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Mucormycosis is a rare but a devastating and lifethreatening fungal infection caused

by fungi of the order Mucorales usually in immunocompromised patients. Depending

on the organs and tissues involved, there are sinus, pulmonary, gastrointestinal,

orbital, cerebral, cutaneous and disseminated mucormycosis. Only sporadic cases

of hepatic mucormycosis have been described. Hence, we present a complicated

treatment management in a 16-month-old child with leukemia and generalized

mucormycosis localized in the liver and in the gastrointestinal tract. The collaboration

of a multidisciplinary team and appropriate therapy gave a chance not only to save the

patient’s life, but to carry out anticancer treatment, which resulted in leukemia remission.

A 6-month course of isavuconazole and amphotericin B liposomal as well as surgical

treatment led to the cure of the fungal infection.
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INTRODUCTION

Mucormycosis is a rare disease caused by fungi of the order Mucorales. After aspergillosis
and candidiasis, it is the third most common invasive fungal disease, occurring mainly in
oncology and transplantation units’ patients (1, 2). Infection in humans can be caused by
different types and species, the most frequently found are Rhizopus arrhisus, Lichtheimia spp.,
Rhizopus microsporus, Mucor spp. Depending on the organs and tissues involved, there are sinus,
pulmonary, gastrointestinal, orbital, cerebral, cutaneous and disseminated mucormycosis (3–5).
Only sporadic cases of hepatic mucormycosis have been described (6, 7).

These fungi are very common in our environment. Fungus spreads by spores of molds of
the order Mucorales, most often through contaminated food, inhalation, or contamination of
open wounds (6). These fungi are common in soils, but usually do not affect people (8). Risk
factors include diabetes, leukopenia, cancer, organ transplant, iron overload, problems with kidney,
long-term steroids or use of immunosuppressants, and to a lesser extent in HIV/AIDS (1, 5).

Mucormycosis is a devastating and lifethreatening fungal infection. Mucormycosis tends to
progress rapidly and leads to death in about half of sinus infection cases and in almost all cases
of generalized infection (3, 9). Diagnosis requires biopsy and culture (10). Surgical treatment
in addition to antifungal drugs is an important component of the therapeutic management of
mucormycosis. (7).
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The purpose of our study is to present a complicated
treatment management in a 16-month-old child with leukemia
and generalized mucormycosis localized in the liver and in the
gastrointestinal tract. The collaboration of a multidisciplinary
team and appropriate therapy gave a chance not only to save the
patient’s life, but to carry out anticancer treatment, which resulted
in leukemia remission. A 6-month course of isavuconazole and
amphotericin B liposomal as well as surgical treatment led to the
cure of the fungal infection.

CASE REPORT

A 16 months old girl was admitted to the hospital with
suspected leukemia. Twomonths before admission, the child had
undergone SARS-CoV-2 infection. Child from 2nd pregnancy,
2nd vaginal delivery, without chronic diseases. Patient was up
to date on routine childhood immunizations as per Polish
vaccination schedule. Older sibling, parents and grandparents do
not have chronic illnesses, there are no oncological diseases in
the family.

Acute lymphoblastic leukemia, precursor B cell type without
central nervous system involvement was diagnosed and the child
started chemotherapy acc. to AIEOP-BFM ALL 2017 protocol.
No translocations in blast cells were identified and the karyotype
of the leukemic cells was normal.

Physical examination on admission showed no
abnormalities. Palpation and ultrasonography did not reveal
hepatosplenomegaly. Chest X-ray showed peribronchial
cuffing (Figure 1).

Treatment in the first week was complicated by rotavirus
infection. During the second week of hospitalization, a perianal
abscess appeared, and after a further 5 days, the child began to
have a fever, the liver enlarged by 3 cm. Ultrasonography and

FIGURE 1 | Chest x ray on the day of admission (a) showing peribronchial cuffing and after 3 monthes (b) with consolidation of right mid and lower zones.

magnetic resonance imaging (MRI) (Figures 2, 3) revealed a
well-demarcated, hypoechoic area in segment VII of the liver.

