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A B S T R A C T   

This is the first published case report of a child with acute lymphatic leukemia developing a fatal mucormycosis 
during blinatumomab treatment. The patient showed multiple, systemic thromboembolic lesions with ischemia, 
bleeding and infarction in almost all organs. The child succumbed to increased brain pressure resulting in ce-
rebral herniation. This case particularly illustrates the fulminant progression and huge challenges of diagnosing 
and treating mucormycosis in children with hemato-oncological diseases during treatment with targeted ther-
apeutic antibodies (blinatumomab).   

1. Introduction 

Rhizomucor pusillus is a mucormycete that can induce fatal, oppor-
tunistic infections in immunocompromised patients. Despite being the 
third most common invasive fungal infection after aspergillosis and 
candidiasis, mucormycosis is still a rare disease. Mucormycetes can be 
found in soil and decaying organic structures all over the world. In-
fections by Rhizomucor spp. are rare in humans, but mostly caused by 
R. pusillus [1]. There are 28 (10 pediatric) published cases of mucor-
mycosis associated with R. pusillus [2,3]. The hyphae are highly 
angio-invasive and can cause hemorrhage, thrombosis, infarction and 
necrosis in any organ [1]. The overall mortality rate of mucormycosis is 
very high, at roughly 47% in all patients and up to 80% in hematopoietic 
stem cell transplantation (HSCT) recipients. The outcome depends on 
the underlying disease, the location of infection and the time to diag-
nosis and treatment [1,4,5]. 

Mucormycosis can cause fatal, opportunistic infections in immuno-
compromised hosts such as transplant recipients, patients with hema-
tological or malignant diseases [6]. Immunocompetent persons are 

hardly infected [1,4,7]. In the special risk group of HSCT recipients 
pretreatment with antifungal medication not suitable against mucor-
mycosis is related to an even higher risk of infection [5]. 

A 70% increase in the appearance of mucormycosis between 1940 
and 2000 is described, especially among patients with hemato- 
oncological underlying diseases or after HSCT [1,5]. The incidence in 
allogeneic HSCT recipients is stated at roughly 0.3% up to 2.5% [5]. 

The most frequent locations of infection are rhino-orbito-cerebral 
and pulmonary [2]. The course of the disease is progressive and 
rapidly invasive, with often no more than a few days between diagnosis 
and death [1]. Considering the fast progression of the disease, early 
diagnosis and treatment are vital for best outcomes. Mucormycosis is 
difficult to diagnose and identifying the fungus is often challenging. 
Thus, many cases are only identified after an autopsy has been 
performed. 

To date, the best treatment is the combination of surgery and anti-
fungal medication. The gold standard for drug therapy is liposomal 
amphotericin B [2]. Most azoles are not effective against mucormycosis, 
except for posaconazole [1,5,8]. In high-risk pediatric patients (with 
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cancer or after HSCT) high-dose liposomal amphotericin B (5–10 mg per 
kg BW) or liposomal amphotericin B in combination with caspofungin or 
with posaconazole are suggested according to the guidelines for treat-
ment of invasive fungal disease in pediatric oncology patients [9]. There 
are promising results with isavuconazole which might play a more 
prominent role in the future [2]. 

Generally, data concerning treatment options in mucormycosis 
substantially relies on retrospective case reports, animal models and in 
vitro studies. There is a lack of prospective clinical trials, especially in 
children. This is the first published case report of a child with a second 
relapse of acute lymphatic leukemia (ALL) developing a fulminant 
mucormycosis during blinatumomab treatment. Blinatumomab is a 
monoclonal antibody with dual specificity for CD3+ cells (T cells) and 
CD19+ cells (B cells). This immunologic binding leads to T-cell mediated 
apoptosis in B cells. Destroying all B cells and causing neutropenia 
frequently blinatumomab is associated with a risk of infections such as 
mucormycosis although it is less immune-suppressing than standard 
chemotherapy. The unique addition of this case report to the few 
existing descriptions is the rapid sequence of unfortunate events and 
circumstances resulting in a fatal situation. Therefore, it is the aim of this 
case report to increase clinicians’ awareness of this lethal disease and 
the need for immediate action. 

