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Abstract

Background: Mucormycosis is a rare invasive fungal disease with high mortality. Early
diagnosis and targeted drugs are crucial to improving clinical outcomes.

Methods: We searched the electronic hospital database of the First Affiliated Hospital
of Zhejiang University School of Medicine for adult patients with mucormycosis be-
tween 2000 and 2021. Demographic, clinical, treatment, and outcome data were col-
lected and compared with the data in the relevant literature.

Results: Eleven cases of mucormycosis—four of multisite infection, one of skin in-
fection, five of lung infection, and one of gastrointestinal infection—were found and
analyzed. The patients were diagnosed mainly based on pathological and histological
findings, and three patients had metagenomic next-generation sequencing findings.
Delayed diagnosis (i.e., diagnosis >7 days after patient admission or >30days after
onset of symptoms) results in poor prognosis compared with early diagnosis.
Conclusions: Improving awareness and shortening diagnosis time may improve the
prognosis of mucormycosis. If mucormycosis is suspected, appropriate samples
should be collected as soon as possible and submitted for biopsy, culture, or mNGS to

confirm the diagnosis.
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1 | INTRODUCTION

Mucormycosis is a rare invasive fungal disease. It is associated
with significant morbidity in patients with poor immune function,
especially in patients with diabetes, those undergoing chemother-
apy or cancer immunotherapy, solid organ, and hematopoietic
stem cell transplantation, those with hematological malignancies,
and those treated with long-term corticosteroids.*® A study from
India published in 2019 identified post-pulmonary tuberculosis

(6.9%) and chronic kidney disease (8.9%) as emerging risk factors of
mucormycosis.®

The reported incidence of mucormycosis has been increasing.9
Mucormycosis is a serious disease; it progresses rapidly and the
mortality rate is high, ranging from 40% to 80%.>'°*3 Common an-
tifungal drugs are often ineffective against mucormycosis, and the
current first-line monotherapy drugs include amphotericin B/am-
photericin B lipid complex, isavuconazole, and posaconazole.* The
effectiveness of combination therapy is not yet clear and may be
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considered if there is no significant increase in toxicity.* The time re-
quired to treat mucormycosis is unknown and may range from weeks
to months.*

Early treatment of mucormycosis is very important; previous
studies have shown that delayed therapy after diagnosis is an im-
portant factor in the reported adverse results.'*¢® As targeted
drugs become more accessible, early diagnosis becomes crucial for
improving clinical outcomes. However, early diagnosis is difficult be-
cause mucormycosis is rare.

This study aimed to showcase the accumulated experience
of the First Affiliated Hospital of Zhejiang University School of
Medicine in the management of patients with mucormycosis, dis-
cuss potential gaps in diagnostic methods, and share methodological

recommendations.

2 | MATERIALS AND METHODS
The cases of mucormycosis in the hospital's electronic database
were reviewed, and all adult patients (>18years of age) diagnosed
with mucormycosis between 2000 and 2021 were included. In ad-
dition, demographic and clinical data from the clinical records of the
included patients were obtained.

The infection was classified according to the site of infection and
included pulmonary mucormycosis (PM), gastrointestinal mucor-

mycosis (GM), and cutaneous mucormycosis (CM). If two or more

non-adjacent parts were involved, it was classified as disseminated
disease (DM).

The diagnostic criteria were based on the consensus definition
of invasive fungal disease.* For patients with susceptibility risk fac-
tors, compatible clinical and radiological characteristics, and sys-
temic antifungal improvement, the disease was classified as invasive
mucormycosis (IM). The diagnosis was confirmed by the growth of
Mucor on culture, histopathological examination showing the fungal
structure compatible with Mucor, or metagenomic next-generation
sequencing (MNGS).

Differences in the year of diagnosis, time from patient admission
to diagnosis (days), and time from symptoms to diagnosis (days) were
also determined. The clinical outcomes were survival or death.

Categorical variables were compared using Pearson's chi-squared
test, and continuous variables were compared using Student's t test.
Survival curves of patients who received early diagnosis vs. those
who received delayed diagnosis were plotted using the Kaplan-
Meier method, and differences in the survival rates between two
groups were analyzed using the log-rank test. All statistical analyses

were performed using the SPSS test (v. 21.0).

