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Febrile Neutropenia in Transplant 
Recipients
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Introduction

Hematopoietic transplantation has been used to treat many 
disorders including neoplastic, hematologic, immunologic, 
and metabolic diseases. Currently, most hematopoietic trans-
plants are performed for the treatment of hematologic malig-
nancies [1]. Hematopoietic cells for transplantation can be 
collected from various sources including bone marrow, periph-
eral blood, and umbilical cord blood. Autologous transplants 
utilize the patient’s own cells, whereas allogeneic transplants 
utilize cells obtained from a different individual. Syngeneic 
transplants are between genetically identical twins. 
Conditioning therapy given prior to hematopoietic transplan-
tation can be myeloablative or non-myeloablative (i.e., reduced 
intensity) and produces significant neutropenia (absolute neu-
trophil count [ANC] ≤500 cells/mm3), which is the most com-
mon predisposing factor for the development of bacterial and 
fungal infections during the pre-engraftment phase. 
Neutropenia is more prolonged in recipients of myeloablative 
allogeneic transplants than in recipients of non-myeloablative 
or autologous transplants. Thus, the frequency and severity of 
infection in allogeneic transplant recipients are greater than in 
other transplant subgroups [2–6]. Some patients with hemato-
logic malignancies may have normal or even elevated ANCs 
but may be at increased risk for infection due to defects in 
neutrophil function (qualitative neutropenia). These defects 
include significant reduction in phagocytosis, decreased bac-

tericidal and fungicidal activity, decreased production of 
superoxide anions, and defects in granulocyte locomotion. 
Myeloablative conditioning regimens also inflict substantial 
damage to mucosal barriers causing mucositis of the mouth 
and gastrointestinal tract, resulting in increased risk of infec-
tions arising from these sites [7, 8]. Early recognition and 
aggressive management of infection is critical for the overall 
survival of hematopoietic transplant recipients, and delays in 
the administration of appropriate anti-infective therapy are 
associated with poorer outcomes [9]. Unfortunately, signs and 
symptoms commonly associated with infection may be 
blunted in these highly immunosuppressed patients. Often the 
only manifestation of infection during an episode of neutrope-
nia is fever. This condition is commonly referred to as “febrile 
neutropenia.” The widely accepted definition of febrile neutro-
penia is an oral temperature of ≥38.3 °C, or two consecutive 
readings of >38 °C during a 2 h period, and an absolute neu-
trophil count of <500/mm3 [10]. It has been estimated that 
approximately 80% of allogeneic transplant recipients and a 
smaller but substantial proportion of allogeneic transplant 
recipients will develop febrile neutropenia. It is important to 
keep in mind that some neutropenic patients, especially those 
receiving corticosteroids, may not mount an adequate inflam-
matory response and may be afebrile or even hypothermic 
while developing or harboring a significant infection. A high 
index of suspicion and close monitoring during periods of 
increased risk is essential in such patients.

The administration of prompt, broad-spectrum, empiric, 
antimicrobial therapy has become the standard of care for 
most febrile neutropenic patients including transplant recipi-
ents [10]. The general principles of such therapy for both 
adult and pediatric patients have been published in guide-
lines issued by various learned societies [10–13]. Specific 
treatment regimens for individual patients generally take into 
consideration local epidemiologic trends and local suscepti-
bility/resistance patterns since geographic and institutional 
differences do occur. Periodic surveillance studied to moni-
tor changes in the epidemiology of infections and in suscep-
tibility and resistance patterns are important especially in 
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institutions that perform large numbers of hematopoietic 
transplants.

�Types of Febrile Episodes

Although fever is the most frequent and occasionally the 
only manifestation of infection in neutropenic patients, a 
substantial number of patients remain febrile without a spe-
cific infection being documented. A specific causative 
pathogen, most often bacterial or fungal, is identified in 
only 20–25% of febrile neutropenic episodes, referred to as 
episodes of microbiologically documented infection [14]. 
An additional 20–25% of patients will have an identifiable 
site of infection (e.g., pneumonia, cellulitis, enterocolitis) 
but will have negative cultures (Fig. 9.1). This may be due to 
various reasons such as the use of antimicrobial prophylaxis 
which may render cultures negative or substantially delay 
the time to positivity or a blunted inflammatory response 
which can result in paucity of specimens (e.g., sputum) to 
culture. These episodes are referred to as clinically docu-
mented infections. Approximately 40–50% of febrile neu-
tropenic patients have neither clinical evidence of infection 
nor positive microbiological documentation of one, which 
are referred to as episodes of unexplained fever. The major-
ity of these episode are probably caused by undetected 
infections as most of them respond to empiric antimicrobial 
therapy. A small proportion of patients with fever and neu-
tropenia have noninfectious causes of fever such as drug 
fever or tumor fever. This is not surprising since fever is 
induced by cytokine release which is not limited to infec-
tions. All febrile neutropenic patients should undergo a thor-
ough evaluation to detect infection before the possibility of 
a noninfectious etiology is entertained. Most microbiologi-
cally documented infections are monomicrobial (i.e., caused 
by one organism) with Gram-positive bacteria being pre-
dominant [10, 15]. However, polymicrobial infections are 

being documented with increasing frequency at many trans-
plant centers and may account for up to 25% of bacterial 
infections [16]. Recent data show that ~10–15% of bactere-
mias in neutropenic patients are polymicrobial [17]. 
Infections involving deep tissue sites such as pneumonia, 
enterocolitis, and perirectal infections are often polymicro-
bial [16, 18]. Most polymicrobial infections are caused by 
multiple bacterial species although bacterial and fungal, 
bacterial and viral, or fungal and viral infections may be 
present at the same time. These infections are generally 
associated with greater morbidity and mortality than mono-
microbial infections.

