Penicilliosis
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More than 200 species of the Penicillium genus have been
described. Penicillium organisms are abundant in nature and
are common laboratory contaminants. However, Penicillium
marneffei is the only dimorphic species. The organism is
commonly responsible for disseminated invasive infections
in humans with HIV infection or AIDS in the endemic areas
of Southeast Asia and southern China. Penicillium marneffei
has also been found to cause natural infections in several
species of rodents in the endemic areas, and rodents can be
infected experimentally.

History

Penicillium marneffei was originally isolated from the liver
of a bamboo rat (Rhizomys sinensis) at the Pasteur Institute
in Dalat, Viet Nam, in 1956. Capponi and colleagues observed
the death of bamboo rats due to disseminated infections with
Penicillium involving their reticuloendothelial system [1].
These investigators inoculated mice with the newly discov-
ered organism, and it was sent to the Pasteur Institute. The
fungus was characterized by Segretain and named Penicillium
marneffei in honor of Dr. Hubert Marneffe, the Director of
the Pasteur Institute of Indochina [2]. Subsequently, Segretain
became the first known human to be infected with the organ-
ism in 1959 when he accidentally stuck his finger with a
needle he was using to inoculate a hamster. The clinical man-
ifestations of his infection were a subcutaneous nodule at the
site of the inoculation and lymphadenitis involving the drain-
ing axillary lymph nodes. The infection responded to treat-
ment with high doses of oral nystatin.

The first natural human infection with P. marneffei was
reported in 1973 in a 61-year-old US missionary who was
suffering from Hodgkin’s disease. His infection was discovered
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when he underwent a staging splenectomy for Hodgkin’s
disease [3]. The missionary had visited Southeast Asia after
Hodgkin’s disease had been diagnosed 1 year prior to the
splenectomy. At surgery the excised spleen contained a tan
nodular mass, 9 cm in diameter with a necrotic center, which
grew P. marneffei when cultured on Sabouraud dextrose agar
at 25°C. The patient survived after being treated with ampho-
tericin B.

The second case of penicilliosis was reported in 1984 in a
59-year-old man who had traveled in Southeast Asia [4]. He
had recurrent episodes of hemoptysis, and P. marneffei
organisms were isolated from his sputum. Also in 1984, five
additional cases involving individuals who had been seen
at Ramathibodi Hospital in Bangkok, Thailand, between
1974 and 1982 were reported [5]. Eight cases of P. marneffei
infection were reported from Guangxi province in southern
China that had occurred between 1964 and 1983 [6].
Additional cases were recognized from 1985 to 1991 in
southern China [7-9]. These patients were not immunocom-
promised. All cases had occurred prior to the AIDS epidemic
in Southeast Asia.

In the late 1980s and early 1990s several reports of dis-
seminated penicilliosis in HIV-infected patients were pub-
lished; these included patients who were infected in Southeast
Asia but whose infections were diagnosed after they returned
to the USA or Europe [10-17]. An HIV-positive Congolese
physician developed disseminated penicilliosis while he was
working at the Pasteur Institute in Paris [18]. The organism
had not been handled directly by the physician, but organ-
isms were being cultured in the building where he was
attending a course. This case illustrates the potential hazard
of laboratory-acquired infection and suggests an airborne
route of infection.

As the HIV/AIDS pandemic has spread in Southeast Asia,
P. marneffei infection has become a very common opportu-
nistic infection in HIV-infected patients in the region [19-21].
Infection with this organism is now the fourth most common
opportunistic infection in AIDS patients in northern Thailand,
exceeded only by tuberculosis, Pneumocystis jiroveci pneu-
monia, and cryptococcosis [21]. A total of 550 cases of peni-
cilliosis and 743 cases of cryptococcosis were diagnosed at
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Fig. 1 Number of patients with HIV and Penicillium marneffei infection at Chiang Mai Hospital from 1987 to 2009

Chiang Mai University Hospital in northern Thailand
between 1991 and 1994. Nearly all of these patients were
HIV positive [22]. The number of patients with proven
P. marneffei infection has declined in the last few years
because of a decreased incidence of HIV and widespread
availability of antiretroviral treatment (Fig. 1). The endemic
area includes Thailand, southern China, Hong Kong, Taiwan,
Burma, Laos, Vietnam, Malaysia, and northeast India.

Epidemiology

The natural reservoir of P. marneffei is almost certainly the
soil. However, the organism was first isolated from Chinese
bamboo rats, Rhizomys sinensis, in Vietnam in 1956 [1].
Since the original isolation, several investigators in China
and Southeast Asia have cultured rodents and environmental
samples in order to better understand the reservoir. The
organism has been isolated from the internal organs of four
species of bamboo rats in Asia (Table 1). Two investigators
reported data from bamboo rats collected from Guangxi
province in China. Deng and colleagues isolated P. marneffei
from the internal organs of 18 of 19 R. pruinosus rats [24],
and Li and colleagues found the organism in 15 of 16 R.
pruinosus rats [8]. These infected animals showed no signs
of illness. However, fatal infections had been observed in
bamboo rats that were experimentally infected in Vietnam in
1956 [1, 29]. In another survey in Guangxi province in China,
workers isolated P. marneffei from 39 of 43 bamboo rats (37
of 41 R. pruinosus and 2 of 2 R. sinensis [23]. They were also
able to isolate P. marneffei from soil samples taken from
three burrows of R. pruinosus rats and from the feces of three
animals. Another survey in southern China isolated P. mar-
neffei from 114 of 179 (63.7%) R. pruinosus rats [25]. A
study of the prevalence of P. marneffei infections in bamboo
rats in central Thailand was done in 1987, and P. marneffei

was isolated from 6 of 8 (75%) R. pruinosus rats and 6 of 31
(19%) Cannomys badius rats [26]. Organisms were cultured
from the lungs (83%), liver (33%), and pancreas (33%) of
these animals.

