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From Bamboo Rats to Humans: the
Odyssey of Penicillium marneffei

At first a mere peculiarity, this fungal infection is now a serious
AlDS-associated public health problem in Southeast Asia

Chester R. Cooper, Jr.

n 1955, the spontaneous deaths

of three bamboo rats caught the
I attention of investigators associ-

ated with the Pasteur Institute in
South Vietnam. These rats, be-
longing to the native species Rhizomys sinensis,
were being used to study rickettsial diseases.
However, although the rats died from a fulmi-
nant infection of the reticuloendothelial system
caused by a yeast-like agent, the fungus isolated
from the rats was a species of Penicillium, a
genus whose members grow as molds.

The recovery of this fungus was unusual be-
cause Penicillium species were not considered
pathogens of humans or animals. Hence, these
curious investigators sent both the fungus and a
laboratory mouse inoculated with the putative
pathogen to Gabriel Segretain, a colleague at the
Pasteur Institute in Paris. Segretain identified
the fungus as a new species and named it Peni-
cillium marneffei in honor of Hubert Marneffe,
director of the Pasteur Institute in Vietnam.

The P. marneffei story that began with these
incidents is illustrative of the surprising and un-
expected infectious agents emerging from tropi-
cal regions. From its obscure beginnings as a dis-
ease of bamboo rats in Southeast Asia to its
explosive rise as a major pathogen among AIDS
patients, the fungus typifies how seemingly in-
nocuous organisms adapt to changing patterns in
world demographics, health care, industrializa-
tion, travel, immigration, and human behavior.

The threat from P. marneffei to public health
continues to grow, bringing this once-incon-
spicuous fungus to the attention of clinicians
serving populations in regions outside the area
in which it is endemic. Undoubtedly, P. marnef-
fei will become a greater challenge, judging

from the recent United Nations report indicat-
ing that more than 16,000 individuals per day
are being infected with human immunodefi-
ciency virus (HIV), most in developing coun-
tries. Information gathered from studying this
pathogen can be used to battle P. marneffei and
interrupt its trek, but it also serves to address
similar tropical pathogens.

Early on, Infections a Peculiarity,
Not a Public Health Threat

In 1959, Segretain accidentally pricked his fin-
ger with a needle he was using to infect ham-
sters with P. marneffei. Within two weeks, a lo-
calized lesion appeared at the site of his injury.
Segretain subsequently experienced lymphangi-
tis and lymph node hypertrophy. Fortunately,
excision of the lesion followed by intensive ther-
apy with nystatin eliminated the fungal infec-
tion. However, the inauspicious odyssey of an
emerging fungal pathogen had begun in which
the dubious, and perhaps embarrassing, honor
of being the first known human infected with P.
marneffei fell to Segretain.

Despite Segretain’s infection, P. marneffei ap-
peared more a peculiarity than a threat to
human health. Not until 1973 was the first nat-
ural human infection reported. The patient, a
61-year-old male U.S. citizen who had previ-
ously traveled to Southeast Asia, was diagnosed
during treatment for Hodgkin’s disease. More
than a decade elapsed before a second case was
reported in 1984. Again, the disease was diag-
nosed in a male U.S. citizen of about the same
age who had traveled throughout the Far East.
Both patients survived for several years follow-
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ing their initial diagnosis and died from condi-
tions other than infection (penicilliosis) due to
P. marneffei.

Also in 1984, seven similar cases of P. mar-
neffei infections in Bangkok, Thailand, were re-
ported, with five of these cases being diagnosed
between 1972 and 1982. In 19835, eight more
cases that occurred in China between 1964 and
1983 were retrospectively diagnosed as P. mar-
neffei infections after having been initially as-
cribed to histoplasmosis. Through 1988, at least
30 cases had been reported throughout South-
east Asia as well as in countries outside that re-
gion. Only 10 of these patients were found to
have underlying predisposing conditions unre-
lated to AIDS.

By 1988, however, P. marneffei infections be-
came more than just a miscellaneous oddity in
the medical mycology literature. The exploding
HIV epidemic in Southeast Asia was fueling a
volatile chain reaction of opportunistic infec-
tious diseases potentially afflicting millions of
people. Thus, in 1988, P. marneffei emerged as
a serious public health threat, especially for in-
dividuals residing in northern Thailand.

