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Abstract Fluoroquinolone (FQ) and fluconazole prophylaxis
is recommended for patients undergoing allogeneic hemato-
poietic cell transplantation (alloHCT). However, due to an
uncertain scientific basis and the increasing emergence of re-
sistant germs, this policy should be questioned. Therefore, FQ
and fluconazole prophylaxis was omitted in alloHCT at our
center. In this retrospective analysis, all consecutive patients
(n=63) who underwent first alloHCT at our institution from
September 2010 to September 2013 were included. Patients
neither received FQ nor fluconazole prophylaxis. Day 100
mortality, incidence of febrile neutropenia, bacterial infec-
tions, and invasive fungal diseases (IFD) were assessed. Six-
teen patients who started conditioning under antimicrobial
treatment/prophylaxis due to pre-existing neutropenia (3/16),
IFD (12/16), or aortic valve replacement (1/16) were excluded
from the analysis. Finally, 47 patients were transplanted with-
out prophylaxis as intended. Day 100 mortality was 9 %. Fe-
brile neutropenia occurred in 62 % (29/47); 17/47 patients
(36 %) experienced a blood stream infection (BSI) with de-
tection of Gram-positive bacteria in 14 patients, Gram-
negative bacteria in five patients, and candida in one patient,
respectively. Coagulase-negative staphylococci were the most
frequently isolated Gram-positive bacteria; 12/21 isolated
Gram-positive and 3/6 Gram-negative bacteria were FQ resis-
tant. In 21 % (10/47) of the patients, IFD (1x proven, 1x
probable, and 8x possible) were diagnosed. To conclude, all
three criteria, day 100 mortality, the incidence of IFD, and

BSI, are in the range of published data for patients
transplanted with FQ and fluconazole prophylaxis. These data
demonstrate that alloHCT is feasible without FQ and flucon-
azole prophylaxis.
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Introduction

Bacterial infections and invasive fungal diseases (IFD) remain
major causes of morbidity and mortality in patients undergo-
ing allogeneic hematopoietic cell transplantation (alloHCT).
After disruption of physiological barriers, Gram-negative bac-
teria may cause infections by relocating from the gut into the
bloodstream, while Gram-positive bacteria penetrate through
the damaged mucosa or skin lesions. Moreover, Gram-
positive bacteremia is facilitated by central venous access.
Blood stream infections (BSI) in general lead to increased
mortality [1–3]. Therefore, antibiotic prophylaxis by
fluoroquinolones (FQ) is widely used to reduce the incidence
of infections and mortality. According to German [4] and
EBMT guidelines [5], FQ prophylaxis is recommended for
patients undergoing alloHCTwith A1- and B1-rating, respec-
tively. However, the majority of corresponding prospective
and retrospective studies on FQ prophylaxis included a het-
erogeneous cohort of patients with solid malignancies, leuke-
mia, and patients who underwent autologous HCT, respective-
ly. AlloHCT patients were either not included or in the vast
minority. The increasing emergence of FQ resistance emerged
in a debate about FQ prophylaxis [1, 6]. Thus, the common
standard of FQ prophylaxis in alloHCT has to be considered
critically.
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Invasive mold infections are the most frequent and relevant
IFD in alloHCT. Fluconazole is not effective against these
infections. Nevertheless, according to German guidelines [4]
and the updated ECIL 3–2009 guidelines [7], fluconazole is
still the standard for antifungal prophylaxis at least until day
75 post transplantation. These recommendations are based on
studies on patients undergoing bone marrow transplantation
with myeloablative conditioning published more than twenty
years ago.

Here, we report on a single center experience of patients
after alloHCT without FQ and fluconazole prophylaxis being
transplanted between September 2010 and September 2013.

Material and methods

Patients

In this retrospective study, all consecutive patients who
underwent first alloHCT at our institution between September
2010 and September 2013 were included.

All procedures were in accordance with the ethical stan-
dards of the responsible committee on human experimentation
and with the Helsinki Declaration of 1975, as revised in 2008.

