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Abstract
Allogeneic hematopoietic-stem-cell transplantation (HSCT) is relatively challenging for the patients with
serious infection and intensifying complications. Patients often lost the timing of HSCT due to the poor
health status. We report a rare case of successful engraftment of HLA -matched peripheral hematopoietic
stem cells for a 15-year-old girl with severe aplastic anemia (SAA), suffering multidrug-resistant (MDR)
bacterial infection and fungal infections. With strong antibiotics and life support treatments, the patient
received Cy + ATG precondition. The patient received cyclosporine A, methotrexate and mycophenolate for
GVHD prophylaxis. Leukocyte and Platelet engraftment occurred on day + 15 and + 35 respectively. The
patient’s blood routine test returned to normal on day + 72. The conditioning regimen was well tolerated
by patient. Donor's engraftments were achieved successfully. The immunosuppressants were weaned off
gradually. We hope this case's experience can be a reference for patients with SAA suffering severe
infection on HSCT in future.

Background
Severe aplastic anemia (AA) is a rare and potentially fatal disease characterized by hypocellular bone
marrow and pancytopenia. The major signs and symptoms of AA are severe infections, bleeding, and
exhaustion. The diagnostic criteria of severe AA (SAA) according to the British Society for Hematology
(2016) require a cellularity of <25% in bone morrow biopsy specimens, absolute neutrophil count (ANC) of
<0.5 × 109 /L, platelet count of <20 × 109 /L, and reticulocyte count of <20 × 109 /L. Very severe AA
(VSAA) is diagnosed when all criteria for SAA are met with a neutrophil count of <0.2 × 109 /L [1].
Infection is a signi�cant cause of death in patients with AA. First-line allogeneic hematopoietic-stem-cell
transplantation (HSCT) with human leukocyte antigen (HLA)–matched-sibling donor (MSD) is a
treatment for newly diagnosed patients with severe AA. When MSD is unavailable, �rst-line treatment with
ciclosporin and/or antithymocyte or antilymphocyte globulin (as �rst-line immunosuppressive therapy) is
an alternative to MSD-HSCT. Long-term neutropenia from SAA increases a patient’s risk of infection,
which is life threatening. Invasive fungal infections (IFIs) are increasingly being recognized as a common
threat in patients with AA [2, 3]. The incidence and severity of infection are inversely proportional to
absolute granulocyte count and duration. Thus, most patients with AA suffer from infectious diseases
until neutrophil recovery. The existence of active infection is generally perceived as an obstacle to
conventional allogeneic HSCT. Therefore, the timing of allogeneic stem-cell transplantation for infected
patient with severe AA is extremely important. At present, no well-documented guidelines of HSCT for
severe active infection with AA are available. Here we report a rare case of successful engraftment of
HLA-matched peripheral hematopoietic stem cells for a 15-year-old girl with severe AA, suffering
multidrug-resistant (MDR) bacterial infection, and IFI.

Case Report
The girl was diagnosed with VSAA at the age of 15. Acute nonjaundice hepatitis of unknown cause with
pancytopenia was found before VSAA diagnosis. Her health was normal until the diagnosis of AA with
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unknown reason. An initial complete blood cell count gave the following results: white blood cell count of
0.19 × 109 /L, ANC of 0.11 × 109 /L, hemoglobin level of 76 g/L, and platelet count of 12 × 109 /L. Bone
marrow biopsy con�rmed the diagnosis of severe AA. The patient had normal testing for PNH and
cytogenetic studies and received immunosuppressive (i.e., cyclosporine A [CSA]) and hematopoiesis
treatment (i.e., G-CSF, TPO, and danazol) after admission. However, the treatment had no signi�cant
response, and the patient remained platelet and red blood cell transfusion-dependent for one month. The
patient developed pulmonary infection with MDR bacteria and fungus, with an aspergilloma and large
number of pleural effusions (Figure 1A). The antibiotics fosfomycin, polymyxin, meropenem,
voriconazole, and micafungin could not stop her fever, coughing, and shortness of breath. Sputum culture
repeatedly showed Pseudomonasaeruginosa resistance to multidrug. A conventional microdilution assay
(CLSI methodology) showed the MICs of imipenem and meropenem at 8 and >16, respectively. Given
persistent uncontrolled infection, 2.5 g/kg Ceftazidime Avibactam Sodium (i.v. q8h) was added to 4 g
fosfomycin (bid, i.v.), with the continuation of voriconazole and liposomal amphotericin B. At the same
time, the continuous drainage of the pleural �uid was performed. The patient showed gradual
improvement during the follow-up period. The temperature tended to decreased to 38 °C from over >39 °C.
The in�ammatory marker (i.e., CRP, PCT, IL-6, and SAA) levels decreased slightly. CT scan showed the
pleural effusion reduced signi�cantly. Meanwhile, the patient recovered from the hemorrhagic shock of
gastrointestinal bleeding. Given the patient‘s dangerous and complicated condition, allogeneic stem-cell
transplantation was considered after obtaining the informed consent of the patient and her parents.
Under Cy+ATG precondition, the patient received peripheral stem-cell transplantation from her fully HLA
matched sister. The doses of precondition treatment were 0.25 mg/kg for rabbit ATG (on day −5 to day
−2); 50 mg/kg/day for cyclophosphamide (on days −5 to−2); and antiemetic, hydration, alkalization,
diuretic, and liver protection. The patient received 1.25mg/kg cyclosporine A (i.v. q12h) starting day -1,
with the goal level in the range of 200–300 ng/mL; 15 mg/m2/day methotrexate on day +1 and 10
mg/m2/day methotrexate on day +1, +3, +6; and mycophenolate on day +7 to 45 for GVHD prophylaxis.
On day +15 post-transplantation, the patient‘s’ANC was 0.5 × 109/L and continued to increase. G-CSF was
discontinued 3 days after ANC became >1 × 109 /L. Platelet engraftment occurred on day +35. CT
showed (Figure 1C) that pulmonary in�ltrate became transiently poor shortly before neutrophil reached
the normal value. Then, the patient was treated with broad-spectrum antibacterial
(cefoperazone/sulbactam, linezolid) and antifungal therapies (caspofungin, liposomal amphotericin B).
The patient kept normal temperature from day +18. The patient’s condition improved rapidly after HSCT
and was discharged on day +55. The patient’was discharged on day +55. CT showed (Figure 1D) that
lung condition improved markedly. The patient’s blood routine test returned to normal (WBC of
6.5 × 109 /L, Hb of 100 g/L, and PLT of 104 × 109 /L) on day +72. CT (Figure 1E)showed the condition of
lung on day +81.