2. Case 

A seven-year-old boy was referred to the University Children’s 
Hospital Tuebingen for treatment with a monoclonal bi-specific T-cell 
engager (blinatumomab) after a second relapse of pre-B-ALL. The first 
relapse had been treated with allogeneic HSCT from an unrelated HLA- 
compatible donor. Upon admission (day 0), his blood values were 
already compromised (hemoglobin 8.5 g/dl, thrombocytes 13.000/μl 
and WBC (white blood cells) 940/μl with 50/μl neutrophils, CRP (C- 
reactive protein) 6.83 mg/dl, ferritin 182 μg/dl). The patient was pre-
sented in a chronically reduced general condition with cachexia, dry 
skin, pallor, multiple hematomas and a hepatosplenomegaly. Antibiotic, 
antiviral, and antifungal chemoprophylaxis was performed with ceftri-
axone, teicoplanin, acyclovir and caspofungin. Even prior to the anti-
body treatment, the patient complained about pain in the left flank 
which had to be treated with continuous infusion of morphine (max. 15 
μg/kg BW per hour). The pain aggravated on day +5 of blinatumomab 
treatment. The ultrasound scan did not show any pathology apart from 
the known hepatosplenomegaly. Suddenly on day +6 the boy seemed 
somnolent and sleepy. First an overdose of morphine was assumed. 

However, even after dose reduction the boy reacted with delay and 
only opened his eyes when addressed. Hence, a cerebral side effect of 
blinatumomab was presumed. On the same evening, the neurological 

condition of the patient worsened again. A cerebral CT scan as well as an 
MRI scan was performed. The imaging showed multiple cerebral hem-
orrhages (Fig. 1). Due to cardio-respiratory decompensation, the boy 
was transferred to the intensive care unit, where he received mechanical 
ventilation and catecholamine therapy. Blinatumomab treatment was 
stopped. At the time, the blood count had dropped considerably (he-
moglobin 6.7 g/dl, thrombocytes 49.000/μl and WBC 120/μl with 20/μl 
neutrophils) and the CRP had risen to 23.13 mg/dl (ferritin 1439 μg/dl). 
The echocardiography showed multiple thrombi in the left and right 
ventricle. Thus, thromboembolic events were presumed as the cause of 
the cerebral lesions. An endocarditis with multiple septic embolisms was 
suspected, since the boy had suffered an endocarditis earlier. Conse-
quently, the antibiotic regimen was intensified with meropenem, tei-
coplanin, and gentamicin. The antimycotic treatment (caspofungin 1 ×
50 mg/day) was continued. CT scans of the thorax, abdomen and pelvis 
were performed 12 h later. They revealed multiple, systemic thrombo-
embolic lesions with ischemia, bleeding and infarction in both lungs, the 
heart, both kidneys, the liver, the intestines and in multiple muscles 
(Fig. 2). A bone marrow aspiration showed bone marrow aplasia with 
lymphatic blasts. Cerebral pressure was rising. The etiology of the le-
sions was still unknown at that time. A few hours later, the patient 
succumbed to cerebral herniation. The patient died in the intensive care 
unit seven days after starting blinatumomab treatment (day +7) and 
about 24 hours after the first neurological symptoms appeared. The 
autopsy showed an invasive mycosis of R. pusillus as the cause of death 
(Figs. 3–5). The macroscopic and microscopic examination of several 
organs including the lungs led to the suspicion of a systemic fungal 
infection. R. pusillus was then identified via PCR-based methods. 

3. Discussion 

Mucormycosis is an emerging, severe infection in immunocompro-
mised patients characterized by high mortality. Today’s knowledge 
about the disease is mainly based on retrospective analyses, case reports 
and literature reviews. 

