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1. Introduction 

Infectious complications are a serious cause of morbidity and mortality in 
cancer patients, especially those with underlying hematologic malignancies. 
Several large studies have estimated that 70-75% of deaths in patients with 
acute leukemia are caused by infection, with or without hemorrhage [I-31. 
Fewer data exist on infectious mortality in patients with solid organ tumors; 
however, approximately 50% of these patients are estimated to have an infec- 
tion as either the primary or an associated cause of death [4,5]. Because 
patients with underlying malignancies are a heterogeneous group, an 
epidemiologic review of infections in these patients must take into account the 
diversity of the patient population. The nature of the underlying malignancy, 
the immunodeficiencies associated with it, and the treatments directed against 
it are all important determinants of infection. 

For ease of understanding, the factors that predispose to infection are 
divided into those that are host associated and those that are treatment asso- 
ciated. Host-associated factors include deficiencies of cellular and humoral 
immunity, disrupted anatomic barriers, central nervous system dysfunction, 
prior splenectomy, and alterations in the microbial flora. Treatment- 
associated factors include surgery, radiation, and chemotherapy, antibiotic 
use, and diagnostic or invasive procedures, including blood transfusions and 
bone marrow infusions (Table 1). Clearly, more than one predisposing factor 
may exist simultaneously in a given patient. To a large extent, however, these 
risk factors are associated with specific infectious pathogens, and an under- 
standing of each individual risk factor can help direct diagnosis and empiric 
therapy (Table 2). 

2. Host-associated factors 

2.1 Granulocytopenia 

Granulocytopenia (neutropenia) is defined as an absolute neutrophil count 
(ANC) lower than 1000 or 500 ce l l s lmm~nd  is the single most important risk 
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Table I .  Factors predisposing to infection in cancer patients 

Factor Comments 

Host associated 
Granulocytopenia 

Cell-mediated immunodeficiency 
Humoral immunodeficiency 

Disrupted anatomic barriers 

Splenectomy 

Central nervous system dysfunction 

Changes in microbial flora 

Treatment associated 
Surgery 

Radiation 

Chemotherapy 

Antibiotics 
Diagnostic and invasive procedures 

Central venous catheters 

Blood transfusions and bone 
marrow infusions 

Absolute neutrophil count less than 1000 or 
500 cells/mm"; most important risk factor for 
infection in cancer patients 

Defective monocyte/macrophage or T-cell function 
Defective B-cell function, leading to loss of opsonizing 

an tibodies 
Caused by the invading malignancy or the treatments 

directed against it 
Loss of monocytes, macrophages, B lymphocytes, and 

properidin (a component of the alternate 
complement pathway) 

Loss of gag reflex, impaired micturition, and loss of 
mobility 

Occur secondary to the severity of the underlying 
illness, invasive procedures, and antimicrobial usage 

Especially pelvic, gastrointestinal, and maxillofacial; 
largest interventions carry greatest infectious risk 

Preoperative irradiation leads to fistula formation and 
impaired wound healing 

Damages anatomic barriers and leads to cytopenias in 
a dose-related fashion 

Rapidly and radically alter microbial flora 

Bacterial colonization occurs within days of insertion; 
15-20% develop overt infection 

Infection occurs most commonly through collection of 
specimens from infected donors 

factor for the development of bacterial infection in cancer patients. Patients 
with acute leukemia, those who have received intensive myelosuppressive 
therapies for their underlying malignancies or as part of their bone marrow 
transplantation, or those with aplastic anemia are most likely to develop or 
present with granulocytopenia [6]. Patients with lymphoma may also have 
marrow involvement severe enough to result in neutropenia [7]. Although less 
common, solid organ tumors, such as metastatic carcinoma of the breast, 
prostate, lung, adrenal, thyroid, and kidney, can all infiltrate the bone marrow 
and result in granulocytopenia [8]. 

The incidence of infection increases when the neutrophil count falls below 
500 cells/mm3. Patients with severe neutropenia, having an ANC below 100 
cells/mmi, represent a unique subset of patients who are at highest risk of 
infection [9]. This level of severe neutropenia decreases the mobilization 
of white blood cells to the site of inflammation. Therefore, when bacterial 
pathogens are encountered, the usual acute pyogenic response is muted or 
absent, making it difficult for these patients to control the spread of an 
infection [lo]. 



Cell-mediated immunodeficiency 

Humoral immunodeficiency 

Disruption of anatomic barriers 

Splenectomy 

Table 2. Predisposing factors and their associated infections 

Factor Infectious pathogen 

Neutropenia Bacteria 
Staphylococcus aureus 
Staphylococcus epidermidis 
Alpha-hemolytic streptococci 
Escherichia coli 
Klebsiella spp. 
Pseudomonas neruginosa 

Viruses 
Herpes simplex 
Varicella-zoster 
Cytomegalovirus 

Yeastlfungi 
Candida spp. 
Aspergillus spp. 

Bacteria 
Listeria nzonocytogenes 
Salmonella spp. 
Nocardia asteroides 
Mycobacteria 
Legionella pneltmophila 

Viruses 
Herpes simplex 
VariceIIa-zoster 
Cytomegalovirus 
Epstein-Barr 

Yeast 
Cryptococcus neoformans 
Histoplasma capsulatum 
Coccidioides immitis 

Protozoa 
Pneumocystis carinii 
Toxoplasrna gondii 
Cryptosporidium 

Helminth 
Strongyloides stercoralis 

Streptococcus pneumoniae 
Haemophilus influenzae 
Skin 

Staphylococcus aureus 
Staphylococcus epidermidis 
Streptococcus pyogenes 

Oral cavitylnasopharynx 
Anaerobes 
Streptococci 
Haemop hilus influenzae 

Gastrointestinal tract 
Enterobacterianceae 
Fungi 

Female genital tract 
Enterobacteriaceae 
Anaerobic GNB 
Enterococci 
Clostridia spp. 