�Sites of Infection

The most common sites of infection documented in neutrope-
nic hematopoietic transplant recipients are listed in Table 9.1. 
Infections of the respiratory tract occur most often followed 
by bloodstream infections (including central line-associated 
bloodstream infection, CLABSI), urinary tract infections, 
skin and skin structure infections (SSSIs), and infections 
originating from the oropharynx, the gastrointestinal tract, 
and the biliary tract [14]. Less frequent but clinically impor-
tant sites include the central nervous system, the musculo-
skeletal system, and the end organs such as the spleen and 
liver. The frequency of bloodstream infection (BSI) varies 
from center to center and also on the type of transplant, gen-
erally being more frequent in allogeneic transplant recipients 
[19, 20]. Recent data indicate that the incidence of at least one 
episode of BSI is around 21% with an attributable mortality 
of ~3% [21]. Approximately 25% of patients with profound 
neutropenia lasting >10–12 days will develop lung infiltrates. 
These often do not respond to broad-spectrum antimicrobial 
therapy and establishing a specific diagnosis in such patients 
remains a significant challenge [22]. Data regarding other 
sites of infection are not as robust as those describing BSIs. 

unexplained fever 45 - 50%

clinically documented infections 20 -
25% (predominantly respiratory and
SSIs)

microbiologically documented
infections 20- 25% (predominantly
bacterial and fungal)

non infectious causes of fever <5%
(predominantly drug and tumor fever)

Fig. 9.1  Types and 
distribution of febrile 
episodes in neutropenic 
patients
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Most microbiologically documented infections arise from the 
patient’s endogenous microflora, with only a small proportion 
being acquired from exogenous sources and/or environmental 
exposure. It is therefore often possible to anticipate the poten-
tial etiology of an infection and provide appropriate empiric 
coverage based on the site where the infection originated. For 
example, most infections with a cutaneous origin are caused 
by Staphylococcus species and other organisms that colonize 
the skin (Bacillus spp., Corynebacterium spp., Candida spp.) 
[23]. Patients with severe oral mucositis and/or poor periodon-
tal status are more likely to have infections caused by viridans 
group streptococci (VGS) and Stomatococcus mucilaginosus 
[24–26]. In patients with significant lower intestinal muco-
sitis, enterococcal and Gram-negative bacillary infections 
occur more often. Bacterial infections generally occur dur-
ing the initial stages of a neutropenic episode, while fungal 
infections arise more frequently in patients with prolonged 
(≥7  days) neutropenia. The widespread use of long-term 
central venous catheters in transplant recipients has had an 
impact on the frequency and spectrum of infection. The abil-
ity of certain organisms (notably coagulase-negative staphy-
lococci (CoNS), Staphylococcus aureus, and Candida spp.) 
to produce and get embedded in biofilm, and the poor pene-
tration of many antimicrobial agents into biofilm, makes cath-
eter-related infections difficult to eradicate without removal 
of the offending catheter [27]. Consequently many transplant 
centers perform routine weekly blood cultures from central 
venous catheters in an attempt to detect colonization/infection 
early [28, 29]. This practice, however, has not been shown 
to accurately predict the development of CLABSI and may 
lead to unnecessary interventions [30]. The most common 
organisms isolated from CLABSI are CoNS.  Other organ-
isms include S. aureus, Bacillus spp., Corynebacterium spp., 

Pseudomonas aeruginosa, Enterobacteriaceae, Enterococcus 
spp., Acinetobacter spp., Stenotrophomonas maltophilia, and 
Candida spp. Despite the widespread use of catheters, the 
infection rate seldom exceeds 15% or more than two episodes 
per 1000 catheter days [31].

�Bacterial Infections

Several recent epidemiologic surveys conducted in pedi-
atric and adult hematopoietic transplant recipients have 
documented the predominance of Gram-positive organisms 
over Gram-negative bacilli [32–34]. Some of the reasons 
for this predominance include (1) the widespread use of 
central venous catheters, (2) the frequent use of intensive 
chemotherapeutic regimens that produce significant oral 
mucositis, and (3) the use of antibacterial prophylaxis (gen-
erally with a fluoroquinolone) directed primarily against 
enteric Gram-negative bacilli. Fluoroquinolone prophylaxis 
has in fact been show to increase the frequency of Gram-
positive infections especially with organisms such as VGS 
that are often resistant to them [35]. The proportion of 
Gram-positive infections has been reported to be as high as 
70–80% at some centers. Many reports, however, include 
data only on BSI caused by single organisms (monomicro-
bial BSI) and either exclude or provide very little details 
regarding infections at other sites and on polymicrobial 
infections [36]. These reports provide an overestimate of 
Gram-positive infections since the majority of bacteremias, 
particularly CLABSI, are indeed caused by Gram-positive 
organisms that inhabit the skin. As mentioned previously, 
BSIs account for only 20–25% of microbiologically doc-
umented infections. Infections at most other sites such as 
lungs, intestinal tract, urinary tract, and biliary tract have 
a predominance of Gram-negative pathogens. Additionally, 
~60–80% of polymicrobial infections have a Gram-negative 
component, and ~30–35% are caused exclusively by mul-
tiple Gram-negative species [16, 18]. Therefore, when all 
sites of infection, not just BSI and monomicrobial as well as 
polymicrobial infections are pooled together, the apparent 
predominance of Gram-positive organisms seems less strik-
ing, with Gram-negative organisms being isolated almost 
as frequently [37]. Indeed, some institutions are beginning 
to report a resurgence in the frequency of Gram-negative 
pathogens even in patients with BSI [32]. The main reason 
for this appears to be the discontinuation of fluoroquino-
lone prophylaxis at some institutions since this practice has 
resulted in the emergence of fluoroquinolone-resistant and 
even multidrug-resistant organisms [32]. For reasons that 
remain unclear anaerobes are seldom isolated from neutro-
penic patients, although it is customary to provide anaerobic 
coverage especially for infections arising from or involving 
the intestinal tract. Real-time knowledge of local epidemio-

