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Abstract

BACKGROUND

Rhinocerebral mucormycosis (RCM) is a rare fatal fungal infection which is on the
increase among immunocompromised hosts such as patients who have had
hematological cancers, or have received immunosuppressive drugs,
corticosteroids, or other T cell suppressing agents.

CASE SUMMARY

We report a case of RCM caused by Rhizopus oryzae, one of the most common
opportunistic pathogens, in a patient suffering from a fourth relapse of acute
myeloid leukemia. The patient developed RCM after he had received long-term
antibiotic agents and corticosteroids. The pathogen was isolated three times from
nasal secretions collected from the deep parts of the nasal cavity and was
identified by morphology and internal transcribed spacer sequencing. Blood
infection was excluded by droplet digital polymerase chain reaction and blood
culture. The patient was empirically treated with caspofungin and voriconazole
for several days while the lesions continued to progress. The patient was given
amphotericin B in combination with caspofungin after RCM was suspected, and
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the lesions improved over the course of treatment, which lasted several days.
However, the patient eventually died of the primary disease.

CONCLUSION

This case indicates that immunosuppressive drugs, including corticosteroids and
antimetabolites in hematological tumor, do increase the risk of infections of this
type. Early diagnosis, prompt and frequent surgical debridement, and treatment
with amphotericin B without delay are all essential in combatting RCM.

Key words: Mucormycosis; Rhinocerebral mucormycosis; Rhizopus oryzae; Acute myeloid
leukemia; Amphotericin B; Droplet digital polymerase chain reaction; Case report

©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Rhizopus oryzae, a common but also useful environmental fungus, is usually
employed in the brewing industry. Cases of rhinocerebral mucormycosis in humans are
relatively rare. The case we report confirmed the pathogenic fungi through repeated
molecular identification and advanced droplet digital polymerase chain reaction
technology. We also discuss the patient’s laboratory test results and the early inefficacy of
azole antifungal drugs. The high-risk factors and effective treatment for Rhizopus oryzae
in such patients are also discussed.

Citation: Feng YH, Guo WW, Wang YR, Shi WX, Liu C, Li DM, Qiu Y, Shi DM.
Rhinocerebral mucormycosis caused by Rhizopus oryzae in a patient with acute myeloid
leukemia: A case report. World J Dermatol 2020; 8(1): 1-9

URL: https://www.wjgnet.com/2218-6190/full/v8/il/1.htm

DOI: https://dx.doi.org/10.5314/wjd.v8.i1.1

INTRODUCTION

The fungal infection rhinocerebral mucormycosis (RCM) - the most common
manifestation of mucormycosis - is usually fatal. The principal pathogenic genera in
this family are Rhizopus, Mucor, and Basidia. Rhizopus oryzae (R. oryzae), one member
of Rhizopus, is routinely found in soil, decaying vegetable matter, and other organic
matter.

R. oryzae is an opportunistic pathogen in patients suffering from various
immunocompromised conditions, including poorly controlled diabetes, kidney failure,
organ transplantation, as well as the common outcomes of chemotherapy and
immunosuppressive drug treatmentl. According to the Centers for Disease Control
and Prevention, five Americans died of RCM in 2001. The incidence of mucormycosis
in general is difficult to estimate because early case reports lack etiological evidence at
the molecular level. However, a search of domestic and foreign literature using "
Rhizopus oryzae" and "mucormycosis" as keywords indicates that the incidence of
mucormycosis caused by R. oryzae has increased markedly.

Here, we present a case of RCM in a 16-year-old patient with acute myeloid
leukemia (AML) in China. The diagnosis was confirmed by typical clinical
manifestations and repeated mycological identification of R. oryzae from nasal
secretions. The patient was empirically treated with a combination of voriconazole and
caspofungin during etiological examination and was switched to amphotericin B after
mycological confirmation. Although the lesions improved after the treatment with
amphotericin B, the patient unfortunately died of the primary disease 3 wk later.

