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Pulmonary mucormycosis
with bacterial coinfection
in an adolescent with
poorly controlled type 1
diabetes: a case report
Fu Rong1†, Zhang Mingying1†, Bai Ying2, Huang Yiyun2,
Qian Ying1, Xing Zheng3 and Chu Xiaolei3*

1Tianjin Children’s Hospital (Children’s Hospital, Tianjin University), Tianjin Key Laboratory of Birth
Defects for Prevention and Treatment, Tianjin, China, 2Tianjin Key Laboratory of Sports Physiology
and Sports Medicine, College of Exercise & Health, Tianjin University of Sport, Tianjin, China,
3Department of Rehabilitation, Tianjin University Tianjin Hospital, Tianjin, China
Background: Pulmonary Mucormycosis (PM), a severe fungal infection affecting
mainly immunocompromised individuals, is often caused by fungi like Rhizopus
and Mucor. This report details a 12-year-old diabetic girl with pulmonary
mucormycosis from an unusual Rhizopus species. Successful treatment
involved stabilizing her blood glucose and managing multiple co-infections.
This case provides important insights into diagnosing and treating rare fungal
infections in diabetic children.
Case summary: A 12-year-old girl with a two-year history of type 1 diabetes,
inconsistently monitored, was hospitalized. She had a persistent cough for over
ten days and a six-day high fever. Previous treatments with dexamethasone and
antibiotics were ineffective. She showed symptoms of a productive cough, right-
sided pleuritic chest pain, and a fever of 40°C. Examination revealed reduced
breath sounds and moist rales in the right lung. Tests con� rmed a severe
infection, and imaging showed in� ammatory consolidation, multiple
cavitations, and pleural effusion in the right lung.
Diagnosis: Metagenomic next-generation sequencing (mNGS) analyzes all
nucleic acids from a patient’s bronchoalveolar lavage � uid to identify various
pathogens without traditional cultures. The analysis identi� ed Rhizopus species
and Streptococcus pneumoniae, con� rming pulmonary mucormycosis with a
bacterial infection. Additionally, the glycated hemoglobin (HbA1c) level was
14.3%, indicating poorly controlled diabetes.
Treatment: A comprehensive treatment regimen was employed. The bacterial
co-infection was addressed with intravenous administration of meropenem and
linezolid, while nebulized amphotericin B was utilized to treat the pulmonary
mucormycosis. To mitigate the underlying risk factor, intensive glycemic control
was achieved through the use of an insulin pump. Furthermore, bronchoscopy
was conducted to clear respiratory secretions.
Outcome: After 11 days in the hospital, the patient stabilized and was discharged.
At a follow-up 1.5 months later, infection markers and blood glucose levels
were normal.
Conclusion: This case highlights the high risk of severe infections like pulmonary
mucormycosis in adolescents with poorly managed type 1 diabetes.
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Metagenomic sequencing was crucial for quickly identifying co-infections.
Successful treatment required a comprehensive approach, including targeted
antimicrobial therapy, strict glycemic control, and bronchoscopic support,
leading to a positive outcome.
KEYWORDS

adolescent patients, metagenomic sequencing, nebulized amphotericin B, pulmonary
mucormycosis, type 1 diabetes
1 Introduction

Pulmonary Mucormycosis (PM) is an invasive infection caused by
fungi of the order Mucorales, with mortality rates as high as 50% to
80%. It is commonly seen in patients with diabetes, hematological
malignancies, and those subjected to long-term immunosuppression
(1). In recent years, the incidence of pulmonary mucormycosis in
patients with diabetes has signi�cantly increased, particularly among
adolescents with poorly controlled blood glucose (HbA1c >8%). The
underlying pathological mechanisms involve hyperglycemia-mediated
immunosuppression, endothelial injury, and abnormal iron
metabolism (2). However, such infections remain rare in the
pediatric population, and early diagnosis is challenging, often being
misdiagnosed as bacterial pneumonia or tuberculosis (3).

Traditional diagnostic methods rely on histopathology or cultures,
but the fragile mycelium of Mucor species can easily be damaged
during sample handling, leading to a positivity rate of less than 30% (4).
The application of metagenomic next-generation sequencing (mNGS)
technology has signi�cantly improved the ef�ciency of pathogen
detection, particularly in cases of mixed infections or low fungal load
(5). In terms of treatment, liposomal amphotericin B remains the drug
of choice; however, the optimization of dosing regimens (such as
nebulization routes) and long-term management strategies in children
require further evidence-based support (6).

