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Ciprofloxacin prophylaxis during autologous stem cell transplantation  
for multiple myeloma in patients with a high rate of fluoroquinolone-resistant 

gram-negative bacteria colonization
Alzbeta Zavrelovaa, Pavla Paterovab, Filip Gabaleca, Pavel Zaka, Jakub Radochaa

Background.  Ciprofloxacin prophylaxis used to be a standard precaution during autologous stem cell transplantation. 
Its benefit, with a high prevalence of fluoroqinolone resistance in the population, has recently been under scrutiny.
Objective. To evaluate the impact of cessation of ciprofloxacin prophylaxis during stem cell transplantation for mul-
tiple myeloma.
Patients and Methods.  Data from 104 patients with multiple myeloma transplanted during the period from January 
2013 to April 2015 were retrospectively reviewed. 67 received standard ciprofloxacin prophylaxis (group A) and 37 
received no antibacterial prophylaxis (group B). 
Results. Febrile episodes during neutropenia, bloodstream infection (BSI) and mortality in these two cohorts were 
evaluated. Gram negative BSI was assessed for the colonization of quinolone-resistant gram-negative pathogens. 
Secondary Clostridium difficile enterocolitis presence was determined in both cohorts. There were 42 (63%), 7 (10%), 
and 0 febrile episodes, BSI and gram-negative BSI respectively in group A, and 34 (92%), 12 (32%), and 4 (11%) respec-
tively in group B. The differences in the number of febrile episodes (P=0.0011) and deaths (P=0.0427) were statistically 
significance. Mortality was 0 and 3 (8%) in group A and group B, respectively. There was no significant difference in 
colonization with quinolone-resistant gram negative pathogens (25 (37%) versus 11 (30%)) between groups. The oc-
currence of Clostridium difficile colitis was the same in both groups. 
Conclusion. We resumed ciprofloxacin prophylaxis for the following reasons. There was a significant reduction in 
febrile episodes, and consequently a sparing effect of antibiotics used for treatment of this condition. No difference in 
Clostridium difficile colitis occurred and the mortality rate of 8% in group B was unacceptably high.
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INTRODUCTION

Fluoroqinolones are widely recommended and used 
for prophylaxis of bacterial infection during the period 
of high risk neutropenia1,2. Their efficacy for hematoon-
cology patients with neutropenia has been repeatedly 
proven during recent years, especially in the case of au-
tologous stem cell transplantation3,4. Traditionally, they 
have served as an efficient tool for decreasing infection 
during neutropenia, mainly gram negative infection5-7. Not 
only have a reduction in febrile neutropenia and infection 
during neutropenia been proven, but even an impact on 
mortality has been shown in a study by Gafter-Gvili and 
Reuter8,9. A major concern of its efficacy has been raised 
during recent years with the wide emergence of quinolone-
resistant bacteria and a rise in breakthrough infection 
due to this organism10-13. Only scarce and not exact data 
exist concerning quinolone-resistance and its efficacy in 
prevention. Some investigators have linked the reduced 
efficacy of quinolone prophylaxis to 20 to 30% coloniza-
tion by resistant pathogens14,15. Since the resistance rate 

for quinolones at our institution has been rising during 
this time (our own data), we decided to avoid their use 
in some indications and started with the patient undergo-
ing stem cell transplantation for multiple myeloma. This 
group of patients was carefully chosen for its consistency, 
relatively low risk of fatal infection and short duration of 
neutropenia. Here we describe our observation of quino-
lone cessation during autologous stem cell transplanta-
tion for multiple myeloma in comparison with the rate of 
quinolone-resistant bacterial colonisation.

