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Original Article

ABSTRACT

Aim: Bacteremia is considered as the most significant cause of mortality and morbidity in febrile neutropenic patients. 
The epidemiology and risk factors might differ among institutions and over the time period. The aim of this study is to 
evaluate the frequency, epidemiology and factors predictive of bacteremia in neutropenic patients in a university hospital 
in Ankara between November 2007 and November 2008.

Material and Methods: 177 febrile neutropenic episodes of 115 patients with hematological malignancies were included 
in this study. Cases were defined as patients with bloodstream infection and controls were the patients without bloodstream 
infections. We evaluated the cases and controls for the risk factors, complications and mortality rates. Microorganisms 
isolated from blood samples and their susceptibility patterns were also analysed.

Results: The prevalence of bacteremia was 61%, 42.6% of them were catheter related and mortality rate was 12.4%. 
Bloodstream infections are more common in the patients with uncontrolled underlying disease and long term severe 
neutropenia. Duration of severe neutropenia (neutrophile count <100/ mm3), underlying hematologic malignancy, stem 
cell transplantation, relapsing or refractory disease, presence of central venous catheter and presence of mucositis were 
significant predictive factors for bacteremia. Presence of central venous catheter and relapsing or refractory disease were 
independent risk factors. Candidemia and gram negative bacteremia were significantly associated with higher mortality 
rates. Gram-positive microorganisms were the most common isolates (76.8%) with the predominance of coagulase 
negative staphylococci (63.6%) with methicillin resistance rate of 64%. The most frequent gram-negative pathogen was 
Escherichia coli with quinolon resistance rate of 82.1%.

Conclusion: Monitorization for the epidemiology of bacteremia and prediction of significant factors associated with 
bacteremia in febrile neutropenic patients are considered to be important for the choice of initial antibiotic therapy. 
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ÖZ
Amaç: Kan dolaşımı infeksiyonları febril nötropenik hastalarda, ciddi morbidite ve mortalite ile seyretmektedir. 
Farklı merkezler arasında ve aynı merkezde yıllar içerisinde bakteriyemi epidemiyolojisi ve risk faktörleri değişiklikler 
göstermektedir. Bu çalışmanın amacı Kasım 2007-Kasım 2008 tarihleri arasında Ankara’da bir üniversite hastanesinde 
bakteriyemi sıklığını, risk faktörlerini ve epidemiyolojisini belirlemektir.

Gereç ve Yöntemler: Çalışmamızda 115 hematolojik maligniteli hastada gelişen 177 febril nötropeni atağı ve 108 kan 
dolaşımı enfeksiyonu incelenmiştir. Olgular kan dolaşımı enfeksiyonu gelişen, kontrol grup ise gelişmeyen hasta grubu 
olarak tanımlanmıştır. Olgular ve kontroller risk faktörleri, komplikasyonlar ve mortalite oranları yönünden karşılaştırılmış; 
izole edilen mikroorganizmalar ve duyarlılık paternleri incelenmiştir.

Bulgular: Epizodlarının %61’inde bakteriyemi gelişmiş, bunların %42.6’sı kateterle ilişkili bulunmuş ve atak ilişkili mortalite 
hızı %12.4 saptanmıştır. Altta yatan malignitesi kontrol altında olmayan, uzun süreli derin nötropenisi olanlarda bakteriyemi 
daha yüksek oranda izlenmiştir. Kök hücre nakil ünitesinde yatmak, altta yatan malignite tanıları, nakil uygulama türünden 
bağımsız olarak kök hücre nakli varlığı, malignite evresi, santral venöz kateter, mukozit ve ishal varlığı kan dolaşımı enfeksiyonu 
gelişimi ile ilişkili bulunmuş; altta yatan malignite evresi ve santral venöz kateter varlığı bağımsız risk faktörleri olarak 
tanımlanmıştır. En sık etkenleri olarak gram-pozitif bakteriler (%76.8); bunlar içinde de en sık koagülaz negatif stafilokoklar 
(%63.6) saptanmıştır. Metisilin direnci koagülaz negatif stafilokoklarda %64 bulunmuştur. Gram-negatif bakteriler içerisinde 
ise en sık Escherichia coli izole edilmiştir. Escherichia coli izolatlarında kinolon direnci %82.1 saptanmıştır.