3 | RESULTS

A total of 11 patients with IM were identified. Table 1 summa-

rizes the details of each case. Patient 10 experienced nausea and

TABLE 1 Details of patients with mucormycosis diagnosed at the First Affiliated Hospital of Zhejiang University School of Medicine from

2010 to 2021
Predisposing  Immunosuppressive or

Nu Age Type condition(s) chemotherapy T,

1 40 DM LT and DM1 Immunosuppressive 2012
2 62 CM LT Immunosuppressive 2014
3 45 DM Leukemia Chemotherapy 2016
4 67 PM Cancer No 2019
5 47 DM LT Immunosuppressive 2020
6 65 GM KT Immunosuppressive 2020
7 31 DM KT Immunosuppressive 2021
8 62 PM AAV Immunosuppressive 2021
9 67 PM TB No 2021
10 73 PM Cancer No 2021
11 73 PM KC and DM1 No 2021

Note: O means survival and 1 means death.

Diagnosis method Treatment (time:

T, T, (s) month) Outcome
37 39 Culture AB (1 month) 1
6 21 Biopsy AB + P (2months) 0
27 36 Culture AB (1 month) 1
58 60 Biopsy P (0.5 months) 1
27 37 Culture AB + P (1 month) 1
1 21 Biopsy AB (1 month) — P 0
(0.5month)
1 7 mNGS AB (0.5month) — P 0
(6 months)
3 6 mNGS and culture AB + P 0
(2.5months)— P
(>2months)
36 Culture P (4 months)
4 34  Culture P (1 month)
25 mNGS and culture P (2months) 0

Abbreviations: AAV, antineutrophil cytoplasmic antibody-associated vasculitis; AB, amphotericin B; CM, cutaneous mucormycosis; DM, disseminated
mucormycosis; DM1, diabetes mellitus; GM, gastrointestinal mucormycosis; KC, kidney cancer; KT, kidney transplantation; LT, liver transplantation;
mNGS, metagenomic next-generation sequencing; Nu, patient number based on the time of diagnosis; P, posaconazole; PM, pulmonary
mucormycosis; T,, year of diagnosis; T,, time from patient admission to diagnosis (days); T;, Time from symptom onset to diagnosis (days); TB,

tuberculosis.
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abdominal distension after taking posaconazole for 1 month, while
the other patients showed no obvious discomfort in response to
posaconazole.

The microbial culture method was used to diagnose mucormy-
cosis in patients 1, 3, 5, 9, and 10. This approach often has a long
turnaround time and requires discussion with multiple physicians to
analyze the results and reach a diagnosis. Biopsy was used to di-
agnose mucormycosis in patients 2, 4, and 6. The time to diagnose
mucormycosis via biopsy was equivalent to the time for surgery and
collection of biopsy specimens. mNGS was used for diagnosing mu-
cormycosis in patients 7, 8, and 11. mNGS results of the three pa-
tients were reported <2days after specimen acquisition. Details of
the strains detected by mNGS are listed in Table 2.

Patient 7 was admitted to the hospital because of a fever for
6days. The patient had a history of kidney transplantation. One day
after admission, blood mMNGS was positive for Mucor. Therefore, am-
photericin B was prescribed for antimucormycosis treatment. Half a
month later, he was discharged in stable condition, and amphotericin
B prescription was changed to oral posaconazole for antimucormy-
cosis treatment.

Patient 8, who had a history of voriconazole prophylaxis,
was admitted to the hospital because of a cough and sputum for
3days. He had a history of antineutrophil cytoplasmic antibody
(ANCA)-associated vasculitis treated with corticosteroid and

TABLE 2 Results of metagenomics
next-generation sequencing (MNGS) in

. Nu Name
three patients
7 Mucor
8 Rhizopus

11 Lichtheimia

WI LEYM

cyclophosphamide therapy. Bronchoscopy was performed, and
bronchoalveolar lavage fluid (BALF) was used for culture and mNGS.
BALF mNGS revealed Rhizopus, and sputum fungal culture revealed
a small amount of Rhizopus. Thus, amphotericin B and posaconazole
were prescribed for anti-mucormycosis treatment. The patient was
discharged after two and a half months after his condition stabilized,
and amphotericin B and posaconazole were replaced with oral po-
saconazole for anti-mucormycosis treatment. Lung computed to-
mography (CT) changes in patient 8 from admission (October 12,
2021) to the first follow-up after discharge (January 21, 2022) are
shown in Figure 1.

Seven patients were discharged under stable conditions, whereas
the other four patients died. Table 3 summarizes the clinical data of
the two patient groups based on clinical outcomes. Figures 2 and 3
show the survival curves of patients who received an early diagnosis

vs. those who received a delayed diagnosis.