Table 9.1  Common sites of infection in febrile neutropenic patients

Site of infectiona Frequency range
Respiratory tractb 35–40%
Bloodstreamc 15–35%
Urinary tract 5–15%
Skin and skin structured 5–10%
Gastrointestinal tracte 5–10%
Other sitesf 5–10%

These data were extracted from various epidemiologic surveys con-
ducted at the University of Texas MD Anderson Cancer Center between 
2004 and 2014
aApproximately 15–20 % of patients will have multiple sites of infec-
tion (i.e., bacteremia + pneumonia). These are not always caused by the 
same organisms
bIncludes the para nasal sinuses, the upper respiratory tract, the lungs, 
and infections such as empyema
cIncludes primary and catheter-related bacteremia
dIncludes infections at surgical sites, bone marrow biopsy sites, and 
radiation fields
eIncludes infections arising from the oral cavity, esophagitis, appendici-
tis, neutropenic enterocolitis, cholangitis, and perirectal infections
fCentral nervous system, bone, joint, etc.
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logical patterns is critical, and empiric regimens need to be 
based on such information. Consequently, transplant centers 
are encouraged to perform periodic surveillance studies in 
order to keep abreast of epidemiologic changes. The organ-
isms causing the majority if bacterial infections in neutrope-
nic hematopoietic transplant recipients are listed in Tables 
9.2 and 9.3.

�Gram-Positive Organisms

Coagulase-negative staphylococci are isolated most often 
with the most common species being Staphylococcus epi-
dermidis, S. hominis, and S. haemolyticus. These organ-
isms are of low virulence and seldom cause life-threatening 
infections even in severely neutropenic patients. CLABSI 
are the most common infections caused by CoNS. These 
can often be treated with antimicrobial agents alone, 
although catheter removal may be required if the infec-
tion recurs [38]. The one exception is S. lugdunensis, 
which more closely resembles S. aureus in virulence 
[39–41]. Many experts recommend that these organisms 
should not be considered to be harmless commensals and 
infections caused by them should be managed like those 
caused by S. aureus. Other Gram-positive organisms that 
colonize the human skin and cause infections in neutrope-
nic patients include Bacillus spp., Corynebacterium spp., 
and Micrococcus spp. Like CoNS, these organisms cause 
CLABSI most often, although serious infections such as 
endophthalmitis, endocarditis, septic arthritis, and pneu-
monia develop occasionally. As mentioned, S. aureus 
are more virulent than other staphylococci and are asso-
ciated with substantial morbidity and mortality. Patients 
with S. aureus bacteremia should be evaluated with infec-
tions such as endocarditis and deep-seated abscesses [42]. 
Unlike CoNS catheter removal is almost always necessary 
in S. aureus CLABSI [43]. Of concern are the increasing 
rates of methicillin resistance among S. aureus (MRSA) 
isolates worldwide. Although MRSA rates as low as 
10% are still reported occasionally, many institutions are 
reporting MRSA rates in the range of 55–60%, making 
them more common than methicillin-susceptible isolates. 
Some MRSA isolates have developed tolerance (MBC ≥32 
times the MIC) or reduced susceptibility to vancomycin 
(referred to as the MIC creep), thereby reducing the thera-
peutic impact of this agent, which until recently has been 
considered to be the agent of choice for the treatment of 
Gram-positive infections in neutropenic patients [44, 45]. 
Alternative agents are being recommended for infections 
caused by such organisms [46].

Alpha-hemolytic streptococci or VGS are major com-
ponents of the human oral microflora. Patients particularly 
prone to VGS infections are recipients of high-intensity 
chemotherapy with agents such as cytosine arabinoside 
which induces severe mucosal damage and facilitates 
translocation of these organisms into the bloodstream. 
Other predisposing factors include the use of fluoroqui-
nolone prophylaxis and the use of antacids and histamine 
type-2 (H2) antagonists. Although not recommended by 
most authorities, vancomycin-based prophylaxis in the 
peri-transplant period has been used by some, in order to 
reduce the frequency of VGS bacteremia [47]. This practice 

Table 9.2  The spectrum of Gram-positive organisms isolated from 
febrile neutropenic patients

Organism % Frequency
CoNSa 20–50
Staphylococcus aureusa 10–30
Enterococcus speciesb 10–20
VGSc 5–25
Micrococcus species 2–8
Corynebacterium species 2–5
β hemolytic streptococcid 4–6
Bacillus species 4–6
Aerococcus species <3, respectively
Streptococcus pneumoniae
Stomatococcus mucilaginosus
Lactobacillus species
Leuconostoc species
Pediococcus species

These data were extracted from various epidemiologic surveys con-
ducted at the University of Texas MD Anderson Cancer Center between 
2004 and 2014
aCoNS  – coagulase-negative staphylococci  – approximately 7% of 
CoNS were S. lugdunensis. >95% of CoNS and >65% of S. aureus 
isolates were methicillin-resistant
bApproximately 18% of Enterococcus species were vancomycin-
resistant enterococci (VRE)
cVGS – viridans group streptococci – the most common species were S. 
mitis, S. sanguis, and S. salivarius
dIncluded groups A, B, C, G, and F