Sonuç: Sonuç olarak febril nötropenik hastalarda kan dolaşımı enfeksiyonu sıklığının, risk faktörlerinin ve epidemiyolojisinin 
izlemi, her merkezin kendi empirik tedavi yaklaşımını belirleyebilmesi için önemlidir.

Anahtar kelimeler: Febril nötropeni; kan dolaşımı infeksiyonu; risk faktörleri

Introduction
In patients with hematological malignancies, invasion of the 
bone marrow by malignant cells, as well as deep and long-term 
neutropenia caused by cytotoxic therapy, increase the risk of 
infection. Fever develops in more than half of the patients 
one week after aggressive chemotherapy is administered, and 
fever is frequently the only sign of infection due to an inad-
equate inflammatory response caused by host defense disor-
ders [1].Because infection mortality and morbidity are high in 
these patients, even if no infection focus can be detected in 
the case of fever, empirical antimicrobial therapy should be in-
itiated after blood cultures are obtained following a thorough 
and rapid physical examination and anamnesis. Bacteremia is 
the cause of fever in 10-20% of febrile neutropenic patients. 
The patient's age, underlying malignancy type and stage, and 
bone marrow transplantation type are the most important 
factors that determine the risk of bacteremia, particularly in 
studies with bone marrow transplant recipients.[1-3]

The type of bacteria that cause bacteremia also varies over 
the years. While gram-negative agents were isolated more 
frequently until the early 1990s, the increased use of vascular 
catheters in the following periods, prophylaxis applications, the 

agents chosen in the initial empiric treatment were less effec-
tive against gram-positive bacteria, mucositis and diarrhea due 
to chemotherapy had increased the incidence of the gram-posi-
tive blood stream infections (BSI). However, in recent studies, an 
increase in the frequency of gram-negative infections has been 
observed in both developing and developed countries.[4-6]

This study aimed to determine the frequency of bloodstream 
infection, microbiological factors, risk factors, and antimicrobial 
susceptibility in patients with hematological malignancies and 
bone marrow transplantation at the Gazi University Faculty of 
Medicine Hematology and Bone Marrow Transplantation Unit.

Materials and Methods
Patients

This study included 177 febrile neutropenic episodes in 115 pa-
tients with hematological malignancies between November 2007 
and November 2008. 'Cases' were defined as patients who had 
a bloodstream infection, while controls were patients who did 
not have a bloodstream infection. We compared the risk factors, 
complications, and mortality rates between cases and controls. 
Microorganisms isolated from blood samples were also studied, 
as were their susceptibility patterns. The terms "fever," "neutrope-



nia," and "severe neutropenia" are defined in the "Guidelines for 
Diagnosis and Therapy in Febrile Neutropenic Patients."[7]

Bacteremia was defined as the isolation of a pathogenic mi-
croorganism from at least one blood sample. Isolation of skin 
flora elements (coagulase-negative staphylococci, diphter-
oids, or Bacillus spp.) was accepted as meaningful, as was the 
presence of an intravascular catheter, fever or hypothermia, 
trill or hypotension.

Primary bloodstream infection was diagnosed when the caus-
ative pathogen isolated from blood culture was not associated 
with another local infection; secondary bloodstream infection 
was diagnosed when there was a local infection and the same 
microorganism was isolated from blood samples and the in-
fection focus. Bacteremia from local catheter infections were 
also considered secondary bloodstream infections.

The study was approved by Gazi University Faculty of Medi-
cine Ethical Committee.Informed consent of each subject 
were obtained. The study protocol is in accordance with the 
Declaration of Helsinki. 

Pimary and secondary episodes

The isolation of a bacterial pathogen from blood samples 
taken at the start of the fever is recognized as a primary bacte-
remia episode. The term "secondary bacteremia episode" was 
used to describe when a different microorganism was isolated 
from a new blood culture 72 hours later. Isolation of the same 
microorganism from the same patient, despite the fact that 
the second sample was taken after 72 hours, was considered 
one bacteremia episode.