Streptococcus pneumoniae 
Haemophilus influenzae 
Neisseria nzeningitidis 



Table 2. (continued) 

Factor Infectious pathogen 

Central venous catheters 

Blood transfusions 

Staphylococci 
Streptococci 
Bacillrls spp. 
Corynebacterium spp. 
Cnndidn nlbicans 
Mycobncterizlm chelonei 
Mycobacteri~im fortuitum 
Bacteria 

P. JEuorescens/putida 
Yersinia enterocolitica 

Viruses 
Hepatitis viruses 
HIV 
Epstein-Barr 
Cytomegalovirus 

Protozoa 
Leishmaniasis 
Trypanosomiasis 
Chagas' disease 
Microfilarial diseases 
Malaria 
Bnbesiu nzicroti 

The rapidity in the decline of the neutrophil count is also important in 
determining the risk of infection. For example, a rapidly falling count is much 
more likely to be associated with infection than is either a slowly declining 
count, as observed with syndromes such as cyclic neutropenia, or a stable 
neutropenia, as is often seen in patients with stable aplastic anemia or benign 
idiopathic neutropenia [ll]. 

The duration of neutropenia also correlates with the risk of infection. In 
fact, once a patient is febrile and neutropenic, the duration of the neutropenia 
is a stronger predictor of infection than is the absolute neutrophil count [12]. 
Virtually all patients who remain severely neutropenic (ANC less than 100 
cellslmm3) will develop an infection within 3 weeks [3,8]. 

Patients whose neutrophil counts are falling are also at greater risk than 
those patients whose counts are recovering. For example, the patient with an 
ANC of 500 cells/mm3 who has just received cytotoxic chemotherapy and is 
expected to be severely neutropenic within a few days is at greater risk than 
is the patient whose neutrophil count is 200 cells/mm3 and rising. A large 
multicenter study by the European Organization for Research on Treatment 
of Cancer (EORTC) demonstrated that the change in granulocyte count was 
the most important factor in determining success or failure of antibiotic 
therapy for gram-negative bacteremia. Only 22% of patients whose granulo- 
cyte count did not rise by at least 100 cellslmm3 during therapy were success- 
fully treated, whereas 88% of those whose count rose by at least 100 cells/mm3 
completely improved [13]. 



Several studies have examined the sites and types of infection that occur in 
the neutropenic host. The neutropenic cancer patient usually has a variety of 
other predisposing factors that act together to increase the risk of infection. 
Cytotoxic chemotherapy damages the mucosal membranes of the alimentary 
and respiratory tracts, drug-induced vomiting with stomach acid reflux pre- 
dispose to infection in the distal esophagus, underlying periodontal disease or 
reactivation of herpes virus can serve as a cofactor for the development of 
oral infection, frequent bowel movements and the associated high pressure 
damage the anal mucosa, and vascular catheters and other invasive procedures 
damage the integument [14]. 

The infecting organisms in neutropenic patients are usually the organisms 
that colonize these particular sites (Figure 1). Organisms that colonize the 
lower gastrointestinal tract, such as Escherichia coli, Klebsiella pneun:wniae, 
and Pseudomonas aeruginosa, are the most commonly encountered gram- 
negative pathogens causing infections in these patients. Staphylococcus 
epidermidis, Staphylococcus aureus, and a-hemolytic streptococci colonize the 
skin and upper respiratory tract and cause the majority of gram-positive 
bacterial infections [15]. However, the microbial flora changes with prolonged 
hospitalization, largely as a result of antibiotic selective pressure. Gram- 
negative bacilli begin to colonize the upper respiratory tract, resulting in 
gram-negative bacterial infections of the pharynx, lung, and esophagus [16]. 

Oropharynx and Upper 
Respiratory Tract 
.- a-hemolytic streptococci 

fl Stephylococcus sureus 
fl Gram-negative bacilli 
.- Candida sp. 

.- Herpes simplex virus 

.- Gram-negative bacilli 

/ Staphylmcus 8U.feUS 

.- Aspergillus sp. 

Gastrointestinal Tract 
v Escherichia coli 
v KlobsioNa sp. 
v Other Enlerobacteriaceae 
v Pseubomon8s m g i n a s a  
v Anaerobes 
v Enterococci 
v Candida sp. 

fl Srephyhnmcus epidermidis 
fl Staphyloecrccus aureus 

r. Acinerobacter ca/atawtkus 
v Other gram-negative bacllti 
v Enterococci 

Figure I .  Sites and types of infections in the neutropenic host. 



Specific antibiotics, such as the fluoroquinolones, predispose to colonization 
with streptococci and quinolone-resistant gram-negative bacteria [17]. Other 
bacteria, such as Serratia marcescens, Proteus spp., Enterobacter spp., 
Aeromonas spp., and Acinetobacter calcoaceticus, and fungi such as Candida 
spp. and Aspergillus spp., less frequently colonize these patients and can cause 
infections in the neutropenic host [8,18-211. 

