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ABSTRACT

Diagnosis of invasive fungal infection remains challenging. Here we report a case of early diagnosis of invasive 
aspergillosis in a neutropenic patient affected by acute myeloid leukaemia, achieved through the detection of 
Aspergillus fumigatus species-specific ribonucleic acid sequences by a sensitive multiplex real-time polymerase 
chain reaction-based molecular assay. Thanks to the early diagnosis, targeted therapy was promptly established 
and the severe fungal infection controlled, allowing the patient to subsequently receive allogeneic hematopoietic 
stem cell transplantation from a haploidentical donor, her only curative option. Also in this instance, targeted 
secondary antifungal prophylaxis with voriconazole avoided any other fungal infection afterwards. This report 
suggests how the implementation of molecular assays in combination with routine diagnostic procedures, can 
improve microbiological diagnosis in sepsis, particularly in case of fungal infection, difficult to detect with stan-
dard microbiological culture methods.
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INTRODUCTION

Febrile neutropenia and sepsis are fre-
quent and life-threatening complications 
in patients with haematological malignan-
cies (1). Severe sepsis with multiple organ 
failure remains the most frequent cause of 
morbidity and mortality after autologous 
or allogeneic hematopoietic stem cell trans-
plantation (HSCT). Although the propor-
tion of infectious deaths in haematological 

patients has decreased over the last two de-
cades, much remains to be done to further 
reduce these events. More effective preven-
tive and prophylactic strategies for high-
risk patients are necessary (2, 3). Crucial 
issues for the management of sepsis are the 
early diagnosis of the underlying infection 
and the rapid administration of a targeted 
antimicrobial therapy, together with an ef-
ficient cardiorespiratory resuscitation (4). 
Blood cultures identify a pathogen in only 
20 to 30% of febrile episodes and the cul-
turing and pathogen identification process 
is very long, postponing the start of a patho-
gen-targeted treatment. In particular, life-
threatening invasive fungal infections (IFI) 
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are very difficult to detect with standard 
methods and this may often delay the start 
of aggressive antifungal therapy. Thereby, a 
sensitive tool to promptly recognize patho-
gens causing sepsis is of high clinical rele-
vance. The possible adjuvant role of molec-
ular techniques in the diagnostic flow-chart 
for IFI has been repeatedly discussed (5, 6).
LightCycler® SeptiFast test (Roche Mo-
lecular Systems) is a PCR-based multiplex 
assay that can be performed in uncultured 
peripheral blood. SeptiFast is reportedly ca-
pable of detecting 25 of the most common 
species isolated in blood cultures. The as-
say uses dual fluorescent resonance energy 
transfer (FRET) probes against the species-
specific internal transcribed spacer (ITS) 
regions, a non-coding sequence interspaced 
among highly conserved bacterial and fun-
gal RNA. Time from processing to result 
is remarkably short (less than 6 hours). In 
our Institution we performed two investi-
gational trials with LightCycler® SeptiFast. 
The first study analysed blood samples 
from febrile neutropenic patients and dem-
onstrates a significant correlation between 
the molecular test and the standard blood 
cultures (83%), thus allowing the prompt 
start of a targeted therapy based on the mo-
lecular result. The molecular approach al-
lowed the detection of Aspergillus fumiga-
tus in two patients with diagnosis of IFI 
(7). The second study confirmed the high 
specificity and sensitivity of SeptiFast and 
took into account 869 blood samples from 
haematological patients with febrile neutro-
penia (8). SeptiFast was also tested by other 
groups, confirming its ability to rapidly di-
agnose bloodstream infections in immuno-
compromised patients (9) and its clinical 
utility in the management of sepsis (6, 10) 
and febrile neutropenia (11). In this case 
report SeptiFast was the only microbiologi-
cal assay able to detect a fungal sepsis in a 
patient affected by high-risk acute myeloid 
leukaemia. 