The lesion measured 32 x 27mm, with no detectable vascular
flow on CD or SMI. A similar lesion was located at the border
of segments VI and VII (16 x 17mm, border 4mm) and two
other adjacent lesions in segment V (or one hourglass-shaped)
measuring 17 x 17mm and 12 x 9mm. Additionally, an irregular,
extensive parenchymal area with increased echogenicity was
observed at the border of segments VI and VII. The ultrasound
image of the lesions indicated multiple liver abscesses. In
the subcutaneous tissue of the rectal region on both sides,
hyperechoic areas surrounded by a hypoechoic “halo” with
strongly increased vascular flow registered in SMI examination
were observed (features of inflammation). The lesion on the right
side measured 8.5 x 2.5 x 19mm, on the left 7.5 x 2.5 x 18 mm.

A biopsy of the liver lesion and perianal abscess was
performed. Histological examination with Grocott’s staining
showed fungal infection with Mucor spp. Rhizopus microsporus
was identified in culture (Figure 4).

According to the recommendations, the dosage of liposomal
amphotericin ranges from 5–10 mg/kg per day iv and
isavuconazole 10 mg/kg per day iv (every 8 h on day 1-2) (11–
13). In our patient, the dosage of amphotericin was 5 mg/kg
per day iv for the first 3 days, then the dose was increased to
10mg/kg per day iv. Isavuconazole was administered at a dose
of 10mg/kg/day.

Despite the amphotericin B liposomal treatment further
progression of the fungal infection was observed. The child
developed massive bleeding from the upper small intestine
due to infiltration of the intestinal wall by the fungus. The
girl underwent repeated gastroscopy and colonoscopy, pleural
drainage was necessary. Two exploratory laparotomies had to
be performed, during which a significant amount of blood
was found inside the small intestine, but no specific bleeding

Frontiers in Medicine | www.frontiersin.org 2 February 2022 | Volume 9 | Article 844880

https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Sosnowska-Sienkiewicz et al. Leukemia and Generalized Mucormycosis

FIGURE 2 | MRI T2-weighted HASTE coronal view. Hiperintense lesions in the right lobe of liver (a) and the examination after 2 months when the lesion exceeds the

limits of the diaphragm and penetrates the chest (b).

site was identified. The child’s condition slowly improved, and
the use of a combination of antifungal treatment with two
drugs isavuconazole and amphotericin B liposomal resulted in
absorption of the perianal abscess and reduction of the liver
abscesses. It also allowed the leukemia to be treated by day
100 of the protocol and achieve cytological and molecular
remission on 33rd day of the protocol. Five months after
admission, another laparotomy was performed, during which
the lesions–liver abscesses, were finally radically removed. They
were hard, consolidated and markedly limited. One of the lesions
infiltrated the diaphragm, so a fragment of the diaphragm
must be removed. Above the diaphragm, an inflammatory
changed, fibrotic lung was visualized, which was also resected.
The histopathological examination of the removed lesions as
well as culture confirmed Rhizopus microspores. The detailed
treatment plan, examinations and procedures performed are
shown in Figure 5.

Currently, the child remains in full remission of leukemia and
continues to receive antineoplastic and antifungal therapy only
with oral isavuconazole.

DISCUSSION

Mucormycosis was first diagnosed in patient with diabetes by
Paultauf in 1885 (14). Usually as a life-threatening invasive

infection, mucormycosis is now seen in immunocompromised
patients (7). The 16-month-old girl we treated developed
generalized mucormycosis at the beginning of therapy for
acute lymphoblastic leukemia, during intensive treatment with
cytostatics and steroids.

