
Abstract. – OBJECTIVE: Despite the fact that
proton pump inhibitor (PPI) use is a risk factor
for infections in heterogeneous groups of pa-
tients, there are only a limited data related to PPI
use and febrile neutropenic episodes (FNEs) in
hematopoietic stem cell transplantation (HSCT)
patients.

PATIENTS AND METHODS: In a 7-year period,
we retrospectively reviewed 145 HSCT data to
identify a risk factor for PPI use for febrile neu-
tropenia. The follow-up process of 125 (86.2%)
of the HSCTs was complicated with FNEs.

RESULTS: A multivariate analysis indicated that
PPI use was not significantly associated with
FNEs (Odds ratio [OR]: 0.46; 95% Confidence In-
terval [CI] 0.12-2.16; p = 0.24) or bacterial culture
positivity (OR: 1.37; 95% CI 0.45-4.18; p = 0.58).

CONCLUSIONS: Our study revealed that PPI
use does not appear to be a risk factor for FNE
or bacterial culture positivity for HSCT patients
but further studies are needed.

Key Words:
Febrile neutropenia, Hematopoietic stem cell trans-

plantation, Proton pump inhibitor.

Introduction

The most common cause of mortality and
morbidity in patients with chemotherapy-induced
neutropenia remains infectious complications1.
Although there are many studies that have exam-
ined the risk factors for febrile neutropenic
episodes (FNEs) in heterogeneous patient groups
with hematologic malignancies2,3, studies in
hematopoietic stem cell transplantation (HSCT)
patients are limited4..

Proton pump inhibitors (PPIs) have become
one of the most commonly used medications
worldwide5. The majority of patients required
PPI’s during the HSCT because of dyspeptic
complaints due to stress and multi-drug usage.
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Although experts have generally viewed PPIs as
safe6, increased proclivity to infections7-9 is a po-
tential complication of this class of drugs. Avail-
able evidence for enhanced susceptibility to en-
teric infections by PPI use was described in a
systematic review10. Other systematic review in-
dicated that the overall risk of pneumonia was
higher among people using PPI’s9.

PPI use was investigated as a risk factor for
Gram-positive coccal infections and Gram-nega-
tive bacterial infections in a heterogeneous neu-
tropenic patient population with hematologic ma-
lignancies which also consist transplanted pa-
tients2,11. The aim of this study was to investigate
the effects of PPI use only on patients who un-
derwent HSCT.

Patients and Methods

Patients 
The data of 145 hematopoietic stem cell trans-

plantations (autologous or allogeneic) from 139
patients who was underwent transplantation at
the Hospital of Ege University School of Medi-
cine, Adult Hematology Department, Transplant
Center between January 2005 and July 2012
were analyzed retrospectively. The patient data
and variables related to stem cell transplantation
(diagnosis, age, sex, underlying disease, type of
transplantation, proton pump use, febrile neu-
tropenic episodes, G-CSF use, duration of neu-
tropenia, viremia, fungal infections, culture re-
sults) were obtained from the standard charts
which was belong to hematology clinic that
stored in the files and records of clinical microbi-
ology laboratory for a uniform time frame. The
data provide only transplant related admissions,
two weeks before and 30 day after transplanta-
tion (Table I). 
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Number of patients 139

Sex (male/female) 84/61
Age (years), median (range) 51 (18-68)
Type of disease
Multiple myeloma/primary amyloidosis 58
Lymphoma (non-Hodgkin’s/Hodgkin’s) 48
Acute leukemia 26
(myeloblastic/lymphoblastic)

Other 7
Type of transplantation
Autologous 105
Allogeneic 40

Conditioning regimen
BEAM 44
Melphalan 57
BUCY 27
Reduced-intensity 6
Other 11

Catheter (yes/no) 90/55
Duration of neutropenia (days), 9.4 (3-39)

median (range)
Culture positivity
Blood 25
Urine 8
Catheter 17
Other 3

Table I. The main characteristics of the patients.
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cell infusion, 10 (7.0%) patients used PPIs until
+5 - +9 days after stem cell infusion, 2 (1.4%)
patients used PPIs until +10 - +14 days after
stem cell infusion and 1 (0.7%) patients used
PPIs until > +14 days after stem cell infusion.
Chronic PPI use (before hospitalization for trans-
plantation, during the hospitalization and after
the discharge) was recorded in 56 (38.6%) pa-
tients.