AIDS and Penicilliosis Due to P marneffei

The first cases of P. marneffei infections among
confirmed HIV-positive individuals were re-
ported in 1988. Of the first 44 patients, 12 de-
veloped penicilliosis after returning to their na-
tive countries following visits to Southeast Asia.
Members of this group included citizens of Aus-
tralia, France, Italy, the Netherlands, the United
Kingdom, and the United States. To date, at
least 21 cases of pencilliosis due to P. marneffei
have been described among non-Asian, HIV-in-
fected individuals.

Another non-Asian case occurred in a Con-
golese HIV-positive physician who presumably
became exposed to P. marneffei during a train-
ing session at the Pasteur Institute in Paris.
Though the individual did not directly handle
the fungus, other students in the building dur-
ing this period were working with it. Air sam-
ples taken during this same time were negative
for P. marneffei, suggesting that few airborne
propagules are necessary to initiate sympto-
matic infections in immunocompromised hosts.

The greatest impact of this fungal disease has
been felt by the indigenous population of South-
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FIGURE 1

The arthroconidia in the tissue phase of P marneffei (A)
divide by fission (arrows), whereas the yeast cells of H.
capsulatum (B) reproduce by budding. The bar in each frame
represents 10 pm.

east Asia, particularly AIDS patients in the Chi-
ang Mai province of Northern Thailand. By
1992, penicilliosis due to P. marneffei was de-
clared an AIDS-related indicator disease in
Southeast Asia. In the same year, one hospital in
Chiang Mai alone reported 86 cases of penicil-
liosis among 92 HIV-positive adults. According
to a later survey of more than 300 AIDS patients
in Chiang Mai, 16 % of them had contracted pen-
cilliosis, the third most frequent opportunistic in-
fectious disease of this patient group, trailing only
tuberculosis (31%) and cryptococcosis (25%).
As the number of AIDS cases in Thailand rose
13-fold between 1991 and 1994, more than 550
penicilliosis cases were recorded in the Chiang
Mai. The following year, that number more
than doubled to over 1,300. Moreover, accord-
ing to a 1996 study of Chinese AIDS patients in
Hong Kong, P. marneffei and cytomegalovirus
infections resulted in the same number of deaths
(7.5%) and were the most common cause of
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mortality after Pnewmocystis carinii (23.9%),
Cryptococcus neoformans (10.4%), and My-
cobacterium avium (8.9%).

The dramatic rise in the incidence of penicil-
liosis correlates with available evidence sug-
gesting that a significant number of symptom-
less individuals are infected with P. marneffei
and will eventually develop disseminated dis-
ease due to reactivation of the pathogen upon
immunosuppression. Also, because predictions
indicate that the AIDS epidemic will continue its
explosive upsurge in Thailand, as well as in
other Southeast Asian countries such as China,
a proportionate increase in penicilliosis is likely.

P. marneffei infections remain a significant
public health problem in the Far East. The rel-
ative ease of present-day intercontinental travel,
the escalation in legal and illegal immigration,
and the rising worldwide frequency of HIV in-
fection make it likely that more infected indi-
viduals will be recognized among populations
outside this geographic region, thereby provid-
ing new challenges in the battle against this
AIDS-related infection.

The Role of the Bamboo Rat

The association of P. marneffei with bamboo
rats has intrigued many investigators. No other
animal besides humans is known to be naturally
infected by this pathogen. How this relationship
between rat and fungus might play a role in
transmitting disease to humans has been the
subject of several elaborate field studies.
Investigators reasonably postulated that P.
marneffei is a natural part of the flora inhabit-
ing vegetation and the soil. Thus, bamboo rats
encounter the fungus as part of their natural
habitat. Moreover, since bamboo rats are sighted
frequently near human dwellings and serve
as a food source for members of the indigenous

——————— " ' ] ] 1]

Table 1. Frequency of P. marneffei among PopU la-

 captured bamboo rats? tlc?n,.trans-
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Bamboo rat species P. marneffei isolation ission of

frequency the fungus

to suscep-

Rhizomys sinensis 1080 % [ - b tible indi-
Rhizomys pruinosis 66.4% (n = 244) id 1

Rhizomys sumatrensis 929% h = 14) vidaudls

Cannomys badius 98% (n = 92) see ms

From the collective data obtained during seven separate posmb]e.

d studies conducted in Vietnam, China, and Thailand. Yf:t, what

first ap-

peared to be a simple relationship explaining the
transmission of this fungus between rats and hu-
mans has become an enigma.