Table 9.3  Spectrum of Gram-negative organisms isolated from febrile 
neutropenic patients

Organism % Frequency
Escherichia colia 20–45
Klebsiella speciesb 10–20
Other Enterobacteriaceaec 15–20
Pseudomonas aeruginosad 18–24
Stenotrophomonas maltophiliad 2–5
Acinetobacter speciesd <3
Other NFGNBe <3

These data were extracted from various epidemiologic surveys con-
ducted at the University of Texas MD Anderson Cancer Center between 
2004 and 2014
aApproximately 40% of isolates were fluoroquinolone-resistant, 
approximately 9% produced ESBLS and 4% were multidrug resistant
bK. pneumoniae 78% and K. oxytoca 22%. Increasing rates of ESBL 
and carbapenemase-producing organisms are being reported
cPrimarily Enterobacter species, Serratia species, and Citrobacter 
species
dIncreasing frequency of multidrug resistant (MDR) isolates (i.e., resis-
tant to at least three classes of antimicrobial agents)
eNFGNB – non-fermentative Gram-negative bacilli
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requires close monitoring of patients for the development of 
resistant organisms such as VRE and/or staphylococcal iso-
lates with reduced susceptibility or resistance to vancomy-
cin. It should only be considered in institutions where the 
frequency of infections caused by VGS is very high. Also 
of concern is the possibility that this practice might lead to 
the development of reduced susceptibility to other agents 
(daptomycin, dalbavancin). Some investigators believe that 
mucositis, which generally occurs at the nadir of neutro-
penia, is the primary predisposing factor for the develop-
ment of infection in this setting, and have coined the phrase 
“febrile mucositis.” Additionally, periodontal inflammation 
including gingivitis, periodontitis increases the possibil-
ity of VGS bacteremia [24, 48]. The most common mani-
festation of VGS infection is bacteremia. Approximately 
5–10% of patients may develop disseminated infection, the 
so-called streptococcal toxic shock syndrome in which the 
mortality rate is in the range of 40–50% despite appropri-
ate therapy [49]. Streptococcus mitis, S. sanguis, and S. 
salivarius are the species isolated most often from patients 
with VGS bacteremia. Of increasing concern are reports 
that up to 20–60% of VGS isolates are non-susceptible or 
overtly resistant to penicillin [50]. All isolates are currently 
susceptible to vancomycin, although occasional tolerance 
to this agent has been described [45]. They are also suscep-
tible to newer-generation quinolones such as moxifloxacin 
and agents such as linezolid, daptomycin, telavancin, and 
dalbavancin, although clinical experience with these agents 
is limited [51–53]. The use of antibiotic combinations may 
be warranted, especially against organisms with high MICs 
or tolerance to vancomycin.

The enterococci reside mainly in the lower intestinal tract. 
They are seldom primary pathogens but are isolated most 
often following prolonged therapy with broad-spectrum 
agents such as the carbapenems. The most common manifes-
tations include BSI and urinary tract infections. Enterococci 
are also often isolated from polymicrobial infections such as 
neutropenic enterocolitis and perirectal infections. The 
increased and prolonged use of vancomycin in neutropenic 
patients was in part responsible for the emergence of 
vancomycin-resistant enterococci (VRE) globally, and cur-
rently, 15–20% of all enterococcal isolates in the United 
States are VRE. Fecal colonization with VRE in hematopoi-
etic transplant recipients is not uncommon, and approxi-
mately 15–40% of colonized patients will develop BSI or 
other serious infections [54–58]. Consequently, some experts 
recommend the preemptive use of agents with activity 
against VRE when patients with fecal colonization develop 
febrile neutropenia. Fecal decolonization has been attempted, 
but most attempts have been unsuccessful. Therefore, anti-
microbial stewardship and infection control measures to 
limit the emergence and spread of VRE are extremely 
important.

