliosis ende-
micity, many cases of disseminated penicilliosis are frequently
misdiagnosed as TB. Unfortunately, anti-TB agents are not
effective against P. marneffei (10). Sometimes, penicilliosis
marneffei in HIV-infected patients can also be misdiagnosed as
other fungal infections, such as histoplasmosis and cryptococ-
cosis (5, 10). Without early diagnosis and treatment, the dis-
ease is associated with a high mortality rate regardless of
whether HIV infection is involved (9–11, 18).

It was shown previously that patients with penicilliosis de-
velop elevated titers of antibodies against P. marneffei cells in
immunofluorescence and immunodiffusion tests (7, 14, 18).
MP1, a P. marneffei gene that encodes a highly antigenic cell
wall mannoprotein, Mp1p, was previously cloned (2). By using

an immunoprecipitation assay, the presence of anti-Mp1p an-
tibodies in both P. marneffei-inoculated guinea pigs and in
patients with penicilliosis was demonstrated (2). With a puri-
fied recombinant Mp1p protein, a specific and sensitive en-
zyme-linked immunosorbent assay (ELISA)-based antibody
test was developed for the serodiagnosis of penicilliosis in both
immunocompetent and immunocompromised AIDS patients.

MATERIALS AND METHODS

Strains and growth conditions. P. marneffei PM4 is a clinical isolate from a
patient with systemic penicilliosis at Queen Mary Hospital, Hong Kong. Candida
albicans NGY10 was kindly provided by N. A. R. Gow, University of Aberdeen,
Aberdeen, United Kingdom. Aspergillius fumigatus UPN147 is an isolate from a
patient with invasive pulmonary aspergillosis on day 100 after bone marrow
transplantation at Queen Mary Hospital. Histoplasma capsulatum (ATCC 26032)
and Blastomyces dermatitidis (ATCC 26199) were obtained from the American
Type Culture Collection (Manassas, Va.). Fungal cells were grown first on YPD agar
plates (1% yeast extract, 2% Bacto Peptone, 4% glucose, 1% agar) at 37°C for 2 to
3 days to get single colonies. Fungal cultures were obtained by inoculating fungal
cells from plates into the synthetic medium RPMI (Gibco-BRL, Gaithersburg, Md.)
and further shaking at 37°C for 1 to 5 days to achieve a cell density of greater than
105/ml of culture. For P. marneffei, yeast cells were obtained by growth in RPMI
medium at 37°C. Yeast cells from H. capsulatum, B. dermatitidis, and C. albicans
were obtained similarly. The fungal cells were pelleted by centrifugation at 3,000
rpm. After careful removal of the cell culture supernatant by aspiration, approx-
imately 50 to 100% of the fungal cells could be retained.

Human and animal sera. Human sera were obtained from patients with
documented penicilliosis proven by either biopsy (bone marrow or lymph node)
and/or blood culture results. Serum specimens were obtained from two penicil-
liosis patients (n 5 2) without HIV infection or other conditions of immunode-
ficiency (Queen Mary Hospital). Additional serum specimens were obtained
from HIV-positive penicilliosis patients (n 5 17; Queen Elizabeth Hospital,
Hong Kong). Control serum specimens were obtained from healthy blood donors
(n 5 90), patients with documented TB (n 5 55), and patients with typhoid fever
(n 5 20) (Queen Mary Hospital). Guinea pig antisera against the fungal patho-
gens P. marneffei, C. albicans, A. fumigatus, H. capsulatum, and B. dermatitidis
were produced as follows. After growth in RPMI medium for 1 to 5 days, the
fungal yeast cells (with the exception of A. fumigatus mycelial cells) were har-
vested by centrifugation at 3,000 rpm. The cells were then resuspended in
phosphate-buffered saline (13.7 mM sodium chloride, 0.27 mM potassium chlo-
ride, 1 mM phosphate buffer [pH 7.4] with 0.05% phenol) at a McFarland
turbidity standard of 3. An equal volume of complete Freund’s adjuvant was
mixed with 500 ml of yeast suspension, and 500 ml of the final suspension was
injected intramuscularly into the thigh of the guinea pigs. Incomplete Freund’s
adjuvant was used in subsequent immunizations in a procedure identical to the
first immunization in which complete Freund’s adjuvant was used. A total of four
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inoculations were completed in 2 months, with one injection done every 2-week
period.