Two genera of bamboo rats are found in South-
east Asia. One genus, Rhizomys, contains at least
three species: R. sinensis, R. pruinosis, and R.
sumatrensis. The second genus, Cannomys, con-
tains a single species, C. badius, which includes
two distinct groups: the reddish-brown and grey-
ish-black rats. Individual species of both genera
are found in particular geographical regions, but
collectively they cover an area from northern
China and Nepal to Malay and Sumatra.

Three separate epidemiological studies con-
ducted during the 1980s and published in Eng-
lish indicate that the predominant species of
bamboo rat in southern China, R. pruinosis, car-
ries P. marneffei in its internal organs. Collec-
tively, 62 apparently healthy rats (60 R. pruinosis
and 2 R. sinensis) were captured and sacrificed,
with P. marneffei being recovered from the in-
ternal organs of 54 animals (87%). In one of
these studies, P. marneffei was also isolated from
the feces of three of four bamboo rats as well as
from three of their burrows. An additional study
published in Chinese described similar observa-
tions in which P. marneffei was recovered from
114 of 179 (64%) R. pruinosis rats.

Several more recent studies focus on the in-
fection rate of bamboo rats from Thailand. One
research group led by Li Ajello, formerly of the
U.S. Centers for Disease Control and Preven-
tion, captured bamboo rats from the central and
southern regions of Thailand. Of the 39 other-
wise undistinguished rats collected, 8 were R.
pruinosis and 31 were C. badius. However, al-
though 6 of the R. pruinosis rats carried P.
marneffei in their internal organs, only 6 (19%)
of C. badius rats were infected with P. marnef-
fei. This apparently low infection rate among
the C. badius rats was subsequently confirmed
by Suwat Chariyalertsak and colleagues in their
studies of bamboo rats captured in the Chiang
Mai province of northern Thailand.

Together, these data from seven published
studies show that the bamboo rat is often a car-
rier of this fungus (Table 1). Conceivably, the
bamboo rat could serve as a vehicle for trans-
mitting the disease to humans. However, in a re-
cent case control study, Chariyalertsak and col-
leagues could not establish exposure to bamboo
rats as a risk factor for acquiring penicilliosis,
even though some people live in proximity to
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rat habitats and consume FIGURE 2

them as food. They pro-
pose that exposure to
soil, especially during the
rainy season in the tropi-
cal climes of Thailand, is
the critical risk factor as-
sociated with acquisition
of P. marneffei infection.

That proposal is per-
plexine.t * because = P
marneffei has rarely
been isolated from soil
or vegetation that sur-
rounds rat burrows or
the homes of infected in-
dividuals. In a previous
study, these same investi-
gators examined soil
taken from 28 burrows

The mold phase of P marneffei produces a diffusible rose-colored pigment (A), whereas the
arthroconidial phase does not (B).

of the bamboo rats as
well as 67 soil and vegetation samples from
near residential areas of individuals afflicted
with P. marneffei. Only one sample, that being
soil from a rat burrow, proved to be culture
positive.

Exactly how and where both humans and
bamboo rats acquire the organism is not clear.
Perhaps the present situation is analogous to
the relationship between sporotrichosis and
sphagnum moss. Sphagnum moss derived from
particular bogs in the northern United States
is associated with several epidemics of
Sporothrix schenckii infections. However, S.
schenckii has never been isolated from the bogs
or immediate surroundings. Only after the
moss was dried and transported was the
causative agent isolated. The source of conta-
mination has never been located. Similarly, the
exact environmental origin of P. marneffei re-
mains a mystery.

Clinical Aspects of
P. marneffei Infection

The common clinical manifestations of P. mar-
neffei infections among both HIV-positive and
HIV-negative patients include fever, chronic
coughing, pulmonary infiltrates, generalized
lymphadenopathy, septicemia, anemia, he-
patomegaly, splenomeg-aly, weight loss, diar-
rhea, and skin lesions (Table 2). Despite the sim-
ilar presentations, the onset of certain

symptoms in HIV-positive patients is more in-
tense and acute, especially among children. In
contrast, bone lesions appear more frequently in
non-AIDS patients. Of particular interest are the
papulonecrotic skin lesions that form in both
patient groups. These lesions are considered
characteristic of penicilliosis caused by P. mar-
neffei. However, they can be confused with sim-
ilar skin lesions associated with tuberculosis,
molluscum contagiosum, cryptococcosis, and
histoplasmosis.