The prevalence of P. marneffei in bamboo rats from north-
ern Thailand was studied in 75 bamboo rats; P. marneffei was
isolated from the internal organs of 13 of 14 (92.8%) large
bamboo rats, R. sumatrensis, and 3 of 10 (30%) reddish-
brown small bay bamboo rats, Cannomys badius [27]. All 51
grayish black C. badius rats were negative on culture. Among
the R. sumatrensis rats, the fungus was most commonly iso-
lated from lungs (86%), spleen (50%), and liver (29%). The
investigators also studied 28 soil samples and 67 environ-
mental samples, which had been collected from the residen-
tial areas of patients with clinical P. marneffei infection.
These samples were evaluated using a modified flotation
method combined with mouse inoculation to isolate the fun-
gus from the environmental samples [30]. Penicillium marn-
effei was isolated from one soil sample obtained from a
burrow of R. sumatrensis rats using this method [27]. The
other environmental samples were negative.

It is somewhat curious that the prevalence of P. marneffei
infection among bamboo rats is very high in the numerous
surveys that have been reported in the literature, yet the fun-
gus has not been isolated from any other animal in nature.
This observation might reflect the animals that are selected
for study, since other species have not been extensively stud-
ied. However, in part this finding might also reflect the fact
that the range of the two genera of bamboo rats, Rhizomys
and Cannomys, coincides with the environmental soil reser-
voir of P. marneffei [31] (Fig. 2). Furthermore, bamboo rats
inhabit remote mountainous areas and have extensive soil
contact when they burrow. The common isolation of P. marn-
effei from the lungs of infected animals and the rarity of
recovery of the organism from the gastrointestinal tract sug-
gests that P. marneffei infection is commonly acquired by
these animals by inhaling conidia rather than by ingestion.
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Table 1 Prevalence of Penicillium marneffei infection in trapped bamboo rats in Asia

Species Positive/tested (%) Country References
Rhizomys sinenis 1/1 (100) Vietnam Capponi et al. [1]
(Chinese bamboo rat) 2/2(100) China Deng et al. [23]
Rhizomys pruinosus 37/41 (90) China Deng et al. [24]
(Hoary bamboo rat) 15/16 (94) China Lietal. [8]
114/179 (64) China Wei et al. [25]
6/8 (75) Thailand Ajello et al. [26]
Cannomys badius 6/31 (19) Thailand Ajello et al. [26]
(Bay bamboo rat or lesser bamboo rat) 3/61 (5) Thailand Chariyalertsak et al. [27]
10/110 (9) India Gugnani et al. [28]
Rhizomys sumatrensis 13/14 (93) Thailand Chariyalertsak et al. [27]

(Sumatran bamboo rat)

Fig.2 Endemic areas for Penicillium marneffei

In a recent report from India 10 (9.1%) of 110 C. badius
bamboo rats from Manipur were infected with P. marneffei,
whereas 72 rodents of other species, including Bandicota
bengalensis, Rattus norvegicus, Rattus rattus, Rattus nitidus,
and Mus musculus were all negative. Since these rats were all
collected from the same geographic area, and were studied
with similar methods, the data suggest that bamboo rats may
have increased susceptibility to infection. One bamboo rat
isolate had an identical multilocus microsatellite typing pat-
tern to a human isolate from this area [28].

A case-control study compared patients with AIDS who
had P. marneffei infections to AIDS patients with negative
P. marneffei cultures in order to help understand the risk factors
associated with infection [32]. This study included 80
patients with penicilliosis and 160 control AIDS patients
who were admitted to Chiang Mai University Hospital in
northern Thailand between December 1993 and October
1995. The main risk factor was occupational soil exposures,
especially during the rainy season. Both cases and controls
often were familiar with and had seen bamboo rats; 31.3% of
cases and 28.1% of controls had eaten bamboo rats but these

differences were not significant. The most tenable hypothesis
at present is that P. marneffei infections, both in humans and
bamboo rats, are acquired from a common soil reservoir.

Disseminated P. marneffei infections in northern Thailand
have been markedly seasonal with a doubling of cases during
the rainy season [22]. This seasonality contrasts with C. neo-
formans infection in AIDS patients, which has shown a
steady increase during the 1990s as the number of AIDS
cases has increased but is not associated with seasonality.
This seasonality suggests that many P. marneffei infections
in AIDS patients may be acquired recently. Also, the envi-
ronmental reservoir for P. marneffei appears to expand during
the rainy season. Penicilliosis, while occurring in AIDS
patients throughout Thailand, is much more common in the
upper northern areas of the country [33]. Whereas penicillio-
sis accounted for nearly 7.0% of AIDS-defining illnesses in
northern Thailand, penicilliosis was seen in only 0.4—1.0%
of AIDS patients in other regions of the country. A total of
8,393 patients (2.4%) with disseminated P. marneffei infec-
tions were reported to the Ministry of Health of Thailand
among 358,260 HIV/AIDS cases reported between September
1984 and October 2009 (website, Department of Disease
Control, Ministry of Public Health, Thailand).

