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Clinical differences in histoplasmosis between North America and Brazil prompted investigation of exper-
imental infection with representative strains. Mortality was higher with Latin American strains, and lung
pathology showed large necrotizing granuloma with prominent neutrophilic infiltration. Chronic disease was
unique to the North American strain.

Skin lesions were more common in cases of histoplasmosis
from Brazil than in those from the United States, suggesting
that genetic differences between isolates may affect clinical
outcome (5). Latin American isolates were equally divided
between Latin American classes 5 and 6. In contrast, most
cases of histoplasmosis in the United States were caused by
yps-3 nuclear gene class 2 strains (7). Lung involvement and
mortality were more common in the Brazilian cases, as well.
These observations suggested that North American and Latin
American strains of Histoplasma capsulatum differ pathogeni-
cally (6). We now compare the course of infection using rep-
resentative North American and Latin American isolates of H.
capsulatum.

The North American class 2 strain was obtained from an
immunosuppressed patient with disseminated histoplasmosis
(2). Latin American strains were from patients with AIDS from
Sao Paulo, Brazil (5). The intratracheal infection model with
B6C3F1 mice used an inoculum of 104 yeast cells for survival,
103 yeast cells for fungal burden and pathology, and 50 yeast
cells for chronic infection, as described previously (2, 4).
Briefly, the inoculum, prepared freshly from frozen yeast and
containing single cells or doublets, was introduced intratrache-
ally. Fungal burden was determined on homogenized tissue by
plating on brain heart infusion agar containing 10% sheep
blood. Colony counts were determined after incubation for 10
days at 30°C. One-way analysis of variance was performed on
the ranks of quantitative cultures. Pairwise comparisons were
adjusted by using Dunnett’s multiple comparison procedure,
and survival times were compared using a Wilcoxon test.

By day 21 of infection, all 10 mice inoculated with the Latin
American class 5 isolate died, with no deaths occurring among
the North American class 2 controls (Fig. 1). Mice infected with

the Latin American class 6 strain also died more rapidly than
those infected with the North American strain (P � 0.001).

At day 14 of infection, nodules were seen on the surfaces of
the lungs of mice infected with both Latin American strains but
not with the North American isolate. Microscopically the nod-
ules represented necrotizing granuloma (Fig. 2). The degrees
of peribronchial and perivascular lymphoid infiltrates and fi-
broblast proliferation and the numbers of intra-alveolar mac-
rophages and granulocytes were greater with the Latin Amer-
ican strains, and necrosis was prominent. Lung consolidation,
however, was more prominent with the North American strain,
but necrosis was not observed. Giant cells were not observed
with either strain. Spleens in the mice infected with the North
American and Latin American class 6 strains contained non-
necrotizing granuloma, which was less prominent with the La-
tin American class 5 strain. Staining characteristics of the yeast,
including sizes between 2 and 4 �m, were similar between the
strains.

* Corresponding author. Mailing address: MiraVista Diagnostics/
MiraBella Technologies, 4444 Decatur Blvd, Suite 300, Indianapo-
lis, IN 46241. Phone: (317) 856-2681. Fax: (317) 856-3685. E-mail:
pconnolly@miravistalabs.com.

FIG. 1. Survival following infection with 104 yeast cells (n � 10
mice/group).
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The highest fungal burden occurred at day 14 of infection
and was similar among the groups (Fig. 3). Fungal clearance
was slowest with the North American strain, and at day 28, the
fungal burden in lung and spleen was higher in that group (P �
0.001).

Chronic disease following infection with 50 yeast cells (4)
was unique to the North American strain. Four of ten mice
infected with the North American strain died between the 6th
and 12th months, and the fungal burden remained high in the
six survivors (Fig. 4). With the Latin American class 5 strain,

FIG. 2. Hematoxylin and eosin staining of lung tissue. Chronic inflammation was characteristic of class 2 infection (top panel), consisting of
macrophages, lymphocytes, fibroblasts, and rare granulocytes but no necrosis (middle panel). H. capsulatum yeast forms were scattered diffusely
in the Gomori methenamine silver stain (bottom panel). Lungs of mice infected with class 6 showed immature granuloma (top panel) with
prominent early caseation necrosis and numerous macrophages and neutrophils (middle panel), and GMS stain shows yeast forms confined focally
within granuloma (bottom panel). Magnifications of top, middle, and bottom panels, �21.75, � 108.75, and �435, respectively (original
magnifications, �25, �125, and �500, respectively).
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cultures of lungs at 6 months were negative in all eight animals,
while cultures of spleen were positive in five of eight. At 12
months, cultures of lung were negative in 9 of 10 mice, but
organisms were present in spleen at a low colony count in eight
(median 2.99 � 102 CFU/gm). Cultures of the lungs and spleen
were uniformly negative at months 6 and 12 in all mice infected
with the Latin American class 6 strain.

These findings suggest that the course of infection differed
between the Latin American and North American strains of
H. capsulatum. Mortality was higher with the Latin American
strains, while fungal burden was similar to that with the North
American strain. Grossly visible pulmonary nodules were
unique to infection with the Latin American strains, and a
neutrophilic infiltrate was prominent microscopically. In-
creased mortality at comparable fungal burden and prominent
neutrophilic infiltration suggest that the inflammatory re-
sponse may have contributed to the poor outcome.

Members of our group have previously reported that mice
infected with our North American strain of H. capsulatum
developed chronic disseminated histoplasmosis (4). Here fun-
gal clearance was greatest and chronic disease was not ob-
served with the Latin American strains. Low-level persistence
in the spleen was noted with class 5 infection.

Knowledge of strain-related differences in histoplasmosis
remains incomplete. Variation in mortality was reported with
different North American strains, but the comparison was not
made in the same experiment and the inoculum was not ad-
ministered intratracheally (1, 3). Whether our observations
represent species- or strain-specific characteristics requires in-
vestigation, however. If our findings are confirmed, studies of
additional strains, including the conidium form of the organ-
ism, should be considered.
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