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Abstract Neutropenic patients are predisposed to polymicrobial infections that
may cause substantial morbidity and mortality. Neutropenia is defined as a neutro-
phil count of <500 cells/mm?, or a count of <1000 cells/mm? with a predicted
decrease to <500 cells/mm?. Many factors play a role in the development of bacte-
remia such as the use of cytotoxic chemotherapy that leads to neutropenia, and also
contributes to the disruption of skin and mucosal barriers. Moreover, exposure to
pathogens is possible due to the frequent utilization of foley catheters and venous
catheters in patients with cancer (Rolston et al., Clin Infect Dis 45(2):228-233,
2007). Lastly, the use of prophylactic antibiotics can lead to breakthrough MDR
bacteria limiting antimicrobial options for therapy (Rolston et al., Clin Infect Dis
45(2):228-233, 2007; Perez et al., Clin Infect Dis 59(Suppl 5):S335-S339, 2014).

Both gram-negative and gram-positive organisms are culpable for infection in
these immunocompromised patients. Although gram-negative bacteremia is still a
leading cause in most recent years, infections by gram-positive bacteria have
increased. This could be secondary to the wide use of long-term vascular catheters
(Holland et al., Clin Infect Dis 59(Suppl 5):S331-S334, 2014; Baskaran et al., Int J
Infect Dis: IJID: Off Publ Int Soc Infect Dis 11(6):513-517, 2007).

The most common microorganisms that cause bacteremia in neutropenic patients
are the Enterobacteracie group, Pseudomonas aeruginosa, Staphylococcus aureus,
Coagulase negative Staphylococci, and streptococcus species. In addition, other
species will be discussed in this chapter (Rolston et al., Clin Infect Dis 45(2):228—

S. Hernandez, MD
International Scholar at Moffitt Cancer Center, Tampa, FL, USA

A. P. Velez, MD, FACP (<)
Associate Professor, University of South Florida, Tampa, FL, USA
e-mail: ana.velez@moffitt.org

J. Lamarche, MD
USF Morsani College of Medicine James Haley VA Hospital, James Haley VA Hospital,
Tampa, FL, USA

J. N. Greene, MD, FACP
USF Morsani College of Medicine, Moffitt Cancer Center and Research Institute,
Tampa, FL, USA

© Springer Nature Switzerland AG 2019 73
A. P. Velez et al. (eds.), Infections in Neutropenic Cancer Patients,
https://doi.org/10.1007/978-3-030-21859-1_6


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-21859-1_6&domain=pdf
https://doi.org/10.1007/978-3-030-21859-1_6
mailto:ana.velez@moffitt.org

74 S. Hernandez et al.

233, 2007; Baskaran et al., Int J Infect Dis: 1JID: Off Publ Int Soc Infect Dis
11(6):513-517, 2007; Yadegarynia et al., Caspian J Int Med 4(3):698-701, 2013).

Less common bacteria including nocardia and mycobacterium spp will not be
discussed in this chapter.

Keywords Viridans Group Streptococci (VGS) - Toxic shock-like syndrome -
Stenotrophomona Maltophilia - VRE colonization - C. jeikeium - Rothia mucilagi-
nosa - Fusobacterium necrophorum - F. nucleatum - Carbapenemase-producing
Klebsiella pneumoniae (KPC) - Pseudomonas aeruginosa - MRSA - Multidrug
resistant (MDR)

Gram Positive Organisms

Gram positive bacteria have been an important cause of bacteremia in neutropenic
patients. Many studies have concluded that this rate is only increasing exponentially
over the years. One study from the International Antimicrobial Therapy Cooperative
Group of the European Organization for Research and Treatment of Cancer docu-
mented that almost 30% of single microorganism isolates recovered during mid
1970’s were Gram positive bacteria, compared with 67% of such organisms isolated
during the early 1990’s [1]. Among the most common organisms are Staphylococcus
aureus, coagulase negative Staphylococcus and streptococcus species. A very
important cause of bacteremia in patients with neutropenia and cancer is Viridans
group streptococci (VGS), originating from the normal flora in humans [1].