CASE REPORT

A 41-year-old Caucasian female received in 
November 2011 the diagnosis of Acute My-
eloid Leukaemia (AML), M4 subtype ac-
cording to French-American-British (FAB) 
classification, with intermediate cytoge-
netic risk. Initially treated without benefit 
with induction chemotherapy, the patient 
received salvage chemotherapy with high-
dose cytarabine combined with idarubicin 
and cyclosporin A, obtaining complete dis-
ease remission, followed by consolidation 
chemotherapy with high-dose cytarabine. 
In June 2012 the patient underwent a first 
allogeneic HSCT from a 8/10 HLA-matched 
unrelated donor (MUD) upon busulfan/cy-
clophosphamide conditioning regimen and 
in vivo T cell depletion by thymoglobulin. 
Fluconazole antifungal prophylaxis was ad-
ministered. 
In September 2012 the patient relapsed and 
received a fludarabine-based salvage thera-
py without benefit. Since the diagnosis of 
AML, the patient had experienced several 
infectious episodes: a catheter-related sepsis 
from Staphylococcus hominis and an episode 
of diarrhoea caused by Clostridium difficile 
after induction therapy, and, after the first 
allogeneic HSCT, a sepsis by Escherichia 
coli. No history of fungal infections was re-
ported. In November 2012 the patient was 
referred to our Institute for a second alloge-
neic transplant.
The patient presented acute onset of fever 
and dry cough with sepsis at the hospital 
admission in November 2012. Blood analy-
ses demonstrated pancytopenia, including 
grade IV neutropenia (secondary to the 
disease relapse), and high level of serum 
c-reactive protein. According to our insti-
tutional guidelines for febrile neutropenia, 
the patient was tested for standard blood, 
urine and sputum culture and galactoman-
nan antigen test on blood, which all resulted 
negative. Chest X-ray was normal. A wide-
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spectrum empirical antibiotic therapy with 
piperacillin-tazobactam and azithromycin 
was therefore initiated. 
The initial management of the infection re-
quires formulating a probable diagnosis, ob-
taining cultures, performing imaging stud-
ies to confi rm the source of infection, and 
fi nally initiating appropriate and timely em-
pirical antimicrobial therapy (4). High-risk 
patients require early hospitalization to re-
ceive broad-spectrum antibiotic therapy; in 
this setting the use of an antipseudomonal 
β-lactam agent, such as piperacillin-tazo-
bactam, is recommended (12). Concomi-
tantly to the other microbiologic analyses, 
SeptiFast was performed and resulted posi-
tive for Aspergillus fumigatus (Figure 1); 
the positive result was available after only 4 
hours from patient’s admission, and impor-
tantly was confi rmed in three consecutive 
samples of patient’s peripheral blood. Flu-
conazole antifungal therapy was promptly 
changed on the basis of this evidence, and 
the patient received voriconazole, a triazole 
antifungal agent that has fungicidal activity 
against Aspergillus. 
Large studies have demonstrated the supe-
riority of voriconazole to improve response 
rate and survival in highly immunosup-

pressed patients developing invasive asper-
gillosis (IA) after allogeneic HSCT (13, 14). 
The following day a computerized tomog-
raphy (CT) scan of the chest (Figure 2) was 
performed, evidencing an extensive lobar 
pneumonia, highly suggestive for fungal 
infection. A bronchoalveolar lavage (BAL) 
was also performed and cytology resulted 
positive for septate hyphae suggestive for 
Aspergillus (Figure 3) classifying a diagno-
sis of probable IFI, while all other micro-
biological tests performed on BAL were 
negative. Importantly serial galactomannan 

Figure 1 - Temporal 
sequence of patient’s 
sepsis, from hospital 
admission to haploi-
dentical HSCT, with 
detailed clinical and 
laboratory steps.
HSCT = hematopoi-
etic stem cell trans-
plantation; CT = com-
puterized tomography; 
BAL = bronchoalveo-
lar lavage; GM = ga-
lactomannan.

Figure 2 - Chest CT scan of the patient shows a 
large consolidation area and peripheral ground-
glass opacities in left lower lobe. 
CT = computerized tomography.
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antigen tests on blood resulted all negative. 
Clinical symptoms rapidly improved upon 
the start of voriconazole therapy, with reso-
lution of sepsis and rapid response of the 
fever. A CT scan (Figure 4) performed 10 
days after starting voriconazole showed a 
marked reduction of the lobar pneumonia 
and ground-glass opacities. 
SeptiFast-guided early initiation of antifun-
gal therapy prompted rapid resolution of the 

sepsis, enabling the patient to sustain a sec-
ond allogeneic HSCT from a haploidentical 
donor in December 2012. The conditioning 
regimen consisted of treosulfan, fl udarabine 
and melphalan followed by T cell-replete 
peripheral blood stem cells. Post-grafting 
immunosuppression consisted of high-dose 
post-transplant cyclophosphamide followed 
by oral administration of mycophenolate 
mofetil and sirolimus. 
Of notice, the evidence of fungal infection 
was fundamental to guide the choice of the 
transplant protocol towards a condition-
ing devoid of anti-thymocyte globulins to 
favour rapid immune reconstitution and 
reduce the risk of fungal infection reoc-
currence. In the aplastic phase and dur-
ing the post transplant course the patient 
maintained a secondary prophylaxis with 
voriconazole; therapeutic drug monitoring 
allows a safe and effective administration 
of voriconazole along with sirolimus. Epi-
sodes of sepsis from Pseudomonas aerugi-
nosa were reported after transplant, but all 
solved with targeted antibiotic therapy. 
The targeted secondary antifungal prophy-
laxis and the rapid immune reconstitution 
(Figure 5) avoided any other fungal infec-
tion, despite the occurrence of cutaneous 
acute graft versus host disease (GvHD) ini-
tially, and a severe overlap chronic GvHD 
(involving skin, liver, mouth, eyes and 
lung) which required profound immuno-
suppression afterwards. 
At the last follow up (1 year after trans-
plant) the patient is still in complete remis-
sion of the haematological disease, without 
any sign of fungal infection.

