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PEARLS

Disseminated candidiasis and other invasive fungal infections are a 
substantial cause of morbidity and mortality in immunocompromised 
and critically ill patients. Diagnosis of disseminated candidiasis via 
blood culture and skin biopsy can be unreliable and may delay 
treatment. (1,3)-β-D-glucan (BDG) assay is a rapid, cost-effective, 
noninvasive diagnostic screening tool for the dermatology hospitalist 
to consider.
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Practice Gap
Invasive fungal infections are a leading cause of morbid-
ity and mortality among neutropenic, immunocompro-
mised, and critically ill patients. Candida species are the 
most common cause of fungemia, with portals of entry 
into the bloodstream including the gastrointestinal tract, 
contaminated intravascular catheters, and localized foci of 
infection.1 Diagnosis of invasive candidiasis remains chal-
lenging due to an absence of specific clinical signs and 
symptoms, varying from a mild fever that is unrespon-
sive to antibiotics to florid sepsis. When present, clinical 
clues may include chorioretinitis; muscle abscesses; and 
skin eruptions, characteristically with Candida tropicalis. 
Cutaneous manifestations of disseminated Candida infec-
tions appear in only 13% of affected patients.1 The lesions 
typically present as 5- to 10-mm pink dermal papules or 
painless pustules on an erythematous base and may be 
singular, localized, or diffuse in distribution. Body regions 
normally involved are the trunk, arms, and legs, rarely 
the head and neck.1 Cutaneous lesions often develop at 
a time when patients are febrile, are not responding to 
antibiotics, and are clinically deteriorating. 

A 15-year-old adolescent boy with pre–B-cell acute 
lymphoblastic leukemia was admitted with febrile neu-
tropenia for presumed septic shock secondary to an 
unknown infectious etiology. The patient was started on 
broad-spectrum intravenous antibiotics, and blood cul-
tures were obtained. On the second day of hospitalization, 
he developed approximately 10 to 15 discrete, 3- to 6-mm, 
pink to violaceous papules scattered on the chest and 
arms (Figure 1). Over several hours, the number of lesions 
increased to more than 50 with involvement of the legs 
(Figure 2). A punch biopsy of lesional skin from the left 
dorsal wrist demonstrated a circumscribed abscess of yeast 
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FIGURE 1. Discrete, pink to violaceous papules scattered on the chest. 
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in the papillary dermis, which was highlighted by periodic 
acid–Schiff staining with minimal associated inflamma-
tion (Figure 3). Blood and tissue cultures persistently grew  
C tropicalis. The patient was started on intravenous lipo-
somal amphotericin B but died on day 5 of hospitalization 
after developing endocarditis. 

Early and reliable diagnosis of Candida species 
fungemia is of critical importance to successful treat-
ment, particularly with the emergence of multidrug-
resistant strains such as Candida auris.2 In patients with 
apparent cutaneous manifestations, a lesional punch 
biopsy for culture and histopathologic evaluation is 
recommended in addition to blood culture; however, 
organisms may or may not be present in large numbers, 
and they may be difficult to identify on routine hema-
toxylin and eosin–stained tissue sections. To enhance 
the likelihood of highlighting the fungus within the 
sample, the pathologist must be made aware of the 
presumptive diagnosis of disseminated candidiasis so 
that special techniques can be utilized, such as periodic 
acid–Schiff stain. 

Although positive blood culture is the gold standard 
for candidemia diagnosis, only 30% to 50% of patients 
with disseminated candidiasis had positive blood cul-
tures at autopsy.1 Another study showed the sensitivity 
of blood culture for the detection of invasive fungal infec-
tion to be as low as 8.3%.3 In cases with positive blood 
cultures, the median time to positivity is 2 to 3 days, but 
it can take as long as 8 days, thus limiting its clinical util-
ity in acutely ill patients.4 Given the low sensitivity and 
prolonged time required for culture growth of most fun-
gal organisms, novel assays for rapid, non–culture-based 
diagnosis of systemic fungal infections hold substantial 
clinical promise moving forward.

The Technique
One of the more promising non–culture-based fungal 
diagnostic methodologies is an antigen assay based on 
the detection of serum (1,3)-β-D-glucan (BDG), a major 
cell wall constituent of most pathogenic fungi. This assay 
is not specific for Candida species and can be positive 
for Aspergillosis species, Fusarium species, Coccidioides 
immitis, Histoplasma capsulatum, and Pneumocystis  
jirovecii pneumonia, among others; therefore, it functions 
as a general biomarker for fungi in the bloodstream.4,5 
(1,3)-β-D-glucan assay can be useful as an adjunct  
for blood cultures and punch biopsy, especially when 
cultures are negative or the results remain outstand-
ing. The results of the BDG assay are available in less  
than 24 hours at minimal cost, and the test is approved  
by the US Food and Drug Administration for use as 
an aid in invasive fungal disease diagnosis. In a meta- 
analysis of 11 studies, BDG sensitivity was 75%.4 In 
a study based on autopsy cases from 6 years, BDG 
specificity was 98.4% with positive and negative predic-
tive values of 86.7% and 97.1%, respectively.3 Optimal 

FIGURE 2. A, Multiple discrete pinpoint pink macules on the right 
leg. B, Faintly erythematous to pink macules on the left ankle and 
plantar foot. 

FIGURE 3. A punch biopsy of a lesion on the left dorsal wrist revealed 
a well-circumscribed, minimally inflammatory collection of yeast  
(H&E, original magnification ×20), which was highlighted by periodic 
acid–Schiff stain (inset, original magnification ×20).
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results were achieved when 2 consecutive tests were 
positive.4 The serum assay output is based on spec-
trophotometer readings, which are converted to BDG  
concentrations (negative, <60 pg/mL; indeterminate, 
60–79 pg/mL; positive ≥80 pg/mL).5 Although we cannot 
be certain, utilizing the BDG assay in our patient may 
have led to earlier treatment and a better outcome.

A disadvantage of the BDG assay is the potential for 
false-positive results, which have been reported in lung 
transplant recipients with respiratory mold colonization 
and patients with other systemic bacterial infections.4 
False-positive results also have been associated with use 
of ampicillin-clavulanate and piperacillin-tazobactam 
antibiotics and human blood products, hemodialysis, 
and severe mucositis, thus reaffirming the importance of 
judicious interpretation of BDG assay results by the clini-
cian.4,6 There also is a potential for false-negative results, 
as the BDG assay does not detect certain fungal species 
such as Cryptococcus species and Blastomyces dermatitidis, 
which produce very low levels of BDG, or zygomycetes 
(Absidia, Mucor, and Rizopus species), which are not 
known to produce BDG.6

Practice Implications
In the setting of invasive fungal infections, a high degree 
of clinical suspicion is paramount due to the often 
subtle nature of cutaneous manifestations. A positive 
BDG assay can be used to identify high-risk patients for 

empiric antifungal therapy, prompting early intervention 
and improved outcomes in these acutely ill patients. The 
BDG assay’s excellent negative predictive value is useful 
in ruling out invasive Candida infections and may justify 
stopping unnecessary empiric antifungal therapy.4 For the 
dermatology hospitalist, incorporation of the BDG assay 
as a noninvasive screening tool may allow for more rapid 
initiation of appropriate antifungal therapy while await-
ing confirmatory skin biopsy or culture results in dissemi-
nated candidemia and other invasive fungal infections. 
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