2.2 Cell-mediated immunity 

Cell-mediated immunity depends upon the interaction of T lymphocytes with 
the monocytelmacrophage system. Working together, these cells enhance the 
phagocytosis and killing of intracellular pathogens. T-lymphocyte precursors 
are released from the bone marrow and migrate to the thymus gland, where 
maturation into T lymphocytes occurs. The mature T lymphocytes then exit 
the thymus and are present in the circulation, the lymph nodes, and the spleen. 
Upon antigenic stimulation, T lymphocytes secrete lymphokines, which act in 
two important ways. One group, the immunoregulatory lymphokines, modu- 
lates the function of both T and B cells. The second group, the inflammatory 
lymphokines, regulates the function of macrophages. The two most important 
lymphokines are migration inhibitory factor (MIF) and macrophage activating 
factor (MAF). MIF slows the rate of migration of macrophages, keeping them 
at the site of inflammation. MAF greatly enhances the killing capacity of 
macrophages for intracellular organisms. 

Mononuclear phagocytes arise in the bone marrow from immature precur- 
sors, undergo differentiation in the marrow as promonocytes, and are then 
released into the circulation as monocytes. Monocytes remain in the circula- 
tion for only a brief time (half-life of 22-24 hours), after which they leave the 
blood to become tissue macrophages. These macrophages exist throughout 
the body in the brain, lung, bone, liver, kidney, spleen, and skin. Under the 
direction of lymphokines, macrophages become activated. In this form, the 
macrophages demonstrate increased phagocytosis and microbial killing. In 
fact, the activated macrophages are responsible for the killing of many intra- 
cellular pathogens that are resistant to killing by monocytes, quiescent mac- 
rophages, and neutrophils [22,23]. 

Hodgkin's disease and HIV infection are the prototypical illnesses associ- 
ated with cellular immune dysfunction [24,25]. However, impairment of cell- 
mediated immunity can occur with most cancers, including acute and chronic 
leukemia; solid organ tumors; such as breast, lung, brain, gastrointestinal tract, 
and urogenital tumors and following bone marrow transplantation [26-331. 
Alternatively, irradiation and certain medications, such as azathioprine, 
cyclosporine, and corticosteroids, can result in cellular immunodeficiency 
[34-361. 

Several predominantly intracellular pathogens are associated with 
deficiencies of cell-mediated immunity. These include the bacteria Listeria 
monocytogenes, Salmonella spp., Nocardia asteroides, mycobacteria (both 



M. t~lberculosis and the nontuberculous mycobacteria), and Legionella; the 
yeast Cryptococcus neoformnns, Histoplasma capsulatum, Coccidioides 
immitis, and Pneumocystis carinii; the viruses varicella-zoster virus (VZV), 
cytomegalovirus (CMV), Ebstein-Barr virus (EBV), herpes simplex virus 
(HSV), and adenovirus; the protozoa Toxoplasma gondii and Crypto- 
sporidium; and one helminth, Strongyloides stercornlis [10,37-471. 

2.3 Humoral immunity 

B lymphocytes are the cells primarily involved in humoral immunity. Like 
T lymphocytes, they arise from precursor stem cells in the bone marrow. 
In humans, B lymphocytes mature in gut-associated lymphoid tissue of 
Peyer's patches in the ileum, in the submucosal lymphoid follicles of the 
appendix, and in the bone marrow. Following maturation, they are distributed 
to the spleen and lymph nodes. Under proper antigenic stimulation, they 
differentiate into immunoglobulin (antibody)-producing plasma cells. These 
plasma cells produce opsonizing antibodies. Coating or opsonizing certain 
bacteria, particularly encapsulated bacteria, greatly enhances their phagocyto- 
sis. Patients with defects in humoral immunity lack opsonizing antibodies to 
the common encapsulated pyogenic bacteria and thus are susceptible to infec- 
tions with organisms such as Streptococcus pneumoniae and Hnemophilus 
influenzae [22]. 

Multiple myeloma is the neoplasm classically associated with altered hu- 
moral immunity. Multiple myeloma patients are hypogammaglobulinemic, 
producing normal immunoglobulins at only 10% of the normal rate. Interest- 
ingly, some myeloma patients have no infections with S. pneumoniae. These 
patients produce the specific opsonizing antibodies needed to defend them, 
whereas other myeloma patients who do not produce the necessary opsonizing 
antibodies have recurrent pneumococcal infections with the same or different 
strains [48-501. 

Waldenstrom's macroglobulinemia and chronic lymphocytic leukemia are 
also neoplasms affecting B lymphocytes. They too are characterized by defec- 
tive humoral immunity [51,52]. Likewise, patients who undergo prolonged 
immunosuppresive therapies, such as those used to prevent graft-versus-host 
disease (GVHD) following allogeneic bone marrow transplantation, may not 
regain their ability to synthesize IgG and IgM for up to 1 year, and the 
synthesis of IgA may remain depressed for years [53,54]. 