Organism

Penicillium marneffei grows as a mould on Sabouraud’s dex-
trose agar at 25°C. The mycelial form of the organism is quite
variable with green/yellow color with a reddish center. The
reverse side of the colony becomes red-brown, and a soluble
red pigment diffuses into the agar (Fig. 3). Microscopic
examination of the mycelial colony reveals hyaline, septate,
branched hyphae with branched conidiophores, or penicilli
(Fig. 4). The conidiophores consist of basal stripes with termi-
nal verticils of 3-5 metulae. Each metula has 3—16 phialides.
The conidia are oval, smooth-walled, and are 3 pmx2 pm.
They are formed basipetally in chains from each phialide.
When the organism is transferred to brain—heart infusion agar
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Fig. 3 Mould form of Penicillium marneffei plated on Sabouraud’s
dextrose agar after incubation at 25°C for 5 days, showing the charac-
teristic soluble red pigment that has diffused into the medium

Fig. 4 Mould form of Penicillium marneffei grown on Sabouraud’s
dextrose agar at 25°C. Note the hyaline septate branching hyphae with
branched conidiophores, or penicilli, and terminal conidia (600x)

and incubated at 37°C, white to tan-colored colonies of the
yeast form develop; no diffusible pigment is produced. Under
the microscope the yeasts are unicellular, pleomorphic, ellipti-
cal to rectangular cells, which are approximately 2 umx6 pum
in diameter and divide by fission. One or occasionally two
septae are seen in the yeast cells.

The organism was first studied in 1959 [2]. Penicillium
marneffei was originally classified among Penicillium species
in the section Asymmetrica, subsection of Divaricata in Raper
and Thom’s taxonomic classification of Penicillium species [34].
Pitt later placed P. marneffei in the subgenus Biverticillium [35].

Recent phylogenetic analysis of nucleotide sequences of
nuclear and mitochondrial ribosomal DNA has found that
P. marneffei is closely related to species of Penicillium subgenus
Biverticillium and sexual Talaromyces species with asexual
biverticillate states [36]. This genetic analysis allowed the
design of unique oligonucleatide primers for the specific
amplification of P. marneffei DNA.

Penicillium marneffei requires an organic source of nitro-
gen for mycelial growth. Casein hydrolysate, peptone, and
asparagine are utilized, whereas NaNO, and (NH,), PO, are
not. Glucose, lactose, xylose, maltose, laevulose, and man-
nitol are used as carbon sources. The organism is sensitive to
cycloheximide [37]. Investigators have biotyped 32 clinical
isolates of P. marneffei and found 17 different biotypes [38].
However, none of the biotypes correlated with the clinical
characteristics of the infection.

Pathogenesis

Penicillium marneffei infection results from the inhalation
of infectious spores or hyphal fragments from the mould
form of the organism. At body temperatures (35-37°C),
the fungus converts to the yeast form which is disseminated
by hematogenous means. The organism primarily infects
the reticuloendothelial system, commonly involving liver,
spleen, lymph nodes, bone marrow, bone, skin, and lungs.
Penicillium marneffei conidia bind to the extracellular matrix
protein laminin via a sialic acid-dependent process [39].
Also, P. marneffei conidia bind to fibronectin, but the binding
is less than that to laminin. This binding is also sialic acid-
dependent [40]. Similar to other pathogenic dimorphic
fungi, the initial host response to P. marneffei is histiocytic
in nature. The infected histiocytes contain anywhere from a
few to many globose to oval yeast cells of P. marneffei of
fairly uniform size. In the immunocompetent host, the
immune response leads to the formation of granulomas that
include histiocytes, lymphocytes, plasma cells, and multi-
nucleated giant cells. In patients whose cellular immunity is
compromised, tissue necrosis occurs with little or no granu-
loma formation. Necrotic lesions are surrounded by histio-
cytes containing yeast cells. Many extracellular yeasts are
also present, which are longer and may be irregular in shape
compared to intracellular organisms. This histopathologic
appearance is common in patients with disseminated peni-
cilliosis. As the infection progresses, the intracellular fungi
are released after cellular disruption, and abscess formation
and necrosis may occur.

In histologic specimens, neither the cell wall nor the cyto-
plasm of P. marneffei cells takes up hematoxylin eosin stain
well. Thus, in routine stained sections, the organisms may
appear to be encapsulated. However, the cell walls and septae
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are readily stained with Gomori methenamine-silver or periodic
acid-Schiff stains. The P. marneffei organisms in histiocytes
resemble H. capsulatum var. capsulatum. However, when
found extracellularly, P. marneffei is usually considerably
larger than H. capsulatum. The extracellular P. marneffei
organisms are elongated, sometimes curved, and measure up
to 8-13 pum in length. In contrast, yeast cells of H. capsula-
tum var. capsulatum are smaller in size, measuring 2—4 pm.
By contrast, H. capsulatum var. duboisii cells are larger, mea-
suring 6-17 um. P. marneffei organisms characteristically
contain a single transverse septum and divide by schizogony
(fission), whereas Histoplasma divide by budding (Table 2).
Chronic latent infections with P. marneffei are likely to
be common among persons exposed in areas where the
organism is endemic. This hypothesis is supported in part
by analogy with histoplasmosis pathogenesis and by the
long latent periods in some patients between exposure in an
endemic area and the onset of clinical infection subsequent
to immunosuppression from HIV infection [12, 47].
However, no laboratory methods have been reported to
detect latently infected individuals. The development of a
skin test or other methods to detect delayed-type hypersen-
sitivity has not been reported for P. marneffei. The normal
host develops a cell-mediated immune response to P. marn-
effei [23]. The role of T lymphocytes in host defenses
against P. marneffei has been evaluated in mice experimen-
tally depleted of CD4+ T lymphocytes [48]. These mice
developed disseminated infections similar to those seen in
AIDS patients. In addition, the in vitro interaction of P.
marneffei with human leukocytes demonstrated that mono-
cyte-derived macrophages recognize and phagocytose P.
marneffei even in the absence of opsonization [49].
However, serum factors are required to stimulate TNF-o
production. The organisms are able to survive as intracel-
lular pathogens within macrophages. One mechanism of
survival is by inhibiting the production of reactive oxygen
metabolites or by neutralizing inhibitory host metabolites
[50]. The production of acid phosphatase is one of the viru-
lence factors which protects the intracellular P. marneffei