Viridans Group Streptoccoci (VGS)

In most recent years, the isolation of VGS from the blood of neutropenic patients
with cancer has increased. Streptococcus mitis has been the most common pathogen
in these cases. VGS are part of the oral cavity flora. They are also found on the skin,
female genital tract, upper respiratory tract and the gastrointestinal tract. In normal
conditions this organism has low morbidity, but they cause serious infection when
the oral mucosa or other sites are compromised along with a deficient host defense
such as in a patient with neutropenia and cancer.

In neutropenic patients, this organism can cause very high fevers for several days
in spite of proper antibiotics. In addition, it has been associated with toxic shock
like syndrome and ARDS as discussed below.

Severe neutropenia is an important factor for VGS bacteremia. Other risk factors
include bone marrow transplantation and mucositis [2].

Chemotherapy induced gastric ulcers may allow streptococci to grow in an envi-
ronment with low acid protection due to the administration of agents such as proton
pump inhibitors, histamine 2 blockers and antacids [1].
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Chemotherapeutic agents predispose the patients to immunosupression. Cytosine
arabinoside, which is an antimetabolic agent used in the treatment of acute myeloid
leukemia, acute lymphocytic leukemia and lymphomas, at high doses has been
implicated as a risk factor for bacteremia with VGS. Certain antimicrobial agents
may predispose to bacteremia with VGS. Oral prophylaxis with either sulfamethox-
azole trimethoprin or fluoroquinolones has been highly associated with VGS due to
the resistance of this bacteria to these agents [3, 4].

Viridans Streptococci Toxic Shock-like Syndrome and ARDS

In approximately 21-25% of children post- bone marrow transplant, a toxic shock-
like syndrome has been reported with VGS bacteremia. The usual organism isolated
is S. mitis. This syndrome is very rare in patients without neutropenia and presents
with hypotension, palmar desquamation, respiratory distress syndrome, rash, fever,
and confusion, which can rapidly progress to coma, multiple organ failure and
death. This syndrome usually occurs within 2 or 3 days after presentation. The
symptoms may worsen and produce respiratory symptoms within 48 h. This com-
plication is believed to be immunologically mediated [5].

ARDS presents with hypoxia and shortness of breath. Cough and fever are often
present. Tachycardia and tachypnea are common features and may be the initial
symptoms. Occasionally, patients may experience pleuritic pain followed by
hypoxia and respiratory failure [6].

Resistance of VGS against many antibiotics has been increasingly recognized. In
early studies, it was concluded that this pathogen was susceptible to penicillin, how-
ever, some studies have described intermediate and high-level penicillin resistance.
Resistances against second generation cephalosporins, such as Cefuroxime and
third generation cephalosporins like Ceftriaxone have also been described [1].

Due to its high efficacy and low resistance, Vancomycin is routinely given in
addition to various p-lactam agents (cefepime, ceftriaxone, piperacillin tazobactam
or carbapenem) as part of the initial empirical antimicrobial regimens for neutrope-
nic patients with VGS bacteremia [1] (Table 1). Once susceptibilities results are
available, vancomycin can be discontinued if indicated.

If hypoxia is present, corticostisteroids should be given to prevent the develop-
ment of ARDS and respiratory failure [5].

The mortality rate due to VGS bacteremia in spite of appropriate antibiotics can
fluctuate from O to 20% but can increase up to 60—-100%if toxic shock like syn-
drome develops [1].

Staphylococcus aureus

S. aureus is a major cause of infection in neutropenic patients with cancer. Although
S. aureus is most commonly implicated in soft tissue infections and pneumonia, it
is responsible for almost 15% of bacteremia cases [7].
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Table 1 Gram positive organisms bacteremia

Gram positive cocci

Therapy

Viridans Strepotococci

Ceftriaxone, cefepime, piperacillin tazobactam, or carbapenem
plus vancomycin until susceptibilities are available

Methicillin sensitive
Staphylococcus aureus

Nafcillin, oxacillin or cefazolin

Methicillin resistant
Staphylococcus aureus

Vancomycin or daptomycin

Vancomycin sensitive
Enterococci

Ampicillin, piperacillin or vancomycin

Vancomycin resistant
Enterococci

Daptomycin, or linezolid

Rothia mucilaginosa
(coco-bacilli)

Vancomycin until susceptibilities are available, then may
de-escalate to beta-lactam depending on susceptibilities

Gram positive rods

Therapy

Corynebacterium species

Vancomycin

Lactobacillus

Penicillin, ampicillin, piperacillin, or clindamycin

The presence of pneumonia and bacteremia results in a mortality rate for up to
50% which is higher than that observed in patients without cancer.