High-Dose Chemotherapy
In the autologous group, BEAM (BCNU 300

mg/m2; etoposide 200 mg/m2/day, 4 days; ARA-
C 400 mg/m2/day, 4 days; melphalan 140 mg/m2)
was administered to 44 (30.3%) patients. High-
dose melphalan (200 mg/m2) was administered to
57 (39.3%) patients (Table I). In the allogeneic
group, BuCy (busulfan 4 mg/kg/day, 4 days and
cyclophosphamide 60 mg/kg/day, 2 days) was
administered to 27 (18.6%) patients. A reduced-
intensity conditioning regimen (busulfan [oral: 4
mg/kg/day, 2 days; IV: 3.2 mg/kg/day, 2 days] +
fludarabine [30 mg/m2/day, 6 days] + ATG [10
mg/kg/day, 4 days]) was administered to 6
(4.1%) patients and other conditioning regimens
was administered in 11 (7.6%) patients (Table I).

Patient Monitoring and Care
Out of 9 patients who underwent allogeneic

HSCT, all of the patients received 5 µg/kg G-
CSF per day, starting on the fifth day after the
stem cell infusion. The irradiated blood compo-
nents were infused to maintain hemoglobin and
platelet levels above 8 g/dL and 20 × 109/L, re-
spectively. All of the patients received antiviral
and antifungal prophylaxis. Ninety-eight of 145
HSCT patients received antibiotic prophylaxis
(levofloxacin or ciprofloxacin). 

In patients with a neutrophil count below
500/mm3 or a count expected to fall below
500/mm3 within 48 hours, a measured one time
oral or axillary temperature of at 38.3°C and
higher or a measured oral or axillary temperature
of 38.0-38.2°C for one hour was defined as
febrile neutropenia. The day neutrophil and
platelet engraftment was defined as the first day
on which the neutrophil and platelet counts ex-
ceeded 0.5 × 109/L and 20 × 109/L (without a
need for platelet transfusion) for three consecu-
tive days, respectively.

The patients who developed neutropenic fever
were treated according to the established guide-
lines. High-resolution computed tomography

One hundred and five transplantations were
autologous and 40 were allogeneic. The median
age was 51 years (range, 18-68 years). The study
subjects consisted of patients with multiple
myeloma and primary amyloidosis (n = 58,
40.0%), lymphoma (Hodgkin’s or non-
Hodgkin’s [n = 48, 33.1%]), acute leukemia
(lymphoblastic or myeloid [n = 26, 17.9%]), and
other diseases (chronic lymphocytic leukemia,
chronic myeloid leukemia, mycosis fungoides,
etc. [n = 7, 4.8%]). The patient population in-
cluded 84 (57.9%) males and 61 (42.1%) females
(Table I). 

Six males were re-transplanted. Four of these
patients had multiple myeloma and 2 of these pa-
tients had lymphomas. Ninety (62.1%) of the
transplantations were performed using a central
venous catheter (Table I). All of the transplanta-
tions were performed using peripheral blood
stem cells.

PPI Use 
Thirty-six (24.8%) patients used PPIs from the

beginning of the transplantation conditioning
regimen until the stem cell infusion, 14 (9.6%)
patients used PPI’s starting on any day of the
conditioning regimen until +4 days after stem



(HRCT) was performed on the patients with un-
controlled fewer. We routinely tested patients for
CMV viremia and galactomannan in blood twice
a week after the transplantation until engraftment
occurred. 

Fungal infections were defined as possible,
probable or proven. Possible fungal infections in-
cluded only cases with the appropriate host fac-
tors and with sufficient clinical evidence consis-
tent with fungal infection but for which there was
no mycological support. The cases of probable
fungal infections required that a host factor, clin-
ical features, and mycological evidence were
present. The category of proven fungal infections
required demonstration of fungal elements in the
diseased tissue.

Sterility Testing and Microbial Sampling
Bacteriological culture of the specimens:

Sterile specimens were transported to the Ege
University Medical Faculty Microbiology Labo-
ratory. Two or three mL blood samples were in-
oculated into blood culture bottles of a commer-
cially available bacterial detection system
(BacT/ ALERT 3D automated system, bio-
Merieux, Durham, NC), and they were incubat-
ed in the BacT/ALERT 3D system for a mini-
mum of 7 days or until considered positive. The
midstream urine samples were taken for quanti-
tative culture. Stool samples of the patients were
cultured for enteropathogens such as Salmonella
spp., Shigella spp., Campylobacter spp.,
Yersinia enterocolitica, Vibrio cholerae and En-
terohemorrhagic E. coli. 

All isolated microorganisms were identified
using conventional biochemical procedures and
an automated bacterial identification system
(VITEK 2, bioMerieux, Marcy-l’Etoile, France).
In addition, the antimicrobial susceptibility test-
ing was performed for each isolate according to
the Clinical and Laboratory Standards Institute
guidelines. Antibiotic susceptibility patterns
were used to confirm that the organisms that
were recovered from the products and the pa-
tients were identical.

