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CASE PRESENTATION

A twenty-seven year old farm worker from northélinois presented to the emergency
department complaining of infection in his left le§ tender erythematous lesion was present on
the outer side of the patient’s left thigh. Wheaided the lesion contained a large amount of
purulent material. The physician sent some ofiflanage to the laboratory for Gram stain,
bacterial culture and susceptibility testing. Plagient was admitted and began a course of broad
spectrum antibiotics. On the initial Gram staimyaolymorphonuclear cells (PMNs) were
observed but no organisms were seen. After amaghgrincubation, the routine bacterial
culture showed no signs of growth.

The patient was referred to an infectious disepseialist (IDS) who drained additional
pus from the wound and sent it to the laboratoryafether Gram stain. Again many PMNs
were observed but no organisms were seen. Thed@fsted the specimen be stained with
acridine orange. The clinical laboratory sciemisserved no bacteria, but did observe some
large yeast-like structures with a very faint flescence. She prepared a wet mount of the
specimen using 10% potassium hydroxide (KOH). l@@nwet mount, large, thick-walled yeast
exhibiting board-base budding were observed. Upoaiving the KOH result the IDS
concluded that the patient had blastomycosis amaested a fungal culture on the remaining

specimen.
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The specimen was inoculated to Sabouraud brairt imdasion agar and brain heart
infusion with blood, gentamicin and chloramphenic@fhite mycelial growth appeared at 20
days of incubation at 26. Microscopic examination of the mold revealawfhyphae and
round conidia borne on short conidiophores. THeigiconfirmed initial diagnosis of

blastomycosis.

DISCUSSION

Blastomyces dermatitidis a dimorphic fungus, meaning it has both yeadtraold
forms. Other dimorphic fungi includgporothrix schenckii, Paracoccidiodes brasiliensis,
Coccidiodes immitisndHistoplasma capsulatumrhese organisms grow as yeast at body
temperature (37°C) and as mold at cooler tempearsitulit is the yeast form that is found in
clinical specimens.

Infections caused bg. dermatitidisare endemic in the central United States partityula
the Ohio and Mississippi river valleys, but casagehalso been reported in South America and
parts of Africa. In endemic areas, 1-2 cases PraDO are reported annuallyFor many years
the source of infection was unknown, but contang@datoil was suspected. In the mid-1980’s
Klein and associates were able to isolate the rowhd of the organism from decomposed wood
and soil near water sources, therefore river banéksiow considered the natural habitat of the
organism?® Risk groups for infection include farmers, forgstorkers, hunters and campérs.

Most blastomycotic infections begin with inhalatiof conidia causing primary
pulmonary disease. The infection may be asympticroait may present as either acute or
chronic pneumonié. When it presents as pneumonia, blastomycosifiéa difficult to diagnose

because of its tendency to mimic other diseasds asibacterial pneumonia, tuberculosis and
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malignancy’ Primary infections may resolve spontaneouslyhey can spread via the blood to
other organs including the skin, bone, male genimawy system and the central nervous system.
The skin is the most common site of extrapulmoriafigction® The skin can also be the site of
primary infection after traumatic inoculation ofrgdia, but this is not typical.

Two types of blastomycotic skin lesions have béescribed, verrucous or ulcerative.
Initially the verrucous lesions appear as smalutegowhich become crusted and warty over a
period of weeks. Ulcerative lesions develop magadly; starting as small pustules and
progressing into a superficial ulceration. A patimay simultaneously exhibit lesions of both
types?

Another dimorphic fungus that typically presentsaneously iS. schenckicommonly
calledrose gardeners’ disease. This organism is founttwade and is relatively common in
the southern costal regions of the United Statefection typically occurs when the organism
introduced into the skin and soft tissues througleretrating wound or animal bite. A
pulmonary form of infection is contracted by inttada of the conidia. Persons working in the
outdoors are at greatest risk of infection. Thgaarsm has been linked to sphagnum moss,
decaying vegetation, soil, hay, rose bushes andjmaen seedlings.