Definitions

Blood stream infections (BSI) were defined according to
Busca et al. [8] as an isolate of a bacterial or fungal pathogen
from at least one blood culture, with the exception of
coagulase-negative staphylococci (CoNS) and normal skin
contaminants, which required two separate positive blood cul-
tures with the same susceptibility testing.

BSI were classified polymicrobial if ≥2 pathogens were
isolated in a single blood culture or in separate blood cultures
obtained up to 48 h apart, respectively [8].

The diagnosis of catheter-related infections was made in
accordance with the 2009 updated guidelines of the Infectious
Diseases Society of America for the diagnosis and manage-
ment of intravascular catheter-related infections [9].

Invasive fungal diseases (IFD) were defined either as prov-
en, probable, or possible IFD according to the revised
EORTC/MSG consensus criteria [10].

Febrile neutropenia was defined as fever ≥38 °C in grade
IV neutropenia (ANC<0.5/nl). Antithymocyte globulin
(ATG)-induced fever was neither counted nor treated as fe-
brile neutropenia.

Routine surveillance and transplant procedures

Patients were accommodated in isolation in single
rooms with high-efficiency particulate air filtration from
the beginning of conditioning until neutrophil recovery

(ANC>0.5/nl). They received a low microbial diet. As
blood vessel access, a central venous catheter (CVC)
was placed.

Before commencing the conditioning, microbiologi-
cal baseline investigations including cultures from stool
and urine, serum aspergillus galactomannan testing,
and swabs from the nose, throat, genital, and anal area
were performed. Surveillance cultures from mouth
wash and urine as well as serum galactomannan testing
were performed weekly. Analysis of full blood counts
and C-reactive protein were conducted on a daily rou-
tine. Prophylaxis with cotrimoxazole, colistin, metroni-
dazole, and acyclovir was routinely administered orally.
Mou th r i n s e w i t h ch l o rh ex id in e and t op i c a l
amphotericin B suspension several times a day was
obligatory. Patients neither received additional antibiot-
ic prophylaxis with FQ nor any systemic antifungal
prophylaxis routinely. Patients presenting with pre-
existing conditions in the medical history qualifying
for an antimicrobial prophylaxis or therapy, i.e., (1)
long-term neutropenia with primary antifungal prophy-
laxis, (2) antibiotic endocarditis prophylaxis after car-
diac valve replacement, and (3) antifungal and antibi-
otic therapy for active fungal and bacterial infections,
respectively, were excluded from the analysis.

Conditioning regimens included both, myeloablative and
dose-reduced protocols, respectively. Antithymocyte globulin
(ATG Fresenius® S, Neovii Biotech GmbH) was applied as
part of the conditioning regimen for unrelated donor HCT or
as a mandatory part of the FLAMSA-RIC regimen. Stem cell
sources comprised peripheral blood stem cells (PBSC) or
bone marrow (BM), respectively. Standard GvHD prophylax-
is consisted of cyclosporine A in combination with either
methotrexate (MTX) or mycophenolate mofetil (MMF) as
per protocol.

Management of febrile neutropenia and infections

In case of febrile neutropenia ≥38 °C, empirical broad-
spectrum intravenous antibiotic therapy with piperacillin/
tazobactam or imipenem/cilastatin was started immediately.
Simultaneously, microbiological diagnostic including cultures
from blood, urine, and, if applicable, sputum was conducted.
As second-line antimicrobial regimen, vancomycin,
clindamycin, or linezolid was administered, respectively. An-
tibiotic therapy was adjusted according the microbiological
findings. High-resolution computed tomography of the thorax
was performed at latest after 72 h in case of persisting fever or
the development of pulmonary symptoms. As pre-emptive
antifungal therapy, either liposomale amphotericin B or
voriconazole was initiated. The empirical therapeutic regimen
included voriconazole, liposomale amphotericin B, or
caspofungin, respectively.
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Statistical analysis

Data were obtained starting from the first day of the condi-
tioning until day 100 post transplantation. The primary study
end point was day 100 mortality. Secondary objectives were
the incidence of (1) febrile neutropenia, (2) BSI, (3) pulmo-
nary infiltrates, (4) IFD, and (5) acute GvHD.