CMV Viremia Tests
For CMV viremia, the CMV antigenemia test

(CINAkit Argene Biosoft, France) was per-
formed in cases before November 2010 and the
CMV real-time PCR test that targets the gB gene
(CMV QNP 2.0 kit, Fluorion Iontek, Turkey)
was performed after November 2010. Blood
samples (with EDTA) were collected and tested

on the same day. CMV antigenemia was reported
quantitatively when positive pp65 cells were >
2/200 000 leucocytes, and the limit of detection
for the CMV DNA PCR assay was 37 iu/ml. 

Clostridium Difficile Tests
Clostridium difficile toxin A+B was investi-

gated in stool samples using an immunoassay
test (ELFA, Biomerieux, VİDAS, France).

Galactomannan Testing
The galactomannan test was performed using

The Platelia™ Aspergillus Ag, which is a one-
stage immunoenzymatic sandwich microplate as-
say that detects galactomannan in human serum
and bronchoalveolar lavage(BAL) fluid. The
assay uses rat EBA-2 monoclonal antibodies that
are directed against Aspergillus galactomannan.
Blood samples (with EDTA) were collected and
tested on the same day. The presence or absence
of the galactomannan antigen in the test sample
was determined by the calculation of an index for
each patient specimen. Sera/BAL fluid with an
index < 0.50 was considered to be negative for
galactomannan antigen.

Statistical Analysis
We analyzed the relationship between PPI use

and febrile neutropenic episodes, culture results,
CMV viremia and fungal infections. For this pur-
pose, the described variables were examined us-
ing a multivariate test (logistic regression). p val-
ues less than 0.05 were considered significant.
The data were analyzed using computer software
(SPSS 16.0, SPSS, Inc., Chicago, IL, USA). 

Results

The data from 145 hematopoietic stem cell
transplantations from 139 patients were analyzed.
The follow-up process for 125 (86.2%) of the
transplantations was complicated with FNEs, and
in 20 (13.8%) transplantations, FNEs were not ob-
served. Granulocyte colony-stimulating factor (G-
CSF) was used in 136 (93.8%) transplantations.
The median neutropenia period was 9.4 days. 

The bloodstream culture positivity was 14.5%,
urine culture positivity was 5.5%, catheter blood
culture positivity was 11.0% and some patients
had more than one type of culture positivity. No
positivity was detected in stool culture. Blood
cultures were positive in 23 samples. Nine
(39.1%) of these cultures were Gram-negative,
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and fourteen (60.9%) were Gram-positive mi-
croorganisms. Urine culture positivity was de-
tected in 8 samples. All of them were Gram-neg-
ative microorganisms. Catheter cultures were
positive in 18 samples. Three (16.7%) of them
were Gram-negative, and 15 (83.3%) were
Gram-positive microorganisms. Some patients
had more than one type of culture positivity.
There was no statistically significant difference
between Gram-positive and Gram-negative mi-
croorganism positivity with PPI use in any cul-
ture type. Isolated microbiological pathogens and
the relationship between the uses of PPI are pre-
sented in Table II. 

The CMV viremia frequency was 18.6% (PPI
use: 21.0%, No PPI use: 7.7%, Table III). Fungal
infection frequency was 5.5% (PPI use: 5.0%,
No PPI use: 7.7%, Table III). Six (75.0%) of
them were probable fungal infections and 2
(25.0%) of them were possible fungal infections.
The pneumonia frequency was 6.2% (PPI use:
5.9%, No PPI use: 7.7%, Table III). Four patients
had both diarrhea and pneumonia. There was no
statistically significant difference between the
frequency of pneumonia and PPI use.

The diarrhea frequency was 23.5% (PPI use:
21.0%, No PPI use: 34.6%, Table III). Twenty-
five cases (73.5%) were in autologous recipients
and 9 (26.5%) were in allogeneic recipients.
There was no statistically significant difference
between the frequency of diarrhea and PPI use.
Clostridium difficile toxin testing was performed
to 11 of 34 patients who had diarrhea. Positive
results were detected in only one of the autolo-
gous patient who did not use PPIs.

Based on the multivariate analysis, PPI use
was not significantly associated with febrile neu-
tropenic episodes (Odds ratio [OR]: 0.46; 95%
Confidence Interval [CI] 0.12-1.68; p = 0.24),
viral infections (OR: 0.49; 95% CI 0.95-2.53; p
= 0.39), fungal infections (OR: 0.86; 95% CI
0.20-17.31; p = 0.58) and culture positivity (OR:
1.37; 95% CI 0.45-4.18; p = 0.58, Table IV).