CASE PRESENTATION

Clinical summary

At day -45, a 16-year-old male patient was treated with fludarabine, and a high dose of
cytarabine and granulocyte colony stimulating factor after a fourth relapse of AML.
However, severe myelosuppression developed during this treatment, which led to a

August 25,2020 | Volume8 | Issuel |


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
https://www.wjgnet.com/2218-6190/full/v8/i1/1.htm
https://dx.doi.org/10.5314/wjd.v8.i1.1

Jaishideng®

Feng YH et al. Rhinocerebral mucormycosis and Rhizopus oryzae

high fever and positive detection of a multiple-drug resistant Escherichia coli (E. coli) in
his blood culture. The bacterial infection was alleviated through a 9-d treatment with
meropenem and vancomycin. Shortly after controlling the bacterial infection (at day -
15), the patient developed redness and swelling of the left side of the nose without
obvious cause. At day -14, the anterior endoscopic examination revealed that the left
nasal cavity was full of gray and white, jelly-like secretions. No immediate special
treatment was given, and the lesion became further aggravated over 3 d. A black crust
overlaid on the left turbinate was also seen under rhinoscopy. At day -10, a topical
voriconazole rinse at a concentration of (5 mg/mL) was used for external drainage in
the nasal cavity along with a ketoconazole ointment (1%). However, the lesion
continued to enlarge, and symptoms did not subside.

Pathological findings

At day 0, the Medical Fungus Laboratory of the First People's Hospital of Jining was
called in for a first consultation. The examination found that the lesion area was about
half the size of the patient's palm at that time. The black scab surface was dry with
active bleeding and swelling on the central area of the face (Figure 1). The left nasal
cavity of the patient was filled with brown-red viscous liquid, and the left naris was
almost occluded.

At day 0, after cleaning a few times with aseptic disposable swabs, smear samples
were collected from the secretions outside and inside the nasal cavity. Under a
microscope, thick and undivided hyphae, spherical sporangia-like structures, and
spores were seen that were similar to the morphological characteristics of Mucorales
(Figure 2B).

At day 0, the secretion samples from deep tissues were cultured at 33 °C on SDA
and PDA media with chloramphenicol and actinomycin, respectively. The fungal
isolate grew fast in both media and grayish-white filaments completely filled the 10 cm
petri dish in 3 d (Figure 2A), forming typical non-septate or sparsely septate hyphae,
spore-filled sporangia, sporangiophores, and rhizoids (Figure 2C-E). The
unambiguous rhizoids (Figure 2C) are root-like structures arising from stolon hyphae
opposite to sporangia.

At day +3, the identity of the isolated agent was further confirmed by sequencing of
the ITS1/1TS4 region of rRNA. When compared with reference sequences in GenBank,
our target sequence obtained a 100% coverage and 98.9% homology with R. oryzae No.
F-22, and a 99% coverage and 99.05% homology with R. oryzae No. su-b3. Our
sequencing data can be accessed in GenBank with registration number MN8419196.

At day +2, to determine the possibility of fungemia, a venous blood sample was also
collected, and fungal genomic DNA was detected following the whole blood DNA
extraction and the droplet quantitative polymerase chain reaction (PCR) technology.
The primers and corresponding fluorescent probes for fungal identification based on
the 18S sequence are: Forward primer: 5-TTGGTGGAGTGATTTGTCTGCT-3’; reverse
primer: 5'-TCTAAGGGCATCACAGACCTG-3'; probe: FAM-
TTAACCTACTAAATAGTGCTGCTAGC-BHQI1. However, the PCR result was
negative (Figure 3).

At day +6, R. oryzae was detected a second time in culture in a second nasal sample
set.

Laboratory examinations

At day -10, after the first suspicion of fungal infection, a culture of extranasal secretion
identified Aspergillus fumigatus, a serological test for Aspergillus was positive, and
fungal D-glucan was 72.17 pg/mL. Intravenous injection of 50 mg caspofungin once a
day was added to the regimen for a presumed Aspergillus infection, and platelet count
was extremely low (1 x 10° platelet per liter).