Treatment of S. aureus bacteremia in neutropenic patients does not differ from
the non-neutropenic. Early removal of the central venous catheter (CVC) and pro-
longed intravenous antibiotic therapy for several weeks is recommended especially
for complicated endovascular infections and persistent bacteremias [8, 9].

Initial empiric treatment should include vancomycin until methicillin resistant
Staphylococcus aureus (MRS A) is excluded. If methicillin sensitive Staphylococcus
is isolated, vancomycin can be de-escalated to a beta-lactam agent such as nafcillin,
oxacillin, or cefazolin (Table 1).

Echocardiogram is recommended for all the patients with S. aureus bacteremia
to rule out endocarditis [10, 11].

Enterococci

Enterococci spp are low virulence organisms; however, they represent a major cause
of bacteremia in the cancer population. E. faecalis and E. faecium are the most com-
mon species of enterococcus bacteremia in cancer patients. Risk factors for bactere-
mia include nosocomial infection, prior antibiotic exposure including levofloxacin,
prolonged neutropenia, and stem cell transplantation [12, 13].

Enterococci faecium susceptibilities to B-Lactam antibiotics varies, and vanco-
mycin resistance is increasing [14].

The mechanism of resistance of Vancomycin-resistant enterococci (VRE) is due
to the change in the bacterial cell wall decreasing the affinity of vancomycin to its
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site of action. VRE species more commonly encode the VanA and the VanB geno-
types followed by the VanD and the VanC genotypes [15].

Colonization of VRE in the stool of neutropenic patients, represent high risk of
subsequent VRE bacteremia [13, 16].

The treatment of choice for enterococcus bacteremia includes penicillin type of
antibiotics such as ampicillin or piperacillin provided that the organism is sensitive.
Vancomycin is also an option for penicillin allergic patients (Table 1). Compared
with other streptococcus species, enterococcus are more resistant to killing by
monotherapy with the above antibiotics. Combination therapy including aminogly-
cosides or double beta lactam including ceftriaxone is usually recommended for
endocarditis. Data on combination therapy for uncomplicated enterococcus bactere-
mia are scarce.

Daptomycin and linezolid are the most widely used antibiotics for VRE faecium
or VRE fecalis bacteremia [15] (Table 1).

In vitro studies have revealed synergy when using daptomycin in combination
with ampicillin or ceftaroline for complicated and persistent VRE bacteremia [17].

Corynebacterium

Corynebacterium are aerobic, gram positive, catalase-positive, nonsporulating, non-
motile rods. There are many subtypes of Corynebacterium, such as C. diptheriae
and nondiptherial, like Corynebaterium striatum, Corynebacterium amycolatum,
Corynebacterium minutissimum, Corynebacterium xerosis, Corynebacterium
freneyi and Corynebacterium jeikeium. They were thought to be contaminants as
they are present in the normal flora, but recent studies have shown that they are
opportunistic pathogens in immunocompromised hosts with cancer and hemato-
logic malignancies. In this section, we will review the Corynebactrerium species
most relevant in neutropenic patients.

Corynebacterium striatum

Corynebacterium striatum colonize the skin and mucous membranes of humans.
They are also found in the environment. C. striatum has rarely been reported to be
a pathogen, causing pulmonary infections and bacteremia only in immunocompro-
mised patients. Infections are also associated with implanted indwelling devices.
Thrombophlebitis associated with central venous catheters has been reported. The
majority of C. Striatum infections are nosocomial wound infections and less often,
systemic infections.