Western blot analysis. A glutathione S-transferase (GST) gene fusion system
(Pharmacia, Uppsala, Sweden) was used for the expression and purification of P.
marneffei antigenic protein Mp1p (2). For Western blot analysis, 100 ng of
purified GST-Mp1p protein was loaded onto a sodium dodecyl sulfate (SDS)–
10% polyacrylamide gel and subsequently electroblotted onto a nitrocellulose
membrane (Bio-Rad, Hercules, Calif.). The blot was incubated with a 1:2,000
dilution of a guinea pig anti-P. marneffei antibody and detected with an ECL
fluorescence system (Amersham Life Science, Buckinghamshire, England).

Serological test. For the penicilliosis antibody test, each well of a Nunc (Rosk-
ilde, Denmark) immunoplate was coated with 0.5 ng of purified GST-Mp1p
protein for 12 h and then blocked in phosphate-buffered saline with 2% bovine
serum albumin. Testing was performed as described previously (4). Specifically,
100 ml of serially diluted animal serum (as indicated) or 1 ml of human serum (10
ml of 1:10-diluted serum) was added to the wells of the GST-Mp1p-coated plates

in a total volume of 100 ml and incubated at 37°C for 2 h. After the plates were
washed, 1:4,000-diluted alkaline phosphatase-conjugated goat anti-guinea pig or
goat anti-human antibody was added (Cappel ICN Pharmaceuticals, Aurora,
Ill.). The detection was carried out with p-nitrophenyl phosphate substrate (Sig-
ma Immuno Chemicals, St. Louis, Mo.).

RESULTS

ELISA-based antibody test for penicilliosis marneffei. To
produce recombinant Mp1p protein, the GST-Mp1p fusion
protein was expressed in Escherichia coli and subsequently
purified (2). The purified fusion protein was separated on
SDS-polyacrylamide gels followed by Coomassie blue staining
or Western blot analysis with serum from a guinea pig inocu-
lated with P. marneffei cells. A prominent immunoreactive pro-
tein band of 75 kDa was visible on the Western blot; this size
was consistent with the expected size of 73 kDa for the full-
length GST-Mp1p fusion protein (Fig. 1). This result showed
the presence of specific anti-Mp1p antibody in guinea pig se-
rum after P. marneffei cell inoculation and the immunoreactiv-
ity of the purified GST-Mp1p recombinant protein.

An ELISA-based P. marneffei serology test was developed
with this recombinant Mp1p protein for the detection of anti-
bodies specific for this protein. Box titration was carried out
with different dilutions of Mp1p coating antigen and a guinea
pig anti-GST-Mp1p specific antibody. The results identified 0.5
ng of purified GST-Mp1p protein per ELISA well as the ideal
amount for plate coating. Subsequently, this antibody test was
evaluated for its sensitivity and specificity in an animal model
and in clinical specimens.

Fungal specificity of the assay in a guinea pig model. Since
previous studies showed some cross-reactivity of P. marneffei
with serological tests developed for other fungal pathogens (1,
12, 17), an animal model system was developed to examine this
penicilliosis antibody test for potential cross-reactivity with
antibodies to other fungal pathogens. Sera were collected from
guinea pigs inoculated with the fungal pathogens P. marneffei,
C. albicans, A. fumigatus, H. capsulatum, and B. dermatitidis.
Serial dilutions of these antisera were made and subjected to
the penicilliosis serology study, and the results of this study are

FIG. 1. Western blot analysis of the purified recombinant Mp1p protein
antigen with serum from a P. marneffei-inoculated guinea pig. Molecular size
markers (in kilodaltons) are shown on the left.

FIG. 2. ELISA-based antibody test detects high levels of specific antibodies only in P. marneffei-inoculated guinea pigs. Serial dilutions of the guinea pig sera were
made, and an ELISA was performed to determine the antibody levels in the animal sera. OD405 values were obtained and plotted. Standard deviations for each serum
group were obtained, with the exception of H. capsulatum, for which only one serum specimen was tested. The numbers of guinea pigs used for each group were as
follows: preimmune, 3; P. marneffei inoculated, 3; C. albicans inoculated, 3; A. fumigatus inoculated, 3; H. capsulatum inoculated, 1; and B. dermatitidis inoculated, 2.
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shown in Fig. 2. The standard deviations of optical density
values at 405 nm (OD405 values) at each dilution were obtained
with the Microsoft Excel program, with the exception of H.
capsulatum, for which only one immunized guinea pig was
analyzed. The results indicated that the P. marneffei-inoculated
guinea pigs developed high levels of specific antibody in this
assay. In fact, the OD405 values for anti-P. marneffei sera at a
1:128,000 dilution were higher than those for all other antifun-
gal sera at a 1:100 dilution. Thus, the serum antibody titers for
P. marneffei-inoculated guinea pigs were at least 1,000-fold
higher than those inoculated with other fungal pathogens.