PATIENTS AND METHODS

A retrospective analysis of our common clinical prac-
tice in-patients consecutively transplanted for multiple my-
eloma was conducted in patients undergoing autologous 
stem cell transplantation for multiple myeloma at our insti-
tution during the period from January 2013 to April 2015.  
All patients were screened for resistant pathogen upon 
admission. Screening specimens consisted of rectal, nasal, 
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laryngeal swab and urine cultivation. Patients’ charts were 
then reviewed for the occurrence of febrile episode, clini-
cal infection, bloodstream infection, Clostridium colitis 
occurrence, clinical outcome and antibiotic consumption 
as treatment. Common clinical practice of febrile patients 
(defined as temperature 38 °C in two measurements at 
least one hour apart) included screening for infection by 
clinical and radiological examination, blood cultures and 
any other microbiologically relevant specimens. Febrile 
episode was counted if the patient developed fever dur-
ing neutropenia after transplantation, independently of 
the reason for the febrile state. Blood stream infection 
(BSI) was counted when any bacterium was isolated from 

blood culture.  Clostridium colitis was considered in the 
case of diarrhea with positive Clostridium difficile antigen 
and positivity of toxin A or B or confirmation by PCR 
technique. 

All gram negative bacteria were identified by mass 
spectrometry using Maldi TOF (Bruker Daltonics, 
Germany) and antimicrobial susceptibility testing was 
performed by EUCAST disc diffusion method. Results 
were interpreted according to EUCAST criteria. If any 
of these materials contained gram negative bacteria not 
susceptible to ciprofloxacin, the patient was considered 
to be colonized. Detection of antigen and toxins A/B 
of Clostridium difficile from feces was performed using 

Table 1. Demographic data.

Group A
n = 67

%
Group B 
n = 37

% P

Gender 0.3124
Males 38 57 17 46  
Females 29 43 20 54  
   
Age (years) 36-73 60 mean 33-69 60 mean 0.4445
   
Myeloma stage (Durie-Salmon) 0.5877
  I 3 4 1 3  
  II 23 34 10 27  
  III 41 61 26 70  
Renal impairment 0.3644
  A 51 76 25 68  
  B 16 24 12 32  
M-protein type 0.6147
  IgG kappa 27 40 9 24  
  IgG lambda 13 19 8 22  
  IgA kappa 8 12 7 19  
  IgA lambda 5 7 2 5  
  kappa free 10 15 6 16  
  lambda free 2 3 3 8  
  Other 2 3 2 5  
   
Conditioning regimen 0.0600
  Mel 140 5 7 8 22  
  Mel 200 62 93 29 78  
   
Number of transplants 0.9759
  1st autologous 52 78 29 78  
  2nd autologous 13 19 8 22  
  3rd autologous 2 3 0 0  
   
Disease status at transplant 0.7239
  CR 12 18 9 24  
  VGPR 22 33 10 27  
  PR 28 42 14 38  
  MR 1 1 1 3  
  SD 0 0 1 3  
  PD 4 6 2 5  

Mel – melphalan, CR – complete remission, VGPR – very good partial remission, PR – partial remission, MR – minimal response, SD – stable 
disease, PD – progressive disease
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C. diff Quik Chek Complete® (Techlab Alere, US). 
Positive results were confirmed by PCR detection using 
GeneXpert® C. difficile (Cepheid, US). Statistical evalu-
ation was performed using MedCalc v 9.5.2.0 software 
(MedCalc Software, Belgium). Fisher´s exact test was 
used for comparison of categorical variables, and t-test 
was used for continuous variables. All variables were con-
sidered statically significant at P<0.05.

RESULTS

104 patients fulfilling selection criteria were identified. 
All patients received autologous stem cell transplantation 
for multiple myeloma.  Chemotherapy consisted of mel-
phalan 200 mg/m2 in 91 patients and 140 mg/m2 in the 
remaining 13 patients. Most patients underwent their first 
autologous transplantation, but there was 21 second and 
two third transplantations as well. Complete demographic 
data are in Table 1.

67 patients received prophylaxis with ciprofloxacin 
500 mg twice daily from the onset of chemotherapy and 
37 patients received no antibacterial prophylaxis. Patients 
with quinolone prophylaxis were defined as group A and 
without prophylaxis as group B.

Colonization with ciprofloxacin-resistant gram nega-
tive bacteria was present in 25 of 67 patients (37%) and 
in 11 from 37 patients (30%) in group A and group B, 
respectively.