Results

Out of the 63 consecutive patients who underwent allogeneic
transplantation from September 2010 until September 2013,
47 were eligible for this analysis. Despite the general internal
policy to omit FQ and antifungal prophylaxis, 16 of 63 pa-
tients received antimicrobial treatment due to pre-existing
medical conditions from the beginning of the conditioning
phase. These patients have been excluded from the analysis.
Figure 1 demonstrates the reasons for antimicrobial treatment
and exclusion from the analysis.

Patient characteristics

A total of 47 consecutively treated patients have been enrolled
in this analysis. Table 1 shows the patient characteristics. At
time of transplantation, patients’ median age was 54 years
(range 19–74). The underlying diseases were AML (n=23),
myelodysplastic syndrome (MDS) (n=8), ALL (n=3), lym-
phoma (n=8), and myeloproliferative neoplasms (MPN) (n=
5), respectively. Reduced intensity conditioning (RIC) regi-
men was used in 32 (68 %), myeloablative conditioning
(MAC) in 15 (32 %) patients. Patients received either PBSC
(n=45) or bone marrow (n=2); 13/47 patients were
transplanted from a matched related donor (MRD), 27/47
from a matched unrelated donor (MUD), and 7/47 from a
mismatched unrelated donor (MMUD), respectively.

Outcome

The outcome parameters are listed in Table 2. Day 100 mor-
tality was 9 % (4/47). Causes of death were acute GvHD (n=
1), respiratory distress syndrome due to pneumonia (n=2),
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Fig. 1 Flow diagram on eligible and excluded patients. Forty-seven of 63
patients who received neither antifungal nor FQ treatment as intended
were included in the analysis. Sixteen of 63 patients with antimicrobial
treatment were excluded. One asterisk patient with aortic valve
replacement, endocarditis prophylaxis with sultamicillin after insertion
of CVC, two asterisk primary prophylaxis with voriconazole due to
pre-existing long-term neutropenia, three asterisk antifungal therapy
due to pre-existing IFD (n=10): possible IFD (n=8), probable IFD (n=
1), and proven IFD (n=1), four asterisk antibiotic and antifungal therapy
due to pre-existing concomitant bacterial pneumonia and IFD (n=2):
possible IFD (n=1) and probable IFD (n=1)

Table 1 Patient characteristics

Patient characteristics n=47

Age in years, median (range) 54 (19–74)

Gender, male/female 31/16

Underlying disease

Acute myeloid leukemia 23

Acute lymphoblastic leukemia 3

Myeloproliferative neoplasia 5

Lymphoma 8

Myelodysplastic syndrome 8

Conditioning regimen

12 Gy TBI/Cy±ATG 4

8 Gy TBI/Flu±ATG 9

Flu/Bu±ATG 4

Flu/Mel±ATG 16

Flu/Treo±ATG 4

FLAMSA-RIC 8

Mel/8 Gy TBI/Flu 1

12 Gy TBI/Etoposid/ATG 1

Source of stem cells

PBSC/bone marrow 45/2

Donor type

MRD/MUD/MMUD 13/27/7

TBI total body irradiation, ATG antithymocyte globulin, Bu busulfan, Cy
cyclophosphamide, Flu fludarabine, Mel melphalan, FLAMSA
fludarabine, amsacrine, cytarabine, RIC busulfan, fludarabine, MRD
matched related donor, MUD matched unrelated donor, MMUD mis-
matched unrelated donor
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and multi-organ failure due to sepsis (n=1). Sixty-two percent
(29/47) of the patients experienced febrile neutropenia. The
latency until the occurrence of fever after the onset of neutro-
penia was in median seven days. The median duration of
neutropenia (i.e., ANC<0.5/nl) was 20.5 days (range 9–49).

The incidence of BSI was 36 % (17/47) with 14 of 17
Gram-positive, five of 17 Gram-negative, five of 17
polymicrobial BSI, and one of 17 with candidemia,
respectively.

Altogether, 27 bacterial pathogens were isolated from
blood cultures. A list of identified bacterial species is shown
in Table 3. Coagulase-negative staphylococci (12/21) were the
most frequent Gram-positive bacterial species. Escherichia
coli dominated the Gram-negative pathogen spectrum (3/6).
Twelve of 21 isolated Gram-positive and three of six Gram-
negative pathogens, respectively, were FQ resistant.