from the respiratory burst. Histoplasma capsulatum has
three catalase genes which detoxify hydrogen peroxide
[51]. Also, an antigenic catalase-peroxidase protein encod-
ing gene (cpeA) in P. marneffei was recently isolated by
antibody screening of a cDNA yeast-phase library of this
organism [52]. The high expression of this cpeA gene at
37°C may contribute to the survival of this fungus within
host cells. Recently a copper-zinc superoxide dismutase
encoding gene has been described and characterized in P.
marneffei [53]. This polypeptide enzyme has the ability to
neutralize toxic levels of reactive oxygen species within the
macrophage, thereby allowing the intracellular survival of
the organism. Additional research on the sequence of
phagocytosis and killing or persistence of P. marneffei is
needed in order to better understand the natural history and
pathogenesis of this infection.

Studies of fungal pathogenesis have included heat shock
responses during phase transition as an adaptation response to
a higher incubation temperature or to the presence of other
noxious stimuli [54, 55]. Recently, hsp70, the gene encoding
heat shock protein 70 (Hsp70), was cloned and characterized
from P. marneffei [56]. Expression of Asp70 is upregulated dur-
ing temperature-induced and heat shock condition. Moreover,
protein profiling of both mould and yeast phases of P. marneffei
demonstrated the same Hsp70 expression pattern [57, 58].
Expression of a small heat shock protein gene, P. marneffei
Hsp30, in response to temperature increase was recently
reported [59]. A high level of hsp30 transcript was detected in
yeast cells grown at 37°C, whereas a very low or undetectable
transcript level was observed in mycelial cells at 25°C. A
recombinant Hsp30 protein was produced and tested prelimi-
narily for its immunoreactivity with sera from P. marneffei-
infected AIDS patients using Western blot analysis. The
positive immunoblot result with some serum samples con-
firmed the antigenic property of the Hsp30. Collectively, the
high response of hsp70 and hsp30 to temperature increase
could indicate that they may play a role in heat stress response
and cell adaptation, thereby enabling the parasitic growth of P,
marneffei in host cells.

Table 2 Microbiologic characteristics of Penicillium marneffei and Histoplasma capsulatum

Characteristic P. marneffei H. capsulatum
Morphologic features Biphasic (mould form at 25-30°C, Biphasic (mould form at 25-30°C, yeast form at 35-37°C)
yeast form at 35-37°C)
Distribution Southern China and Southeast Asia Worldwide (N. America, S. America, Asia, Africa (H. duboisii))
Tissue form Yeast Yeast
Size; intracellular (Macrophages) 2-3%2-6 pm 2-3x2-3 pm
Extracellular 2-3x8-13 um, elongated, curved Smaller 3—4 pm,
diameter

Septae visible with GMS stain

Cell division
Specific exoantigen

Schizogony (fission)
Positive

(H. duboisii larger,
6—17 pm diameter)

No septae

Budding

Positive
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Another possible host-pathogen factor that may play a
role in virulence is pigment production. The red pigment of
P. marneffei, which is synthesized only by the mould phase
and is similar to that produced by the nonpathogenic species
Penicillium herquei [60], is not considered a virulence factor.
However, melanins are known virulence factors for many
pathogenic fungi [61]. Most fungal melanins are synthesized
by either the 3,4-dihydroxy-L-phenylalanine (L-DOPA) or
dihydroxynapthalene pathways. Collectively, these dark pig-
ments appear to function in a variety of protective roles,
including the inhibition of killing by phagocytes. Like other
fungal pathogens, yeast cells of P. marneffei have been shown
to produce L-DOPA melanin in vivo [62]. Further experi-
mentation will be needed to assess whether melanin may be
involved in the virulence of P. marneffei.

The collective data described above reveal some insights
into the pathogenesis of P. marneffei that will need more
investigation for the functions of those reported genes or fac-
tors involved in phase transition and virulence. Such knowl-
edge may lead to better chemotherapeutic interventions of
P. marneffei infection.

Clinical Manifestations

Clinically apparent infection with P. marneffei occurs most fre-
quently in patients who are severely immunocompromised
from an HIV infection. However, infections may also occur in
healthy persons or in those immunocompromised for reasons
other than HIV/AIDS [63, 64]. Serologic evidence of subclinical
infection in a laboratory technician working with the organism
has been demonstrated [65]. It is likely that subclinical infec-
tions may occur commonly in persons living in endemic areas
who are exposed to the organism in nature; however, there is no
method to document subclinical infections at present.
Disseminated infections have been documented among indi-
viduals who have not had contact with areas where the organ-
ism is endemic for more than a decade [12].