All strains of C. striatum are resistant to penicillin, but are susceptible to other
beta lactam antibiotics and to vancomycin. For serious infections vancomycin is the
drug of choice [18, 19] (Table 1).
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Corynebacterium jeikeium

C. jeikeium is only pathogenic for humans. It is found in soil and water and is part
of normal human skin flora. The colonization rate increases with hospitalization. C.
Jjeikeium is the most common cause of diphtheroid endocarditis of prosthetic valves.

C. jeikeium infections may present with skin and soft tissue lesions in patients
who are granulocytopenic. Lesions are usually at local infection sites of previous
bone marrow biopsy, intravascular catheter insertion, or perianal fissures. The
lesions usually precede septicemia and are designated as the primary source of
infection [20, 21].

Corynebacterium jeikeium is highly resistant to beta-lactam agents, aminoglyco-
sides, and quinolones. Vancomycin is the most active antibiotic (Table 1). High level
daptomycin resistance is rare with one case report of bacteremia reported [22].

In general, removal of the CVC is recommended in order to clear the bacteremia.
Removal of involved prosthetic device is usually required for cure [22].

Rothia mucilaginosa

Rothia mucilaginosa (previously known Stomatococcus mucilaginosus) is an aero-
bic or facultative anaerobic gram positive cocco bacilli. Rothia spp are part of the
oropharynx flora and can be associated with periodontal disease. Risk factors for
invasive disease include profound neutropenia, alcoholism, liver disease and HIV
infection. Clinical syndromes include bacteremia, endocarditis, meningitis, pneu-
monia, and infections of the bone and soft tissues [23].

Previous studies have demonstrated that Rothia spp are susceptible to most beta
lactam agents, however species with partial resistance to penicillin and methicillin
have been recently described. Given concerns for beta lactam resistace, vancomycin
is the ideal empiric therapy for Rothia mucilaginosa bacteremia until susceptibili-
ties are available [23] (Table 1).

Lactobacillus

Lactobacilli are gram positive microareophilic organisms that are part of the normal
oral, gastrointestinal and genitourinary flora. Bacteremia is rare, but the most com-
mon species associated with this entity are Lactobacillus casei and Lactobacillus
rhamnosus. Clinical manifestations of Lactobacillus bacteremia can range from
asymptomatic to fever, leukocytosis and rigors or severe septicemia and may be
combined with pneumonia, deep abdominal abscesses or endocarditis. Some
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findings also include elevated ¢ — reactive protein values. The infection may be
underdiagnosed, because lactobacilli are difficult to culture and to identify and are
often confused as contaminants. L. rhamnosus cause more severe infections with a
higher inflammatory response.

Risk factors include persistent prolonged neutropenia, use of broad-spectrum
antibotics, especially vancomycin (which results in the persistence of vancomy-
cin resitant GI flora), corticosteroids and a history of organ transplantation and other
immunosuppressive conditions [24].

The treatment of choice for Lactobacillus bacteremia include penicillin, ampicil-
lin and piperacillin. Clindamycin is also an active agent (Table 1). Susceptibilities
to cephalosporins varies. Combination therapy with penicillin and aminoglycosides
may be required for complicated infections. Lactobacillus are uniformly resistant to
vancomycin [25].

Anaerobic Bacteremia

Information on anaerobic bacteremia in cancer patients is very limited since it only
represents about 5-9% of all episodes of bacteremia in hospitalized patients.
Anaerobic bacteremia may be undetected due to subtle clinical symptoms.
Chemotherapy causes mucosal and visceral damage thus increasing the risk of bac-
teremia related to endogenous anaerobes.

Gastrointestinal and hematological malignancies are the most common underly-
ing diseases, female genital tract malignancies are also important to note. Most
cases of anaerobic bacteremia are caused by Bacteroides fragilis, Clostridium per-
fringens and Peptostreptococcus spp. Other less common pathogens, but still impor-
tant in neutropenic patients is Fusobacterium spp. [26, 27].

Empirical antimicrobial therapy should be started as soon as the infection is sus-
pected. Prompt and adequate therapy is associated with increased survival. In gen-
eral aminopenicilins, with or without B-lactamase inhibitors, Carbapenems,
Clindamycin and Metronidazole are active against anaerobic isolates with some
spectrum difference depending on the species isolated [28].