In the first literature review summarizing the published information 
on mucormycosis in children with underlying hemato-oncological dis-
eases, 82 cases were identified (1958–2007). Around 90% of the pre-
sented children suffered from leukemia, as did the boy in this case 
report. Looking at the development of mortality rates, an encouraging 
decrease from 100% (1950–1959) to 25.8% (2000–2007) can be 
observed. Disseminated disease was associated with a worse outcome 
and surgical treatment with better prognosis. Rhizomucor was identified 
in 9.1% of the cases. Neutropenia and steroid treatment were identified 
as risk factors [10]. 

Twelve pediatric cases from Germany and Austria were reported to 

Fig. 1. Cerebral infiltration of the mucormycosis. 
Head MRI (a + b, transversal FLAIR – fluid-attenuated inversion recovery) reflecting the cerebral lesions due to septic embolic infarctions and bleeding. 
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the Working Group on Zygomycosis of the European Confederation of 
Medical Mycology (ECMM) between 2004 and 2008. Eight children 
suffered from an underlying hematological disease or had received 
HSCT. Half of them had been treated with steroids, six of eleven patients 
had been neutropenic and one-third of the affected children had 
received antifungal medication with caspofungin or voriconazole prior 
to the infection. The overall mortality rate was stated at 67%. All chil-
dren with disseminated disease died [11]. 

In a report from two registries on mucormycosis in children 
(2005–2014, 15 countries, 63 cases) the results seem to be similar. 46% 
suffered from hematological malignancies (55% ALL) and 15.9% were 
HSCT recipients. Almost half of the children suffered from neutropenia 

and the lungs were the most common location of infection (19%), 
whereas dissemination was recorded in 38.1% of the cases. The overall 
mortality in these children was 33.3%. Patients with HSCT, dissemina-
tion and an age of less than one year, were associated with higher risk of 
death [12]. 

Looking more closely only at the mucormycosis caused by R. pusillus, 
an analysis of 22 cases shows that the rate of immunocompromised 
patients is even higher in this subgroup (91%) [13]. Disseminated 
infection was reported in 40.9% of these cases, with a mortality of 78% 
(overall mortality rate in R. pusillus infections: 46%) [13]. Interestingly, 
in 68% of the R. pusillus cases, a nosocomial or health care-related 
infection (e.g. associated with IV catheters, injection sites, 

Fig. 2. Imaging of the disseminated mucormycosis 
CT images in portal venous phase (a + b transversal reformations, c + d coronal reformation) illustrate huge right and left ventricular thrombi (*) in the heart and 
multiple septic embolic infarctions in the myocardium, liver, pancreas, spleen and both kidneys. Furthermore, there are focal areas of consolidation with surrounding 
ground-glass opacity (halo sign) in both lungs (white arrows) and attendant atelectasis of left lower lobe (white arrowhead) as radiological manifestations of pul-
monary mucormycosis. 

Fig. 3. Autopsy of the heart. 
a) Macroscopy view of the left ventricle with 
aortic valve and origin of the right coronary 
artery. Note a parietal thrombus in the 
endocardium (*), locally infiltrating the 
myocardium (*). b) Myocardium with a 
vascular occlusion of coronary artery. c) 
Grocott stain demonstrates a coronary artery 
containing many fungal hyphae within the 
vessel-forming thrombosis. The culture 
revealed the presence of R. pusillus.   
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construction work) could not be excluded and had been described pre-
viously [8,13,14]. 

Table 1 provides an overview of pediatric case reports of mucor-
mycosis caused by R. pusillus and underlying hemato-oncological dis-
order (Table 1). 