Typical symptoms and signs of disseminated penicillio-
sis include fever, malaise, marked weight loss, generalized
lymphadenopathy, hepatosplenomegaly, and cough [19,
21]. These nonspecific symptoms are commonly experi-
enced by patients with other chronic infections, such as
tuberculosis and other disseminated mycoses. In addition,
over 70% of HIV-infected patients with disseminated P.
marneffei infections present with skin lesions, which are
typically symmetrical lesions on the face, chest, and
extremities. They appear originally as papules and subse-
quently become umbilicated, and may become necrotic
(Figs. 5-7). Some patients may have smaller, nearly conflu-
ent papules, which resemble acne vulgaris or seborrhea.
Although skin lesions are more common in patients with P.
marneffei infection than in those with histoplasmosis or

cryptococcosis, the appearance of these lesions is not suf-
ficiently characteristic to be diagnostic. However, a diagno-
sis can be made by examining a Wright’s stain of a skin
biopsy or skin smear.

Patients with HIV infection who have disseminated peni-
cilliosis are usually severely immunosuppressed with CD4+
cell counts below 100 cells/pL; the mean CD4+ cell count in
one series of cases was 63.8 cells/uL [64]. Disseminated
penicilliosis infections have been reported in children with
AIDS who lived in an endemic area [66]; however, the inci-
dence appears to be lower in pediatric than in adult AIDS
cases, probably because of less frequent exposure to an envi-
ronmental reservoir among children. One study reported 5
cases of penicilliosis among 157 pediatric AIDS cases diag-
nosed in northern Thailand [66].

Unusual Clinical Manifestations

As the pandemic of HIV/AIDS spread in Asia and penicillio-
sis was more widely recognized, an increasing number of
patients have been reported with unusual manifestations of
P. marneffei infections. Patients with chronic lymphadenopa-
thy resembling tuberculous lymphadenopathy have been
reported from Hong Kong [67]. Osteomyelitis has been
reported in infected adults and may be more common in
pediatric patients infected with P. marneffei [66, 68]. Some
patients have prominent pulmonary symptoms, including
localized bronchopulmonary disease, bronchopneumonia,

Fig. 5 Patient with disseminated penicilliosis and small papular skin
lesions with umbilication and early central necrosis
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Fig. 6 Young man with disseminated penicilliosis and papulo-umbili-
cated skin lesions of varying sizes

Fig. 7 Papulonecrotic skin lesions seen in a patient with disseminated
penicilliosis

cavitary lung disease, and pleural effusions [69, 70]. A retro-
pharyngeal abscess with upper airway obstruction has also
been observed [71]. One patient had reactive hemophagocytic
syndrome characterized by the proliferation of activated his-
tiocytes throughout the reticuloendothelial system [72].
Rarely, P. marneffei has been noted to cause oral [73] and
genital ulceration [74].

Penicilliosis in HIV-negative Patients

Although most patients with disseminated penicilliosis infec-
tion are severely immunocompromised due to AIDS, some
patients are HIV negative. Cooper and Haycocks reviewed
63 penicilliosis cases that had been reported in HIV-negative
patients. Twenty-four of the 63 patients (38%) had other
conditions predisposing them to a systemic fungal infection.
The response to antifungal therapy did not differ substantially

whether or not the patients were HIV infected; patients who
were untreated had very high mortality rates irrespective of
their HIV status [75].

Investigators from Hong Kong compared the clinical and
laboratory features of eight HIV-positive and seven HIV-
negative patients with penicilliosis [76]. Most of the HIV-
negative patients (85.2%) had underlying diseases, including
hematologic malignancies, or had received corticosteroids or
cytotoxic drugs. The clinical features were not greatly differ-
ent in the two groups of patients. However, HIV-infected
patients had a higher prevalence of fungemia. The investiga-
tors, utilizing a P. marneffei-specific mannoprotein, Mplp
EIA, found that serum antigen titers were higher in HIV-
positive patients, whereas serum antibody levels were higher
in HIV-negative patients.

Diagnosis

The diagnosis of penicilliosis rests on the demonstration of
the organism in the tissues or the isolation of the organism in
cultures from infected patients.

Cultures

The organism grows readily on routine mycologic media,
such as Sabouraud dextrose agar or inhibitory mould agar.
When cultures are incubated at 25-30°C, P. marneffei grows
as a mould with typical filamentous reproductive structures
of the genus Penicillium. The mould form produces a pink or
rose-red pigment that diffuses into the medium (Fig. 3).
Other Penicillium species may also produce a pigment [77].
Therefore, conversion of an organism to the yeast form is
required before concluding the isolate is P. marneffei. The
organism grows as a yeast when incubated at 35-37°C. This
form does not produce a red pigment. When incubated at this
temperature, the organism undergoes transition into the yeast
phase after 12-24 h or so of incubation. The conidia swell
and develop into septate hyphae. These hyphae fragment and
develop single cells that divide by schizogony (fission). The
conversion of the mycelial phase of the organism into the
fission yeast phase at higher incubation temperatures is diag-
nostic of P. marneffei. No other Penicillium converts to the
yeast phase when incubated at 35-37°C. In addition, an
exoantigen test for P marneffei has been described, which
can also be used to identify cultures of the organism [37].
The organism can be isolated from several sites, including
skin, blood, bone marrow, lymph nodes, and sputum. In a
population of patients in northern Thailand with dissemi-
nated penicilliosis, the organism was isolated from the blood
cultures of 76% of 78 patients [20]. However, the blood
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cultures were positive for gram-negative bacilli (Salmonella
choleraesuis, S. enteritidis, and Shigella flexneri) in 9 of the
19 patients whose cultures did not yield P. marneffei. Since
these gram-negative organisms grow more rapidly, they
could have outgrown the fungus and been responsible for a
false-negative culture for P. marneffei.