DISCUSSION

Aspergillus spp. is the most serious fungal 
infection after allogeneic HSCT, and is the 
main cause of infectious death. Recipients 
of allogeneic transplantation show a high 
multifactorial risk of invasive fungal infec-

Figure 4 - Chest CT scan of the patient, per-
formed 10 days after starting of the targeted anti-
fungal therapy, showed a marked reduction of the 
lobar pneumonia and particularly of the ground-
glass opacities. CT = computerized tomography.

Figure 3 - Cytology on bronchoalveolar lavage: 
septate hyphae, suggestive for Aspergillus, and 
foamy macrophages. 
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tion that can be ascribed to: host character-
istics, IFI before transplant, neutropenia 
after the conditioning regimen (particularly 
in leukemic patients who may have been 
colonised during the multiple chemotherapy 
cycles), cord-blood or haploidentical family 
donor, severe acute or chronic GvHD and 
cytomegalovirus infections (15). Despite 
some major improvements, the mortality 
of Aspergillus in allogeneic HSCT patients 
remains over 50% in recent series and the 
diagnosis of infection in immunocompro-
mised patients is still challenging (13). Life-
threatening infections could significantly 
delay or even impede the prosecution of ma-
lignancy-specific treatment of haematologi-
cal patients, therefore only the timely diag-
nosis guiding a targeted therapy may give 
the opportunity to perform aggressive but 
potentially curative treatments such as in-
tensified chemotherapy or allogeneic HSCT. 
The EORTC/MSG (European Organiza-
tion for Research and Treatment of Cancer/

Mycoses Study Group) Consensus Group 
provided the standard definitions for IFI 
classification. “Proven” IFI requires the 
demonstration of fungal elements in dis-
eased tissue (biopsy, culture). The presence 
of a host factor plus clinical features (i.e. CT 
scan) and mycological criteria (i.e. cytology, 
indirect tests) identifies a “probable” IFI. 
The category of “possible” IFI includes all 
those cases with clinical evidence of IFI but 
for which there is no mycological support 
(16). In recent years advanced diagnostic 
tests, such as high resolution CT scan and 
antigen-based tests, have considerably im-
proved the identification of IFI (2, 17). Nev-
ertheless available tools, like histopatholo-
gy, culture and radiology, are often unable 
to timely detect the fungal pathogen and the 
presence of IFI (18). The clinical impact of 
more recent diagnostic approaches (galacto-
mannan, β-glucan and PCR assays) is under 
investigation (2, 17). The contribution of 
molecular techniques could be potentially 

Figure 5 - Immune reconstitution after allogeneic HSCT: absolute counts of lymphocyte subpopula-
tions of CD3+, CD4+ and CD8+ T cells, assessed by whole blood immunophenotypic staining with 
specific monoclonal antibodies (all from Biolegend) and Flow-Count Fluorospheres (Beckman Coulter), 
acquired using a Gallios cytometer and analyzed with Kaluza software (all from Beckman Coulter). 
HSCT = hematopoietic stem cell transplantation; GvHD = graft versus host disease.
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relevant in a multidisciplinary approach for 
IFI diagnosis (5, 6). In this case report only 
the molecular assay was able to detect As-
pergillus in different consecutive samples, 
whereas all the other microbiological assays 
resulted negative, and this allowed a prompt 
start of targeted antifungal therapy and a 
rapid resolution of patient’s sepsis. Achiev-
ing control of this severe infectious compli-
cation made haploidentical HSCT suitable 
for this patient, who had in this treatment 
her only possibility for a defi nitive cure. 
This case further evidences that a well-de-
signed molecular test in combination with 
traditional assays can play an important role 
in the diagnosis of IFI and can potentially 
improve the standard algorithm, accord-
ing to the EORTC/MSG Consensus Group, 
therefore leading to a rapid diagnosis and 
an earlier targeted antimicrobial therapy. 
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