Comparing this data to the case presented here, it can be concluded 
that the patient was part of the typical high-risk group for a deadly 

mucormycosis (ALL, neutropenia, disseminated disease). Consistent 
with the literature, the diagnosis in the presented case was not identified 
until an autopsy was performed. Universal fungal PCR of the tracheal 
secretion could not detect any fungal infection, even on the day the 
patient died. This emphasizes the diagnostic challenges associated with 
mucormycosis. In the post-mortem, molecular pathological analyses 
revealed a disseminated infection with proof of R. pusillus in the lungs 

Fig. 4. Autopsy of abdominal organs (kid-
ney). 
a) Macroscopic view of the left kidney with 
multiple infarcts. b) H&E stain of the kidney 
showing extensive tubular necrosis second-
ary to hemorrhagic infarct and one occluded 
artery (*). c) Higher magnification revealing 
many fungal hyphae within the vessel pro-
ducing a thrombus. d) Grocott stain high-
lights the fungal hyphae.   

Fig. 5. Autopsy of abdominal organs (stomach, colon). 
a) Macroscopic view of the stomach. b) Colon segment showing multiple ulcerations. 
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and other organs. 
As the lungs are the most common location in patients with malig-

nancies, one might speculate that the lungs were the original location of 
the infection. However, the source of infection in the boy remains un-
clear. A health care-related infection cannot be excluded either. 

Due to lack of awareness of the deadly infection, the patient dis-
cussed in this case report did not receive standard treatment for 
mucormycosis (liposomal amphotericin B ± surgery). Instead, the boy 
was treated with caspofungin as an antifungal prophylaxis for candidi-
asis and aspergillosis, as the most common invasive fungal infection 
after HSCT [17]. Caspofungin is not suitable for the treatment of 
mucormycosis as monotreatment. There are several descriptions of 
breakthrough filamentous fungal infections (one out of four with 
R. pusillus) in pediatric oncological patients receiving caspofungin [17]. 
By using caspofungin or voriconazole as a prophylactic treatment, 
resistant fungi such as R. pusillus can cause severe infections as in the 
described case [15]. Since posaconazole seems to be effective in 
mucormycosis, a general switch from caspofungin, voriconazole or flu-
conazole to posaconazole as the standard prophylactic antimycotic 
treatment should be considered. However, there are also reports about 
breakthrough infections under prophylaxis with posaconazole [5]. 

In the ECMM report, 39% of the cases were treated with amphoter-
icin B, 7% with posaconazole and 21% with both. In 2011, the mortality 
rate was stated at 47% (27% in children), which is an improvement 
compared to 66–76% in 1990 and 94% prior to 1970 [4]. In ECMM’s 
study, one of the factors associated with mortality was treatment with 
caspofungin prior to diagnosis [4]. Furthermore, delay of amphotericin 
B treatment (more than 6 days, resulting in a two-fold mortality in-
crease), cytopenia, and active malignancy are also associated with 
higher mortality. Retrospectively, all of these factors were present in the 
current case and might have contributed to the fatal outcome. 

To the best of our knowledge, this is the first case of a child devel-
oping a fulminant mucormycosis during blinatumomab treatment. The 
combination of targeted therapy (blinatumomab) and reduced immu-
nocompetence after HSCT resulted in an increased vulnerability to 
opportunistic infections. Furthermore, this case draws attention to one 
key factor that mucormycosis is a life-threatening and progressive 
infection. Since 2017, the blinatumomab treatment has been part of the 
standard treatment of ALL in the AIEOP-BFM-2017 protocol. 

Knowledge about associated invasive fungal infections is limited. In 
three trials invasive fungal diseases were stated in 8 of 501 patients 
(fusarium n=2, aspergillus n=1, candida n=1, mucor n=1, pneumo-
cystis n=1, unspecified n=2) [20]. To the best of our knowledge there is 

no data concerning invasive fungal infections in pediatric patients dur-
ing blinatumomab treatment. 

Unfortunately, there is a lack of prospective studies regarding anti-
fungal prophylaxis in new targeted therapies such as blinatumomab. It is 
important that clinicians take into consideration opportunistic and 
difficult-to-treat infections such as mucormycosis to increase the chan-
ces of patients’ survival. Consequently, prophylactic treatment with an 
antimycotic medication covering mucormycetes (liposomal amphoter-
icin B) should be considered in high-risk patients. 
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