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Initial examination of hematoxylin & eosin-stained tissue from a human brain
specimen did not reveal the fungi which were seen in subsequent tissue sections
stained with methenamine-silver nitrate. Microabscesses seen in the hematoxylin
& eosin-stained sections were not apparent in the methenamine-silver nitrate-
stained tissue. Staining with methenamine-silver nitrate and counterstaining with
hematoxylin & eosin proved excellent not only for detecting fungus cells, but also
for revealing their relationship to the host cellular response in this case and in
examples of experimental murine coccidioidomycosis and histoplasmosis.

A brain tissue specimen had been sent to us
for study with the information that suspected
fungus cells had been seen in histopathological
sections and a Chaetomium species had been
cultured from a blood clot. Although species of
Chaetomium are known to produce toxic metab-
olites when growing on dead organic substrates
(1, 2, 7, 12, 14), their association with living
animals has been no more remarkable than that
of other airborne saprobic fungi. They have been
found on birds (5, 13), in pigs wvith respiratory
problems in common with other microorganisms
(9), and in humans as a possible allergen (8).
Rippon mentioned three cases of infection in
human nails (11). Although we are unaware of
any reports implicating Chaetomium species as
an etiological agent of systemic mycoses in hu-
mans, the increasing frequency of opportunistic
mycoses justified considering this potential also
for Chaetomium because it is a common inhab-
itant of the human environment.
Examination of sections stained separately

with hematoxylin and eosin (H & E), periodic
acid-Schiff, Gridley, and the Grocott modifica-
tion of Gomori's methenamine-silver nitrate
(GMS) procedures proved frustrating. Many
fungus cells were seen in the periodic acid-
Schiff-, Gridley-, and GMS-stained sections, but
very few were visualized clearly in the H & E
preparations. Furthermore, the fungi did not
appear to be associated with obvious host cel-
lular response. This unexpected observation
prompted us to attempt a combination staining
with the special procedures for fungi and
counterstaining with H & E. The initial results
with this combined stain demonstrated most
effectively that the fungus cells were associated
with microabscesses in the brain tissue. A search
of the literature revealed that Ford et al. (3)

mentioned briefly that the GMS-H & E combi-
nation was excellent for demonstrating host cel-
lular reaction as well as spores and hyphae of
Aspergillus in tissue. Because this staining pro-
cedure has received little attention to the best
of our knowledge, we report here the excellent
results obtained not only with the possible (but
not confirmed) Chaetomium infection, but also
with examples of other systemic mycoses.

MATERIALS AND METHODS

In addition to the human brain specimen, histoplas-
mosis and coccidioidomycosis were chosen as exam-
ples in which fungi would be most difficult and easiest
to demonstrate, respectively. Lungs were obtained
from mice (dba/2 strain, Jackson Laboratories, Bar
Harbor, Maine) which had been used in other experi-
ments. The mice had been infected intranasally by
methods described previously (6) and had been sacri-
ficed at varying intervals of time postinfection. Sam-
ples of mouse lung with macroscopic lesions were fixed
in 10% neutral buffered Formalin and embedded in
paraffine. The brain tissue from the human case had
been received fixed in Formalin and was embedded in
paraffin. Sections for staining were cut at a 5-gm
thickness.
Because there have been many variations in the

procedure for GMS staining of tissue sections, our
method for GMS counterstained with H & E will be
presented in detail, although it is basically a combi-
nation of procedures reported from the Armed Forces
Institute of Pathology (10). The Gridley staining fol-
lowed by H & E was inferior for differentiating fungi
from host cells and is not described. Metal contami-
nation was avoided by using only chemically clean
glassware, including glass baskets for multiple slides

Solutions.
1. Chromic acid, 4% aqueous.
2. Sodium bisulfite, 1% aqueous.
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3. Stock methenamine-silver nitrate, made as sep-
arate solutions and then mixed.
a. Silver nitrate, 5% aqueous.
b. Hexamethylenetetramine, 3% aqueous.
c. Mix in proportions of one volume of 5% silver

nitrate to 20 volumes of 3% hexamethylene-
tetramine.

d. A white precipitate forms but dissolves im-
mediately with shaking. The clear solution
remains usable for months when stored in a
dark bottle at 4°C.

4. Working methenamine-silver nitrate, made
fresh, used once, and discarded.
a. Stock methenamine-silver nitrate, 125 ml.
b. Distilled water, 125 ml.
c. Sodium borate, 5% aqueous, 10 ml.

5. Gold chloride, 0.1% aqueous.
6. Sodium thiosulfate, 2% aqueous.
7. Hematoxylin.

a. Harris hematoxylin solution (Harleco), 250
mi.

b. Glacial acetic acid, 5 ml.
8. Stock eosin, eosin Y, 1% in 95% ethanol.
9. Stock phloxine, phloxine B, 1% aqueous.