In group A 42 febrile episodes (63%), 7 BSI (10%) and 
no gram negative BSI were found.  34 patients in group 
B experienced febrile episodes (92%), 12 BSI (32%) and 
4 gram negative BSI (11%). One polymicrobial BSI was 
present in group B.  The percentage of febrile episodes in 
group A was the same for colonized and non-colonized 

Table 2. Identified bloodstream infection species.

Species Group A Group B 

Staphylococcus aureus 0 2
Coagulase negative staphylococcus 4 4
Streptococcus viridans group 1 1
Escherichia coli 0 2
Enterococcus 1 0
Klebsiella pneumoniae 0 1
Pseudomonas aeruginosa 0 1
Listeria monocytogenes 0 1
Anaerobes 1 2

Table 3. Antibiotic treatment.

 
 

Group A Group B
P 

n = 67 % n = 37 %
Any antibiotic needed 42 63 34 92 0.0011 
Combination treatment necessary 8 12 7 19 0.3872
Specific antibiotic used upfront  
  Piperacillin/Tazobactam 37 55 26 70 0.1481
  Meropenem 3 4 7 19 0.0328
  Vancomycin 5 7 4 11 0.7178
  Ceftazidime 1 1 1 3 1.0000
  Amoxicillin/clavulanate 1 1 0 0 1.0000
  Amikacin 1 1 2 5 0.2877
  Levofloxacin 2 3 0 0 0.5372
  Metronidazole 0 0 1 3 0.3558
  Linezolid 0 0 1 3 0.3558

Table 4. Characteristics of  patients with fatal outcome.

  Patient 1 Patient 2 Patient 3

Gender Female Male Male
Age (years) 69 58 69
Line of treatment 1 2 2
Transplantation (No.) 1st 2nd 2nd
Remission status at SCT CR PD VGPR
Myeloma type IgA lambda lambda free IgG lambda
Myeloma stage (D-S) III B II A II A
HCT-CI 2 2 0
Comorbidities Arterial hypertension Arterial hypertension Arterial hypertension
Cause of death Septic shock E. coli,  

respiratory failure
Septic shock Staph. aureus, 
multiorgan failure

bilateral pneumonia,  
agent not identified

D-S – Durie-Salmon, HCT-CI – Hematopoietic cell transplantation comorbidity index, CR – complete remission, PD – progressive disease, 
VGPR – very good partial remission
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patients, 56% and 67% respectively. Antibiotic treatment 
was instituted in 42 patients (63%) and 34 patients (92%) 
in group A and B respectively.  This was highly statis-
tically significant (P=0.0011). The list of identified BSI 
pathogens is shown in Table 2 and the list of antibiotics 
for treatment is shown in Table 3. First line empirical 
antibiotic treatment was chosen according to the clinical 
condition of the patient, and combination strategy was 
given only to the most severely compromised patients. 

During this period 3 patients died and infection was 
the cause of death in all of them. One patient experienced 
septic shock caused by E. coli resistant to ciprofloxacin, 
and one patient died from multiorgan failure, his blood 
cultures having revealed staphylococcus aureus. The third 
patient died of pneumonia of unknown origin. All these 
patients were in group B. This difference was statistical-
ly significant (P=0.0427). Details of these patients are 
shown in Table 4. No difference in Clostridium colitis 
diarrhea was found. It was present in 7 patients, 4 patients 
(6%) in group A and 3 patients (8%) in group B (Table 5). 

DISCUSSION

After years of standard prophylaxis with ciprofloxacin 
during autologous stem cell transplantation for multiple 
myeloma at our institution we were anxious to know if this 
approach is still rational. Our concern resulted from the 
high rate of quinolone-resistant bacteria at our institution, 
which reached 59% for Klebsiella in 2015. We decided 
to stop prophylaxis after some trials showed that it was 
safe to omit antibiotics in neutropenic patients undergo-
ing chemotherapy. No bacteremia-associated death was 
found in the study conducted by Kjellander in patients 
undergoing autologous stem cell transplantation with no 
antibacterial prophylaxis, and the same mortality rate was 
found in the two studies by Gudiol and Gomez with or 
without antibacterial prophylaxis during neutropenia16-18.