Histopathology

Detection of the organism in biopsies or touch smears of skin
lesions or bone marrow aspirates is often possible. A presump-
tive diagnosis can be made if microscopic examination of a
Wright or Giemsa-stained specimen discloses intracellular or
extracellular basophilic, spherical, oval, and elliptical yeast-like
organisms that are 3-8 um in diameter, and if the organisms
have a clear central septation and are dividing by schizogony
(fission) (Fig. 8). Histoplasma capsulatum can resemble P.
marneffei, but H. capsulatum divides by budding and is usually
smaller. Occasionally P. marneffei can be detected in stained
smears of peripheral blood [70]. Recently several investigators
have reported the identification of P. marneffei nucleic acids in
clinical specimens as a diagnostic method [78-81].

The use of an exoantigen test has been described for the
identification of P. marneffei and its differentiation from other
species of Penicillium [37, 82]; however, the test is not widely
used because commercial reagents are not available.
Investigators have described the use of a monoclonal antibody
in formalin-fixed tissues to detect a specific galactomannan
that has an epitope common to P. marneffei and Aspergillus
species [83]. The two invasive fungi must then be differentiated
using morphologic criteria. Workers have also reported the use
of a specific fluorescent antibody that will differentiate
P. marneffei from other dimorphic fungi in tissue sections [84].

Serology

Several investigators using different methodologies have
reported the detection of antibodies to P. marneffei antigens in
infected patients. A study in an HIV-infected patient found P.
marneffei antibodies in serum specimens using immunodiffu-
sion methods with a mycelial phase culture filtrate as antigen
[48]. Similar antibodies were found in immunocompetent
patients infected with P. marneffei [85]. Immunodiffusion has
been used to detect antibodies to specific fission arthroconid-
ial filtrate antigens; however, only 2 of 17 P. marneffei-
infected patients had antibody responses with this assay [86].
An indirect fluorescent antibody test for P. marneffei success-
fully detected antibodies in eight infected patients and was
negative in uninfected controls [87]. Serum antibodies were

Fig. 8 Bone marrow aspirate showing numerous basophilic bipolar
intracellular and extracellular Penicillium marneffei organisms in the
yeast form. The organisms divide by fission (schizogony) and are
3-8 um in diameter (Wright’s stain, 400x)

detected by ELISA to a purified recombinant mannoprotein
of P. marneffei in 14 of 17 (82%) HIV-infected patients with
documented infection [88]. No false-positive results were
found in 90 healthy blood donors, 20 patients with typhoid
fever, or 55 patients with tuberculosis.

The protein antigens of yeast and mould phases of P.
marneffei have been studied by gel electrophoresis and
immunoblot assays [89]. More than 20 yeast phase proteins
were detected, of which 10 reacted with IgG in the pooled
sera of 28 AIDS patients with P. marneffei infection. Four
immunogenic proteins of 200, 88, 54, and 50 kDa size were
produced in large quantity by cultures in the early stationary
growth phase. Antibodies to two of these proteins, 54 and
50 kDa, were detected by immunoblot in about 60% of P.
marneffe-infected AIDS patients but rarely (<5-10%) in
AIDS patients without penicilliosis or other controls. One
patient’s serum was strongly positive 2 months prior to a
clinical P. marneffei infection, and one asymptomatic labora-
tory worker working with P. marneffei cultures was antibody
positive. Further studies of these proteins and a 61-kDa anti-
gen after purification found that 86% of sera from 21 P.
marneffei-infected patients recognized the 61-kDa, and 71%
and 48% recognized the 54-kDa and 50-kDa antigens,
respectively [90]. Other investigators have identified a
38-kDa antigen from P. marneffei that was recognized by
45% of sera from AIDS patients with penicilliosis [91].

Antigen Detection

Several investigators have described methods to detect P.
marneffei antigens in serum or urine of infected patients as a
method to confirm the diagnosis prior to the isolation of the
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organism in culture. Evaluation of immunodiffusion and
latex agglutination tests to detect antigenemia in 17 P. marn-
effei-infected patients yielded positive results in 58.8% of
infected patients with the immunodiffusion test and 76.5%
of patients with the latex agglutination test [86]. Fifteen con-
trols and six patients with cryptococcosis and histoplasmosis
were nonreactive. A solid-phase enzyme immunoassay uti-
lizing antibody to H. capsulatum var. capsulatum to detect
H. capsulatum antigen in the urine of actively infected
patients was cross-reactive with P. marneffei in 17 of 18
patients [92]. This assay also was commonly positive in
patients with Blastomyces dermatitidis and Paracoccidioides
brasiliensis infections.