�Gram-Negative Organisms

The gastrointestinal tract serves as an important source of 
infection in neutropenic patients, with the predominant 
pathogens being enteric Gram-negative bacilli. The use of 
antimicrobial prophylaxis in high-risk neutropenic patients 
including hematopoietic transplant recipients led to a decline 
in the frequency and, to some extent, the morbidity and mor-
tality associated with documented Gram-negative infections. 
This practice also led to the emergence of resistance among 
Escherichia coli and other Gram-negative species [59–61]. 
Therefore, many institutions are re-evaluating this practice, 
and some institutions have even discontinued fluoroquinolone 
prophylaxis in neutropenic patients [32]. Many institutions 
conduct surveillance studies in high-risk patients looking 
for fecal colonization with VRE, Pseudomonas aeruginosa, 
and other resistant organisms such as extended-spectrum 
beta-lactamase (ESBL) producers and carbapenem-resistant 
Enterobacteriaceae (CRE), since positive surveillance cul-
tures often predict the development of infections during 
subsequent episodes of neutropenia [55, 62, 63]. This infor-
mation is useful in picking appropriate empiric regimens 
when colonized patients develop febrile neutropenia, as 
well as in antimicrobial stewardship efforts if surveillance 
cultures are negative. ESBL-producing organisms are being 
reported with increasing frequency [64]. Carbapenemase-
producing Gram-negative bacteria (Klebsiella pneumonia 
carbapenemase, KPC; New Delhi metallo-beta-lactamase 
1, NDM-1; non-metallo-beta-lactamase producers) have 
emerged over the past few years and are spreading across the 
globe [65, 66]. Gram-negative infections are usually associ-
ated with greater morbidity and mortality than Gram-positive 
infections. Many epidemiological studies have shown that 
E. coli, Klebsiella species (K. pneumoniae and K. oxytoca), 
and P. aeruginosa remain the three primary Gram-negative 
pathogens in neutropenic patients causing 45–60% of such 
infections [36, 37]. Other Enterobacteriaceae (Citrobacter 
spp., Enterobacter spp., Proteus spp., Serratia spp.) are less 
common, although institutional differences do exist [67, 68]. 
Nationwide outbreaks of Serratia marcescens bacteremia 
due to contaminated prefilled heparin and saline syringes 
have been reported [69, 70]. Despite the overall decline in 
the frequency of Gram-negative infections, the proportion of 
infections caused by non-fermentative Gram-negative bacilli 
(NFGNB) such as P. aeruginosa, non-aeruginosa pseudomo-
nads, Stenotrophomonas maltophilia, and Acinetobacter spe-
cies has increased [67, 71]. Collectively, NFGNB now cause 
~40% of all Gram-negative infections, a proportion that has 
steadily increased over the past two decades. P. aeruginosa 
is the most important and most frequently isolated NFGNB 
and causes between 15% and 20% of Gram-negative infec-
tions [72]. Bacteremia and pneumonia are the two most 
common manifestations, although infections at various other 
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sites are not uncommon. It is also the most common Gram-
negative organism isolated from polymicrobial infections 
[16]. These organisms develop resistance to antimicrobial 
agents using multiple mechanisms and often acquire resis-
tance to several classes of agents (multidrug resistance, 
MDR) and are difficult to treat and eradicate. Combination 
therapy is often necessary. Prolonged use of fluoroquino-
lones and carbapenems has been identified as risk factor 
for the development of resistance [73–75]. Consequently, 
many antimicrobial stewardship efforts focus on curtailing 
or minimizing the use of these agents. Colonization/infec-
tion with S. maltophilia is also being reported more often 
especially in patients with hematologic malignancies and 
hematopoietic transplant recipients [76, 77]. The shift from 
trimethoprim/sulfamethoxazole (which has potent activity 
against S. maltophilia) to fluoroquinolones (which do not) 
as the preferred agents for antimicrobial prophylaxis in neu-
tropenic patients may account for this increase. These organ-
isms are almost always multidrug resistant, and as is the case 
with P. aeruginosa, combination therapy (trimethoprim/sul-
famethoxazole + minocycline or tigecycline) is frequently 
necessary [77, 78]. Other infrequent but important NFGNB 
include Acinetobacter spp., Achromobacter and Alcaligenes 
spp., and non-aeruginosa Pseudomonas species such as P. 
putida and P. fluorescens. Many outbreaks caused by these 
organisms have been traced to contaminated dialysis fluid, 
de-ionized water, mechanical ventilators, and chlorhexi-
dine solution. Many of these organisms are also multidrug 
resistant.

�Anaerobic Infections

Anaerobic infections are seldom documented in febrile neu-
tropenic patients, with the overall range of positive blood 
cultures being 0–5% [79]. The most common sites of infec-
tion are the intestinal tract (neutropenic enterocolitis, peri-
rectal infections, abdominal/pelvic abscesses), complicated 
skin and skin structure infections, biliary tract infections, 
and respiratory infections [14, 80]. It is customary to provide 
anaerobic coverage to treat these infections even if anaerobes 
have not been isolated. The presence of significant oral or 
intestinal mucositis increases the risk of anaerobic infec-
tions. Purulence, which is the hallmark of anaerobic infec-
tions in immunocompetent patients, is often absent in 
patients with neutropenia. The organisms isolated most often 
include Peptostreptococcus spp., Fusobacterium nucleatum, 
Bacteroides spp., Prevotella spp., and Clostridium spp. Due 
to the frequent and prolonged use of broad-spectrum antimi-
crobial agents, Clostridium difficile-associated diarrhea is 
not infrequent in patients with neutropenia [81]. 
Approximately 13% of hematopoietic transplant recipients 
develop C. difficile infection mainly in the 1st month post-

transplantation [82]. Colonization with toxigenic strains of 
C. difficile has been shown to be predictive for the develop-
ment of C. difficile-associated diarrhea in hematopoietic 
transplant recipients [83, 84]. Response to treatment may be 
lower and relapses or recurrent infections may be higher in 
this setting.

The spectrum of bacterial infection in neutropenic patients 
continues to change with significant geographic and institu-
tional differences being commonplace. In institutions 
wherein fluoroquinolone prophylaxis is still in use, Gram-
positive pathogens predominate, whereas in institutions that 
have suspended or discontinued the use of fluoroquinolone 
prophylaxis, Gram-negative pathogens are more common. 
Resistance patterns also vary from region to region and, 
indeed, sometimes within the same region or institution. 
Resistant organisms are uncommon in Scandinavian coun-
tries. VRE appears to be more common in the United States 
than in Europe. The frequency of ESBL-producing, 
carbapenemase-producing, and MDR Gram-negative organ-
isms appears to be increasing worldwide. Consequently, 
generating real-time local epidemiologic and susceptibility/
resistance data is important.