Sporothrixinfections typically begin at the site of inociet as a pink or purplish papule
that slowly enlarge$. It may take as long as twelve weeks for the fiighs of infection to
appear. The nodule is not painful and may be kestdor an insect bite. Later the skin will
blacken then ulcerate discharging small amoungief Secondary nodular lesions may develop
along the adjacent lymphatic channelBulmonary lesions produce a chronic pneumoniha wit

lesions in the upper lobes of the lung that reserniiderculosis on x-rafy.Sporothrixinfections
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can disseminate to the joints or the meningessddmnation of the organism is rare and is
typically seen in patients who are immunocompromhise

A third dimorphic fungus that can produce cutandesm®ns isP. brasiliensis.This
organism is endemic to South and Central Ameriath, most cases found in Brazil. This
infection is sometimes called South American blastoosis and much likB. dermatitidis
infections,P. brasiliensigs contracted by inhalation of spores found intaonnated soil. Like
the North American disease, most cases of paratioatycosis are thought to be subclinical
with the infection being controlled by a competeninune system. When disseminated disease
occurs the incubation period can be quite longg figars or greater, making diagnosis more
difficult. The organism can disseminate to anyaorgut lesions of the skin or mucus
membranes of the mouth, nose, throat or genitadiareost often observed. Mucus membrane
lesions are painful and ulcerative while skin lesionay be warty plaques or ulcerative crusted
lesions. Without treatment, the mortality ratelisiseminated disease is quite high.

C. immitisis a fungus found in dry, desert environments en\estern hemisphere. In
the United States most infections occur in Arizand the San Joaquin Valley of California.
Infections occur when the arthroconidia are inhalgt contaminated dust. While many
infections are self-limiting, some progress to eoadiic pulmonary infection, which may spread
to other organs including the skin and meningdsn Bfections can have a variety of
appearances including papules, pustules, nodulbsutaneous abscesses, ulcers or verroucous
granulomas?®

H. capsulatums also associated with human infection but cutasdesions are not
typically found. The fungus is found world-widetemperate climates and is endemic in the

Ohio and Mississippi river valleys of the Unitedtes. Conidia ofl. capsulatunare found in
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the soil, particularly soil that is contaminatediwbird or bat feces. Humans acquire the
infection after inhaling conidia that have becormbane when the soil is disturbed. The
severity of histoplasmosis is directly relatedhe umber of conidia that are inhaled. Most
people have subclinical pulmonary infections. @thevelop an acute flu-like infection which
resolves spontaneously. Disseminated infectionarda immunocompromised patients with
bone marrow involvement common. The liver, spleshienal glands and meninges may also be
affected™!

Diagnostic testing

Because no single antifungal drug is effectivaragiall mycotic infections, it is
important to identify fungal pathogens to the spedevel:? Identification of fungal organisms
may be made by visualizing the organism in tissuexadative material or via fungal culture.
When examining sputum, pus or skin scrapings, waints using 10% KOH solution are
typically used. The KOH dissolves the backgrouradamal and keratin allowing the fungi to be
more easily identified.

Calcofluor white can be used along with the KOHi#oh when preparing wet mounts of
culture specimens. It binds to cellulose and gtigund in fungal cell walls. When exposed to
long-wave ultraviolet light, calcofluor white fluesces, giving objects an apple green or blue-
white appearance depending on the excitation wag#teof the light. When calcofluor white is
used together with KOH the ability to detect fuitgspecimens is increasétlIt can also be
used in conjunction with the Papanicolaou staiddtect fungi in tissues.

Fungi may appear on Gram stain, though this staursually used to detect bacteria. On
Gram stain, most yeast retain the primary crystdetvdye and appear purple. Hyphae on the

other hand, react poorly with Gram stain.
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Acridine orange is a fluorescent stain used toaletecroorganisms in specimens,
especially those in which the concentration of argias is low. The stain is used routinely in
laboratories to detect bacteria in cerebrospingdi fand blood cultures.The stain binds to
nucleic acids of cells and bacteria. The slidesveawed using UV light; bacteria and fungi
typically exhibit bright orange fluorescence. Afine orange can detect both living and dead
organisms> Although this stain can detect fungi, it is ndtlaty used for this purpose.

Other histologic stains are useful in detectinggiun tissue specimens. They include
Grocott's methenamine silver (GMS), periodic acahif (PAS) and hematoxylin & eosin
(H&E). GMS is best for visualizing the morphologitucture of the fungus, their cell wall stain
brown-black with a blue-green background. H&E estfor seeing the tissue’s response to a
fungal infection, but not all fungi can be visualizwith this stain, especially when present in
small numbers?

It is the yeast form dB. dermatitidisthat will be found in the direct examination méaier
from the site of infection. The yeast cells haweaue appearance consisting of large, round,

thick-walled yeast 6-15m in diameter. The yeast may bear a single daugbteattached by a

broad basé.