Altogether, pulmonary infiltrates were detected 16 times.
Ten pulmonary infiltrates were classified as possible (n=9)
and probable (n=1) IFD. Six pulmonary infiltrates were clas-
sified as caused by other, possibly bacterial or viral, infections.

Finally, IFD were diagnosed in ten of 47 patients with one
proven, one probable, and eight possible IFD, respectively.

Acute GvHD grade III/IV according to the revised
Glucksberg criteria occurred in 17 % (8/47) of patients. The
median duration of hospitalization was 36 days with a median
of 26 days after alloHCT.

Discussion

To our knowledge, this is the first report on patients undergo-
ing alloHCT without fluconazole and FQ prophylaxis. The
investigated regimen to perform alloHCT without either pro-
phylaxis did not lead to an increase in non-relapse mortality.
The day 100 non-relapse mortality (NRM) of 9% is within the
expected range for this patient population. Therefore, it should

Table 2 Outcome parameters

Outcome parameters n=47

Mortality day 100a 4/47 (9 %)

Cause of death
Acute GvHD grade III/IV
Respiratory distress syndrome due to pneumonia
Multi-organ failure due to sepsis

n=4
1/4
2/4
1/4

Incidence of febrile neutropenia 29/47 (62 %)

Time until occurrence of fever after onset
neutropenia (days), median (range)

7 (1–16)

Duration of neutropenia (days), median (range) 20.5 (9–49)

Incidence of BSI after beginning of conditioning
Gram-positive BSI
Gram-negative BSI
Candidemiab

PolymicrobiaI BSI

17/47 (36 %)
14/17 (82 %)
5/17 (29 %)
1/17 (6 %)
5/17 (29 %)

Pulmonary infiltrates
Invasive fungal disease:
Possible/probable/proven

Otherc

16/47 (34 %)
10/47 (21 %)
9/1/0
6/47

Incidence of invasive fungal disease (IFD)
Possible/probable/proven

10/47 (21 %)
8/1/1

Incidence of acute GvHD until day 100
Grade I/II
Grade III/IV

20/47 (43 %)
12/47 (26 %)
8/47 (17 %)

Length of hospital stay (days), median (range) 36 (22–86)

Discharge after HCT (days), median (range) 26 (16–79)

a No patient died relapse related. Day 100 mortality is consistent with
NRM
bThis case of candidemia was the only proven invasive fungal disease
c Including possibly bacterial and viral infections

Table 3 Species distribution of 27 bacterial bloodstream infections

Microorganism Number FQ resistant (n)

Gram-positive pathogens 21 12

Enterococcus 3 3

Enterococcus faecalis 1 1

Enterococcus faecium 2 2

Staphylococcus, coagulase-negative 12 9

Staphylococcus haemolyticus 4 4

Staphylococcus epidermidis 5 4

Staphylococcus capitis 1 0

Staphylococcus schleiferi 1 0

Staphylococcus hominis 1 1

Staphylococcus aureus 1 0

Streptococcus viridans 2 0

Streptococcus sanguinis 1 0

Streptococcus oralis 1 0

Streptococcus gallolyticus 1 0

Streptococcus pyogenes 2 0

Streptococcus pneumoniae 1 0

Streptococcus spp. 1 0

Gram-negative pathogens 6 3

Klebsiella 2 0

Klebsiella pneumoniae 1 0

Klebsiella pneumoniae (ESBL) 1 0

E. coli 3 2

E. coli 2 1

E. coli (ESBL) 1 1

Morganella morganii 1 1

Morganella morganii 1 1

Pathogens with intermediate FQ susceptibility or resistance were consid-
ered as FQ resistant

ESBL extended-spectrum ß-lactamase producing bacteria
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be questioned critically if either of the so-far standard prophy-
laxis is actually necessary.