Fusobacterium necrophorum

Fusobacterium necrophorum represents less than 1% of bacteremias in humans.
Only a few hundred cases have been reported in the literature. F. Necrophorum is
associated with severe septicemia also known as necrobacillosis, postanginal sepsis
or Lemierre’s syndrome.
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Lemierre’s Syndrome

Lemierre’s syndrome is a very serious complication of pharyngeal infection due to
FE. necrophorum. It usually occurs a few days after the onset of a sore throat.

A more concise definition for Lemierre’s syndrome is the presence of a history
of angina illness or similar clinical findings, followed by internal jugular vein
thrombophlebitis which propagates from the tonsillar veins to the internal jugular
vein causing septicemia. This causes septic emboli including necrotic abscesses the
lungs and other sites such as bones, liver and joints. Isolation of F. necrophorum
from blood culture or any other sterile site is a good indicator for diagnosis, but it is
not found in all cases of this disease. It is not clear whether it is due to external fac-
tors such as timing of sampling, prior antibiotic therapy or the association of this
disease with other organisms such as Peptostreptococcus.

The diagnosis of Lemierre’s syndrome is clinical. Although this is a very rare
disease, its peculiar symptoms should prompt clinical suspicion. The onset of rigors
4-12 days after the resolution of the sore throat is classic. The occurrence of chills
indicate that the organisms are present in the circulation. Patients may complain of
neck pain and tenderness. Anterior cervical lymphadenopathy is often present.
Edema at the angle of the jaw, reflecting the development of internal jugular throm-
bophlebitis may be mistaken for tender cervical nodes [29, 30].

Fusobacterium nucleatum

This Gram-negative bacilli is commonly found in the gastrointestinal, oropharyn-
geal and respiratory tracts. It is a common cause of periodontal infection. The most
common source of bacteremia associated with F. nucleatum comes from an oropha-
ryngeal source of infection [31].

Certain risk factors overlap amongst patients with F. nucleatum and F. necropho-
rum. The most common types of malignancy associated with bacteremia include
lymphoma and acute leukemia. Treatment with intensive chemotherapy, corticoste-
roids and bone marrow transplantation also increases the risk for bacteremia. Severe
oral mucositis caused by chemotherapy is also an important risk factor as it can
serve as a portal of entry for a systemic infection and the propagation of a polymi-
crobial infection with other pathogens, such as Staphylococcus and E. coli. Pro-
phylactic treatment with macrolides, especially erythromycin is an important risk
factor for F. necrophorum infection due to its high resistance [32].

Penicillin, piperacillin-tazobactam, carbapenems, clindamycin and metronida-
zole are all active against F. nucleatum F. necrophorum. [33] (Table 2)

Table 2 Anaerobes bacteremia

Organism Therapy

Fusobacterium Ampicillin sulbactam, piperacillin-tazobactam, carbapenems,
species metronidazole, clindamycin
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Gram-Negative Rods

Gram negative bacilli are a very common cause of bacteremia in neutropenic
patients. The most common gram-negative rods causing bacteremia are Escherichia
coli, Klebsiella spp. and Pseudomona aeruginosa. Before the introduction of the
antibiotic era, mortality rates in neutropenic patients with leukemia and Gram-
negative infections were as high as 91%. In general, Gram-negative bacteria are
reported as MDR if not susceptible to at least 3 of the following antimicrobials:
Antipseudomonal penicillins, cephalosporins, carbapenems, aminoglycosides or
fluorquinolones [34].

In this chapter, we will discuss the most common gram negative organisms that
cause bacteremia in neutropenic patients.

Escherichia coli

Escherichia coli is of great concern in immunocompromised patients. There has
been an emergence of a resistant E. coli sequence type ST131. This type of E. coli
produces extended-spectrum f-lactamases, and almost all are resistant to fluoroqui-
nolones. Data suggests that this strains of E. coli may be the main explanation for
the recent increase in antimicrobial resistance. Serious extra-intestinal infections
with this Multi Drug Resistant E. coli ST131 often leave physicians with limited
treatment options, higher costs, and increased usage of last resort antimicrobials,
such as carbapenems. E. coli is a major pathogen and one of the most common
cause of gram negative bacteremia resulting in extended hospital stays. E. coli, like
many Gram-negative pathogens can cause septic shock with a fatal outcome.