�Fungal Infections

Bacterial infections predominate during the initial 
7–10 days of neutropenia. With more prolonged neutrope-
nia, fungal infections begin to develop. Infections caused 
by Candida spp. and Aspergillus spp. are documented 
most often although many opportunistic fungi are patho-
genic in this setting (Table 9.4). Invasive candidiasis was 
the most common fungal infection in neutropenic patients 
prior to the development of agents such as fluconazole, 
with C. albicans being the predominant species. With 
the routine usage of antifungal prophylaxis in high-risk 
patients including hematopoietic transplant recipients, the 
frequency of invasive candidiasis has been substantially 
reduced with manifestations like esophagitis and chronic 
systemic or hepatosplenic candidiasis becoming almost of 
historic interest. Currently candidemia, most often cathe-
ter-related, is the most common manifestation of invasive 
candidiasis. There has also been a shift in the epidemiology 
of candidiasis, in part related to the usage of agents such as 
fluconazole, with the emergence of Candida species other 
than C. albicans such as C. glabrata, C. tropicalis, C. 
parapsilosis, C. krusei, C. auris as frequent pathogens in 
this setting [85, 86]. Regional differences have been docu-
mented with a preponderance of different species in differ-
ent institutions. These differences may be due to divergent 
use of antifungal prophylaxis and/or geographic diversity. 
As with bacterial infections, local epidemiologic and sus-
ceptibility/resistance data should be used to guide empiric 
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and targeted antifungal therapy. Other yeasts occasionally 
encountered in this setting include Trichosporon beigelii, 
Hansenula anomala, Geotrichum capitatum, Malassezia 
furfur, and Streptomyces cerevisiae.

Invasive mold infections are the most common life-
threatening infections in patients with neutropenia that last 
longer than 2 weeks [87]. The vast majority of these infec-
tions are caused by Aspergillus species with A. fumigatus 
being the predominant species. Other species of Aspergillus 
have emerged as significant pathogens as well, including 
A. flavus, A. terreus, A. niger, and A. oryzae (Table 9.4). 
The most common site of involvement is the lung, result-
ing in invasive pulmonary aspergillosis (IPA). Other fre-
quent sites of involvement include the paranasal sinuses 
and the central nervous system. Fungemia is rarely docu-
mented. Although still relatively uncommon, mucormyco-
sis has emerged as an increasingly important infection in 
neutropenic patients in the last 15–20 years [88]. The most 
common organisms causing this infection are Mucor spp., 
Rhizopus spp., Rhizomucor spp., Cunninghamella spp., 
and Absidia spp. The increasing frequency of mucormyco-
sis has in part been attributed to the use of voriconazole, 
due to its lack of activity against these organisms [89–91]. 
Like aspergillosis, common sites of infection include the 

paranasal sinuses, the rhino-orbital area, the lungs, and the 
central nervous system [92]. Other uncommon but impor-
tant molds that cause infection in this setting include 
Fusarium spp. and Scedosporium spp. Unlike most other 
molds, fungemia is a common manifestation of fusariosis 
and may occur in up to 50% of patients [93]. Necrotic 
cutaneous lesions are also relatively common. The inci-
dence of Scedosporium infection appears to be increasing 
in recent years. This increase may also be related to the 
fact that these organisms are resistant to many commonly 
used antifungal agents [94].

�Viral Infections

Viral infections, especially those caused by human herpes 
viruses, are common in high-risk patients with neutropenia 
including hematopoietic cell transplant recipients. Most are 
effectively prevented with antiviral prophylaxis and/or pre-
emptive therapy. Most herpes simplex virus (HSV 1 and 
HSV 2) infections in adults are due to reactivation of latent 
infections in seropositive patients. The likelihood of viral 
reactivation depends on the intensity of the chemotherapeu-
tic/conditioning regimen. Reactivation occurs in two-thirds 
of patients undergoing induction chemotherapy for acute 
myelogenous leukemia and in recipients of hematopoietic 
transplants in the absence of antiviral prophylaxis [95, 96]. 
Ulcerations of the oral and esophageal mucosa, ulcers, or 
vesicles on the lips, genitalia, skin, or perianal areas are the 
most common manifestations. The HSVs can cause numer-
ous syndromes including encephalitis, meningitis, myelitis, 
esophagitis, hepatitis, ocular disease, pneumonia, and ery-
thema multiforme. Reactivation, or less commonly, primary 
acquisition of other human herpes viruses such as 
Cytomegalovirus, Epstein-Barr virus, and human herpes 
virus 6 can also occur, albeit, seen mostly during late trans-
plant period [97–100].

Infections caused by respiratory viruses may not neces-
sarily occur more frequently in neutropenic patients, but 
their manifestations tend to be more severe in this setting 
[101]. This may even impact the decision to proceed with 
hematopoietic cell transplantation, and several guidelines 
recommend delaying transplantation in patients with pre-
transplant upper respiratory tract infections [101–103]. 
These pathogens include the influenza viruses (influenza A 
and B), respiratory syncytial virus (RSV), parainfluenza 
viruses, adenovirus, and metapneumovirus [104]. The risk 
for infection by these organisms tends to coincide with respi-
ratory virus outbreaks in the general population. The severity 
of infection and specifically the rate of progression from 
upper respiratory tract disease to lower respiratory tract dis-
ease such as pneumonia depend on the level, duration, and 
type of immunosuppression [104–107].