Imaging examinations

Craniocerebral computed tomography (CT) examination was performed when the
patient first developed symptoms, but no obvious abnormality on brain CT was found
in the early stages of infection. Since platelet count was extremely low (1 x 10° platelet
per liter), the collapsed soft tissue on the nose began to exhibit profuse bleeding when
touched. Due to this infection and the primary disease, the patient was extremely
weak. Since the hospital facilities were limited, a bedside CT examination was not
possible. In addition, for purely economic reasons, patients with long-term illnesses
and a poor prognosis for the primary disease are often exempted from more invasive
tests (and expense) if the patient and the family agree. So further biopsy and/or
histopathological examination and brain magnetic resonance imaging were not
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Figure 1 Before treatment with amphotericin B and one week after treatment with amphotericin B. A: Before treatment with Amphotericin B; B:
One week after treatment with amphotericin B.

Figure 2 Pathological findings. A: The patient's secretion was cultured at 33 °C for 3 d, and the morphology of fungal colony was observed; B: Typical
sporangium and junction structure can be seen by direct microscopic examination of the patient's secretion; C: Typical spherical sporangium and developed rhizoid
and sporophyte can be found by slide culture and lactophenol cotton blue staining; D: The shape of the sporangium after spores are released; E: Spore morphology
of pathogenic fungi (regular round spore, with the range of diameter from 4.7 um to 5.0 ym). All the scale bars represent 10 ym.

performed.

FINAL DIAGNOSIS

Based on the clinical findings above, along with pathological findings, the patient was
diagnosed with RCM.

TREATMENT

At day 0, amphotericin B at a dosage of 25 mg/d was initiated under the suspicion of
RCM and increased to 30 mg/d 3 d later, which did not prevent the necrotic
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progression as the lesion became enlarged by another 33% and sharp pain began
which required sedatives to relieve. The central area of the patient's face became
swollen, spreading to the orbit and upper lip (Figure 1A). At day +6, however, the
consistency of the results from the two separate samplings and clinical manifestation
all supported RCM in this patient. Systemic amphotericin B was then increased to 35
mg per day and cold wet compress with amphotericin B was topically applied twice a
day. After this high dosage of amphotericin B for 5 d, the affected area ceased to
expand and the swelling on the periorbital and upper lip of the patient was also
reduced.

OUTCOME AND FOLLOW-UP

Unfortunately, the patient died of circulatory failure due to the primary disease at day
+21.

DISCUSSION

Mucormycosis is an opportunistic and highly invasive fungal infection. The mortality
rate is as high as 50%-85% and rises to 100% in the disseminated type when
untreated™. It tends to occur in patients with hematological malignancies and in
patients undergoing both hematopoietic cell transplantation and solid organ
transplantation®’. Cutaneous, pulmonary, rhinofacial, and disseminated
mucormycosis are common clinical types. In a study of patients with hematological
malignancies, mucormycosis in the lung and orbital sinuses appeared in 64% and 24%
of the cases, respectively, while brain involvement and disseminated infection
appeared in only 19% and 8% of cases, respectively”*l. There are few reports of human
infections due to R. oryzae. The regional distribution of cases reported in the last 5
years (Figure 4) shows that the Middle East and South Asia are two areas with a high
incidence of R. oryzae-related infections. By searching the relevant case reports at home
and abroad with the keywords “Rhinocerebral mucormycosis” and ”Rhizopus oryzae”,
we found 14 cases of R. oryzae infection confirmed by molecular identification and
effective treatment!™'” (Table 1).

Among these 14 cases, 5 had nasal and peripheral soft tissue necrosis, 6 had soft
tissue swelling, 2 had sinusitis, and 1 had headache and nosebleed as initial
manifestations. The underlying and possibly aggravating conditions of the patients
were also reviewed, and we found 4 cases involving diabetes alone and 5 cases with
malignant tumors such as leukemia or lymphoma, of which 3 were receiving
chemotherapy at the time of infection. There were also 3 cases of diabetes mellitus
complicated with leukemia or other malignant tumors, 1 case of hyperlipidemia and
renal insufficiency, and 1 case of immunosuppressive therapy for ulcerative colitis.
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Table 1 Rhinocerebral mucormycosis caused by Rhizopus oryzae