The most common risk factors for E. coli bacteremia are solid tumors of the
gastrointestinal tract, previous chemotherapy, prior surgery within 10 days and vas-
cular catheter insertion [35-37].

The treatment of choice for E coli bacteremia include piperacillin tazobactam,
cephalosporins, and carbapenems. Combination with aminoglycosides until suscep-
tibilities are available may be required depending on prior cultures, recent use of
antibiotics or local susceptibility data (Table 3).

Klebsiella pneumoniae

Some strains of Klebsiella pneumonia are part of the gastrointestinal flora. When
the mucosal barrier of the gastrointestinal tract is disrupted, this bacteria can gain
access to the blood stream causing serious blood stream infections. Profound neu-
tropenia especially with chemotherapy treatment within 1 month represent a sub-
stantial risk for bacteremia [38].
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Table 3 gram negative rods bacteremia

Organism Therapy

Echerichia coli Piperacillin tazobactam, cephalosporins, or carbapenems. May use
combination with aminoglycosides until susceptibilities are available

Klebsiella Piperacillin tazobactam, cephalosporins, or carbapenems. May use

pneumoniae combination with aminoglycosides until susceptibilities are available

Pseudomonas Piperacillin tazobactam, cefepime, ceftazidime, meropenem, imipenem,

aeruginosa doripenem depending on susceptibilities. May use combination with
aminoglycosides until susceptibilities are available

Stenotrophomona Sulfamethoxazole-Trimethoprin, minocycline, moxifloxacin

Maltophila

Carbapenemase-producing Klebsiella pneumoniae (KPC) has been identified as
an important strain causing nosocomial bacteremia in patients with hematologic
malignancies and aplastic anemia [39].

Mortality rates for Klebisella bacteremia is higher when the initial empiric treat-
ment is inadequate [40]. Age plays an important role where newborns and elderly
are primarily susceptible.

The treatment of choice for klebsiella bacteremia include piperacillin tazobac-
tam, cephalosporins, and carbapenems. Aminoglycosides in combination with the
one of the above also can be used for initial empiric therapy pending susceptibilities
(Table 3).

Carbapenems are preferable to piperacillin/tazobactam or cephalosporins when
a critically ill patient is in need of empirical therapy especially when there is con-
cern for resistance. Patients who receive a carbapenem as monotherapy or combina-
tion therapy during the first days after a blood culture is positive for an extended
spectrum beta-lacatamse (ESBL) producing K. pneumoniae, had a significantly
lower mortality than those who received non-carbapenem antibiotics [40].

Pseudomonas aeruginosa

Pseudomonas aeruginosa infections in neutropenic cancer patients have decreased
after the implementation of antibiotics with-anti-pseudomonal activity; however,
they are still one of the most common gram-negative bacterial species associated in
neutropenic patients.

Mortality due to this pathogen is reported to be about 20% and this number can
increase in patients receiving inappropriate antibacterial treatment. Polymicrobial
infection is associated with a worse prognosis.

Patients with Pseudomonas bacteremia treated with combination empirical anti-
microbial therapy prior to the result susceptibility testing are available have a better
30-day survival compared to monotherapy. However, combination antimicrobial
therapy given as definitive treatment for P. aeruginosa bacteremia does not improve
the rate of survival compared to appropriate definitive monotherapy. A potential
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advantage of initial empiric combination antimicrobial therapy over monotherapy is
the higher probability that the infecting pathogen will be covered by at least one of
the components of the regimen until susceptibly data is available. Furthermore, dif-
ferent mechanisms of action between two antibiotics may be synergistic, resulting
in enhanced bacterial kill activity compared to the additive activities of the antibiot-
ics when assessed separately. Finally, use of combination therapy may suppress
emergence of resistant subpopulations of bacteria.

Treatment of pseudomonas bacteremia include piperacillin tazobactam,
cefepime, cefazidime, meropenem, imipenem, or doripenem. Aminoglycoside com-
bination therapy may be helpful to broaden the antimicrobial coverage for MDR
strains and consequently improve the outcomes of patients with P. aeruginosa bac-
teremia. Once more information is obtained from the cultures, a targeted antimicro-
bial agent based on the antibiotic susceptibility results may be pursued [41-44]
(Table 3).