Within both, the German and the European guideline, a FQ
prophylaxis is recommended for patients undergoing alloHCT
[4, 5]. However, recommendations refer to studies, in which
only small numbers of alloHCT recipients have been included
into large series of patients with cancer and hematologic malig-
nancies undergoing conventional chemotherapy [11]. More-
over, studies on FQ prophylaxis in neutropenic patients did
not demonstrate uniformly a significant reduction of mortality
[11–14]. Prospective randomized studies comparing FQ pro-
phylaxis versus placebo are missing completely in the setting
of alloHCT [14]. There are only few small retrospective studies
investigating the efficacy of FQ prophylaxis in patients under-
going alloHCT in the existing literature [15, 16]. Simondsen
et al. [16] showed no significant difference in day 100 mortality
(8.3 versus 10.4%) in their analysis comparing alloHCTwith or
without FQ prophylaxis. Similarly, Kanda et al. [15] demon-
strated that there is no significant impact on early mortality after
discontinuation of FQ prophylaxis for patients with alloHCT.

BSI have been demonstrated to be associated with an in-
creased mortality in adult alloHCT recipients [1–3]. The inci-
dence of BSI varies between 13–60 % among patients after
alloHCT [1, 17, 18]. Liu et al. [2] demonstrated that BSI
occurred in 24.8 % of alloHCT recipients and found a pre-
dominance of Gram-negative bacteria (54 %) despite the use
of FQ prophylaxis. In our analysis, BSI occurred in 36 % of
the patients. In contrast to Liu and colleagues, we saw a pre-
dominance of approximately 80 % Gram-positive bacteria.
However, only 43 % of these Gram-positive bacteria would
have been susceptible to FQ. Recently, two further studies
showed a predominance of Gram-positive BSI [1, 8]. Consis-
tent with these data, coagulase-negative staphylococci were
the most frequent isolated Gram-positive pathogens in our
analysis (57 % of Gram-positive bacteria). Despite omitting
FQ prophylaxis, the proportion of Gram-negative isolates
among BSI was low in our cohort (approximately 30 %).
The corresponding data in the literature with FQ prophylaxis
are 37 and 40 %, respectively [1, 8]. The relatively low fre-
quency of Gram-negative BSI might be due to the use of
colistin for selective gut decontamination.

In our analysis, three out of six isolated Gram-negative
bacteria were FQ resistant. This is in line with the recently
reported increasing emergence of FQ-resistant bacteria in pa-
tients undergoing alloHCT [1, 6]. Bock et al. [19] demonstrat-
ed for their center a rate of FQ-resistant E. coli of >60 % in
alloHCT patients in comparison with only 20 % in the general
hospital population. Due to their advanced hematological dis-
ease, the majority of patients of our cohort had experienced
one or more episodes of antibiotic therapy, particularly by
FQs, before their allogeneic transplantation. These previous
exposure to antibiotics might have facilitated the emergence
of FQ-resistant bacteria. The rising frequency of FQ-resistant

bacteria is a further rationale for omitting prophylaxis by FQ
in patients undergoing alloHCT.

FQ prophylaxis is intended to diminish infection-related
mortality by reducing the incidence of febrile neutropenia
and bacterial infections. In this analysis, 62 % of patients
developed febrile neutropenia. However, the high frequency
of febrile neutropenia did not translate into an elevated NRM.
Only six patients developed pulmonary infiltrates which were
suspicious for bacterial infection. Thus, even without broad-
spectrum antibiotic prophylaxis, bacterial pulmonary infec-
tion is a rare event, at least in this cohort.