2.4 Anatomic barriers 

The anatomic barriers of the skin and soft tissues are essential for protection 
of the immunocompromised host. These barriers can be damaged by invasion 
from the malignancy itself or by treatments directed at the malignancy, such as 
radiation and cytotoxic chemotherapy. Primary or metastatic tumors of the 
skin can disrupt this important anatomic barrier. These tumors increase the 



risk of bacteremia with organisms such as Staphylococcus aureus, Staphylococ- 
cus epidermidis, and Streptococcus pyogenes, which colonize the skin [55]. 
Mucous membranes of the oral cavity and nasopharynx may be affected by 
invasive carcinomas, resulting in local infection in the mouth, nose, throat, or 
sinuses. This predisposes to anaerobic necrotizing infections, streptococcal 
infections, and infections due to H. influenzae. These infections can spread to 
the meninges, causing meningitis, or can locally invade the sinuses, causing 
osteomyelitis with or without subsequent cerebral abscess. The mucous mem- 
branes of the gastrointestinal tract can be disrupted by invasive carcinomas, 
causing local abscess formation, bacteremia with gram-negative bacilli, or 
perforation with resulting peritonitis. The possibility of fungal infection 
increases if these patients have received broad-spectrum antibiotics. Disrup- 
tion of barriers in the female genital tract can occur with gynecological 
malignancies. Pathogens such as anaerobic gram-negative bacilli, enteric 
gram-negative bacilli, Clostridia spp., and enterococci will occasionally invade 
the bloodstream, causing systemic infection [8,56]. Mucous membranes can 
also be damaged by radiation or chemotherapy. Regimens that include 
cytosine arabinoside, anthracyclines, methotrexate, 6-mercaptopurine, and 
5-fluorouracil are most likely to cause gastrointestinal mucositis and stomatitis 
[51. 

In addition to damaging mucous membranes, malignancies can cause ob- 
struction of various orifices or passages, leading to stasis of body fluids and 
subsequent infection. Carcinoma of the prostate, ovary, cervix, and rectum 
commonly obstruct the urinary tract, whereas central nervous system tumors 
can impair micturition, all leading to urinary retention and recurrent urinary 
tract infection. Primary or metastatic lung tumors can obstruct the bronchi, 
causing postobstructive pneumonia and abscess formation. Obstruction of 
the biliary tract by lymphoma or pancreatic cancer predisposes to ascending 
cholangitis. Tumors that obstruct the blood vessels can cause septic 
thrombophlebitis or ischemia, which predispose to infection [5,8]. 

2.5 Splenectomy 

The spleen contains large numbers of monocytes, macrophages, and B lym- 
phocytes, enabling it to perform many important immune functions. First, the 
spleen filters particles from the bloodstream using strategically positioned 
tissue macrophages. These macrophages can engulf circulating, opsonized 
organisms, helping to rid the body of many encapsulated bacteria [57]. These 
macrophages can also remove non-opsonized bacteria, making the spleen 
critically important to the individual who encounters infection with a new 
serotype of pneumococci to which he or she is not immune. The spleen is 
also important in humoral immunity; it is here that the immunoglobulin 
response primarily takes place. In addition, splenectomized patients have 
reduced levels of properidin, an important component of the alternate 
complement pathway. 



Patients who have undergone splenectomy are at increased risk for 
infections with encapsulated bacteria such as Streptococcus pneumoniae, 
H. influenzae, and Neisseria meningitidis. In fact, patients who undergo 
splenectomy for staging or treatment of a hematologic malignancy have ap- 
proximately a 5% risk of developing overwhelming sepsis at some time during 
their lifetime [58]. A syndrome of overwhelming pneumococcal sepsis has 
been described in splenectomized children, and much Iess commonly in splen- 
ectomized adults [59]. For this reason, patients who undergo splenectomy 
should receive the polyvalent pneumococcal vaccine, preferably prior to 
splenectomy in order to obtain the best immune response [60]. 

Another group of patients who are at increased risk of invasive pneumococ- 
cal infections are those who have undergone allogeneic bone marrow trans- 
plantation. The reasons are twofold: (1) these patients demonstrate a 
decreased ability to synthesize IgG and IgM, and (2) they fail to switch from 
IgM to IgG production if chronic GVHD develops, producing a state of 
functional asplenia [53,61]. 

2.6 Central nervous system dysfunction 

Primary or metastatic tumors of the central nervous system (CNS) can predis- 
pose to a variety of infections. Patients who have either a partial or complete 
loss of their gag reflex are at greater risk for aspiration pneumonia. Impaired 
micturition is a common finding in these patients and can lead to urinary 
retention and recurrent urinary tract infections. Likewise, patients with im- 
paired mobility are predisposed to skin breakdown, which can result in 
decubitus ulcers and osteomyelitis. Interestingly, meningitis, encephalitis, and 
brain abscesses are uncommon in patients with CNS tumors unless related to 
problems of surgery [58,62]. 

2.7 Changes in microbin 1 flora 

Dramatic changes in microbial flora can occur in debilitated patients. The 
severity of the underlying illness, invasive procedures, and antibiotic usage are 
all associated with alterations in the normal flora. A study by Johanson and 
colleagues demonstrated that severity of illness and antimicrobial usage can 
both change the normal flora. Throat cultures were obtained from normal 
volunteers and from patients hospitalized on a psychiatric ward, an orthopedic 
ward, and two medical wards. The patients on both medical wards had severe 
underlying medical illnesses; on one ward they were receiving antibiotics and 
on the other they were not. Throat cultures from the normal volunteers and 
the psychiatric patients revealed normal flora. However, the throat cultures 
from 16% of the orthopedic patients, 57% of the medical patients without 
antibiotics, and 80% of the medical patients with antibiotics revealed gram- 
negative bacilli [16]. This suggests that severity of illness and antibiotics, not 
hospitalization per se, are associated with changes in endogenous flora. 