High antibody titer in two immunocompetent penicilliosis pa-
tients. Previous results indicated that immunocompetent penicil-
liosis patients had high levels of specific antibodies against Mp1p
protein (2). To determine their titers in this new ELISA antibody
test, serum samples from two acute penicilliosis patients without
HIV infection or other conditions of immunodeficiency were
used. The results indicated that one of these patients had a serum
titer (largest dilution factor showing positive result) of 20,000 and
the other one had a serum titer of 80,000. Ten negative control
serum samples from healthy blood donors in the same study
showed no detectable signal at a 1:100 dilution (titer, ,100).
Since none of the healthy controls tested gave a positive signal at
a 1:100 dilution, all subsequent evaluations with human sera were
done at a 1:100 dilution.

Clinical evaluation of the antibody test for penicilliosis pa-
tients with AIDS. Since most systemic penicilliosis patients
were also immunocompromised (HIV positive), serum sam-
ples from 17 confirmed penicilliosis patients who were HIV
seropositive (n 5 17) were investigated. The ELISA OD405
readings of these specimens were plotted, as shown in Fig. 3,
together with those from two previous immunocompetent pen-
icilliosis patients. To establish the baseline for the test, serum
samples from 90 healthy blood donors were also tested in the
penicilliosis antibody ELISA. For the 90 specimens from
healthy controls, the mean ELISA OD405 value was 0.214, with
a standard deviation of 0.028. An absorbance value of 0.49 was
selected as the cutoff value that equals the sum of the mean

value for the healthy control (0.21) and 10 times the standard
deviation (0.28). The choice of a high cutoff value was to
eliminate any potential false-positive results. For values under
this cutoff value, the sensitivity of the test for penicilliosis-
AIDS patients tested was 82% (14 of 17 patients). Although
the number of immunocompetent penicilliosis patients was
small (n 5 2), one might expect that the assay should work at
least as well as that for the AIDS patients. The specificity of the
test was 100% since none of the 90 specimens from healthy
controls was positive in the assay (0 of 90).

Since P. marneffei penicilliosis is frequently misdiagnosed as
TB, it was important to evaluate this antibody test by using sera
from TB patients. The results for 55 TB patients indicated that
the mean antibody test OD value was 0.226, with a standard
deviation of 0.055 (Fig. 3). With the cutoff value set at 0.49, none
of the serum specimens from TB patients scored positive at a
1:100 dilution. Similarly, none of the 20 serum specimens from
patients with typhoid fever was positive. Both results further sup-
ported the high specificity of the penicilliosis antibody test. On the
basis of the data from clinical evaluations and the analysis of the
animal models with different fungal inoculations, the ELISA-
based antibody test for penicilliosis with purified recombinant
Mp1p protein antigen appears sensitive and specific.

DISCUSSION

In this study, an immunoassay was developed with a recom-
binant antigenic P. marneffei protein (Mp1p) for the serodiag-
nosis of penicilliosis of patients who are immunocompetent or
immunocompromised (HIV seropositive). The results of the
study indicate that immunocompetent penicilliosis patients
have high serology titers in the immunoassay. More impor-
tantly, this assay is sufficiently sensitive for the diagnosis of
penicilliosis in immunocompromised (HIV-positive) patients
with approximately 80% (14 of 17 patients) sensitivity. Addi-
tional results show that this antibody test for penicilliosis is
specific. First, of the animal sera obtained from guinea pigs
inoculated with different fungal pathogens, only those inocu-