10. Eosin-phloxine working solution.
a. Stock eosin, 50 ml.
b. Stock phloxine, 5 ml.
c. Ethanol, 95%, 390 ml.
d. Glacial acetic acid, 2 ml.

11. Acid alcohol.
a. Ethanol, 70%, 500 ml.
b. Hydrochloric acid, concentrate, 5 ml.

12. Ammonia water.
a. Ammonium hyroxide, 58% aqueous, 1 ml.
b. Distilled water, 500 ml.

Procedure
1. Deparaffinize and hydrate to water.
2. Chromic acid, 1 h.
3. Wash in running tap water, 1 min.
4. Sodium bisulfite, 1 min.
5. Wash in running tap water, 5 to 10 min.
6. Rinse in four changes of distilled water.
7. Methenamine-silver nitrate working solution,

freshly mixed.
8. Incubate at 58 to 60°C until sections turn golden

brown. Inspect after minimum of 1 h. Desired
end point usually 2 to 3 h.

9. Rinse with six changes of distilled water.
10. Gold chloride, 4 min.
11. Rinse briefly by dipping several times in distilled

water.
12. Sodium thiosulfate, 4 min.
13. Wash in running tap water, 4 to 5 min.
14. Hematoxylin, 30 min.
15. Rinse in running tap water, 30 s.
16. Differentiate by a few quick dips in acid alcohol.
17. Rinse briefly in tap water.
18. Dip in ammonia water until blue.
19. Wash in running tap water, 5 to 10 min.
20. Check differentiation microscopically for dis-

tinct nuclei with blue to blue-black color, light
to colorless background, and black fungi. Repeat
steps 16 to 19 until differentiation achieved.

21. Eosin-phloxine working solution, 30 to 60 s,
depending on depth of counterstain desired.

22. Dehydrate, clear, and mount.
Histopathological sections were photographed with

a Nikon model AFM microscope with Kodak Ektopan
plate film.

RESULTS
Comparisons of results with each staining pro-

cedure were made by staining successive tissue
sections with H & E, GMS with H & E counter-
stain (GMS-H & E), and GMS with light green
counterstain (GMS-LG). The corresponding
field in each tissue section was located by using
the corner of the tissue as a reference point and
coordinates obtained with a graduated mechan-
ical microscope stage.
Fungus cells in sections from the human brain

specimen were recognized readily with the
GMS-LG and GMS-H & E staining procedures.
Host tissue reactions could not be determined
with GMS-LG. In contrast, the GMS-H & E
procedure stained fungus cells equally well and,
in addition, revealed that these were located in
microabscesses (Fig. 1). Details of the host tissue
response with GMS-H & E were slightly less
satisfactory than with H & E alone. The H & E
preparation was least effective because the fungi
stained poorly with eosin only. In fact, most
fungus cells were found only by careful exami-
nation of the microabscesses under high magni-
fication after determining from the GMS prep-
aration that fungus cells were present.

Results with experimental murine coccidioi-
domycosis and histoplasmosis are illustrated in
Fig. 2 and 3, respectively. The endospores escap-
ing from the ruptured spherule were readily
apparent with H & E staining (Fig. 2A) but were
even more obvious and striking with GMS-H &
E (Fig. 2B). The early granulomatous response
was apparent with both these procedures but
was inapparent with GMS-LG (data not shown).
The GMS-H & E staining procedure was less
effective with histoplasmosis (Fig. 3A and B).
Nevertheless, the yeast cells were more apparent
with GMS-H & E than with H & E (data not
shown), although they were less obvious than
with GMS-LG (Fig. 3C). It should be noted that
the black-stained yeast cells seen microscopi-
cally in color contrasted more sharply with the
dark blue nuclei of tissue cells than is apparent
in the black and white photographs. The pri-
marily mononuclear, pneumonic infiltrate was
obvious in the GMS-H & E preparation but
could not be read with GMS-LG staining.

DISCUSSION

This attempt to improve methods for visual-
izing fungi in tissues was initiated because of our
difficulty with the human brain specimen. Fun-
gus cells were not seen with certainty in sections
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stained with H & E during the initial examina-
tion, but they were very obvious in the GMS
sections. It was only after matching microscopic
fields in serial sections stained alternately with
the several procedures that we could demon-
strate fungi in H & E preparations and then only
with difficulty and some degree of uncertainty.
In this particular specimen, the fungi stained
only with eosin and no nuclei were apparent.
Hence, there was virtually no differential stain-
ing from the host cells. A similar problem was
encountered when Gridley preparations were
counterstained with H & E (data not shown),
comparable to Rippon's (11) observation that
the light red color of fungus cell walls with
periodic acid-Schiff was not differentiated
sharply from host tissue components when the
periodic acid-Schiff-H & E combination was
used. In contrast, fungus cells were observed
without difficulty when the tissue was stained
with GMS-H & E. The failure of H & E staining
alone to clearly differentiate this fungus from
host cells raises the question whether the same
problem might occur with other cases of oppor-
tunistic mycoses and a diagnosis might be
missed for lack of satisfactory staining. In this
case we do not know whether the fungus seen in
tissue was Chaetomium because it had not been
cultured from the brain specimen. Furthermore,
information provided us concerning recovery of
Chaetomium from the blood clot did not elimi-
nate the possibility that this could have been a
contaminant. Therefore, we do not believe on
the basis of the information available to us that
Chaetomium should be included as one of the
fungi causing opportunistic systemic mycoses.