Microbiology

BacT/Alert automated microbial detection system ((Organon 
Teknika Corp., Durham, NC) was used for peripheral and cath-
eter blood cultures taken from patients, and for the diagnosis 
of catheter-related infection, 4-5 cm of catheter segment was 
rolled across the surface of an agar plate and colony-forming 
units were counted after overnight incubation. The antimi-
crobial susceptibility of isolates was determined using the 
Kirby-Bauer disk diffusion method on Muller-Hington agar in 
accordance with Clinical and Laboratory Standards Institute 
(formerly NCCLS) procedures. In addition to traditional micro-
biological methods, the BBL Crystal Enteric/Non-Fermentative 
ID and BBL Crystal Gram Positive Identification (Becton Dickin-
son USA) systems were used to identify isolates. Candida spe-
cies that form germ tubes were identified as Candida albicans, 
while others were identified as non-albicans Candida.

Statistical analysis
SPSS version 17.0 for Windows (IBM Incorporated, Armonk, 
NY, ABD) was used for data entry and statistical analysis. For 
analyzing risk factors and complications, we used descrip-
tive statistical methods such as the ki-square test and Fisher's 
method. Spearmen's correlation method was used for the cor-
relation analysis, and logistic regression analysis was used for 
the multivariate analysis, with p-values of <0.05 considered 
statistically significant.

Results
Patients

In our study male/female ratio was 1/1.9, median age was 44 
and mean hospitalization period was 42.2 ± 27.973 days. Blood 
stream infection occurred 61 percent of febrile neutropenic 
episodes and 42.6 % of these associated with central catheter. 
Underlying disease of the patients were 59.9 % acute leuke-
mia, 21.5% lymphoma and 18.8% other hematological malig-
nancies. Blood stream infection rates were significantly higher 
presence of uncontrolled underlying disease (70 episodes; 
32/177 relaps, 18.1%; 38/177 refractory disease, 21.5%). Rate 
of the episodes with BSI without any clinical site was 18.2% 
(33/177). We couldn’t find any clinical infection site 23.7% of 
the episodes. Clinically documented infections and their dis-
tribution were showed in table 1.

 Table 1. Clinically documented infections and their distribution
Clinical sites of infection n (%)
Pneumonia 27 (15.3)
Catheter infection 22 (12.4)
Urinary infection 6 (3.4)
Perianal infection 4 (2.2)
Sinopulmonary infection 4 (2.2)
Intraabdominal infection 2 (1.1)
Pneumonia + Catheter infection 13 (7.3)
Pneumonia + Urinary infection 10 (5.7)
Pneumonia + Soft tissue infection 8 (4.6)
Urinary infection + Catheter infection 6 (3.4)
Total 102 (57.6)

There was no significant difference between the patients with 
BSI and the patients without BSI about age and gender. Mean 
duration of fever was 10.81 ± 9.9 days for cases and 7.42 ± 
7.9 for controls and the difference was statistically significant 
(p<0.05). The difference between cases and controls about du-
ration of severe neutropenia was also statistically significant 
(17.19 ±14.47 days; 12.84 ±13.51 days; p=0.047). Demographic 
data for the patients with BSI was compared with the patients 
without BSI in table 2.
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Table-2. Comparison of the demographic data for the pa-
tients with BSI and without BSI.

Patients caracteristics with BSI n 
(%) *

without BSI 
n (%) * p

Gender
               Female
               Male

40 (56.3)
68 (64.2)

31 (43.7)
38 (35.8)

0.296

Age (mean) 40.8 ±14.9 42.78 ±16.7 0.415
Duration of severe 
neutropenia(neutrophile 
count < 100/mm3)

17.19 ±14.47 12.84 ±13.51 0.047

Duration of fever 10.81 ± 9.9 7.42 ± 7.9 ) 0.019
*Row percentages taken

Risk factors

Risk factors for BSI were hospitalization in stem cell trans-
plantation unit, underlying hematological malignancy, stem 
cell transplantation (independent from type of transplanta-
tion), state of underlying disease, occurrence of CVC, mu-
cositis and having diarrhea (p<0.05). When we made logistic 
regression analysis only the state of underlying malignancy 
and occurrence of CVC were found as independent risk fac-
tors (the stage of underlying malignancy and occurrence of 
CVC were independently related with BSI). Blood stream infec-
tions in patients with relapsing underlying disease were 5.45 
times (%95 CI; 1.693-17.863) and in the patients with refrac-
tory underlying disease were 6.31 times (%95 CI; 1.965-20.242) 
greater than new diagnosed patients. Occurrence of CVC also 
increased BSI 4.13 times (%95 CI; 1.638-10.398). Risk factors for 
BSI were showed in table-3.