The diagnosis ofmucormycosis remains challenging and relies
on recognition of risk factors, evaluation of clinical symptoms,
early use of imaging studies including CT and MRI, and
prompt initiation of diagnosis. The clinical manifestations of
mucormycosis are nonspecific, often limited to fever in the
initial phase. Fungal infections are predisposed primarily by
immunocompromised states, neutropenia, especially prolonged
>9 days, and lymphopenia (11). They may result from
oncological disease and previous treatment–chemotherapy,
steroid therapy or radiotherapy. The risk of fungal infection is
also increased by the use of intravenous catheters, abdominal
or thoracic surgery, gastrointestinal mucositis and skin lesions,
history of respiratory infections. A history of voriconazole
prophylaxis and the appearance of an active fungal infection
alone suggests the presence of mucormycosis. Another sign
suggestive of mucormycosis is the reverse halo sign (RHS) on CT
imaging. However, definitive diagnosis requires histopathology
and culture (11, 12).

Histopathology, direct microscopy, and culture remain the
primary tools, although serologic and molecular methods are
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FIGURE 3 | MRT T1-weighted Starvibe FS, hipointense lesions in right lobe of liver (a) T1-weighted Starvibe FS post contrast-nonenhancing lesion (b), DWI b800 (c)

ADC (d)-peripheral diffusion restriction (examination performed before surgery).

increasingly applicable. In the direct microscope, Mucorales
produce unpigmented, broad (5–20µm), thin-walled, ribbon-
like hyphae without septa, with right-angled branching, in
contrast to the Aspergillus, which are typically 3–5µmwide with
septa and acute-angled branching (11, 13). Routine hematoxylin
and eosin (H&E) staining and the much more effective Grocott
methenamine-silver (GMS) and periodic acid (PAS) staining
are used for diagnosis. In our material, the preparation was
stained with both H&E and PAS. Immunohistochemical studies
using monoclonal antibodies are also useful in differentiating
aspergillosis from mucormycosis. Mucorales grow on any
carbohydrate medium such as Sabouraud agar and potato
dextrose agar incubated at 25–30◦C, and identification is based
on colony morphology and microscopy. However, the main
problem with culture is its low sensitivity. The culture can
be falsely negative in up to 50% of cases of mucormycosis.

In conclusion, direct microscopy of fresh material next to
histopathology and culture is recommended as a diagnostic
standard by the expert panel of the European Confederation of
Medical Mycology (11, 13).

In neutropenia, Mucorales spores grow uncontrolled.
Angioinvasion, which is the distinctive feature of Mucorales
(3), leads to vascular thrombosis and necrosis of the involved
tissues, which may result in difficulties in obtaining adequate
biopsy material, on the one hand, and insufficient penetration
of antifungal drugs into the involved tissues and progression
of the disease. In patients with severe immunosuppression,
Mucorales predominantly affects the lungs, nasal sinuses, and
orbital and brain tissue. Less commonly, abdominal organs
and skin are also involved. Based on the location, there are
6 main forms of mucormycosis: nasal-brain, pulmonary,
cutaneous, gastrointestinal, disseminated, and miscellaneous
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FIGURE 4 | Microscopic image of Rhizopus microsporus. Stipules broad, sporangiophores non-branching, sporangia located apically, rhizoids present, Preparation

from culture on SDA+ chloramphenicol medium. Magnification 400x, Lactophenol Cotton Blue staining (A). Seven-day old Rhizopus microsporus colony fluffy, light

gray with age, darkening, fast growing. Preparation from culture on SDA+ chloramphenicol medium. Magnification 400x, Lactophenol Cotton Blue staining (B).

FIGURE 5 | Antifungal and surgical treatment scheme. *Ultrasonography examination of abdomen and lungs; #MR examination of abdomen.

(with endocarditis, osteomyelitis, and kidney infection)
(15, 16). Studies show that the most common locations of

mucormycosis are sinus (39%), lung (24%), skin (19%), brain
(9%), gastrointestinal (7%) and kidney (2%), and disseminated
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infection (3%) (3). Our patient presented symptoms of
disseminated mucormycosis localized in the liver and in the
gastrointestinal tract.