This article reports on the diagnosis and treatment process of a
12-year-old patient with diabetes complicated by pulmonary
mucormycosis, in which mNGS rapidly con�rmed Rhizopus
infection and nebulized amphotericin B combined with
intensi�ed insulin therapy achieved clinical stability. This case
aims to emphasize: (1) the risk of invasive fungal infections in
adolescent diabetes patients; (2) the value of mNGS in diagnosing
rare pathogens; and (3) the necessity of multidisciplinary
collaboration in managing complex infections.
2 Clinical data

2.1 General information

The patient is a 12-year-old female, admitted from January 7,
2025, to January 18, 2025, primarily due to a diagnosis of type 1
02
diabetes for over two years, a cough lasting more than ten days, and
fever for six days eight days prior to admission. The patient received
a diagnosis of diabetes at an external medical facility over two years
prior. Approximately one year subsequent to this diagnosis, the
patient was admitted to our hospital from September 26 to October
6, 2023, due to a diabetic ketoacidosis coma. To ascertain the
speci�c type of diabetes, we performed islet autoantibody testing,
which yielded negative results. An assessment of islet function
revealed a signi�cantly diminished intravenous C-peptide level of
0.073 nmol/L upon admission, indicating a severe impairment of
pancreatic b-cell secretory function. Given the early age of onset,
the presence of the characteristic “three polys and one less”
symptoms at the onset, the sustained reliance on insulin therapy,
and the objective laboratory evidence obtained during
hospitalization indicating islet failure (as evidenced by extremely
low C-peptide levels), the clinical presentation is consistent with
type 1 diabetes. The patient has been receiving long-term treatment
with aspart insulin (25 IU in the morning, 20 IU in the afternoon
and evening) and detemir insulin (20 IU at bedtime), without
regular blood glucose monitoring. Upon admission, the patient
presented with a cough lasting for ten days (characterized by
mucous and right-sided chest pain) and a fever lasting six days
(with a peak temperature of 40°C). Prior outpatient treatment
included dexamethasone, clindamycin, and ambroxol, which
resulted in resolution of fever.

Immunization history includes BCG vaccine, poliovirus vaccine
(for infantile paralysis), measles, diphtheria-pertussis-tetanus
(DTP) vaccine, and hepatitis vaccines, all of which have been
administered. The mother experienced gestational hypertension
and diabetes during pregnancy. The child was born via elective
cesarean section at term (birth weight 2.9 kg) and has developed
normally. There is no reported family history of genetic diseases,
and the parents are in good health.
2.2 Examination

Temperature 36.6°C, pulse 96 beats/min, respiration 21 breaths/
min, blood pressure 131/84 mmHg; height 163.5 cm (+1SD to +2SD),
weight 49.4 kg, normal development (Tanner stage B2P2); abnormal
physical examination: pharyngeal congestion, bilateral tonsils Grade I
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hypertrophy, coarse breath sounds in both lungs, diminished breath
sounds in the right lung with slight wet rales audible; abdominal wall
re�ex (+), bilateral ankle-knee re�ex (++), no other neurological
re�ex abnormalities (Babinski’s sign negative).

Laboratory and Imaging Findings: A chest X-ray revealed
pneumonia localized to the right lower lung �eld. Ultrasound imaging
identi�ed bilateral pleural effusion, with the right side measuring 13 mm
and exhibiting septation, alongside partial consolidation in both lungs.
Echocardiographic assessment demonstrated a trace pericardial effusion
without signs of infective endocarditis. Abdominal ultrasound �ndings
indicated right hydronephrosis without evidence of infection, while
thyroid ultrasound revealed multiple cystic nodules devoid of infection-
related changes. The complete blood count indicated a severe infection,
with elevated white blood cell count (19.61×10^9/L), neutrophils
(78.4%), and platelets (529×10^9/L), along with an increased C-
reactive protein level (142.3 mg/L). Blood biochemical analysis
showed gamma-glutamyl transferase (GGT) at 27 U/L, lactate at 5.01
mmol/L, procalcitonin (PCT) at 0.11 ng/ml, and interleukin-6 (IL-6) at
138.3 pg/ml. Venous glucose was elevated at 19.26 mmol/L. Coagulation
function tests revealed �brinogen at 6 g/L and D-dimer at 2.45 mg/L,
with subsequent follow-up showing �uctuations peaking at 6.93 mg/L
before normalization. Venous blood gas analysis was approximately
normal. Glycosylated hemoglobin was signi�cantly elevated at 14.3%,
with ferritin at 774.00 ng/mL, insulin at 15.23 pmol/L, and C-peptide at
0.282 nmol/L. Tests for antinuclear antibodies (ANAs) and
antineutrophil cytoplasmic antibodies (ANCA) were negative.