Desakorn and colleagues reported the development of a
method for quantifying P. marneffei antigen in the urine
using fluorescein isothiocyanate-labeled purified rabbit
hyperimmune immunoglobulin G in an enzyme immunoas-
say [93]. These investigators studied 33 patients with cul-
ture-proven P. marneffei infection and 300 controls, including
52 healthy subjects and 248 hospitalized patients in northeast
Thailand with a variety of other infections, including melioi-
dosis (N=168), other septicemias (N = 12), other fungal
infections (N=34), and miscellaneous conditions (N = 34).
All of the patients with penicilliosis had measureable antigen
in the urine, and in all but two patients, the titers were over
1:40; the median titer was 1:20,480. Whereas 27% of the
hospitalized controls and 6% of healthy subjects were posi-
tive, the titers were usually below 1:40 in these control
groups, leading the investigators to propose a diagnostic cut-
off titer of 1:40, which yielded an assay that was 97% sensi-
tive and 98% specific and had a positive predictive value of
84.2% and a negative predictive value of 99.7%.

A follow-up study using this antigen assay in 37 P. marn-
effei-infected patients and 300 controls using ELISA, dot-
blot ELISA, or latex agglutination (LA) to detect P. marneffei
antigen in the urine found sensitivities of 94.6% (dot-ELISA),
97.3% (ELISA), and 100% (LA) and specificities of 97.3—
99.3%) [94]. Huang et al. reported that a Platelia Aspergillus
enzyme immunoassay kit (BioRad) to detect serum galacto-
mannan in patients with P. marneffei had a sensitivity of
73.3% [95].

Molecular Diagnosis

Molecular diagnosis in P. marneffei is based on specific oli-
gonucleotide primers designed from the internally tran-
scribed spacer and 5.8 S rRNA gene (ITS1-5.8 S-ITS2) of P
marneffei. The specificity of these P. marneffei primers was
tested in a nested PCR [36], and the method was used success-
fully to identify P. marneffei from a skin biopsy [96]. An
oligonucleotide probe, based on the 18 S rDNA of P. marneffei,

has been designed and has proved specific for P. marneffei in
a PCR-hybridization reaction, regardless of whether the fun-
gus was isolated from humans or natural habitats [97]. This
technique could be used to detect P. marneffei DNA in
EDTA-blood samples collected from AIDS patients with P,
marneffei infection. Although the method was shown to be
highly sensitive and specific, the hybridization technique as
described is labor intensive and requires a high level of com-
petence in the laboratory.

To address these concerns, single and nested PCR methods
for the rapid identification of P. marneffei were then devel-
oped using newly designed specific primers, also based on the
18 S rDNA sequence of P. marneffei [98]. The sensitivities of
single and nested PCR were 1.0 pg/pL and 1.8 fg/uL, respec-
tively, and successful discrimination of a very young culture
of P. marneffei (2-day-old filamentous colony, 2 mm in diam-
eter) could be performed by the use of this assay. The test has
been applied to detect the DNA of P. marneffei in patients’
serum samples [79, 80] and also in paraffin-embedded tissues
[81] from patients and bamboo rats. This PCR method appears
to be a valuable, rapid, and complementary technique for the
diagnosis of P. marneffei infection.

Finally, several investigators have reported methods using
restriction enzymes to subtype P. marneffei isolates. The use
of Haelll restriction enzymes to digest P. marneffei DNA
yielded two DNA profiles (RFLP types I and II) [99]. More
recently, the use of Nofl and pulsed-field gel electrophoresis
(PFGE) was used to study the genomic DNA of 64 P. marn-
effei isolates from patients in Thailand [100]. A total of 54
distinct macrorestriction profiles were identified in these
patients. Antifungal sensitivity tests, restriction fragment-
length polymorphism, and randomly amplified polymorphic
DNA patterns in combination have been utilized to subtype
24 strains isolated between 1987 and 1998 from patients in
Taiwan [101]. The investigators identified eight highly
related patterns and found increased numbers and diversity
of strains isolated between 1996 and 1998 compared to those
isolated prior to 1996.

Treatment

Disseminated penicilliosis is usually fatal if not treated with
appropriate antifungal drugs. However, with early diagnosis
and institution of appropriate therapy the mortality rate can
be reduced to 10-20% or lower, even among patients with
AIDS. Relapse is commonly seen after clinical response
among immunocompromised patients unless suppressive
doses of antifungal agents are continued.

The in vitro susceptibility of P. marneffei to antifungal
agents has been evaluated by several investigators (Table 3).
A study of 30 clinical isolates from Thailand found that all
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Table 3 In vitro drug susceptibility (MIC, range) of Penicillium marneffei

References Number of isolates Amb Flu Itra Keto Vor
Jayanetra et al. [5] 3 0.78-3.12 ND ND ND

Sekhon et al. [41] 10 <0.195-1.56 0.195-100 <0.195 0.195-0.39

Drouhet [42] 10 0.04-1.6 50 <0.04 <0.04

Supparatpinyo et al. [43] 30 0.25-4.0 <0.313-20 <0.02-0.078 0.002-0.078
Imwidthaya et al. [44] 30 0.125-0.5 4.0-8.0 <0.032 <0.125

Radford et al. [45] 7 <0.03 <0.03
Sar et al. [46] 29 0.002-2.0 1.50-256.0 0.002-0.23 0.002-0.19

