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Abstract: Long-term chemotherapy and immunosuppressants in acute myeloid leukaemia (AML) patients can result in a high risk of
opportunistic infections. Rhizomucor pusillus is an opportunistic pathogen that exists in nature, but infection caused by R. pusillus is
rare in the clinic. Notably, the sensitivity and detection time of conventional diagnostic tools for this fungus usually falls short of the
needs of clinical diagnosis, resulting in treatment failure. Currently, metagenomics next-generation sequencing (mNGS) has played an
important role in the detection of pathogens. Here, we report a case of R. pusillus pneumonia in a haematopoietic stem cell
transplantation (HSCT) patient, detected by the mNGS method.
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Background

Acute myeloid leukaemia (AML) is a common haematological disease that usually requires long-term chemotherapy and
immunosuppression. Long-term chemotherapy and immunosuppression in AML patients can result in a high risk of
opportunistic infections due to immune impairment, such as opportunistic fungal infections. Patients with AML are more
likely to have mucormycotic infections than those with other haematologic malignancies.'

Mucormycosis is the third most common invasive fungal disease, after aspergillosis and candidiasis, and Rhizomucor
pusillus is one of its pathogens”. The genus Rhizomucor exists in air, soil, water and decaying organic structures.® Infection
caused by R. pusillus is rare in clinics but is often found in patients with immune deficiency, transplantation or underlying
diseases.” In addition, there are few effective antimicrobial agents for infections caused by this fungus. Amphotericin B is
the drug of choice for initial therapy, while posaconazole and isavuconazole could be used for step-down therapy.

Notably, clinical symptoms, signs and imaging manifestations of R. pusillus are usually nonspecific, so its definitive
diagnosis relies on a positive result of microorganism culture.® However, the sensitivity and detection time of conven-
tional diagnostic tools usually do not meet the needs of clinical diagnosis, resulting in the treatment failure of the
patients. In recent years, metagenomic next generation sequencing (mMNGS) method has been widely recognized in clinic
due to its rapid and sensitive advantages. It has played an important role in the detection of pathogens, especially in
immunocompromised patients.
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Here, we report a case of R. pusillus infection in a patient on long-term chemotherapy for AML who underwent
HSCT. mNGS played an important role in the patient diagnosis.

Case Presentation

A 56-year-old male patient complaining of a high fever of 39 °C was diagnosed with acute myeloid leukaemia with
karyotype 46 XY inv (pl12ql3) seven years ago in a local hospital. He subsequently received chemotherapy with
idarubicin plus cytarabine (IA regimen, Idarubicin 8mg/m?/d from day 1 to day 3 and Cytarabine 100mg/m?/d
from day 1 to day 7) over the past 7 years. With recurrent relapses due to suboptimal treatment, he was admitted to
our hospital to receive a parental haploidentical HSCT in February 2021. At the same time, the patient was given
prophylactic parental anti-infective treatment with venous transfusion of piperacillin tazobactam 4.5 g q8h.

Two months after HSCT, the patient developed frequent urination, urgent urination pain and haematuria. His body
temperature was 36.9 °C, his respiratory rate was 19 times/min, and his heart rate was 84 bpm. His white blood cell count
(WBC) was 14.34x10°/L, haemoglobin was 121 g/L and C-reactive protein (CRP) was 10.5 mg/L. Methylprednisolone
8 mg qd was given to prevent rejection, while intravenous (IV) levofloxacin 0.5 g qd with caspofungin (70 mg on day 1,
then 50 mg once daily) was given to prevent infection. Pulmonary CT showed irregular nodules in the left upper lung
(Figure 1A). Due to a positive test for cytomegalovirus DNA, the treatment regimen was switched to IV methylpredni-
solone (40 mg at 12-hour dosing intervals (q12h)) and foscarnet sodium (3 g q12h).

After two weeks of treatment, the highest body temperature of this patient was 38 °C. The WBC was 2.74x10°/L, and
the CRP was 82 mg/L. Lung CT showed ground glass opacities and small nodules in the upper lobe of the right lung
(Figure 1B). Galactomannan (GM test) and 1.3 3-B-D glucan (G test) were negative in serum samples. The treatment
regimens were changed to IV meropenem (1g q8h) and oral posaconazole (200 mg tid). One week later, the patient
developed white sticky sputum. Microscopic examination of the sputum by fluorescence staining and Gram staining
showed fungal hyphae (Figure 2A—B). In the blood sample, sequences of the pathogenic fungus R. pusillus were detected
by mNGS. And then the patient was started on IV amphotericin B 50 mg qd.