The colonisation rate with quinolone-resistant bacteria 
in our cohort was relatively high, up to 37%. This rate is 
in concordance with our hospital colonization rate. This 
might be caused by high environmental load of resistant 
bacteria, especially ESBL (extended spectrum beta lac-
tamase) producing strains, as for example surface wa-
ters around Hradec Králové are rich in ESBL-producing 
strains (our own surveillance, unpublished). Despite this 
rate we registered significantly more febrile episodes in 
group B and there was a clear trend for more BSI and 
gram negative BSI in group B also. 

Consistently with work by Hamadah et al. the rates of 
BSI with or without prophylaxis was very much compa-
rable in the autologous stem cell transplantation setting. 
The rates of BSI in the study were 24.4% and 8.6% without 
and with antibacterial prophylaxis, respectively4. On the 
other hand Gomez et al. described the same rate of BSI in 
patients during neutropenia with or without ciprofloxacin 
prophylaxis (28% to 26%) (ref.18). These were patients 
treated for acute leukemia, and a colonisation rate of 24% 
with quinolone-resistant bacteria was dated for their insti-
tution.  The reason for this inconsistent result might lie in 
the patient population and also the prolonged neutropenia 
in acute leukemia patients.  During autologous transplan-
tation for multiple myeloma the duration of neutropenia 
is usually shorter than after most intensive chemotherapy 
for other hematological malignancies. Thus there is less 
selection pressure in quinolone prophylaxis and a shorter 
time for development of breakthrough infection. 

We compared the ratio of quinolone-resistant bacteria 
colonization in these two groups and did not find any 
difference. We were unable to confirm a higher rate of 
bloodstream infection due to quinolone-resistant bacteria 
on prophylaxis, as was published by Liss et al. and by 
Saito et al. There was no gram negative BSI in our group 
A (ref.5,19). This could also be caused by a different pa-
tient composition and usually very short hospital stay for 
myeloma patients undergoing autologous stem cell trans-
plantation, as the longer stay at hospital was confirmed 
to be a risk factor for the development of infection with 
multidrug resistant gram negative bacteria20. We did not 
find any difference in the rate of febrile episodes within 
group A whether they were colonized or not. This is a 
quite surprising result and we did not find any consistent 
support for this observation in the literature. 

The proportion of broad spectrum antibiotic treat-
ment for febrile episode was much higher in group B in 
this analysis. Hence the impact of sparing patients from 
antibiotic exposure is counterbalanced by a higher con-
sumption of much broader-spectrum antibiotics used for 
treatment of febrile episode. Quinolone exposure is be-
lieved to increase the risk of Clostridium difficile colitis21. 
Similar rates were noted in our study in these two cohorts, 
which is consistent with data in hematological patients 
from Simondsen22.

During previous years with quinolone prophylaxis the 
mortality of multiple myeloma patients during autologous 
transplantation at our institution was below 1%, similar 
to what was reported by Gertz and Papanikolaou23,24. Our 
mortality rate of 8% in group B was alarming and above all 

Table 5. Overall incidence of fever, BSI, Clostridium colitis and death.

 
Group A Group B 

P 
n = 67 % n = 37 %

Febrile episode 42 63 34 92 0.0011 
Bloodstream infection 7 10 12 32 0.0734
Clostridium enterocolitis 4 6 3 8 0.6972
Death 0 0 3 8 0.0427
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it was clearly related to infection episode. We might specu-
late that in one case of septic shock caused by quinolone-
resistant E. coli, prophylaxis with ciprofloxacin would not 
have changed the clinical course of sepsis, but in reality 
we cannot rule out a clinical impact of ciprofloxacin ex-
posure, which might mitigate speed and severity of septic 
shock development. This led us to return to our previous 
policy and restart quinolone prophylaxis. We observed 
no more fatalities after prophylaxis had been reinstituted 
on the subsequent cohort of patients, and the evaluation 
of the data is still ongoing. We conclude that there is 
a benefit of quinolone prophylaxis in myeloma patients 
undergoing ASCT.
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