Blood stream infections were more common in the patients 
with mucositis and isolated microorganisms were different. 
Gram-positive microorganisms were 50%, gram negative mi-
croorganisms were 16% and Candida spp. were 6% and differ-
ence was statistically significant (p=0.021). Fluoroquinolone 
prophylaxis and steroid therapy were increasing the rate of BSI 
but the difference wasn’t statistically significant. 

Complications and mortality

In our study patients with BSI also compared with the patients 
without BSI in terms of hypotension and intensive care neces-
sity and the difference was statistically significant (p=0.03 and 
p=0.014). Febril neutropenic episode related mortality rate 
was 12.4% (22/177). The difference between the mortality of 
patients with BSI and without BSI was not significant, but it 
was found statistically different when the groups were divid-
ed. The difference was statistically significant when the groups 
were separated based on the infectious agents. (p=0.022). 

Mortality of secondary BSI was thirteen times higher than pri-
mary BSI (95% CI; 3.32-51.076). Mortality rates due to BSI types 
were showed in table 4. 
Table 3. Risk factors for BSI

Risk factors with BSI n 
(%)

without BSI 
n (%) p

Department
Hematology clinic
SCT* unit

59 (50.9)
49 (80.3)

7 (49.1)
12 (19.7)

0.001

Underlying hematological 
malignancy
Acute leukemia**
Lymphoma***
Others ****

58 (54.7)
24 (63.2)
26 (78.8)

48 (45.3)
14 (36.8)
7 (21.2)

0.045

State of underlying malignancy
New diagnosed
Remission
Relaps
Refractory

15 (36.6)
39 (59.1)
24 (75.0)
30 (78.9)

26 (63.4)
27 (40.9)
8 (25.0)
8 (21.1)

0.001

Stem cell transplantation
Allojeneic SCT
Autologous SCT
None

27 (81.8)
21 (77.8)
60 (51.3)

6 (18.2)
6 (22.2)

57 (48.7)

0.001

Central venous catheter
Yes
No

94 (68.6) 
14 (35.0)

43 (31.4) 
26 (65.0)

0.001

Mucositis
Yes
No

37 (74.0)
71 (55.9)

13 (26.0)
56 (44.1)

0.026

Diarrhea
               Yes
               No

51 (71.8)
57 (53.8)

20 (28.2)
49 (46.2)

0.016

*SCT (Stem cell transplantation)
** ALL ( Acute lymphoblastic leukemia), AML ( Acute myeloblastic 
leukemia ), biphenotypical leukemia 
*** Hodgkin lymphoma, Non-Hodgkin lymphoma
**** CLL ( Chronic lymphoblastic leukemia), CML ( Chronic myelo-
blastic leukemia), MDS (Myelodysplastic syndrome), MM ( Multiple 
myeloma ), AA ( Aplastic anemia)

Table 4. Mortality rates due to BSI types
Mortality 

(+) 
Mortality 

(-)
Total p

Without BSI* (n (%))
With BSI* (n (%))
           Gram-positive
          Gram-negative
           Candidemia

5 (7.2)
17 (15.7)
8 (11.1)
7 (21.9)
2 (50)

64 (92.8)
91 (84.3)
64 (88.9)
25 (78.1)

2 (50)

69 (100)

72 (100)
32 (100)
4 (100)

0.022

Primary BSI*
Secondary BSI*

5 (6.6)
12 (37.5)

71 (93.4)
20 (62.5)

76 (100)
32 (100)

0.001

*BSI: Blood stream infection

Isolates and resistance patterns

Gram positive microorganisms (76.8%) were the most com-
mon isolates from BSI, followed by gram negatives (2.6%) and 
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Candida spp (1.6%). Among gram positive bacteria, coagulase 
negative streptococci were found at the highest rate (63.6%). 
Enterococcus species were found in 4.2 % of the samples and 
Staphylococcus aureus was found in 3%. E.coli was the most 
commonly isolated gram-negative pathogen (10.3 percent 
). This was followed by Klebsiella spp. (4.2%), Acinetobacter 
spp(2.1%), and Pseudomonas spp. (2.1%).   