The subsequent sputum culture results revealed the presence of fungal growth 7 days after the positive result of
mNGS. The fungus grew at 28 °C on SDA (Emmons’ modification) and on SDA with chloramphenicol, but not on
Mycosel agar. The colony showed a brownish and woolly appearance (Figure 2C). Fungal morphology on staining with
lactophenol cotton blue (LPCB) showed some stolon mycelia and globose sporangium terminating a branch (Figure 2D).
The sporangium spores were spherical. The fungus was unsuccessfully identified by morphology and MALDI-TOF-MS
(Sysmex-bioMérieux, Marcy 1’Etoile, France). The mould was later identified as R. pusillus by PCR with primers (ITS1:
5-TCCGTAGGTGAACCTGCGG-3'; ITS4: 5'-TCCTCCGCTTATTGATATGC-3').

This isolate was subjected to whole-genome sequencing (WGS) using Illumina MiniSeq (https:/www.illumina.com)

for further characterization. WGS identified R. pusillus on the basis of 18S rRNA phylogenetic tree analysis performed
using CLCbio (QIAGEN, https://www.qiagen.com), which showed that the microorganism clustered closely with strains

R. pusillus (Figure 3A) and very far from other Mucor species. To verify the results, we further performed single-
nucleotide polymorphism phylogenetic tree analysis. This isolate was closely related to the reference genome R. pusillus

Figure | Pulmonary imaging manifestations of the patient. (A) Irregular nodules in the left upper lung. (B) Ground glass opacities and small nodules in the upper lobe of the
right lung. (C) Diffuse ground glass opacities in both lungs. Lesions mentioned above were pointed by the green arrows.
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Figure 2 The morphology of R. pusillus. Hyphae forms of R. pusillus in sputum stained with Gram stain (A) Original magnification X 1000) and fluorescent stain (B), Original

magnification X 400). R. pusillus colony grown in 28 °C PDA medium for 7 days. (C) Lactophenol cotton blue (LPCB) staining of the R. pusillus colony. (D), Original
magnification X 400).
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Figure 3 Comparisons of the R. pusillus isolate and reference sequences. (A) All 18S rRNA reference sequences and genomes were obtained from the NCBI database. Muscle
(V3.8.31) was used for multisequence comparison of 185 rRNA sequences. IQTree (V 1.6.12) was used to draw the evolutionary tree. (B) All reference genome sequences used
were obtained from the NCBI database. Nucmer (V 3.1) was used to compare the whole-genome sequences, Mummer (V 3.23) was used to compare the large-fragment sequences
in the genome, and FastTree (V 2.1.11) was used to draw the whole-genome phylogenetic tree after data integration. Finally, ITOL was used to visualize the figure.

FCHS5.7 (GenBank accession no. FWWNO00000000) according to Geneious (BioMatters, https://www.geneious.com)
(Figure 3B), indicating that this rare fungus is R. pusillus.
Antifungal susceptibility testing was performed using a microdilution technique (CLSI M38-A2) (Clinical and
Laboratory Standards Institute, 2008).” The results showed that this strain had high minimum inhibitory concentration
(MIC) values in response to many antifungal drugs but had low MICs to amphotericin B and posaconazole (Table 1).
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Table | Anti-Fungal Susceptibility of the Clinical
Isolate R. pusillus Y54

Antifungal Agents MICS (ng/mL)
Caspofungin >8
Micafungin >8
Anidulafungin 4
Voriconazole >8
Posaconazole 0.5
5-fluorocytosine >64
Itraconazole >8
Fluconazole >64
Amphotericin B 0.25

One week later, the patient’s symptoms continued to worsen, with haemorrhagic sputum. Lung CT showed diffuse
ground glass opacities in his lungs and suspected alveolar haemorrhage (Figure 1C). With the continuous deterioration of
symptoms, the patient’s family decided to give up treatment, and the patient was discharged.