’- ' Yeast cell ofBlastomyces dermatitidis
4 ”

er3 . undergoing broad-base budding.

-

| Methenamine silver stain. CDC/ Dr.
Libero Ajello, 1996, Public Health Image

Library, http://phil.cdc.gov/phil/Accessed

November 8, 2008.
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Sporotrichosis may be more difficult to detect magmopically due to its small size and

the low numbers found in pus and tiss&.schenckiis an oval or cigar-shaped yeast, #4¥b in

diameter’
. i'}_. Shown here is a photomicrograph of the
H y 7 \" fungus Sporothrix schenckiiduring
5 : "‘ yeast phaseCDC/Dr. Lucille K. Georg,
‘\‘ * 7 ;Q’ 5 1964, Public Health Image Library,

http://phil.cdc.gov/phil/ Accessed

November 8, 2008.

P. brasiliensigproduces larger yeast cell, which must be disisiged fromB.
dermatitidis This can be done by finding budding yeast cdflsbrasiliensishas multiple rather
than single buds and the buds are attached tcattemfocell by a narrow base rather than a broad

base. The appearance of the parent cell with piellbiuds is described as resembling a ship’s

wheel?
This photomicrograph depicts budding
7 " . cells of the fungusParacoccidioides
*;' ' . brasiliensisduring its yeast phase.
: p. ‘ CDC/Dr. Lucille K. George, 1963, Public

.o Health Image Library,
" y ;) | http://phil.cdc.gov/phil/Accessed
-

November 8, 2008.
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C. immitisdoes not produce yeast cell in clinical specimarsdead thick-wall 10-8&m

diameter spherules filled with endospores can semed. LastlyH. capsulatuntan be

observed in tissue, blood and bone marrow specimieisacellular budding yeast are typically

seent?

Histopathology of coccidioidomycosis.
: ' Spherule with endospores of
Coccidioides immitisPAS stain. CDC,
author and date unkown, Public Health

Image Library, http://phil.cdc.gov/phil/

In most cases, dimorphic fungi can be grown inwelt The growth requirements of the
organisms will vary by species. These culturestrhasandled with extreme care in a biologic
safety hood because of the potential of contradlingss. Conversion of the hyphal form of the
organism to the yeast form provides a definitivegdiosis.

With the exception of some fastidious strains, nBostermatitidiswill grow on
nonselective fungal media such as Sabouraud beairt mfusion agar (SABHI). Culturing to a
more enriched media such as brain heart infusitim ood, gentamicin and chloramphenicol
will allow those fastidious strains to be growinWhen grown at 25-30°C, mold colonies will
appear in 1-4 weeks. They are typically whiteraygorown in color with a silky or hair-like
appearance. Microscopically the hyaline hyphaele2em in diameter with oval or pyriform
conidia borne on long or short conidiophores redemia lollipop. The mold phase can be

converted to the yeast phase by subculturing tharmism and incubating at 35-37°C.
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This is a photomicrograph of
Blastomyces dermatitidigsing a cotton
blue staining technique. CDC/Dr.

Leanor Haley, 1969, Public Health Image

Library, http://phil.cdc.gov/phil/Accessed

November 8, 2008.

The hyphal form of. schenckiwill grow on Sabouraud dextrose(SDA) or SABHI agar
in a few days to weeks. Initial growth is creanoced but colonies turn brown to black with
age. Microscopically, the conidia are arrangedhentips of conidiophores in a bouquet-like
fashion. The conidia may be hyaline or dark irocd|
Magnified 500X, this photomicrograph
revealed the presence ddporothrix sp.
fungal organisms that were isolated
from a peat moss specimerCDC, 1971,
Public Health Image Library,

http://phil.cdc.gov/phil/ Accessed

November 8, 2008.
P. brasiliensiscolonies require 2-3 weeks to grow on SABHI agaolonies have a
variety of appearances including flat, wrinkledttony or glabrous. They are ivory to brown in
color. Microscopically the hyphae may be sterilieconidia are present they are round to oval

borne on short condiophorgs.
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On SDA or SABHI,C. immitiscolonies are initially moist and glabrous. Witlea
cottony mycelia are produced. Microscopically hgehwith arthroconidia are seen. These
arthroconidia are separated by empty disjunctds.c€l. immitiscan not be converted to
spherules using conventional fungal media.