The clinical picture of pulmonary mucormycosis can vary
depending on the immune status of the patient. Symptoms
include fever, cough, chest pain and dyspnea (17). On imaging
studies, pulmonary mucormycosis does not produce specific
findings. It maymanifest as a single nodule, lobular consolidation
as in pneumonia, cavitary lesion or disseminated appearance
(18). The clinical and radiological manifestations of pulmonary
mucormycosis were not confirmed in our patient.

Gastrointestinal mucormycosis can occur at any site of
the gastrointestinal tract. The most common location is the
stomach (58%), followed by the large intestine (32%), ileum, and
esophagus (19, 20). Symptoms of this form of mucormycosis
include pain, spreading sensation, fever, hematemesis and
hematochezia due to bleeding. Gastrointestinal lesions manifest
as ulceration and can lead to intestinal perforation and
bleeding, peritonitis, sepsis, and hemorrhagic shock. Our patient
developed massive upper small bowel bleeding. At gastroscopy,
colonoscopy, and double laparotomy, the small bowel mucosa
was inflamed, necrotic, and bleeding. Repeated transfusions of
blood products and long-term pharmacotherapy with etamsylate
and tranexamic acid were necessary. However, combinations of
multiple surgical treatments and two-drug therapy were crucial
for the cure of this fungal infection.

Mucormycosis confined to the liver is extremely rare. Usually,
multiple liver lesions present as disseminated mucormycosis
(7). In our patient, liver mucormycosis presented as multiple
abscesses. There is little evidence in the available bibliography
to support the superiority of any of the pharmacologic options
for the treatment of mucormycosis. There are several potentially
effective drugs for the treatment of mucormycosis. These include
posaconazole, isavuconazole, amphotericin B or its liposomal
form, and combination treatment with these agents (7). Hepatic
mucormycosis can be treated with antifungal drugs alone or
in combination with surgery (21). Long-term therapy with
isavuconazole and amphotericin B liposomal in our patient
resulted in reduction and consolidation of the liver lesions. The
single liver abscess was drained through the abdominal wall, and
the remaining lesions, had to be removed during laparotomy.

When Mucormycosis is suspected, immediate initiation of
effective antifungal therapy in conjunction with appropriate
surgical management and, if possible, control of underlying
predisposing factors is strongly recommended. Liposomal
amphotericin B and amphotericin B lipid complex are first-
line treatments in all age groups. Rescue or continuation
treatment options include isavuconazole and posaconazole in
children ≥13 years of age (11, 12). The available literature

on the treatment of mucormycosis is limited, but there are
examples for the successful treatment with isavuconazole alone
(22) or in combination therapy of liposomal amphotericin with
posoconazole or isavuconazole (11, 12, 23). In our patient, the
high dosage of amphotericin was used (10mg/kg per day iv).

Data are also lacking on the length of isavuconazole therapy,
although treatment of coccidioidal meningitis has ranged from
274 to as long as 810 days without significant toxicity (24). The

toxicity of isavuconazole in hematologic patients was evaluated
in several studies, indicating good tolerability of therapy lasting
up to 24 months (11, 25). No toxicity was observed in our patient
during 6-month combination treatment with two antifungal
drugs. Also, no toxicities are currently observed during oral
treatment with isavuconazole alone, despite further treatment
with chemotherapy.

Disseminated mucormycosis is associated with a very high
mortality rate of nearly 100%, but successful treatment has also
been reported (26, 27). The cooperation of a multidisciplinary
team and the use of all possible forms of therapy gave a chance
not only to save the patient’s life, but to carry out anticancer
treatment, which resulted in leukemia remission. A 6-month
course of isavuconazole and amphotericin B liposomal as well as
surgical treatment led to the cure of the fungal infection.