FIG. 3. Evaluation of sensitivity and specificity of P. marneffei antibody test of penicilliosis patients. To evaluate the sensitivity and specificity of the P. marneffei
antibody test, serum specimens were obtained from 17 documented penicilliosis patients with HIV infection. In addition, serum specimens from two penicilliosis
patients without HIV infection or other conditions of immunodeficiency were also included in the evaluation. The control serum specimens for the test came from 90
healthy blood donors, 55 tuberculosis patients, and 20 typhoid fever patients. All serum samples were diluted 1:100 before the ELISA test was performed. The test
results at OD405 were plotted. The cutoff line for positive diagnosis is drawn at a value that equals the sum of the mean value and 10 times the standard deviation of
healthy blood donors.
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lated with P. marneffei had high antibody titers. These titers
were at least 1,000-fold higher than those from animals inoc-
ulated with any other fungal pathogen. Second, none of the 90
local healthy blood donors was positive in the assay. Finally,
this assay was adequate to differentiate penicilliosis from TB
since none of the serum samples from TB patients (0 of 55)
tested was positive.

Thus, the results indicate that a specific serological test for
antibodies against the Mp1p protein of P. marneffei may have
significant value in the diagnosis of penicilliosis in both immu-
nocompetent and immunocompromised patients. This result
resembles other antibody tests for a similar fungal disease,
histoplasmosis, for which serological antibody tests are often
the first laboratory evidence of the disease (16). Previously,
there were several reports on antibody detection for penicilli-
osis based on immunodiffusion (7, 8) or immunofluorescence
tests (18) with either crude antigen preparation or whole fun-
gal cells. However, there are limitations in both the sensitivity
and specificity of those tests. Recently, two studies identified
several specific protein antigens of P. marneffei that are immu-
nologically reactive in approximately 50% of penicilliosis se-
rum specimens on Western blot assays (3, 13). However, the
genes for these protein antigens are not known. MP1 is the first
gene cloned that codes for an antigenic protein, Mp1p, of P.
marneffei. It was shown in this study that an ELISA antibody
test developed with the purified recombinant Mp1p offers sig-
nificantly improved sensitivity and specificity for the serodiag-
nosis of penicilliosis marneffei. This result is likely due to the
higher sensitivity of an ELISA and the better specificity with a
pure recombinant protein antigen.

The specificity of the antibody test for penicilliosis with a
pure recombinant protein appears to be very good. The study
with animal models shows very limited cross-reactivity with
antibodies to different fungal pathogens in the penicilliosis
antibody test. This is probably because Mp1p protein is unique
to P. marneffei or it is not highly conserved among fungal
pathogens. In fact, our unpublished findings favor the second
possibility since Western blot analysis of extracts from several
fungal pathogens, including C. albicans, H. capsulatum, and
Cryptococcus neoformans, with specific anti-Mp1p antibody re-
vealed that the immunoreactive protein was present only in P.
marneffei. Therefore, we suggest that a positive result should be
a very specific indicator of penicilliosis. In contrast, tests with
crude antigen preparations often have significant cross-reac-
tivity. Previous studies of antibody responses in rabbits immu-
nized independently with H. capsulatum, Paracoccidioides bra-
siliensis, and B. dermatitidis demonstrated that all rabbit sera
had significant immunoreactivity with a crude antigen ex-
tracted from H. capsulatum (1). Such cross-reactions between
these fungi were also demonstrated in antibody tests of sera
from penicilliosis patients (15).

Clinical evaluation further strengthens the specificity of the
serology test. Although P. marneffei is endemic in this area,
there is little evidence for the presence of specific antibodies
against this fungal protein antigen in the general population.
The results obtained from healthy blood donors indicated that
none of the 90 specimens was positive in the assay. TB is
commonly found in the local population, especially in immu-
nocompromised patients, with a clinical presentation very sim-
ilar to that of penicilliosis. Since TB patients need to be treated
differently from those with penicilliosis, it is clinically impor-
tant to differentiate these two diseases. The results show that
none of the serum samples from 55 TB patients was positive in
the test. Therefore, a positive result in the test should be a
good indicator of penicilliosis.

It should be noted that both antibody and antigen tests are

needed for the serodiagnosis of penicilliosis. An antibody test
could be more informative for patients with better humoral
immunity, i.e., sufficient to remove fungal antigens in the
blood, or, alternatively, it could be useful when the fungal load
is low. However, with lower immunity and increased fungal
load, an antigenemia test could be more useful. Immunodiffu-
sion (7) and latex agglutination (8) tests which appear to be
specific and reasonably sensitive for detecting P. marneffei an-
tigenemia have recently been developed. These tests should
complement the ELISA-based antibody test presented here for
the clinical diagnosis of penicilliosis.
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