Discussion

Despite its low pathogenicity in humans compared to other agents of mucormycosis, R. pusillus infection has a high
mortality rate (over 50%).° The clinical manifestations of pulmonary mucormycosis lack specificity and are characterized
mainly by fever, dyspnoea, and chest pain.® When R. pusillus invades blood vessels, it is prone to form pulmonary
embolism, pulmonary infarction or pulmonary aneurysm. It can lead to massive haemoptysis and even suffocation when
it invades large blood vessels. Some studies on animals have revealed the pathophysiological processes of R. pusillus
infection.” In this case, the patient had haemoptysis, which we suspected was related to the invasion of pulmonary blood
vessels by R. pusillus. Currently, the combination of antifungal medication and surgery is the best treatment method.
Most azoles are ineffective against mucormycosis, with the exception of posaconazole.'® In this study, this strain had
high MIC values in response to multiple azole drugs but had low MICs to amphotericin B and posaconazole, indicating
that these two drugs can be treatment options for infections caused by R. pusillus. Of note, some evidence shows that
posaconazole is effective in the treatment of mucormycosis,'’ but our patient still developed pulmonary infections with
R. pusillus after prophylactic use, suggesting that there still seems to be a risk of treatment failure in immunodeficient
patients. In addition, this patient was treated with caspofungin as an antifungal prophylaxis because candidiasis and
aspergillosis are the most common invasive fungal infections after HSCT,'? but R. pusillus can be selected for due to its
resistance and can cause severe infections when caspofungin is used as a preventive treatment.'® Our case further
supports this result.

Notably, R. pusillus infection is progressive and rapidly invasive, leading to a short period from diagnosis to death."
Given the rapid progression of the disease, early diagnosis and timely antifungal treatment are crucial for the best
outcomes. However, current diagnostic tools rarely meet the needs of clinical rapid diagnosis of R. pusillus infection.
Among the traditional methods, direct microscopic examination of fungi is simple and is applicable to a variety of
clinical samples. It can quickly find positive results, but it can also be false negative and has a low sensitivity. Special
staining techniques, such as Grocott’s Hexamine-Silver Borate Stain, are complex and not easy to implement due to
operational/technological complexity and the high level of personnel experience needed. Fungal culture is an important
diagnostic method for fungal infection and is of great value in diagnosing infection and confirming pathogenic fungal
species. The cultured fungi can also be used for drug sensitivity detection in vitro to guide clinical drug selection. The
drawbacks are that fungal culture is time-consuming, has a low positive rate and cannot easily distinguish between
colonization and infection. Moreover, the identification of the fungi after culture is also difficult. In this study, although
we eventually cultured R. pusillus, it was unsuccessfully identified by morphology and MALDI-TOF-MS technology,

which made it difficult to correctly treat.
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In addition, serological antigen testing is suitable for the early diagnosis of invasive fungal infections and is a useful
supplement to traditional mycological tests. Different serological examination methods have different clinical signifi-
cance and applicable fungal infection types. In our case, the patient had negative G and GM tests. Serological detection
methods of R. pusillus are limited, making this pathogenic fungus hard to find.

In recent years, mNGS has played an important role in the detection of pathogens, especially in immunocompromised
patients.'” In some difficult clinical cases that are not diagnosed by routine examination methods, mNGS tests can be
performed when an infection cannot be ruled out clinically. However, mNGS results should be interpreted with caution
because of the high rate of false-positive results due to contamination.'®'”

In this case, R. pusillus was not identified by some traditional methods, but the sequences of R. pusillus were quickly
detected by mNGS in blood samples of this patient, indicating that this method is much faster at identifying R. pusillus
infection than traditional methods. Although mNGS is not currently the first-line diagnostic method, it still has some unique
advantages in detecting pathogens, especially complicated coinfections as well as some infections that are difficult to
culture'®'®. Thus, the mNGS method is expected to allow the early diagnosis of these invasive fungal infections.

Conclusions

Infection caused by R. pusillus is rare, but its high mortality poses a great threat to immunocompromised patients. It is
important for clinicians to use multiple methods, such as mNGS, as soon as possible to detect pathogens to increase the
chances of patient survival.

Nucleotide Sequence Accession No

The complete genome sequences of the R. pusillus JY54 isolate reported here have been deposited at DDBJ/ENA/
GenBank under the accession no JAKNBMO000000000. The version described in this paper is the first version
JAKNBMO000000000.
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