Table 9.4  The spectrum of fungal and viral infections in neutropenic 
patients

Fungal pathogens (yeast) – 8–24% of blood stream infections in 
patients with hematological malignancy
 � Candida albicans
 � Other candida speciesa

 � Trichosporon beigelii
 � Geotrichum capitatum
 � Malassezia furfur
 � Hansenula anomala
 � Streptomyces cerevisiae
Fungal pathogens (molds) – 2–28% of patients with hematological 
malignancy
 � Aspergillus fumigatus
 � Other Aspergillus speciesb

 � The Zygomycetesc

 � Fusarium species
 � Scedosporium species
Viral pathogens
 � Herpes simplex viruses (reactivation)
 � Community respiratory virusesd

These data were extracted from various epidemiologic surveys con-
ducted at the University of Texas MD Anderson Cancer Center between 
2004 and 2014
aIncludes C. glabrata, C. tropicalis, C. krusei, C. auris, and C. parapsilosis
bIncludes A. flavus, A. niger, A. terreus, and A. oryzae
cRhizopus, Mucor, Rhizomucor, Absidia, and Cunninghamella are the 
most common human pathogens
dIncludes influenza A and B, parainfluenza viruses, respiratory syncy-
tial virus (RSV), human metapneumovirus, corona viruses, rhinovi-
ruses, and bocavirus. Infection may not necessarily be more common in 
neutropenic patients but tends to be more severe
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�Polymicrobial Infections

As previously mentioned, approximately 25–30% of micro-
biologically documented infections are polymicrobial. In the 
past polymicrobial infections have been ignored or underap-
preciated and underreported [16]. Of late, greater attention is 
being paid to such infections. In general, they are associated 
with greater morbidity and mortality than monomicrobial 
infections. This may be because polymicrobial infections 
frequently involve deep tissues (pneumonia, empyema, 
neutropenic enterocolitis, perirectal infections) where pen-
etration of antimicrobial agents might be subtherapeutic 
and large areas of under perfused or necrotic tissue may be 
present. Recent studies also show that ~15% of bacteremic 
infections including CLABSI are polymicrobial [17]. Gram-
positive organisms, predominantly staphylococci and entero-
cocci, are isolated from up to 40% to 50% of polymicrobial 
infections, whereas Gram-negative organisms are isolated 
from ~80% of polymicrobial infections with P. aeruginosa 
and E. coli being isolated most often. Approximately one-
third are caused by multiple Gram-negative species e.g., E. 
coli & P. aeruginosa [18]. Occasionally bacterial and fungal, 
bacterial and viral, fungal and viral, or multiple fungal infec-
tions may coexist.

It is important to remember that neutropenia is often 
superimposed on other immunological defects such as 
impaired cellular or humoral immunity both as a result of the 
underlying malignancy and/or its treatment prior to trans-
plantation. If such deficits are present in addition to neutro-
penia, the spectrum of infection widens considerably as 
these deficits are associated with their own unique set of 
pathogens.

�Management of Febrile Neutropenia

The principles of managing episodes of febrile neutropenia 
have been developed and refined over several decades [10, 
108–110]. Many societies including the Infectious Diseases 
Society of America (IDSA), the National Comprehensive 
Cancer Network (NCCN), the American Society of Clinical 
Oncology (ASCO), and the European Society of Medical 
Oncology (ESMO) have published evidence-based guide-
lines that provide current information regarding the manage-
ment (including prevention) of these episodes [10, 11, 13, 
111, 112]. All febrile neutropenic patients should undergo a 
quick but thorough initial evaluation and should receive 
prompt, broad-spectrum, empiric, antibiotic therapy based 
on current local epidemiologic and susceptibility/resistance 
patterns. Several options are available for initial empiric 
therapy including (1) monotherapy with a broad-spectrum 
antipseudomonal agent or (2) various combination regimens. 
Depending on the patients’ risk group, such therapy may be 

administered in the hospital or in an outpatient setting and 
may be parenteral or oral. Close monitoring for response or 
progression of infection, the development of complications 
or drug-related adverse effects, and the development of 
superinfections is critical. Modification of the initial regimen 
may be required in up to 30% of patients depending on the 
risk group, nature and site of infection, and the development 
of a superinfection (including a suspected or documented 
fungal infection). Removal of infected catheters and other 
medical hardware may be necessary. Surgical intervention 
may be indicated in specific settings (e.g., perirectal infec-
tion/abscess). The overall duration of therapy depends on 
several factors such as the patients risk group, nature and site 
of infection, and resolution or persistence of neutropenia. 
These principles are discussed below.

�Initial Evaluation

A detailed history should be taken including the nature and 
intensity of chemotherapy, prior antibiotic usage (prophylac-
tic and therapeutic), use of corticosteroids or other immuno-
suppressive agents, recent surgical procedures including 
placement of medical hardware, allergies, and recent travel 
or potential exposure to sick contacts. A history of past infec-
tion and/or colonization with resistant organisms will also 
have an impact on the selection of an appropriate empiric 
antimicrobial regimen. A thorough physical examination is 
mandatory and often reveals important sites of infection 
including cutaneous lesions such as ecthyma gangrenosum, 
cellulitis, and perirectal infection/abscesses. The examina-
tion of catheter insertion sites, external auditory meatus, 
nares and nasal septum, and the oropharynx may also often 
reveal foci of infection. Additionally, it is important to 
remember that some neutropenic patients, especially those 
receiving corticosteroids, may be afebrile. Others may just 
feel unwell and may even hypothermic. Such patients may 
harbor serious infections such as Gram-negative septicemia.

Laboratory evaluation should include a complete blood 
count (CBC) with differential leucocyte count and platelet 
count, measurement of serum creatinine blood urea nitrogen 
(BUN) to assess renal function, and measurement of serum 
electrolytes, total bilirubin, and hepatic transaminase 
enzymes. At least two sets of blood cultures should be 
obtained (one from a peripheral vein and the other from a 
central venous catheter, if present). Each lumen of multi-
lumen catheters should be cultured separately [113]. Culture 
specimens from other sites (urine, wounds, sputum if 
available) should be obtained as indicated. Chest radiographs 
are not recommended routinely but should be obtained in 
patients with respiratory symptoms or signs [114].