Case Clinical presentation  Clinical symptoms Underlying disease Treatment
1 Rhinocerebral Headache, nosebleed Hypertension and renal insufficiency Posaconazolel’]
mucormycosis
2 Rhinocerebral Nasal soft tissue necrosis Ulcerative colitis and immunosuppressive  Liposomal amphotericin B!""]
mucormycosis therapy
8 Rhinocerebral Sinusitis Leukemia and iatrogenic diabetes Amphotericin B['"]
mucormycosis
4 Rhinocerebral Sinusitis Leukemia and iatrogenic diabetes Sur‘?vical operation and amphotericin
mucormycosis B!
5 Rhinocerebral Nasal soft tissue necrosis Chemotherapy of lymphoma Posaconazolel'']
mucormycosis
6 Rhinocerebral Orbital swelling Chemotherapy of lymphoma Posaconazolel'!]
mucormycosis
7 Rhinocerebral Nasal soft tissue necrosis Leukemia Liposomal amphotericin B[]
mucormycosis
8 Rhinocerebral Headache and nosebleed Diabetes Amphotericin B!
mucormycosis
9 Rhinocerebral Nasal soft tissue necrosis Diabetes Posaconazolel*]
mucormycosis
10 Rhinocerebral Turbinate and orbital swelling ~ Leukemia Liposomal amphotericin Bl**]
mucormycosis
11 Rhinocerebral Turbinate and orbital swelling ~ Diabetes Liposomal amphotericin B and
mucormycosis posaconazolel'”]
12 Rhinocerebral Sinusitis and turbinate swelling Chemotherapy of malignant tumor and Liposomal amphotericin B and
mucormycosis diabetes posaconazolel'”]
13 Rhinocerebral Nasal swelling and turbinate Diabetes Liposomal amphotericin B'*!
mucormycosis necrosis
14 Rhinocerebral Nosebleed, facial swelling Lymphoma Amphotericin B'”]
mucormycosis
The above data show that diabetes, leukemia, and malignant tumors are the most
common risk factors for RCM induced by R. oryzae. At the same time, swelling and
necrosis of the nose and surrounding soft tissue was the most common initial
manifestation. Therefore, patients with the above risk factors should be screened
immediately once the corresponding clinical symptoms appear, and it is necessary to
rule out Mucor fungal infections such as R. oryzae. The treatment regimens of the 14
cases were reviewed. Eight cases were treated with amphotericin B or liposome
amphotericin B, 4 treated with posaconazole alone, and 2 with a combination therapy.
This shows that amphotericin B and liposome amphotericin B are the most commonly
used and effective drugs in the treatment of RCM caused by R. oryzae, but their
nephrotoxicity cannot be ignored. Therefore, posaconazole and other drugs may have
higher application value in infected patients with renal insufficiency. However,
incomplete knowledge of this disease and a lack of diligence in tracing the root cause
pathogen may mislead clinicians as to the low incidence of this pathogen in China. We
hope that this case report will strengthen the awareness of such diseases.