Invasive procedures, such as placement of urinary or intravascular catheters 
or tracheostomies, can also alter normal flora. Urinary and intravascular cath- 
eters can become colonized with organisms that track along the catheter and 
colonize these normally sterile body sites. Patients with tracheostomies gener- 
ally become colonized with gram-negative bacteria within a few days following 
placement. If pneumonia develops, it is usually due to these same bacterial 
pathogens with which the patient is colonized. Indeed, the majority of patients 
are infected with the organisms with which they are colonized; however, 50% 
of these organisms are acquired after hospitalization [14]. Studies have dem- 
onstrated that serial axillary surveillance cultures grow primarily Staphylococ- 
cus epidermidis and Corynebacterium spp. on admission. As the illness and the 
hospitalization progress, the resident flora shifts toward gram-negative bacte- 
ria and yeast such as Candida nlbicans [10,63]. 

Of all the predisposing conditions, antibiotic use is the single most impor- 
tant factor leading to changes in host flora. Although necessary for both 
prophylaxis and treatment of infections, antimicrobial agents can cause rapid 
and radical alterations in endogenous flora. One of the most common ex- 
amples is Clostridium dificile colonization and infection induced by antibiotic 
therapy [64,65]. However, broad-spectrum antibiotics are more apt to sup- 
press normal, noninvasive flora, particularly anaerobes, and to cause a shift 
toward gram-negative bacteria and yeast. In one study, surveillance cultures 
were monitored in 10 patients receiving ampicillin for 3 weeks. Nine of these 
patients became rapidly colonized with ampicillin-resistant gram-negative 
rods, and several isolates were multiply drug resistant. Only one patient in 
the control group acquired a multidrug-resistant organism [lo]. Likewise, the 
incidence of fungal infections is related to prophylaxis and treatment with 
broad-spectrum antibiotics. For example, fluconazole prophylaxis has resulted 
in the development of resistant strains of C. albicans and Torlklop~i~ glabrata 
[66-691 and to outbreaks of inherently fluconazole-resistant Candida krusei 
[70,71]. 

To understand the changing microbial flora, it is important to understand a 
concept known as colonization resistance. Individuals are colonized with 
noninvasive flora that, in a sense, can be considered "protective." This normal 
flora prevents colonization and subsequent infection with more invasive, 
pathogenic bacteria. Patients who have lost their normal flora, such as those 
receiving broad-spectrum antibiotics, are at greater risk of colonization and 
infection with these more invasive organisms. In an animal model of infection, 
van der Waaij elegantly depicts this phenomenon. In this study, three groups 
of mice were used: one group was rendered completely germ-free, a second 
group retained their anaerobic flora but were rendered free of aerobes, and 
the third group of normal mice served as the control. The mice were given 
different oral doses of streptomycin-resistant E. coli for ease of detection, and 
persistent colonization was determined by evaluation of fecal flora. The con- 
trol group required lo7 E. coli to become persistently colonized, the mice 
with only anaerobic flora required approximately lo5 E. coli, and the germ-free 



mice, who had no colonization resistance, required only 10' to lo2 E. coli, 
confirming the importance of colonization resistance [72]. 

3. Treatment-associated factors 

Although essential to patient care, no procedure or treatment is without risk. 
The following treatment-associated factors have all been shown to predispose 
patients with underlying malignancies to an increased risk of infection. 

3.1 Surgery 

Extensive surgery, especially in the pelvic, gastrointestinal, or maxillofacial 
regions, increases the risk of infection in cancer patients [8]. Although the 
procedures are often necessary, especially for advanced invasive tumors, they 
remove large areas of otherwise protective tissue and disrupt anatomic barri- 
ers that predispose to leakage of material already containing bacterial flora. 
The infectious complications following surgery vary depending on the site and 
extent of the operation, and the type of procedure performed; even so, post- 
operative infections have been shown in one series to be twice as common in 
cancer versus noncancer patients [73]. 

The site and specific type of surgery is an important determinant of 
infection. For example, intraabdominal procedures such as Hartman's 
operation, which involves sigmoid resection with a diverting colostomy 
[74], are frequently complicated by infection in patients with underlying 
malignancies [75]. Likewise, craniotomy in cancer patients who have previ- 
ously had an arteriovenous shunt placed predisposes to an increased risk of 
meningitis andlor sepsis [76]. Extensive surgery of the paranasal sinuses has 
also been shown to predispose to Pseudomonas meningitis in these patients 
[77]. The extent of the operation plays a major role in determining infection. 
As expected, the largest interventions are associated with the maximum risk. 
Other factors such as obesity can also increase the infectious risk in these 
patients [78]. 

The surgical management of the patient with neutropenic enterocolitis 
(typhlitis) is a frequently encountered, although controversial, issue. A review 
of 438 leukemic patients demonstrated a 13% incidence of major gastrointes- 
tinal complications, and neutropenic enterocolitis was one of the most omi- 
nous [79]. Along with the increased risk of infection, these neutropenic and 
usually thrombocytopenic patients have a high risk of operative mortality 
from the surgery itself. Consequently, the care of these patients should be 
individualized. Non-operative management with bowel rest, decompression, 
nutritional support, and broad-spectrum antibiotics is usually recommended 
initially. Operative intervention is often reserved for patients with bowel 
perforation or for those whose condition clinically deteriorates despite conser- 
vative management [80]. 



Splenectomy, as previously outlined, increases the risk of infection by 
depressing cell-mediated and humoral immunity. In fact, except in young 
children, the splenectomy itself does not pose an increased risk of infection. 
In splenectomized patients, the specific type and severity of the underlying 
malignancy is the major determinant of infection [26,81]. 