For more resistant strains of pseudomonas, ceftolozane-tazobactam can be an
option [45].

Stenotrophomona Maltophilia

Stenotrophomona Maltophilia is rarely responsible for community-acquired serious
infections. Rather, it is usually a commensal, a colonizer, or part of the endogenous
flora of hospitalized patients. It has been increasingly reported as a cause of life-
threatening infections, especially in the immunocompromised, such as those with
hematological malignancy and in recipients of hematopoietic stem cell transplantation
(HSCT), indwelling venous catheterization, long-term hospitalization, aggressive
chemotherapy and use of broad-spectrum antibiotics including carbapenems [46].

S. maltophilia bacteremia in patients with hematologic malignancies is a serious
complication of profound, persistent neutropenia and broad-spectrum antibiotic
use. This pathogen is highly resistant and its antimicrobial resistance may increase
when patients are treated with antibiotics over extended periods. Inappropriate anti-
biotic use is associated with an elevated morbidity and mortality [47, 48].

Complications of S. maltophilia infections are septic shock, respiratory failure,
pulmonary hemorrhage and septic thrombophlebitis. Morbidity and mortality are
high; however, the prognosis may be improved by prompt administration of active
antibiotics.

S. maltophilia strains are resistant to the majority of agents used for the empirical
treatment of febrile neutropenia including most beta-lactams. Sulfamethoxazole-
Trimethoprin and minocycline are very active against most stenotrophomona infec-
tions [49, 50] (Table 3).

Newer quinolones, particularly in combination with Sulfamethoxazole-
Trimethoprin may be an option. Other combination agents can be used depending
on the susceptibilities of the organisms [51].
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Multidrug Resistant Gram Negative

The widespread use of antibiotics and the emergence of multidrug resistant (MDR)
bacteria has shown to increase mortality particularly in immunosuppressed
patients. Screening for MDR bacteria may facilitate prompt isolation and directed
treatment targeting the MDR bacteria when the patient demonstrates early signs of
infection [52].

Carpapenem-Resistant Enterobacteria (CRE)

Neutropenic patients are at risk for enteric gram negative rod bacteremia from gas-
trointestinal tract translocation. Beta- lactam agents are recommended for empiric
therapy of neutropenic fever, however over the last decade, CRE have emerged as a
threat particularly to this vulnerable population.

Identification of CRE usually takes up to 3 days using conventional culture meth-
ods. This can delay proper treatment significantly increasing mortality [53].

CRE are universally resistant to all beta-lactam agents due to different carbapen-
emases. Carbapenemase are classified as type A, B, C and D depending on their
molecular structure.

The most clinically significant and the most common type in United States is the
Class A beta-lactamase known as klebsiella pneumonia carbapenemase (KPC) [54].

Class B beta-lactamase are also known as the metallo-beta-lactamases (MBLs).
The New Delhi metallo-beta-lactamase is the most clinically significant of this
group [55].

Class D beta-lactamases are also named the OXA type enzymes because of their
preference to hydrolyze oxacillin over penicillin. Six subgroups have been identify
with different degrees of carbapenem hydrolyzing activity [56].

Treatment recommendations for CRE infections is limited and controversial
depending on the subtype and susceptibility results. For KPC, ceftazidime-
avibactam or meropenem varbobactam are an option provided that the organism is
susceptible [57, 58].

Other alternatives particularly for subtypes resistant to the above antimicrobials
i.e. the MBLs include a polymyxin based regimen combined with prolonged car-
bapenem infusion. For polymyxin resistant strains ceftazidime-avibactam in combi-
nation with aztreonam has been used [59].

Other antibiotics with a broader spectrum to treat MDR gram negative rods are
under different stages of development including imipenem/cilastin with relebactam,
avibactam combined with aztreonam or ceftaroline [60].

Newer antibiotics hopefully will offer a light of cure of MDR gram negative
infections in neutropenic patients while receiving aggressive chemotherapy.
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