4 | DISCUSSION

Higher awareness of mucormycosis and the availability of better di-
agnostic tools may promote the early diagnosis of mucormycosis in
high-risk patients.? The cases we analyzed were largely from re-
cent years. This may be due to the increase in the population at risk,

Sequence Sequence

number Name number Confidence
108 Mucorracemosus 88 95.0%

7 Rhizopus microsporus 7 99.0%

32 Lichtheimia ramose 32 99.0%

Abbreviation: Nu, patient number based on the time of diagnosis.

FIGURE 1 Computed tomography
(CT) scan showing changes in the lungs of
patient 8
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the availability of improved diagnostic methods, and the recently
gained experience with Mucor fungi diagnosis.

Until 2years before conducting this study, that is, until 2020,
biopsy and culture were the main diagnostic methods employed at
our hospital. Coupled with inexperience, diagnosis often takes a long
time and the prognosis is poor. Here, we reported four cases of dis-

seminated mucormycosis, three of which—patients 1, 3, and 5—were

TABLE 3 Clinical data of two patient groups divided based on
clinical outcome

Survival

(n=7) Death (n = 4) p
Age 61.9+54 50.0+5.9 0.189
WBC count 109+2.1 13.3+4.1 0.580
Neutrophils% 78.7+4.6 65.5+20.3 0.567
Lymphocyte% 12.1+29 22.0+15.7 0.578
CRP 93.3+34.2 43.0+32.1 0.357
PCT 20+1.0 1.2+0.5 0.630
T, 3.7+0.8 37.3+73 0.019
T,>7 0.0% (0/7) 100.0% (4/4) 0.003
T, 21.4+4.4 43.0+5.7 0.016
T,>30 28.6% (2/7) 100.0% (4/4) 0.061

Abbreviations: CRP, C-reactive protein; PCT, procalcitonin; T,, time
from patient admission to diagnosis (days); T, tTime from symptom
onset to diagnosis (days); WBC, white blood cell.

diagnosed using microbial culture. Microbial culture remains an es-
sential tool for diagnosing mucormycosis. However, the culturing of
microorganisms requires suitable conditions, culture time is long, the
operation is complicated, the detection rate is low, and extensive
medical staff experience is required.***° Three patients with delayed

16,17 and

diagnosis died. Mucormycosis is an invasive fungal disease,
Mucor infection is characterized by blood vessel invasion.'® Patient
7 was tested using mNGS, which has a short turnaround time; the
quick detection of Mucor mold via mNGS facilitated rapid diagnosis
and timely treatment.

The early diagnosis of mucormycosis is of utmost importance
for improving patient outcomes.! However, considering that this
disease is rare, mucormycosis is not suspected except in the case
of a high degree of suspicion. Diagnosis involves the recognition of
risk factors, assessment of clinical manifestations, early use of im-
aging modalities, and prompt initiation of diagnostic methods based
on histopathology, culture, and advanced molecular techniques.”
We reported five cases of pulmonary mucormycosis. Although the
clinical manifestations and chest CT findings were not specific in all
five cases, some cases were highly suspicious. For example, patient
8 had ANCA-associated vasculitis and regularly took immunosup-
pressive agents. He also had a history of voriconazole prophylaxis,
which suggested a high risk of mucormycosis.*”~%? Bronchoscopy is
convenient at our hospital. Therefore, the patient's BALF was tested
immediately using mNGS and culture, and mucor mold was quickly

found, which clarified the diagnosis and accelerated the treatment
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FIGURE 3 Kaplan-Meier analysis of
survival after admission. The two groups
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of mucormycosis. Therefore, mNGS is an excellent tool for early
pathogenic detection and may prove to be especially useful for the
confirmation of highly suspicious cases.

In recent years, mNGS has been increasingly used at our hospital
for the diagnosis of unknown rare pathogenic infections. It can simul-
taneously detect almost any DNA or RNA information in a sample.
It does not require assumptions about the type of infection-causing
pathogen.?®2* With mNGS, unculturable or difficult-to-cultivate
microbial species, as well as unknown or rare microbial species can
be identified in complex samples.?®> Moreover, mNGS offers the ad-
vantage of a short turnaround time and can be used for genus and
species identification. Thus, MNNGS results often provide valuable

hints for culture.

5 | CONCLUSIONS

Mucormycosis is characterized by difficult diagnosis, rapid progres-
sion, and a high fatality rate. The prognosis of mucormycosis infec-
tion is rapid, and thus, the clinical outcome can benefit greatly by
improving awareness and early diagnosis using diagnostic methods
with a short turnaround time. An effective multidisciplinary ap-
proach is essential to achieving this goal. We postulate that when
mucor infection is suspected, appropriate samples should be col-
lected as soon as possible and submitted for biopsy, culture, or
mNGS to confirm the diagnosis.
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