3.2 Radiation 

In addition to surgery, preoperative irradiation increases the risk of infection. 
In one series, preoperative irradiation given to patients undergoing surgery for 
breast cancer was associated with a twofold increase in infectious complica- 
tions. However, postoperative irradiation was not associated with an increased 
risk [82]. Infection is also the most common complication in patients who 
receive preoperative irradiation prior to oncologic surgery of the upper respi- 
ratory or gastrointestinal tract. This is predominantly due to fistula formation 
or impaired wound healing [83]. In addition to causing local tissue damage, 
radiation can also result in stenosing lesions, leading to obstruction [$I. 

Radiation of the spleen or lymph nodes can depress cell-mediated immu- 
nity and antibody production. Total body irradiation predictably results in 
substantial depression of cellular immune function for months to years. 
Finally, radiation can also result in marrow depression and neutropenia [62]. 

3.3 Chemotherapy 

Chemotherapeutic agents predispose to infection in a variety of ways (Table 
3). Many of these agents damage the body's anatomic barriers. Most notably, 
they can cause ulceration of the gastrointestinal tract, allowing for erosion 
and invasion by the endogenous microorganisms. Two agents, bleomycin 
and methotrexate, are associated with skin lesions, which can predispose to 
bacteremia with staphylococci and other skin organisms. BCNU, ara-C, and 
daunomycin irritate veins, increasing the risk of phlebitis and subsequent 
bacteremia. Most chemotherapies cause bone marrow suppression and 
neutropenia in a dose-related fashion. Some of these drugs can also inhibit 
neutrophilic migration and chemotaxis. Regimens that include corticosteroids 
inhibit the bactericidal activity of neutrophils. Humoral immunity is altered by 
agents such as methotrexate, cyclophosphamide, and 6-mercaptopurine. 

Other agents, such as interleukin-2 and deferoxamine, are associated with 
specific types of infections. Interleukin-2 has been linked to increased infec- 
tion, particularly with staphylococci. This is predominantly due to drug- 
induced defects in neutrophil function. Deferoxamine is associated with 
increases in bacterial infections and zygomycosis, most likely due to the in- 
creased availability of free iron necessary for fungal growth [8]. Currently, 
deferoxamine is being used experimentally to treat neuroblastomas, and a case 
of Fusarium in a child receiving deferoxamine for this indication was recently 
reported [$4]. 



Table 3. Chemotherapeutic agents that predispose to infection 

Ulceration of the gastrointestinal tract 
Actinomycin D 
Adriamycin 
Cyclophosphamide 
Cytosine arabinoside 
Daunomycin 
5-Fluorouracil 
Hydroxyurea 
6-Thioguanine 

Skin lesions/ulceration 
Bleomycin 
Methotrexate 

Vascular irritationiphlebitis 
BCNU 
Ara-C 
Daunomycin 

Dose-related bone marrow suppression 
Adriamycin 
Busulfan 
BCNU 
Methyl CCNU 
Cisplatin 
Chlorambucil 
Cyclophospharnide 
Daunomycin 
Hexamethylmelamine 
Hydroxyurea 
Melphalan 
Methotrexate 
Nitrogen mustards 
Procarbazine 
6-Thioguanine 
Thiotepa 
Vinblastine 
Vincristine 

Inhibition of neutrophilic function 
Corticosteroids 

Humoral immunodeficiency 
Methotrexate 
Cyclophosphamide 
6-Mercaptopurine 

Other 
Interleukin-2 
Deferoxamine 

3.4 Antibiotics 

Antibiotics used for both prophylaxis and treatment alter a patient's 
microflora and select for resistant organisms. Examples of this have been 
proven repeatedly in cancer patients. Trials of nonabsorbable antibiotics 
were previously used to decrease colonization of the alimentary canal. 
These trials were halted in part due to the emergence of resistant organisms 
[85-871. 



The use of fluconazole for fungal prophylaxis in bone marrow transplant 
recipients has been associated with outbreaks of C. krusei infections [71,88]. 
The use of fluoroquinolones in neutropenic cancer patients is associated with 
an increase in infection with resistant staphylococci, streptococci, and anaer- 
obes, as well as increased fluoroquinolone resistance in the gram-negative 
rods [17,89]. The total amount of ceftazidime, the duration of treatment, and 
the number of days of therapy with this agent have all been implicated in the 
emergence of vancomycin-resistant Enterococcus faecium bacteremia [90,91]. 
Although antibiotic use in cancer patients is essential in many situations, the 
emergence of resistant organisms can be directly linked to antibiotic selective 
pressure. These antibiotic-resistant organisms pose a major health threat to all 
patients, especially to those who are immunocompromised. 

3.5 Diagnostic and invasive procedures 

Diagnostic and invasive procedures are well-recognized factors predisposing 
to infection. Any procedure that breaks the natural protective barrier between 
the internal and external environment can allow bacteria or fungi to enter the 
bloodstream. Biopsies, bone marrow aspirations, endoscopy, and indwelling 
urinary catheters are but a few examples. Strict attention to sterile technique, 
when applicable, can decrease but cannot completely eliminate the infectious 
risk associated with these procedures. 

3.6 Central venous catheters 

Semipermanent centrally placed venous access devices, such as those devel- 
oped by Broviac and Hickma.n, are commonly used in cancer patients to 
administer chemotherapy, blood products, antibiotics, and parenteral nutri- 
tion, and to obtain blood specimens for laboratory analyses. Infection is a 
common and potentially life-threatening complication of these vascular access 
devices. The most commonly isolated pathogens are staphylococci and strep- 
tococci, although infections with Bacillus spp., Corynebacteriurn spp., and 
yeast such as C. albicans are also frequently diagnosed [92,93]. The rapidly 
growing nontuberculous mycobacteria, M. chelonei and M. fortuiturn, have 
also been associated with exit-site or tunnel infections around these intra- 
vascular catheters E94f. 