Infection-Related Investigations: (1) Hematological System: Blood
cultures exhibited no bacterial growth over a period of �ve days,
effectively excluding the presence of hematogenous infection. (2)
Urinary Tract: Urine cultures were negative on three separate
occasions, thereby ruling out bacterial urinary tract infection.
Urinalysis indicated a glucose level of 4+ with negative urine
ketones, suggesting inadequate glycemic control. (3) Pulmonary
System: Metagenomic analysis of alveolar lavage �uid identi�ed the
presence of Streptococcus pneumoniae (sequence number 406) and
Rhizopus oligorhizus (sequence number 36), signifying a mixed
bacterial-fungal infection. Additionally, sputum next-generation
sequencing (nGS) detected elevated concentrations of Moraxella
catarrhalis. (4) Oral Examination: The oral assessment revealed
ulcers on the mucous membranes of the left upper lip and the right
oral corner, covered with a yellowish-white pseudomembrane. (5)
Additional Findings: Early renal injury markers included N-acetyl-
beta-D-glucosaminidase (NAG) at 19.5 U/L, urinary beta-2
microglobulin (Ub2-MG) at 0.46 mg/L, alpha-1 microglobulin (a1-
MG) at 6.5 mg/L, and urinary creatinine (U-Cr) at 1771.00 mmol/L,
with other parameters within normal limits. Stool examination was
normal. Electrocardiogram results indicated sinus tachycardia with a
heart rate of 96 beats per minute and nonspeci�c T wave abnormalities.
2.3 Diagnosis and differential diagnosis

Based on comprehensive clinical manifestations, imaging
examinations, bronchoscopic �ndings (Figure 1), alveolar lavage
�uid, nasopharyngeal swabs, sputum laboratory and pathological
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examination results, the clinical diagnosis has been established as
follows: Severe pneumonia; Pulmonary mucormycosis; Bilateral
pleural effusion; Pulmonary abscess to be investigated; Diabetes
mellitus; Puberty; Coagulation dysfunction; Lactic acidosis;
Pericardial effusion (minimal); Right hydronephrosis; Multiple
cystic nodules of the thyroid; Oral thrush; Streptococcus
pneumoniae infection.
2.4 Treatment

The patient has been diagnosed with diabetes for more than two
years and has had a cough for over ten days, being hospitalized eight
days ago due to a fever lasting six days. Treatment focused on blood
glucose control, anti-infection measures, and management
of complications. Upon admission, comprehensive diabetes
management was initiated: subcutaneous injection of Novolog
(preprandial) and Detemir insulin (at bedtime) for blood glucose
control, along with dietary guidance, exercise education, and blood
glucose monitoring; on the fourth day, it was adjusted to insulin
pump therapy (continuous subcutaneous injection of insulin
glargine R) to optimize glucose regulation.

During the initial phase of anti-infective treatment, cefotaxime
(1g bid) was combined with doxycycline (100mg q12h). However,
the patient still experienced recurrent high fever (39°C) along
with hypoxemia (blood oxygen saturation 90%-97%), which
improved after oxygen supplementation (4L/min). On the second
day of hospitalization, lung CT indicated bilateral pulmonary
consolidation with atelectasis in the right middle and lower
lobes, accompanied by multiple cavities and pleural effusion
(Figures 2A–D). After adding methylprednisolone (40mg q8h) for
anti-in�ammatory treatment, the patient’s temperature rapidly
returned to normal.

On the fourth day, microbiological testing revealed the presence
of Catabacter (normalized sequence number 447189, estimated
microbial concentration 1.7×10^5) in the sputum. In conjunction
with CT �ndings and in�ammatory markers, concerns for a
pulmonary abscess prompted an upgrade in antibiotic treatment
to meropenem (1g q8h) combined with linezolid (0.6g q12h), while
gradually tapering off methylprednisolone (discontinued on the
sixth day) (Table 1).

On the sixth day, the patient’s condition relapsed, presenting
with fever (38.5°C) and oral thrush (oral fungal infection). An
enhanced lung CT scan conducted on January 13, 2025, revealed a
progression of the large in�ammatory consolidation in the right
middle lobe compared to the previous scan dated January 10, 2025.
This was accompanied by an increase in right pleural effusion with
localized encapsulation (Figures 2E–H). Bronchoscopy on the
eighth day revealed narrowing of the right bronchus with
secretions and granulation tissue. Alveolar lavage �uid mNGS
detected Streptococcus pneumoniae and a low sequence number
of Mucorales (Rhizopus arrhizus) (Table 2).