Vascular invasion that causes necrosis of the infected tissue is one of the most
frustrating features of this diseasel'l. Rhinocerebral infection is usually induced by
fungal spores in the air that spread to the orbital or intracranial structures through
direct invasion or through blood vessels. Clinically, this case caused by R. oryzae had
all the typical clinical manifestations of RCM. At first, it exhibited an erythematous
and painful nodule in the nose and the surrounding soft tissue, which often leads to a
history of broad-spectrum antibiotic treatment and then rapidly deteriorates to the
formation of a black scab on top of the lesion and abundant purulent dark-red
secretions in the nasal cavity. The above clinical symptoms are consistent with the
most common initial symptoms in the case review. Prominent symptoms of vascular
invasion and extranasal expansion!”! were also presented in our patient, including
fever, facial edema, ophthalmoplegia, exophthalmos (proptosis of the eyes), nervous
system defects, and complete blindness. Besides the leukopenia in this case, other risk
factors may promote mucormycosis development. First, glucocorticoids had long been
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used in this patient for leukemia treatment, which led to relatively high levels of blood
sugar. Second, the failure of hematopoietic function due to bone marrow suppression
caused an accumulation of free iron molecules in the body, which was demonstrated
by blood tests. The promoted growth of R. oryzae by high iron and low pH in the blood
of patients with hyperglycemia and acidosis has been reported elsewhere”*!l. High
concentrations of glucose also increased the expression of GRP78 in endothelial cells,
which assisted in pathogen attachment and invasion via the blood vessels®l. Third, the
unconfirmed Aspergillus and confirmed R. oryzae were secondary to a broad-spectrum
antibiotic treatment to counteract a multiple-drug resistant form of E. coli. Although
the use of broad-spectrum antibiotics has not always been clearly recorded in the case
review, based on the clinical characteristics of our patient, such risk factors should
excite greater concern. At present, the generally accepted standard of diagnosis of
RCM is etiology or histopathology!™*1. However, the ordinary histopathology could
not be carried out in this patient due to the low coagulation function of the blood. The
broad and non-septate hyphae, characteristic round or nearly round sporangia, and
rhizoid structures shown in smear or/and culture samples collected at multiple times,
all strongly suggested mucormycosis. The molecular identification confirmed the
causative agent as R. oryzae.

The relevant imaging examination gave no specific clues at the onset of disease in
our case. Even through imaging examination for diagnosis of RCM can be helpful,
such an imaging examination often lacks typical features at the early stages of the
disease. Typically, a large amount of low-density inflammatory exudates could be seen
in the paranasal sinuses that can break through the periorbital bone wall, leading to
corresponding bone destruction in the examination.

Test for fungal pathogens in venous blood samples of the patient was negative
using droplet digital PCR technology in this study. The sensitivity of this PCR method
has been noted in the early diagnosis of some systemic fungal infections®, and our
result did exclude a disseminated mucormycosis, and it is possible that the formation
of micro thrombus in the local nasal area may have hindered the entry of the fungal
cells into the peripheral circulation. For RCM caused by R. oryzae, the presence of
fungal infection may be confirmed earlier by droplet digital PCR of the secretion from
the infection site; particularly in the case of culture of slow-growing fungi, this
technique has irreplaceable advantages.

Comprehensive treatment can significantly reduce the mortality of this disease.
According to the prospective analysis, the effective treatment would include early
detection, timely treatment, active resection, intravenous injection of amphotericin B,
and improvement of underlying conditions for mucormycosis rhinocephalus”’l. Even
through the primary ischemic necrosis may lead to fatal bacterial infection and early
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surgical treatment is often very necessary, surgical treatment was obviously not an
option in our patient due to his poor coagulation function. We chose intravenous
injection and topical application of amphotericin B for treatment, which in fact slowed
down the deterioration of the skin although the patient could not survive his primary
condition. Polyene amphotericin B alone™], posaconazole and micafungin alone or in
combination have all been recommended with good effects on mucormycosis caused
by Rhizopus infection”*]. However, one study on R. oryzae has identified mutations in
the CYP51A gene and other related genes, which may increase the natural resistance of
R. oryzae to azole drugs™! and may explain the transient Aspergillus isolation in our
case. The R. oryzae in this patient was solely cultured positively one week post
voriconazole and caspofungin treatment. There is a possibility that voriconazole
combined with caspofungin was insufficient for this patient with mixed Aspergillus
and Rhizopus infection. We infer that our patient may have mutations in CYP51A. The
final mucormycosis in our patient was thus derived from an ineffective initial
treatment after the Aspergillus was well controlled. Therefore, we should be more
cautious in the treatment of R. oryzae with posaconazole and micafungin. In view of
this, one should attach great importance to the etiological diagnosis of RCM in
immunodeficient groups, because such patients may have multiple fungal infections,
and a clear etiological diagnosis is essential for determining correct antifungal
treatment.

CONCLUSION

RCM caused by R. oryzae is a relatively rare disease. Through more case reports,
clinicians will better understand this intractable disease. The early detection and
etiological diagnosis with early use of amphotericin B - supplemented with lesion
removal and supportive treatment for any primary diseases - will significantly reduce
the mortality of this fungal infection.
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