Methicillin resistance in coagulase-negative staphylococci was 
found to be 64% and 25% in S.aureus, respectively. None of 
the staphylococcal strains tested positive for glycopeptide or 
linezolid resistance. In the isolated enterococci, no glycopep-
tide or linezolid resistance was found. In gram negatives, GSBL 
positivity was seen 50% of the E.coli and Klebsiella isolates. 
Carbapenem susceptibility was found to be 93% and amino-
glycosides susceptibility was 68%. The fluoroquinolone group 
antibiotics were found to have the most resistance (82.3%). 
The fluoroquinolone group antibiotics were found to have the 
most resistance (82.3%). Carbapenem resistance was 25% in 
Klebsiella species and flouroquinolone resistance was 42%. 
Acinetobacter isolates were found to be highly resistant to al-
most all antibiotics. Two-thirds of the strains were resistant to 
all antibiotic classes, including carbapenems. In Pseudomonas 
isolates carbapenem resistance was only 17%.  

Discussion
Bloodstream infections are a serious infectious complication 
that develops in febrile neutropenic patients and has a high 
morbidity and mortality rate. Bacteremia is found in 30-40% of 
febrile neutropenic patients, and the epidemiology of bacte-
remia forms the base for empirical treatment selection. Blood 
stream infections in febrile neutropenic patients were mostly 
studied in patients with hematological malignancies, particu-
larly those who underwent SCT, and age, malignancy type, and 
transplantation type were highlighted as risk factors for the 
development of bacteremia in these series. Although there are 
fewer data for patients with solid tumors, neutropenia has been 
identified as the most important risk factor in this group[3].

Blood stream infections was found in 61% of febrile neutro-
penic episodes in our study. When compared to other data, 
our bacteremia rates appear to be high. The reported rates are 
typically in the 20-30% range in other studies [5, 8, 9].

Overall, 40-50% of FEN episodes are fevers of unknown origin, 
20% are infections which are clinicaly documanted, and 20% 
are microbiologicaly documented. While it is defined as an in-
fection, bacteremia can be found in up to 20% of cases [10]. 
In our study, no cause of fever was discovered in 23.7% of the 

cases. The most common infection (15.3%) was pneumonia, 
followed by catheter infection (12.4 %). Six of the nine (5%) 
patients who developed sepsis died.

The duration and depth of neutropenia are the most impor-
tant factors for the development of bloodstream infection. It 
has been known for many years that it is an important risk fac-
tor. Neutrophil level 0-100/mm3 defined as  deep neutrope-
nia, which lasts longer than 10 days in case of severe infection 
and bacteremia, the frequency is very high[11]. In our study, 
the mean duration of deep neutropenia 17.19 days in patients 
with bacteremia and 12.84 days in the control group, and the 
difference was statistically significant. The mean duration of 
fever in febrile neutropenic episode at bacteriemic patients 
was also found to be significantly longer than non bacte-
riemic patients (10.81 days vs. 7.42 days).  BDIs were found to 
be more commonly associated with prolonged fever and pro-
longed deep neutropenia.

The underlying type of malignancy and the stage of the un-
derlying disease are important risk factors for the develop-
ment of bacteremia. Despite previous research indicating that 
bacteremia is more common in patients with acute leukemia, 
BSI was found in patients with both non-acute leukemia and 
non-lymphoma diagnoses in our study[3, 9, 12]. Deeper cellu-
lar agents, such as fludarabine, which cause immunodeficien-
cy, have begun to be used; the high rate of autologous SCT 
in this group, as well as preparatory alkylating agents such as 
high-dose melphalan, which has a severe mucositis-inducing 
effect in the regimen, may be the cause of this difference[13, 
14]. In our study, the risk of CDI was found to be significantly 
higher in relapsed or unresponsive patients in both univariate 
and multivariate analyses (5.45 times in relapsed cases, 6.31 
times in unresponsive cases), and these rates are consistent 
with the literature[12, 15-17]. Uncontrolled underlying disease 
significantly raises the risk of infection.Chemotherapy should 
be started as soon as possible, especially if there is bone mar-
row infiltration, as it will help the patient recover from neutro-
penia and improve immunosuppression[2].