Nevertheless, there were fungus cells in the
brain specimen, and these could have been over-
looked too easily in sections stained only with H
& E. These observatios strongly support a rec-
ommendation that routine screening of tissue
sections stained with H & E must be supple-
mented by additional special staining procedures
whenever mycotic infection is a possibility. If
only a single procedure were to be used, the
GMS-H & E combination would be the most
suitable in our opinion. It has proven satisfactory
when fungus cells were not obvious with H & E
staining, as with the brain specimen reported
here, providing an example in which the etiology
could have been missed with an H & E prepa-
ration alone. In addition, the GMS-H & E pro-
cedure was excellent for demonstrating endo-
spores and spherules of Coccidioides immitis
and was better than H & E alone for detecting

the yeast cells of Histoplasma capsulatum. The
GMS-LG staining was still the best for revealing
fungus cells with startling clarity, but this
method has the disadvantage of not showing the
relationship of host tissue response to infecting
organism. In our opinion, an excellent routine
procedure when mycotic infection is included in
a differential diagnosis would be staining with
the GMS procedure, mounting with nonperma-
nent fluid (e.g., glycerin-water, 50%, vol/vol),
examining microscopically for the presence of
fungi, and then counterstaining with H & E.
Thus, maximum detection of fungi would be
combined with relating fungus cells to the host
cellular response.

ACKNOWLEDGMENTS
We express our thanks to I. Gleason-Jordan for confirming

our interpretation of the hosts' cellular response seen in his-
topathological sections.

This work was supported by the Medical Research Service
of the Veterans Administration.

LITERATURE CITED
1. Ciegler, A., S. Kadis, and S. J. Ajl (ed.). 1971. Microbial

toxins, vol. VI. Academic Press Inc., New York.
2. Davis, N. D., R. E. Wagener, G. Morgan-Jones, and

U. L. Diener. 1975. Toxigenic thermophilic and ther-
motolerant fungi. Apple. Microbiol. 29:455-457.

3. Ford, S., R. D. Baker, and L. Friedman. 1968. Cellular
reactions and pathology in experimental disseminated
aspergillosis. J. Infect. Dis. 118:370-376.

4. Hesseltine, C. W. 1969. Mycotoxins. Mycopathol. Mycol.
Apple. 39:371-382.

5. Hubalek, Z. 1975. Dispersal of fungi of the family Chae-
tomiaceae by free-living birds. Ceska Mykol. 29:46-58.

6. Huppert, M., S. H. Sun, and K. R. Vukovich. 1974.
Combined amphotericin B-tetracycline therapy for ex-
perimental coccidioidomycosis. Antimicrob. Agents
Chemother. 5:473-478.

7. Kadis, S., A. Ciegler, and S. J. Ajl (eds.). 1971. Micro-
bial toxins, vol. VII. Academic Press Inc., New York.

8. Liebeskind, A. 1972. Mycological problems in occupa-
tional allergies. J. Asthma Res. 10:71-73.

9. Little, T. W. A. 1975. Respiratory disease in pigs: a study.
Vet. Rec. 96:540-544.

10. Luna, L. G. (ed.). 1968. Manual of histologic staining
methods of the Armed Forces Institute of Pathology.
McGraw-Hill Book Co., New York.

11. Rippon, J. W. 1974. Medical mycology. W. B. Saunders
Co., Philadelphia.

12. Saito, M., T. Ishiko, M. Enomoto, K. Ohsubo, M.
Umeda, H. Kurato, S. Udegawa, S. Tanaguchi, and
S. Sekita. 1974. -Screening tests using HeLa cells and
mice in detection of mycotoxin-producing fungi isolated
from foodstuffs. Jpn. J. Exp. Med. 44:63-82.

13. Singh, M. P., and C. M. Singh. 1972. Trichophyton simii
infection in poultry. Vet. Rec. 90:218.

14. Umeda, M., T. Yamashita, M. Saito, S. Sekita, C.
Takahashi, K. Yoshihara, S. Natori, H. Kurata,
and S.-I. Udagawa. 1974. Chemical and chemotoxic-
ity survey on the metabolites of toxic fungi. Jpn. J. Exp.
Med. 44:83-96.

VOL. 8, 1978