Fungal diseases are frequent complications after alloHCT.
To prevent fungal infections, an antifungal prophylaxis by
fluconazole is widely used according to current guidelines
[4, 7, 20]. However, invasive mold infections are the most
relevant IFD in alloHCT. Of note, fluconazole is not effective
against these infections. Nevertheless, the current German and
ECIL 3–2009 guidelines still recommend fluconazole prophy-
laxis at least until day 75 after transplantation [4, 7]. These
recommendations refer to two placebo-controlled studies from
the early 1990s on patients being transplanted with bone mar-
row after myeloablative conditioning. Since these studies do
not reflect the current practice of alloHCT, the decision to omit
fluconazole prophylaxis was made locally at our center in
2010. Altogether, this approach did not result in an elevated
NRM or excess of IFD. Only ten of 47 patients experienced
the diagnosis of an IFD. And finally, only one of these ten
patients was diagnosed for candidemia with a fluconazole-
susceptible candida albicans. Solely, this patient, who sur-
vived the IFD, would have benefited possibly from a flucon-
azole prophylaxis. Despite the absence of fluconazole prophy-
laxis, the incidence of candidemia in the study cohort is within
the range of published data for candidemia under fluconazole
prophylaxis [1, 3, 21]. The remaining nine patients diagnosed
for IFD were both, clinically and by radiologic imaging diag-
nostics, highly suspicious for invasive aspergillosis. These
infections would not have been prevented by fluconazole pro-
phylaxis at all. We therefore suggest re-evaluating the com-
mon policy of fluconazole prophylaxis in alloHCT.

The use of topical amphotericin B suspension as mouth rinse
and topical prophylaxis against esophageal candidiasis might be
a reason for the relatively low rate of IFD especially of
candidemia. Topical amphotericin B suspension might have
prevented IFD by reducing the burden of candida in the upper
gastrointestinal tract. Furthermore, minimal absorption of topical
amphotericin B had been demonstrated after oral rinsing [22].
Nonetheless, it is questionable whether the resulting very low
plasma level of amphotericin B can act systemically as an anti-
fungal agent. However, to our knowledge, topical amphotericin
B suspension has not yet been assessed in the setting of alloHCT.

A further reason for the low rate of pulmonary mold infec-
tions is the consistent accommodation of all patients in rooms
with high-efficiency particulate air filtration from the
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beginning of conditioning until neutrophil recovery. However,
this type of accommodation should be the standard of care
according to JACIE guidelines [23].

With the ECIL 3–2009 guideline [7, 24], fluconazole still
is recommended with A1-rating for patients in the initial neu-
tropenic phase. Additionally, voriconazole is recommended
with a provisional A1-rating. The recommendation is based
on the results of a randomized study comparing voriconazole
versus fluconazole. The study showed a trend to fewer
IFD for voriconazole prophylaxis. However, there was no
statistically significant benefit for overall survival for
voriconazole prophylaxis [25]. Thus, it is questionable
whether fluconazole should be replaced by voriconazole for
antifungal prophylaxis in alloHCT. The TRANSNET study
has shown [26] that patients undergoing HCT are at different
risk for IFD. The GITMO recommendations for primary an-
tifungal prophylaxis [27] and the consensus guidelines for
antifungal prophylaxis [20], both published in 2014, suggest
a risk-adapted approach: high-risk patients should receive a
mold-active antifungal prophylaxis. Basically, in our cohort, a
similar approach had been already used. Only patients with a
pre-existing long-lasting neutropenia at high risk for IFD re-
ceived a primary and patients with previous IFD a secondary
antifungal prophylaxis with a mold-active drug. According to
our data, there is no need for a primary fluconazole prophy-
laxis for all other patients.

Limitations of the present analysis are (1) the retrospective
design and (2) the limited number of patients. Additionally,
our data might be biased by the use of metronidazole and
colistin for intestinal bacterial decontamination. The aim of
this strategy was to reduce the risk of acute GvHD as sug-
gested by Beelen et al. [28]. However, neither colistin nor
metronidazole is a broad-spectrum antibiotic prophylaxis with
systemic action. Thus, the prophylactic use of both drugs does
not contradict the intention of our approach performing
alloHCTwithout antibiotic prophylaxis.

This analysis demonstrates as a proof of concept that
performing alloHCTwithout any FQ and fluconazole prophy-
laxis is feasible. All relevant outcome parameters such as day
100 NRM, overall survival, and the frequency of IFD, BSI,
and acute GvHD are within the range published for patients
transplanted with antimicrobial prophylaxis. Considering the
increasing emergence of FQ and fluconazole resistance and
the missing scientific evidence for a benefit by the prophylac-
tic use of both drugs, these prophylaxes should be re-
evaluated as common standards in alloHCT. Alternatively, a
risk-adapted approach for an aspergillus-effective antifungal
prophylaxis should be assessed in the future.
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