Discussion
Sibling-donor HLA-matched HSCT is the main treatment of SAA, with the long-term survival rate in the
range of 85%–97% [4]. Infection is the leading cause of death in patients with SAA treated with
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immunosuppressive therapy and HSCT. A prospective randomized trial from France showed the
outcomes of 465 patients who received antithymocyte globulins plus CSA as �rst-line treatment. A total
of 55 patients died during the study primarily because of infections (53%) [5]. Febrile neutropenia (FN) in
patients with SAA, especially in children, is extremely common. A study on 31 children with SAA showed
that clinically documented infections account for 21 (55.26%), bacteremia for 13 (34.21%), and IFIs for 6
(15.78%), with the overall mortality rate of 42% [6]. Gram-negative bacteria are the predominant causative
organisms. Jung et al. [3] found that Gram-negative bacteria account for 77.1%, and MDR bacteria
occupied 30.3%. MDR bacteria are prevalent in patients with neutropenia [7-9]. Increases on the
antimicrobial resistance of the Gram-negative bacteria in severe infectious complications among patients
with hematological malignancies, such as cephalosporin and/or carbapenem-resistant
Enterobacteriaceae (CRE), MDR, and extended-spectrum beta-lactamase (ESBL) resistance. Meanwhile,
fungal infection is a major infectious complication in immunocompromised patients. A prospective,
observational study [20] found that the prevalence of IFI is 22.97% in persistent FN in children with acute
leukemia. The most common isolated fungi is Aspergillussp., followed by Candidasp. The mortality rate
is 9.45%. Therefore, infection is inevitable in patients with immunode�ciency.

The best strategy and timing of HSCT for patient with uncontrolled infection should be determined,
particularly in patients with severe active infection. In the 2017 Chinese expert consensus on AA showed
that active infection and bleeding are not recommended before HLA-compatible unrelated donor HSCT
[14]. However, the British Society for Hematology recommended MSD HSCT for young and adult patients
with severe AA; Additional details for the timing of transplantation for the patients with severe infection
and hemorrhage are unavailable [4]. The “threshold” of the transplant time should be further discussed,
especially for the patients with poor performance status.

HSCT is relatively challenging for the patients with serious infection and intensifying complications.
Infections caused by various MDR bacteria increase the risk of death signi�cantly. Ceftazidime–
avibactam (CAZ-AVI) is a novel synthetic β-lactamase inhibitor combination for a range of MDR Gram-
negative infection [15,16], which was approved by the FDA in 2017. CAZ-AVI has been successfully used
in patients with limited treatment options for complicated intra-abdominal infections and hospital-
acquired, ventilator-associated pneumonia caused by CRE and other multidrug Gram-negative bacteria
[17-19]. In the present study, the patient showed gradual improvement after treatment with CAZ-AVI and
fosfomycin. The patient’s temperature tended to be 38 °C. In�ammatory markers (i.e., WBC count, CRP
level, and IL-6 level) decreased.

Invasive aspergillosis (IA) is the most common IFI following a hematopoietic cell transplant, with
emerging cryptic species exhibiting resistance to commonly used antifungals, such as azoles.
Voriconazole is the current gold standard drug for IA. AmB lipid complex showed e�cacy in the second-
line therapy of IA in adults and children. The statements above are the guidelines for IA treatment from
the Infectious Diseases Society of America, the European Conference on Leukemia, and the European
Society of Clinical Microbiology and Infectious Diseases [20]. In clinical practice, the drug combination of
treatment is best and most effective choice on speci�c conditions. In the present report, the patient had
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fever, cough, and chest pain. The patient was positive in GM test, and CT showed characteristic changes
in aspergillus ball. The result of culture test was negative. Voriconazole as the diagnostic driven
treatment was used immediately after diagnosis but showed limited response. With the treatment using
liposome amphotericin B and caspofungin as antifungals, the patient recovered gradually. Patient’s CT
scan showed that the size of the aspergillus ball reduced gradually.

For patients preparing for HSCT, having the complications of MDR bacterial and fungal infections at the
same time is rare. HLA-matched peripheral HSCT remains the �rst line of treatment for SAA
under positive and effective anti-infective therapy.

With the development of new drugs, update of the transplant concepts, and improvement of diagnosis
and treatment, hematologists can fully control the severe infection in patients with SAA. For patients with
SAA combined with severe infection including multidrug resistance, HSCT may be the only effective
treatment to promote granulocyte recovery and control disease progression.
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Figure 1

Course of chest CT examination.