In vitro susceptibility testing indicates that iso-
lates of P. marneffei are generally susceptible to
agents commonly used to treat deep-seated my-
coses. However, few studies have tried to corre-
late in vitro susceptibility data and outcome of
infection. In perhaps the best-documented study,
Khaunchai Supparatpinyo and colleagues found
that 28 isolates of P. marneffei from 86 Thai
HIV-infected adults were highly susceptible to
itraconazole, ketoconazole, miconazole, and §-
fluorocytosine; moderately susceptible to am-
photericin B; and generally resistant to flucona-
zole. These results paralleled the clinical
outcome of patients in which treatment failure
or relapse was greater with fluconazole treat-
ment but significantly less in patients receiving
amphotericin B or itraconazole.

In a separate study, pediatric HIV patients re-
sponded better to treatment than did adult pa-
tients. Among non-AIDS patients, published
data suggest that 25% of adults and 50% of
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_Fever
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~ Splenomegaly
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__Cough

bMales comprised ¢
63% of the adults
°NR, not reporte
~ dData from only 5

children treated with antifungal agents respond
positively or are cured. The collective evidence
suggests that P. marneffei infections are most ef-
fectively treated initially with amphotericin B
and that concurrent azole therapy may also be
beneficial. AIDS patients typically receive a pro-
phylactic maintenance regimen involving itra-
conazole, ketoconazole, or perhaps fluconazole
after amphotericin B treatment.

Although the host response to P. marneffei
infection is not well understood, cellular im-
munity plays a significant role. For instance,
cellular immunity plays a role in mice that are
infected with this microorganism. In several
clinical cases of penicilliosis, restoration of
host cellular defenses prompted a positive clin-
ical response or elimination of the infection.
Severe infection causes death via a CD4+ T
cell-mediated hyperinflammatory reaction.
Yet, the role of tumor necrosis factor alpha
(TNF-alpha) as a proinflammatory stimulator
in this process is ambiguous. Although anti-
TNF-alpha antibody does not prolong sur-
vival, interleukin-12 does.

In vitro studies with cultured human cell lines
also implicate several of these growth factors as
part of the response to P. marneffei. For exam-
ple, according to Stuart Levitz of the Boston
University Medical Center, peripheral blood
mononuclear cells from humans release signifi-
cant amounts of TNF-alpha when stimulated by

P. marneffei arthroconidia. Moreover, P. mar-
neffei stimulates proliferation of the peripheral
blood mononuclear cells. The lymphoprolifera-
tion presumably results from cross-reactive
antigens, because the human donors had no
travel history to endemic regions of Southeast
Asia.

According to Massimo Cogliati and col-
leagues at the Universita deglia Studi di Milano,
Italy, nonstimulated murine macrophages are
damaged following phagocytosis of P. marnef-
fei conidia. However, stimulated macrophages
reduce the number of intracellular arthroconi-
dia and damage the fungus. The investigators
speculate that the L-arginine-dependent nitric
oxide pathway is involved in murine host cell
defense, functioning in the same way as it does
when exposed to other pathogenic fungi.

Diagnosis of Infection

Diagnosing P. marneffei infections can prove
challenging. One complicating factor is that
Histoplasma capsulatum, the causative agent of
histoplasmosis, closely resembles P. marneffei.
Moreover, both are intracellular parasites. Pre-
sumably, pathogenesis begins via the inhalation
of infectious propagules, primarily conidia.

As in histoplasmosis, the initial host response
to P. marneffei is histiocytic in nature. The
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phagocytized conidia grow
as globose-to-oval yeast-
like cells, better described
as arthroconidia, that mea-
sure slightly larger than H.
capsulatum (Fig. 1). The P.
marneffei arthroconidia re-
produce by schizogony
(“fission”) and characteris-
tically contain a single cen-
trally located transverse
septum. This differs from
cells of H. capsulatum,
which reproduce in vivo as
budding yeasts.