Arthroconidia of Coccidioides immitis,
CDC/ Dr. Hardin, 1965, Public Health

Image Library, http://phil.cdc.gov/phil/

Accessed November 8, 2008.

H. capsulatunctolonies typically take three to six weeks to appmn SABHI in culture.

The colonies may be glabrous, velvety or cottonggpearance. Microscopically, two types of
conidia borne on conidiophore at 90° angles tatae hyphae can be seen. The microconidia
are round, oval or teardrop-shaped and may haw®atk or rough wall. The macroconidia are
thick-walled with tuberculate (spiny or fin-likeyqjections'®

This photomicrograph reveals a

number of macroconidia of the fungus

Histoplasma capsulatumCDC/Dr.

Libero Ajello, 1963, Public Health Image

Library, http://phil.cdc.gov/phil/Accessed

November 8, 2008.
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Nucleic acid probes from Gen-Probe Incorporatec (Si@go, CA) are now available
that can rapidly and reliably be used to confirm ithentity ofB. dermatitidis H. capsulatuiend
C. imitisgrown in culture. Use of these probes can confirenidentity of the growth much
more rapidly than converting the mycelial growthihie yeast phase. The Gen-Probe® tests use
single-stranded DNA probes with chemiluminescebélathat bind with ribosomal RNA
sequences of the target organism. Once visiblethrof the organism is detected on culture
material, a 1-2 mfsample of the organism is transferred to the tysile (broth culture can be
used as well). A lysing reagent is added to the tand the tube is placed in a sonicator to
release the ribosomal RNA. Liquid from the lysinge is transferred to a probe reagent tube
and it is incubated in a 60 °C water bath for 15utes. The tubes are removed from the water
bath and a selection reagent is added. The smle@agent allows the hybridized DNA probe to
be distinguished from the non-hybridized DNA. Fipalhe test is read in the Gen-Probe®
luminometer. All three probes are quite sensitiug,theB. dermatitidisprobe has been shown
to produce positive results with brasiliensis Unfortunately, the efficacy these tests have not
been demonstrated on direct clinical specinténh%!®

The DiversiLab™ repetitive-sequence-based PCR syBtam BioMérieux, Inc.
(Durham NC)can also be used identiB; dermatitidis H. capsulatuendC. imitisgrown in
culture. This process involves extracting DNA fridme isolates then amplifying the DNA using
the DiversiLab™ mold kit. The rep-DNA products asparated using a microfluidics chip
creating a DNA fingerprint of the isolate. The DNiAgerprint is analyzed using Diversilab™

software which compares it to all the fingerpriimshe data bas@.
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Another means of identifyinfyingal infections is via detection of antibodieghe
patient’s serum. Immunodiffusion, complement fizatand enzyme-linked immunosorbent
assays are available for antibody detection okeBh dermatitidisor H. capsulatum. These
serologic tests are highly sensitive but are net#jg due to antibody cross-reactivity between
the two organisms.

Serologic tests for sporotrichosis are availableiex agglutination and enzyme-linked
immunosorbent assay (ELISA). These serologic testg be needed to confirm cases in which
the number of organisms is too low to be detectest&in or culturé.

A tube precipitin test for IgM antibodies or a cderpent fixation test for IgG antibodies
is often used to dete€t. immitisinfections. These tests are reliable in most;akeugh some
immunocompromised patients with diffuse pulmonasgdse produce negative restfts.

Skin tests similar to the tuberculin skin were usethe past to detect some of these
fungal illnesses. Skin testing has not provedeaseful for a number of reasons. In areas
endemic tdH. capsulatuma positive test only indicates prior exposuréhworganism; it does
indicate whether the fungus in question is cautiiegpatient’s current illness. A skin test using
blastomycin lacks specificity and sensitivity aschb longer available.Skin testing folC.

immitisis often negative in immunocompromised patients#mto have the diseas®.

CASE CONCLUSION

Upon receipt of the KOH results, the attendinggatign discontinued the antibiotic and
began antifungal therapy. When questioned reganaliaviously pulmonary illness, the patient
admitted he had developed a persistent dry congtraleveeks previously. The patient had

attributed the cough to exposure to dust and alesgn the farm and did not mention it to the
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admitting physician. The patient was releasedranthined on treatment for several months.

No reoccurrence of the disease was reported aieapy was discontinued.
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