Almost all of these long-term intravenous devices become colonized within 
a few days of insertion; however, only 15-20% develop a clinically significant 
infection. On average, when correlated with the number of catheter days, the 
incidence of infection is approximately 1.37 episodes per 1000 patient days 
of long-term catheter use [95]. Data from Memorial Sloan-Kettering Cancer 
Center suggest that completely implanted ports (Port-A-Caths) are less prone 
to device-related infection than are intravenous catheters, probably due to the 
more frequent manipulation of the Hickman or Broviac-type catheters when 
not in use [92]. Data on peripherally inserted central catheters (PICCs) 



suggest that infection rates are lower than for the centrally placed venous 
catheters. One study of PICC lines in critical care patients found the incidence 
of infection to be 0.48% per 1000 catheter days [96]. However, PICC lines are 
more prone to certain insertion and maintenance problems, such as catheter 
fracture, phlebitis, and occlusion [97,98]. 

3.7 Blood transfusions and bone marrow infusions 

Nosocomially acquired infections from blood transfusions occur despite mod- 
ern blood banking techniques designed to prevent this complication. Cancer 
patients, especially those with hematologic malignancies or those undergoing 
bone marrow transplantation, may require several transfusions during the 
course of their illness, and thus are at increased risk of transfusion-related 
infection. 

Contamination of blood products can occur during processing and storage, 
but most commonly occurs through collection of blood from infected donors 
[99]. For an organism to cause an infection in a transfused patient, it must (1) 
be present in the donor's blood at the time of collection while producing few 
or no symptoms; (2) escape detection by current screening methods; (3) re- 
main viable in citrated, refrigerated blood for prolonged periods of time; and 
(4) be of sufficient virulence and quantity to produce infection in the transfu- 
sion recipient [100]. 

Viruses are the most frequently encountered pathogens associated with 
blood transfusions. These include hepatitis viruses, human immunodeficiency 
virus, Epstein-Barr virus, and cytomegalovirus (CMV). Although most of 
these are detected by present screening procedures, CMV remains a signifi- 
cant risk for cancer patients. 

Protozoal diseases, such as leischmaniasis, trypanosomiasis, Chagas' dis- 
ease, and microfilarial infections, are acquired through transfusion in develop- 
ing countries. An increased incidence of transfusion-related Chagas' disease 
has also been reported in the United States. Malaria is uncommon in the 
United States but does occur, especially in people who have returned from 
travel in endemic areas. Therefore, transfusion-related malaria remains a 
potential risk in this country [101-1041. Babesia microti, a tick-borne proto- 
zoan parasite, has been transmitted through transfusion along coastal regions 
of the northeastern United States. It can cause a life-threatening infection in 
immunocompromised, especially asplenic, patients [104,105]. 

The procedure of storing citrated blood at 4OC for prolonged periods has 
greatly reduced the risks of transfusion-transmitted bacterial infections. Al- 
though up to 6% of stored blood contains some form of bacterial contamina- 
tion, most of these organisms are normal skin flora such as S. epidermidis 
and diptheroids, which do not cause significant infections in transfusion 
recipients. On the other hand, Pseudomonas fluorescens/putida and Yersinia 
enterocoliticn can survive and multiply in cold storage. These organisms have 
been associated with life-threatening sepsis following blood transfusions 



[106,107]. Platelets are often stored at room temperature to enhance their 
post-transfusion function. Thus, bacterial infections are more likely to occur 
following platelet transfusions [108]. 

With increasing numbers of patients undergoing bone marrow transplanta- 
tion, the transmission of infectious agents during bone marrow reinfusion 
needs to be considered. To minimize this risk, strict attention must be paid to 
the health status of the donor and to the procedures for processing and storing 
of specimens in the time between donation and transplantation. 

4. Infections related to underlying malignancies 

Infections in cancer patients are largely determined by the underlying malig- 
nancy and the treatments directed against it. Understanding the risk factors 
that predispose to infection and applying this knowledge to a specific clinical 
situation helps to logically guide diagnosis and therapy (Table 4). 

4.1 Acute leukemia and lynzphorna 

Patients with acute leukemia and lymphoma who are neutropenic, either due 
to their underlying disease or to cytotoxic chemotherapy, are at risk for a 
different set of infections than those who are not neutropenic. Classically in 
neutropenic patients, gram-negative bacilli such as E. coli, Klebsielln spp., 
and P. nevuginosa cause the earliest infections. These usually occur within the 
first 2-3 weeks after the initiation of chemotherapy and are due to the rapid 
decrease in the neutrophil count. These infections are characterized by acute 
febrile episodes, which can progress to overwhelming sepsis if not treated 
promptly [13,15,109-1141. 