After performing bronchoscopic clearance of secretions,
adjusting the anti-infection regimen, and providing supportive
treatment, the patient’s temperature and blood oxygen levels
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returned to normal by the ninth day. Due to the high risk associated
with pleural puncture, no intervention was performed, and the
patient was discharged stable after 11 days of hospitalization. All
medication details during hospitalization are shown in Figure 3.

Condition at discharge: Temperature normal, cough present,
slightly decreased breath sounds in the right lung, with some moist
rales audible. During hospitalization, changes in various
hematological parameters are shown in Table 3. The initial
fasting blood glucose �uctuated between 6.4-17.6 mmol/L, and
the postprandial blood glucose (two hours after meals) �uctuated
between 6.2-19.1 mmol/L. In the three days prior to discharge,
fasting blood glucose �uctuated between 6.1-6.8 mmol/L, while
postprandial blood glucose �uctuated between 5.4-11.7 mmol/L.

Chest CT scan �ndings at admission from January 8, 2025 (a-d);
Chest contrast-enhanced CT �ndings and progression during treatment
from January 13, 2025 (e-h); CT review �ndings and absorption status
at mid-treatment from January 30, 2025 (i-l); CT �ndings and �nal
outcome at the last follow-up from March 4, 2025 (m-p).
2.5 Treatment outcomes, follow-up, and
prognosis

After discharge, the anti-infection and blood glucose
management plan was determined through communication
between the medical staff and the patient’s family: 1) For
pulmonary mucormycosis, the family agreed to nebulized
amphotericin B treatment, initially combining it with 1 vial of
Terbutaline (Bricanyl) + 10ml of 0.9% NaCl for nebulization twice
daily until February 9, 2025. It was later adjusted to nebulized
amphotericin B (2.5mg twice daily on the �rst day, then 5mg twice
daily), but the family independently reduced the nebulization
Frontiers in Endocrinology 04
frequency to once daily, not strictly adhering to the bid regimen;
2) The treatment for bacterial infection continued with oral
Cefdinir 100mg three times daily (total course of 7 weeks) and
oral linezolid 0.6g every 12 hours (continued for 3 weeks post-
discharge, total course of 1 month); 3) Blood glucose control was
adjusted to subcutaneous injection of NovoRapid (81U before
breakfast, 8IU before lunch, 8IU before dinner) and Detemir
insulin (20IU at bedtime), with dosage adjusted based on blood
glucose monitoring, supplemented with methylcobalamin 1 tablet
daily for neuroprotection.

Three follow-up visits post-discharge (January 30, 2025;
February 11, 2025; March 4, 2025) showed: cough gradually
diminished, occurring only occasionally after 1.5 months, with
normal complete blood counts indicating good infection control;
The progression of chest imaging �ndings is detailed as follows: A
subsequent CT scan on January 30, 2025, indicated partial
resolution of the scattered in�ammatory consolidation in the
right lung and a reduction in the right pleural effusion
(Figures 2I–L). The �nal follow-up chest CT scan, performed on
March 4, 2025 (Figures 2M–P), demonstrated further absorption of
the scattered in�ammatory consolidation in the right lung, an
increase in the volume of the right middle and lower lobes
relative to pre-admission measurements, a reduction in the extent
of multiple cavitation lesions in the right lower lobe, continued
absorption of the right pleural effusion, and improvement in
bilateral pleural thickening compared to pre-admission. However,
partial obstruction of the right bronchus persisted; fasting blood
glucose stabilized between 6-7mmol/L, and 2-hour postprandial
glucose was between 7-9mmol/L, with total insulin dosage reduced
compared to the hospitalization period (from 20IU to 10IU for
Detemir), indicating metabolic improvement. The patient
continues to have regular follow-ups, with the next appointment
FIGURE 1

Bronchoscopy examination on January 14, 2025.
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scheduled for one month later. Table 4 provides a summary of the
key details and timeline of this treatment process.
3 Discussion

This case report describes the diagnosis and treatment process
of a 12-year-old patient with diabetes complicated by pulmonary
mucormycosis. The clinical complexity of this case is re�ected in
multiple infections, metabolic disorders, and challenges in
treatment adherence. The following discussion addresses key
issues in conjunction with relevant literature.
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3.1 The correlation between pulmonary
mucosal fungal infections and the
administration of hormonal treatments

The patient has a signi�cant history of using hormone medications.
While it is not possible to de�nitively assert that the fungal infection
was exclusively attributable to hormonal in�uences, we cannot entirely
dismiss the potential correlation. A thorough evaluation of the
mechanisms by which hormones operate, the patient’s immune
status, and the timing and context of the infection is warranted. The
potential relationship between hormonal administration and fungal
infections is primarily based on the signi�cant immunosuppressive
FIGURE 2

Chest CT results.
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