Many studies have found that SCT is a significant risk factor 
for the development of BSI[6, 18, 19]. In a study of 264 BSI at-
tacks, it was discovered that SCT increased the risk of bacte-
remia fivefold[12]. In our study, bloodstream infections were 
also found to be more common in patients who underwent 
SCT. When compared to the literature, our rates appear to be 
extremely high. This increase is thought to be due to the high 
prevalence of CVC (95%), mucositis (67%), and diarrhea 67 
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(82%) in this group, all of which are defined as risk factors for 
the development of BSI.

According to the literature, the use of more CVCs today than in 
previous years increases gram-positive infections, particularly 
staphylococcal infections. The presence of CVC was found to 
be an independent risk factor in this study, according to lo-
gistic regression analysis, and it was found to increase the de-
velopment of BDI by 4.13 times. Furthermore, 42.6 percent of 
the identified BDIs were found to be catheter-related. Catheter 
type, catheterization time, neutropenia, underlying malignan-
cy, depth of immunosuppression, TPN, catheter location, and 
catheter care were all identified as risk factors for the develop-
ment of catheter-related BDI in numerous studies[12, 20, 21].

Another risk factor for BDI is the presence of mucositis. Gram-
positive BDIs, particularly infections caused by viridans strep-
tococci, have been reported to be more common in patients 
with mucositis[4, 10, 22]. In our study, however, BDI increased 
significantly in patients with mucositis, while streptococcal in-
fection was only 1.9 percent. The reason for this is thought to 
be the use of antistreptococcal agents in empirical treatment, 
such as piperacillintazobactam or carbapenems. The presence 
of diarrhea, like mucositis, has been highlighted in many stud-
ies as a risk factor for gram-positive BDI that develops with 
gastrointestinal flora elements [23, 24]. In our study, patients 
with diarrhea had a significantly higher rate of BDI.

The presence of BSI is one of the leading causes of increased 
mortality in febrile neutropenic patients[9, 24, 25]. In our 
study, it was discovered to be approximately two times higher 
in patients who developed BSI compared to those who did 
not. Although it varies according to the factors in the litera-
ture, mortality rates have been reported to range between 
10% and 50%. The mortality rates differ depending on the 
types of isolates. Mortality in BSIs caused by gram-negative 
agents is higher than in BDIs caused by gram-positive agents, 
and these findings are consistent with our findings.

Many centers have reported that the frequency of gram-neg-
ative bacteremia, which had been prevalent in previous years, 
has shifted in favor of gram-positive bacteremia. [25, 26]. The 
frequency of BDI caused by gram-positive agents was found 
to be 76% in our study, with coagulase-negative staphylococci 
being the most common among them. However, the situation 
may vary from center to center or even within the same center 
over time[27, 28]. 

Susceptibility patterns, like the distribution of BDI agents, 
have changed over time. When compared to other studies, 
the reason why methicillin resistance was low in gram-positive 
isolates and no vancomycin resistance was observed in our 
study is thought to be the limited use of glycopeptides[24, 29]. 

In our study, half of the E.coli isolates from gram-negative 
bacteria were found to be resistant to 3rd and 4th genera-
tion cephalosporins. Resistance to piperacillin-tazobactam 
has increased by up to 30%, which is thought to be due to 
its extensive use in empirical therapy. Because sulbactam-
cefoperazone and carbapenem resistance is detected at less 
than 10%, these antibiotics are more appropriate for empirical 
treatment in our center. Resistance was detected at a rate of 
25% in Klebsiella species, even against carbapenems, which 
are known to be the most sensitive. Acinetobacter isolates 
are highly resistant to almost all antibiotics. In Pseudomonas 
species, the highest resistance was detected against cefepime 
and sulbactam-cefoperazone at a rate of 50%; carbapenem 
and aminoglycoside susceptibility was found to be high in 
general when compared to the literature. Changes in resist-
ance rates have been observed in our center over the years. In 
our center, increasing resistance has been observed in gram-
negative bacteria over the years, especially to 3rd generation 
cephalosporins, quinolone group antibiotics, and piperacillin-
tazobactam, which is used extensively in empirical treatment.

In conclusion, our research shows that, in addition to the dura-
tion of neutropenia and the source of bacteremia, the types 
and resistance patterns of bacteremia agents are important 
factors influencing mortality. Therefore, the distribution of 
agents and susceptibility patterns should be monitored on a 
regular basis over time, both between centers and within the 
same center. Knowing local data in empirical treatment plan-
ning can save the lives of patients who have a high infection 
mortality rate, such as neutropenic patients.
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