The initial evaluation of a febrile neutropenic patient 
should also include risk assessment as this guides the choice 
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of the empiric antibiotic regimen (combination vs monother-
apy), the route of administration (parenteral vs oral), the set-
ting in which therapy is administered (hospital vs outpatient), 
and the duration of therapy. The most commonly used risk 
assessment system in adults is the MASCC risk index [115]. 
High-risk patients have a MASCC risk score of <21 and 
should be admitted to the hospital for empiric therapy and 
close monitoring. Low-risk patients have a MASCC risk 
score of ≥21 and may be candidates for outpatient (oral or 
parenteral) therapy. Separate risk assessment tools are avail-
able for pediatric febrile neutropenic patients [116, 117].

�Empiric Therapy

An algorithm for the management of febrile neutropenic 
patients is provided in Fig. 9.2. Once the initial evaluation and 
risk assessment have been completed, empiric antibiotic ther-
apy should be administered without undue delay [10]. Low-
risk patients can be treated with oral or parenteral regimens 
(Table 9.5). These can be administered during a short period 
of hospitalization followed by outpatient therapy or treat-
ment of the entire episode in the outpatient setting. Most oral 
regimens are fluoroquinolone-based combinations although 
fluoroquinolone monotherapy has also been shown to be 

safe and effective [118, 119]. It is important to point out that 
hematopoietic cell transplant recipients (even those receiving 
non-myeloablative and/or autologous transplants) seldom 
fall into the low-risk category. Most hematopoietic transplant 
recipients with febrile neutropenia will either already be in 
the hospital or will require hospitalization for the adminis-
tration of parenteral antibiotic therapy. Monotherapy with 
an antipseudomonal beta-lactam agent such as cefepime, a 
carbapenem such as meropenem or imipenem-cilastatin (but 
not ertapenem, as it is not active against P. aeruginosa), or 
piperacillin-tazobactam is recommended (Table 9.5). Other 
agents (aminoglycosides, fluoroquinolones, tigecycline, 
polymyxin-colistin, metronidazole) may be needed if anti-
microbial resistance is suspected or documented or a specific 
pathogen such as an ESBL-producing or carbapenemase-
producing Gram-negative bacillus or an anaerobe is isolated. 
The initial use of agents such as vancomycin, daptomycin, 
or linezolid is discouraged except when prior colonization or 
infection with a resistant Gram-positive organism (MRSA, 
VRE) has been documented or a catheter-related infection is 
strongly suspected [10, 120]. The empiric use of vancomycin 
has not been shown to reduce the overall mortality in patients 
with Gram-positive infections with the possible exception of 
infections caused by VGS. Additionally, one recent study has 
demonstrated that the empiric use of linezolid in febrile neu-

Fever /
Neutropenia

Perform Risk
Assessment

(MASCC Risk Index)

Intermediate /
High Risk

MASCC score < 21

Inpatient Therapy

Short
Hospitalization-->

Outpatient
Therapy

Low Risk,
MASCC score

≥ 21

Outpatient
Therapy

Oral Parenteral Oral Parenteral
Parenteral

Monotherapy

Parenteral
Combination
Regimens

Fig. 9.2  Treatment algorithm for febrile neutropenic patients. Specific agents/regimens are listed in Table 9.5
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tropenic patients colonized with VRE had no impact on mor-
tality as well [121]. Concern has also been raised about the 
development of linezolid resistance, which has already been 
reported with increased usage of this agent [122]. Empiric 
antifungal coverage should be instituted if patients remain 
febrile after 4–7 days.

�Duration of Therapy

The duration of therapy continues to be vigorously debated. 
In patients with episodes of unexplained fever, therapy is 
generally continued until marrow recovery (ANC >500 cells/
mm3 for 2 consecutive days). Some experts recommend dis-
continuation of therapy if the patient has defervesced, even 
though marrow recovery as defined above has not yet 
occurred. It is recommended to place these patients on their 
initial prophylactic regimen until neutropenia resolves. In 
patients with microbiologically or clinically documented 
infections, the duration of therapy usually depends on the 
site of infection (cellulitis or UTI requiring a shorter duration 
than bacteremia or pneumonia) and the organism isolated. In 
patients with CLABSI caused by S. aureus, P. aeruginosa, 
Candida spp. or other fungi, or mycobacteria, catheter 
removal in addition to appropriate antimicrobial therapy is 
recommended [43].

Therapy is generally continued until marrow recovery or 
longer if clinically indicated. The ultimate decision as to 
when to stop therapy often needs to be individualized and 
may depend on numerous factors such as the patient’s risk 
group, the presence of a documented infection, and/or the 
persistence of neutropenia.

�Infection Control and Antimicrobial 
Stewardship

Hand hygiene, cutaneous antisepsis, and maximum sterile 
barrier precautions are recommended for all procedures such 
as CVC insertions and bone marrow biopsies. Strict adher-
ence to infection control practices and policies is essential 
in minimizing the spread of infections and controlling out-
breaks, especially those caused by resistant organisms in 
the hospital and in other healthcare settings. Antimicrobial 
stewardship is essential especially since the frequent use of 
antimicrobial therapy in these high-risk patients creates selec-
tion pressures leading to the development of resistance. The 
various strategies for antimicrobial stewardship are listed in 
Table 9.6 and include a multidisciplinary antibiotic steward-
ship team (MAST), institutional pathways/guidelines, for-
mulary restrictions or pre-approval requirements for certain 
agents, and de-escalation or streamlining of therapy when 
appropriate and feasible [123, 124]. Antimicrobial steward-
ship programs have been successfully instituted at several 
institutions [125–127]. Although currently the primary focus 
of these programs has been stewardship of antibacterial 
agents, it is anticipated that these programs will soon expand 
to include antifungal and antiviral agents as well.
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