
sequence was submitted to Gen-
Bank Basic Local Alignment Search 
Tool (BLAST) search. The query 
sequence matched 100 percent over 
312 base pairs to Rhizopus mi-
crosporus (GenBank accession No. 
DQ119009) and Rhizopus azygospo-
rus (GenBank accession No. 
DQ119008) sequences (Fig. 4).

Discussion
Zygomycoses are classified into 

six major clinical forms, including 
rhinocerebral, pulmonary, cutane-
ous, gastrointestinal, disseminated, 
and uncommon presentations. Gas-
trointestinal zygomycosis is uncom-
mon, with only 25 percent of cases 
being diagnosed premortem because 
of its nonspecific presentation. This 
leads to frequent delay in diagnosis 
and a mortality rate of 85 percent.2 
The stomach is most commonly in-
volved, often with gastric perfora-
tion, followed by the ileum and ce-
cum with presentation involving an 
appendiceal, cecal, or ileal mass.2 

In our case, ischemia, infection, 
and recurrent lymphoma were high 
on the list of differential diagnoses. 
Although a single stool sample was 
negative for Clostridium difficile 
and Norovirus, specimen limitations 
precluded additional studies. In the 
absence of specific findings, the pa-
tient was maintained on broad-spec-
trum antibiotics and prophylaxis 
with fluconazole. Azoles generally 
lack activity against Zygomycetes.1 
Amphotericin B is the agent of 
choice for most Mucorales, although 
its efficacy is variable depending on 
the specific organism.1 A second 
case of zygomycosis occurred in our 
institution, also requiring molecular 
identification, and was shown to be 
the same species as in this case. 
However, because of the lack of a 
pure culture specimen, further test-
ing for infection control studies 
proved to be challenging. A recent 
study describing an outbreak of 
gastrointestinal zygomycosis due to 
Rhizopus microsporus had patients 
who presented with segmental 
bowel thickening and intra-abdom-
inal abscess formation; however, 
the spectrum of clinical manifesta-
tion ranged from asymptomatic 

mucosal colonization to invasive disease.4 
Diagnosing zygomycosis is difficult because 

tissue culture is often negative.5 Although the 
gold standard for diagnosis is histologic exami-
nation, fungal morphology, even aided by spe-
cial stains (PAS and GMS), is unreliable5 for use 
as the only means of identification. There is a 
chance for incorrect diagnosis if adequate fungal 
hypha or the classic morphology is not seen. In 
addition, microscopy cannot differentiate fungi 
beyond the genera level. Fluorescent antibody 
staining and newer immunohistochemical meth-
ods have shown improved identification over 
conventional modalities (H&E and special 
stains); however, these methods are not yet 
widely used.5 Culture-independent nucleic-acid 
based methods such as PCR are rapid and sensi-

tive and can be used on fresh or formalin-fixed 
tissue. Targeting of multi-copy loci, particularly 
the ribosomal DNA genes (18S, 28S, and 5.8S) 
and the intervening internal transcribed spacer 
(ITS) regions (ITS1 and ITS2), allow increased 
specificity with identification to the species 
level.6 Such specificity is important in selecting 
appropriate antifungal therapies. 

With the high mortality rates of invasive fungal 
infections, the autopsy becomes an important tool 
to study the patterns and prevalence of such infec-
tions. It provides key information for hospital QA/
QC and has the potential to identify emerging in-
fections. In addition, unexpected diagnoses from 
autopsy provide valuable learning experiences, 
such as the need to maintain a high degree of sus-
picion for zygomycosis in vulnerable patient 

populations, as exemplified in this case. Molecular 
microbiology techniques have proved to be a sig-
nificant source of data for these purposes. The in-
formation gained will better equip clinicians to 
manage these devastating infections. 

Conclusion
This case emphasizes the importance of in-

cluding zygomycosis in the differential diagno-
sis, especially in immunocompromised patients 
with unusual presentations and multiple risk 
factors. As fungal culture can be insensitive and 
morphology can be unclear, molecular tech-
niques are critical tools in the diagnosis and se-
lection of therapy for these cases. Using such 
techniques in the postmortem setting can aid in 
infection control and in understanding disease 
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Fig. 4.  A) Fungal ribosomal DNA repeat unit showing coding 
regions (18S, 5.8S, and 28S) and internal transcribed regions (ITS1 
and ITS2). B) Agarose gel showing the ITS1 PCR product (PT) ob-
tained from DNA extracted from PET A7 (abscess behind stomach). 
The first column on the gel is the molecular weight marker (MW). 
The patient sample (PT) is analyzed simultaneously with the posi-
tive (+) and negative (-) controls for comparison. 
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