CONCLUSIONS

Mucormycosis is a life-threatening infection in
immunocompromised patients. Multidisciplinary teamwork
and complex therapy offer the chance to save the patient’s life.
There is no clear-cut single most effective form of treatment in
mucormycosis–to save lives, a combination of two anti fungal
medication and repeated surgery may be necessary, but the safest
form of treatment should be guided by the clinical condition.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

AUTHOR CONTRIBUTIONS

PS-S, KB, HK-R, PM, and DJ-L: conceptualization, methodology,
validation, formal analysis, resources, data curation, and
administration. PS-S, KB, and HK-R: software. PS-S:
investigation and writing—original draft preparation.
DJ-L: writing—review and editing. KB, HK-R, PM,
and DJ-L: visualization. PM and DJ-L: supervision. All
authors have read and agreed to the published version of
the manuscript.

REFERENCES

1. Hernández JL, Buckley CJ. Mucormycosis. In: StatPearls Treasure Island (FL):

StatPearls Publishing.. (2021).

2. Johnstone RB. Mycoses and Algal infections. Weedon’s Skin Pathology

Essentials (2nd ed.). Elsevier. (2017) p. 461.

3. Lee SH, Son YG, Sohn SS Ryu SW. Successful treatment of invasive gastric

mucormycosis in a patient with alcoholic liver cirrhosis: A case report. Exp

Ther Med. (2014) 8:401–4. doi: 10.3892/etm.2014.1753

4. Chander J. “Mucormycosis”. Textbook of Medical Mycology (4th

ed.). New Delhi: Jaypee Brothers Medical Publishers Ltd. (2017)

p. 534–596.

Frontiers in Medicine | www.frontiersin.org 6 February 2022 | Volume 9 | Article 844880

https://doi.org/10.3892/etm.2014.1753
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles


Sosnowska-Sienkiewicz et al. Leukemia and Generalized Mucormycosis

5. Reid G, Lynch JP, Fishbein MC, Clark NM. Mucormycosis. Semin Respir Crit

Care Med. (2020) 41:99–114. doi: 10.1055/s-0039-3401992

6. Karigane D, Kikuchi T, Sakurai M, et al. Invasive hepatic mucormycosis: A

case report and review of the literature. J Infect Chemother. (2019) 25:50–

3. doi: 10.1016/j.jiac.2018.06.013

7. Vikum D, Nordøy I, Torp Andersen C, Fevang B, Line PD, Kolrud

FK, et al. A young, immunocompetent woman with small bowel and

hepatic mucormycosis successfully treated with aggressive surgical

debridements and antifungal therapy. Case Rep Infect Dis. (2017)

2017:4173246. doi: 10.1155/2017/4173246

8. Where Mucormycosis Comes From. Available online at: www.cdc.gov

(accessed February 1, 2021).

9. Mucormycosis Statistics. Mucormycosis. Fungal Diseases. CDC. Available

online at: www.cdc.gov (accessed May 5, 2020).

10. Grossman ME, Fox LP, Kovarik C, Rosenbach M. Subcutaneous and

deep mycoses: Zygomucosis/Mucormycosis. Cutaneous Manifestations of

Infection in the Immunocompromised Host (2nd ed.). Springer. (2012) p. 51–

58.

11. Cornely OA, Alastruey-Izquierdo A, Arenz D, Chen SCA, Dannaoui E,

Hochhegger B, et al. Global guideline for the diagnosis and management

of mucormycosis: an initiative of the European Confederation of

Medical Mycology in cooperation with the Mycoses Study Group

Education and Research Consortium. Lancet Infect Dis. (2019)

19:e405–21. doi: 10.1016/S1473-3099(19)30312-3

12. Groll AH, Pana D, Lanternier F, Mesini A, Ammann RA, Averbuch D,

et al. 8th European Conference on Infections in Leukaemia: 2020 guidelines

for the diagnosis, prevention, and treatment of invasive fungal diseases in

paediatric patients with cancer or post-haematopoietic cell transplantation.