Amb amphotericin B, Flu fluconazole, Itra itraconazole, Keto ketoconazole, Vor voriconazole

were susceptible to itraconazole, ketoconazole, and micon-
azole [43]. The organisms were intermediately susceptible to
amphotericin B and least susceptible to fluconazole. Some
strains were resistant to fluconazole. A study of 29 isolates
from AIDS patients in Cambodia and 10 isolates from the
lungs of bamboo rats found similar sensitivities to antifungal
drugs to the report from Thailand [46]. The in vitro sensitiv-
ity of P. marneffei to voriconazole is similar to that of itra-
conazole [45]. Clinical responses to therapy correlate with
in vitro susceptibility. Amphotericin B has been shown to be
effective in the treatment of disseminated penicilliosis [102];
however, the drug needs to be continued for at least
6-8 weeks. Itraconazole is also effective clinically, but clear-
ance of positive fungal cultures is often delayed for 8 weeks
or more [103].

Therapy with voriconazole given intravenously at 6 mg/
kg on day 1, 4 mg/kg the next 2 days, and then orally at 200—
400 mg twice daily yielded good treatment results in nine of
ten evaluable patients [104]. However, the reported experi-
ence with voriconazole therapy of P. marneffei is limited.

Based upon these clinical results and in vitro data on the
antifungal susceptibility of P. marneffei, an open-label non-
comparative study was done to evaluate the regimen of
amphotericin B given intravenously for 2 weeks at 0.6 mg/
kg/day followed by itraconazole 400 mg/day taken orally for
10 weeks. This regimen was evaluated in the hope of mini-
mizing the duration and toxicity associated with parenteral
amphotericin B while concurrently clearing the fungal cul-
tures more rapidly than with oral itraconazole alone [102].
Of 74 HIV-positive patients with disseminated pencilliosis
treated with this regimen, 72 (97.3%) responded. No serious
adverse drug effects were observed. After 2 weeks of ther-
apy, 12 patients remained febrile and 11 patients still had
skin lesions. By the fourth week of therapy, all patients were
afebrile and had resolved their skin lesions. Fungemia was
cleared after 2 weeks of treatment in the 65 patients who had
a positive blood culture at baseline [102].

Since most patients who present with P. marneffei have
advanced immunosuppression at the time of diagnosis, initi-
ation of antiretroviral therapy (ART) is recommended in all
patients unless there is clear contraindication. The appropri-
ate time for initiation of ART in HIV patients with active
opportunistic infection is still controversial. However, ART

should be initiated within approximately 2—-8 weeks of anti-
fungal therapy in order to match the benefit seen with earlier
ART in other opportunistic infections [105].

The immune restoration inflammatory syndrome (IRIS)
has been reported uncommonly in HIV patients with P,
marneffei infection. [106—108] It usually occurs within a few
weeks or months after starting ART, suggesting a possibility
of immune reconstitution unmasking active disease.
Antiretroviral therapy should be continued even if the IRIS
occurs. In patients with severe symptomatic IRIS, short-
course glucocorticosteroids may be useful [105].

Despite the favorable initial responses to therapy with
amphotericin B and itraconazole, relapses are common after
antifungal therapy is discontinued in patients with AIDS
who have low CD4 counts [43]. Therefore, continued sup-
pressive therapy is required to prevent relapse in patients
with disseminated penicilliosis who respond to initial ther-
apy. Suppressive therapy is probably required in AIDS
patients for as long as significant immunocompromise per-
sists. In a controlled trial of 71 HIV-infected patients with
penicilliosis in Thailand who were not receiving retroviral
therapy, 20 (57%) of 35 patients assigned to the placebo
group relapsed, whereas none of 36 patients given suppres-
sive itraconazole 200 mg once daily relapsed (p<0.001)
[109]. The therapy was well tolerated, and the patients in this
trial were very compliant with treatment. Suppressive anti-
fungal therapy may be discontinued safely in HIV-infected
patients who are treated with ART drugs and respond with
clinically significant increases in their CD4 counts [110].

In areas where systemic fungal infections such as P.
marneffei, H. capsulatum, C. neoformans, and other fungal
infections are common AIDS-associated opportunistic
infections, primary prophylaxis against these infections
should be considered. In northern Thailand HIV infections
are common, involving 2-3% of the general population.
Moreover, disseminated fungal infections, especially these
due to P. marneffei, C. neoformans, and H. capsulatum, are
also common, accounting for over a third of the reported
AIDS-defining illnesses in this population [33]. In order to
evaluate the efficacy of primary prophylaxis to prevent
systemic fungal infection in this population, a clinical trial
was done in 129 patients who were HIV positive, had CD4
cell counts <200 cells/pL, and had not experienced a systemic
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fungal infection. Patients were randomized to receive oral
itraconazole (200 mg/day) or a matched placebo [63].
Systemic fungal infections developed in 1 (1.6%) of 63
patients assigned to itraconazole and 11 (16.7%) of 66
patients assigned to placebo (p = .003). In the placebo
group, 7 patients developed cryptococcosis and 4 had pen-
icilliosis. The one patient in the itraconazole group who
became infected developed penicilliosis. Clearly, prophy-
laxis to prevent systemic fungal infections is only neces-
sary in AIDS patients whose HIV infection is not effectively
treated with ART. Several clinical trials have clearly shown
that patients with systemic pneumocystis [111], crypto-
coccosis [112], or histoplasmosis [113] are not at risk of
relapse of their infection if they have a satisfactory response
to HIV therapy.
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