To facilitate histopatho-
logic recognition of P.
marneffei, Leo Kaufman
and coworkers at the Cen-
ters for Disease Control
and Prevention developed
a highly specific fluores-
cent antibody test. The

antibody reacts only with
the arthroconidial form of P. marneffei. Al-
though other investigators have used a mon-
oclonal antibody to detect P. marneffei in
human tissues, the antibody is not specific.
Originally developed to detect Aspergillus
spp., it binds to a galactomannan epitope
common to both this fungus and P. marneffei.
Other methods are being used to detect an-
tibodies to P. marneffei in the serum of HIV-
positive and HIV-negative individuals (Table
3). For instance, researchers from several sep-
arate groups have developed assays using
yeast phase-specific 50- and 54-kilodalton
proteins, yeast cytoplasmic antigens, non-
phase-specific 38- and 90-kilodalton proteins,
germinating conidia, mycelial culture fil-
trates, and arthroconidial culture filtrates as
antigens for detecting antibodies to P. mar-
neffei in human serum. Though apparently
quite specific, the sensitivities of these tests
vary depending upon the detection method
used and the type of patient examined.
Similar assays using antigens isolated for
detecting H. capsulatum or Aspergillus anti-
bodies in serum cross-react with P. marneffei
antigens. In contrast, Kaufman and col-
leagues developed immunodiffusion and latex
agglutination tests to assess levels of serum
antigens from P. marneffei. Individually, these

tests are moderately sensitive. When used
concurrently, though, the sensitivity of these
tests is greater than 80%. Collectively, these
antibody and antigen tests have a high po-
tential diagnostic and prognostic value, but
further practical developments are needed.

The definitive method of diagnosis de-
pends on culturing P. marneffei from clinical
specimens. Cells can then be identified using
an exoantigen test, which is not commer-
cially available. This test is impractical for
the typical clinical laboratory for other rea-
sons. Most often, colonial and morphologi-
cal features are used to identify P. marneffei.
When a fungus is isolated, care must be taken
to distinguish P. marneffei from other Peni-
cillium species. The pink-to-red pigment pro-
duced at room temperature by P. marneffei
is not strictly characteristic of this species
(Fig. 2); other Penicillium species considered
to be contaminants may also exhibit this
feature.

The key diagnostic feature is the thermally
induced production of arthroconidia in vitro.
However, Paecilomyces strains, which resem-
ble Penicillium species both in vitro and in
vivo, can also cause infections in animals and
compromised hosts. Nonetheless, these two
genera can be readily distinguished from one
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FIGURE 3

Conidia from the mold phase (A) of P marneffeiincubated at 37°C undergo phase transition by initially
forming short, septate hyphae (B). Subsequently, the hyphae break apart at the septa (C) to form
single-celled arthroconidia. These forms continue to grow and divide by fission, eventually comprising
the majority of cells in the culture (D). The bar in each frame represents 10 um.

short period of isotropic
growth. Subsequently,
one or two loci at the sur-
face of the conidium
begin to bulge, develop-
ing apically into a
septate, hyphal element
(Fig. 3B).

Segments of varying
length form that, as the
hyphae age, appear to
fragment along septal
planes that can be char-
acterized as double septa
(Fig. 3C). This process
generates single cells
that tend to continue to
reproduce by fission
(Fig. 3D). The ontogeny
of these cells defines
them as arthroconidia
rather than yeasts. As
the culture ages, more
and more arthroconidia
form. This entire process
is reversible, meaning
that apical hyphal devel-

1

another by examination of conidial morphol-
ogy and ontogeny.

Dimorphism in P. marneffei

Although P. marneffei is dimorphic, only one
published study describes the ultrastructural
changes accompanying the shift from mold to
arthroconidial phase. Because that study also dis-
closes few details about mechanisms underlying
these changes in cell shape, my colleagues and I
began studying dimorphism in P. marneffei.
Early on, we recognized some parallels be-
tween P. marneffei and H. capsulatum. For ex-
ample, the conversion or phase transition is ther-
mally regulated in vitro. At 25-30°C, P. marneffei
grows as a mold bearing the typical reproductive
structure of members belonging to the genus
Penicillium (Fig. 3A). After 6 to 12 hours at 37°C,
however, individual conidia swell and begin a
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