Lancet Oncol. (2021) 22: e254–69. doi: 10.1016/S1470-2045(20)

30723-3

13. Skiada A, Pavleas I. Drogari-Apiranthitou M. J Fungi (Basel). (2020)

6:265. doi: 10.3390/jof6040265

14. Paltauf A. Mycosis mucorina: Paltauf A. Arch Pathol Anat. (1885) 102:543–64.

15. Richardson MD, Koukila Kahkola P. Rhizopus, Rhizomucor, Absidia and

other agents of systemic and subcutaneous zygomycoses. Mannual of Clinical

Microbiology. Murray PR, editor Washington, D.C.: American Society for

Microbilog. (2007) p 1839–56.

16. Lopes JO, Pereira DV, Streher LA, Fenalte AA, Alves SH, Benevenga JP.

Cutaneous zygomycosis caused by Absidia corymbifera in a leukemic patient.

Mycopathologia. (1995) 130:89–92. doi: 10.1007/BF01103455

17. Petrikkos G, Skiada A, Lortholary O, Roilides E, Walsh TJ, Kontoyiannis DP.

Epidemiology and clinical manifestations of mucormycosis. Clin Infect Dis.

(2012) 54 Suppl 1:S23–34. doi: 10.1093/cid/cir866

18. Pfleger R, Weerakkody Y. Pulmonary mucormycosis. Reference article,

Radiopaedia.org. (accessed November 20, 2021). doi: 10.53347/rID-28658

19. Echo A, Hovsepian RV, Shen GK. Localized cecal zygomycosis

following renal transplantation. Transpl Infect Dis. (2005)

7:68–70. doi: 10.1111/j.1399-3062.2005.00092.x

20. Geramizadeh B, Modjalal M, Nabai S, et al. Gastrointestinal

zygomycosis: a report of three cases. Mycopathologia. (2007)

164:35–8. doi: 10.1007/s11046-007-9022-y

21. Tissot F, Agrawal S, Pagano L, et al. ECIL-6 guidelines for the treatment

of invasive candidiasis, aspergillosis and mucormycosis in leukemia and

hematopoietic stem cell transplant patients. Haematologica. (2017) 102:433–

44. doi: 10.3324/haematol.2016.152900

22. Marty FM, Ostrosky-Zeichner L, Cornely OA, et al. Isavuconazole treatment

for mucormycosis: a single-arm open-label trial and case-control analysis.

Lancet Infect Dis. (2016) 16:828–37. doi: 10.1016/S1473-3099(16)00071-2

23. Pagano L, Cornely O, Busca A, et al. Combined antifungal approach for the

treatment of invasive mucormycosis in patients with hematologic diseases: a

report from the SEIFEM and FUNGISCOPE registries.Haematologica. (2013)

98:e127–30. doi: 10.3324/haematol.2012.083063

24. Heidari A, Quinlan M, Benjamin DJ, Laurence B, Mu A,

Ngai T, et al. Antimicrob Agents Chemother. (2019) 63:e02232–

18. doi: 10.1128/AAC.02232-18

25. DiPippo AJ. Kontoyiannis DP. Lack of toxicity with long-term isavuconazole

use in patients with hematologic malignancy. Clin Infect Dis. (2019) 69:1624–

7. doi: 10.1093/cid/ciz159

26. Rickerts V, Atta J, Herrmann S, Jacobi V, Lambrecht E, Bialek R,

et al. Successful treatment of disseminated mucormycosis with a

combination of liposomal amphotericin B and posaconazole in a

patient with acute myeloid leukaemia. Mycoses. (2006) 49 Suppl

1:27–30. doi: 10.1111/j.1439-0507.2006.01299.x

27. Maury S, Leblanc T, Feuilhade M, Molina JM, Schaison G. Successful

treatment of disseminated mucormycosis with liposomal amphotericin B

and surgery in a child with leukemia. Clin Infect Dis. (1998) 26:200–

2. doi: 10.1086/517067

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Sosnowska-Sienkiewicz, Błaszczyk, Kubisiak-Rzepczyk,
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