Discussion

Our study revealed that in the patient group
which was consist of majorly using chronic PPIs
did not propose any additional risk for FNE (OR:
0.46; p = 0.24), CMV viremia (OR: 0.49; p =
0.39) or fungal infections (OR: 0.86; p = 0.58)
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PPI use No PPI use

Blood

Gram negative 8 1
Gram positive 11 3

Urine

Gram negative 6 2
Gram positive 0 0

Catheter
Gram negative 3 0
Gram positive 14 1

Other

Gram negative 1 0
Gram positive 1 1

Table II. Isolated microbiological pathogens and the rela-
tionship between the uses of PPI.

All patients (%) PPI use (%) No PPI use (%)

CMV Viremia 18.6 21.0 7.7
Fungal infections 5.5 5.0 7.7
Pneumonia 6.2 5.9 7.7
Diarrhea 23.5 21.0 34.6

Table III. Viremia, fungal infections, diarrhea, pneumonia frequency and the relationship between the uses of PPI.

OR 95% CI p value

FNE 0.46 0.12-2.16 0.24
Culture positivity 1.37 0.45-4.18 0.58
Viremia 0.49 0.95-2.53 0.39
Fungal infections 0.86 0.20-17.31 0.58

Table IV. Multivariate analysis of the use of PPI relationship with the variables.



on hematopoietic stem cell transplanted patients
(Table III). 

PPI use was not determined to be a risk factor
for Gram-positive and Gram-negative infections
in the patient group consisting of only transplant-
ed patients in our study. PPI use was investigated
as an statistically borderline independent risk
factor (OR: 1.7; p = 0.05) for Gram-positive coc-
cal infections in Cordonnier et al. study2. In an-
other study of this group PPI use was not deter-
mined to be a risk factor (OR 0.59; p = 0.24) for
Gram-negative bacterial infections in a heteroge-
neous group of patients with hematologic malig-
nancies which also consists transplanted pa-
tients11. Unlike our study, the number of trans-
planted patients was low (n: 44) in one of these
studies11 and there was no a subgroup analysis
for PPI use in transplanted patients in both stud-
ies2,11.

No difference was detected in pneumonia fre-
quency with PPI use in our study. Eom et al. re-
ported in a meta-analysis that the overall risk of
pneumonia was higher among people using PPIs
(OR: 1.27) who were hospitalized, regardless of
circumstances9. Unlike in this meta-analysis, the
relationship between PPI use and pneumonia fre-
quency was investigated in only the transplanted
homogenous patient group in our study. 

No difference was detected in stool culture
and Clostridium difficile toxin positivity with PPI
use in our study. Our facilities are limited to de-
tect enteropathogens that are defined in methods.
Since there is huge numbers of bacteria in the in-
testinal microbiota in humans, we did not intend
to determine enteric microbiota. Obviously, any
bacteria can be a risk for FEN in immuncom-
primised patients. Recent data suggest that diar-
rhea complicates 79% of allogeneic HSCT12 and
83% of both allogeneic and autologous trans-
plantations13. In a study by Dial et al14 C. difficile
diarrhea was significantly associated with the use
of PPIs (OR: 2.1) in a large number of hospital-
ized patients, regardless of circumstance. C. diffi-
cile-associated disease during HSCT has been re-
ported to affect 10.3% of HSCT patients in re-
cent papers13. The cause of our low C. difficile
frequency was the toxin test was not able to per-
form all patients with diarrhea, because the test
was not used routinely in the early years of our
study.

Invasive fungal infections were detected in 8
(5.5%) of HSCTs and no significant difference
was detected in fungal infection frequency with
PPI use in our study. The occurrence of invasive

mycoses was 19.1% with a 23.2% frequency in
allogeneic HSCT recipients and 10.9% in autolo-
gous HSCT recipients15. Our fungal infection fre-
quency is lower than what has been reported in
previous studies due to the fact that bron-
choscopy was not routinely used in our patient
population. 

CMV viremia was detected in 27 (18.6%)
transplantations in our study. No difference was
detected in viral infection frequency with PPI
use. In allogeneic HSCT patients who received
myeloablative-conditioning regimens and pre-
emptive ganciclovir therapy, the reported preva-
lences of early CMV disease was 3.5% to
10.5%16. The probability of detection of CMV
DNA was 48.3% and the probability of CMV
disease was 6% at 100 days after BMT17. A large
cohort of 278 patients could be monitored with
the tetramers, and 198 (71%) actually developed
detectable cytomegalovirus-specific CD3+CD8+

T cells following HSCT18.
Because our study was retrospective, HRCT

was not used for all patients in the earlier years
examined. In addition, C. difficile tests were not
performed on all patients with diarrhea.

Conclusions

PPI use does not appear to be a risk factor for
febrile neutropenia, viremic or fungal infections
in HSCT. Further prospective studies with a larg-
er number of patients may confirm the role of
PPI use in FNEs experienced after HSCT. 
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