During the 1980s however, investigators noted a relative decrease in the 
number of gram-negative bacteremias and a significant increase in infections 
caused by gram-positive aerobic bacteria, namely, staphylococci and strepto- 
cocci. Several reasons for this observation have been postulated [115,116]. 
The use of both prophylactic and empiric antibiotic regimens targeting 
gram-negative bacteria diminishes recovery of gram-negative pathogens 
while selecting for gram-positive infections [117,118]. One example is the 
emergence of streptococcal infections in populations of patients receiving 
fluoroquinolones [119]. The use of intravascular catheters also increases the 
likelihood of infection with gram-positive bacteria, such as staphylococci, 
that colonize the skin [1 171. Chemotherapeutic regimens that cause oral 
mucositis predispose to infection with bacteria that ordinarily colonize the 
oropharynx, namely, alpha-hemolytic streptococci. Although the mortality 
associated with gram-positive infections is less than that of gram-negative, the 
morbidity is significant. For example, alpha-hemolytic streptococci have been 
associated with cases of adult respiratory distress syndrome (ARDS) in 
patients receiving cytarabine [119]. Furthermore, patients who remain 



Table 4. Infections related to the underlying malignancy 

Malignancy Immunodeficiency Infection 

I.  Acute leukemia and 
lymphoma 

Neutropenia Bacteria 
Gram-negative 

E. coli 
Klebsiella spp. 
P. rteruginosa 

Gram-positive 
S. rrrdrerts 
S. epirierrnidis 
Streptococci 

Y eastlfungi 
Canriich spp. 
Aspergilllrs spp. 

Viruses 
HSV 
vzv 
CMV 
Adenovirus 
Hepatitis A, B, C 

Cell-mediated immunity Bacteria 
(in the nonneutropenic) L. motzocytogeaes 

Salmonella spp. 
N. asteroides 
Mycobacteria 
L. przez{rnoptlila 

Viruses 
HSV 
vzv 
CMV 
EBV 
Adenovirus 
Measles 

Yeastifungi 
C. neofornzans 
Aspergill~ls spp. 

Protozoa 
P. carinii 
T. gondii 
Cryptosporidi~4rn 

Helminth 
S. stercoralis 

2. Chronic lymphocytic 
leukemia 

Hypogammaglobulinemia S. ptteiimonirte 
H. inffllenzae 
E. coli 

As the disease progresses: 
combination 
chemotherapy, with or 
without steroids, 
splenectomy, and 
occasionally radiation 
therapy predispose to 
further opportunistic 
infections 



Table 4. (continued) 

Malignancy Immunodeficiency Infection 

3. Multiple myeloma 

4. Hairy cell leukemia 

5. Solid organ tumors 

CNS tumors 

Humoral S. ynertmoniae 
immunodeficiency; H. influenzae 
comple~nent deficiency N. nzeningiticlis 

Neutropenia in late-stage Gram-negative bacilli 
disease 

Cell-mediated Bacteria 
immunodeficiency Salmonella spp. 

L. nzonocytogenes 
M. kansasii 
MAC 
M. chelonei 

Yeast 
Candida spp. 
C. 17eoforrrzans 

Viruses 
HSV 
CMV 

Neutropenia Gram-negative bacilli 

Disruption of anatomic Skin 
barriers Staphylococci 

Streptococci 

Oral 
cavitylnasopharynx 

Anaerobes 
Streptococci 
H. influenzne 

GI tract 
Enterobacteriaceae 
Fungi 

Female gential tract 
Enterobacteriaceae 
Anaerobic GNB 
Enterococci 
Clostridiunz spp. 

Mechanical obstructions Biliary, urinary, and 
respiratory tract 
infection, and 
vascular obstruction 

Loss of gag reflex Aspiration pneumonia 
Impaired micturition Recurrent UTIs 
Impaired mobility Decubitus ulcers with 

or without 
osteomyelitis 

CMV = cytomegalovirus; EBV = Ebstein-Barr virus; GNB = gram-negative bacteria; HSV = 

herpes simplex virus; MAC = Mycobncteri~un aviltm complex; UTIs = urinary tract infections; 
VZV = varicella zoster virus. 



neutropenic for prolonged periods of time are more likely to develop infec- 
tions with multidrug-resistant bacteria such as Corynebacterium jeikeium, 
Serratia spp., Enterobacter spp., Acinetobacter spp., Pseudomonas cepacia, and 
Stenotrophomonas (Xanthomonas) maltophilia. These emerge as a conse- 
quence of protracted courses of broad-spectrum antibiotics [111,112,120]. 

Because neutrophils play a major role in controlling infections due to 
Candida and Aspergillus, invasive fungal infections are also frequently en- 
countered in neutropenic patients [121-1261. Autopsy series have documented 
invasive fungal infections in 1040% of patients with underlying hematologic 
malignancies (see Chapter 6) [27,127-1291. Besides prolonged granulo- 
cytopenia, extended hospital stays, previous antibiotics, corticosteroids, 
central venous catheters, and total parenteral nutrition are risk factors for 
fungemia. In addition, many other uncommon fungi have been reported 
to cause infection in this patient population, as is discussed later in this 
chapter. 

Viruses commonly infect neutropenic hosts (see Chapter 7). Reactivation 
of HSV is by far the most common viral infection encountered. VZV, CMV, 
adenovirus, and the viral hepatitides have also been reported in the 
neutropenic patient with acute leukemia or lymphoma [130-1371. 

4.2 Nonneutropenic patient 

Leukemia or lymphoma patients who are not neutropenic demonstrate defi- 
ciencies in cell-mediated immunity, due either to their underlying disease or to 
the treatment regimens they receive. This cellular immunodeficiency predis- 
poses them to infections with a variety of intracellular organisms. In addition, 
many of them have undergone splenectomy, putting them at risk for 
bacteremia with the encapsulated bacteria. Bacterial infections in this sub- 
group of patients are most commonly caused by Listeria monocytogenes, 
Legionella pneumophilin, Salmonella spp., Mycobacterium tuberculosis, the 
nontuberculous mycobacteria, and Nocardia spp. [lo]. Patients who have 
undergone splenectomy are at risk for Streptococcus pneumoniae, N. 
rneningitidis, and H. influenzae [81]. Fungal infections other than Cryptococcus 
and occasionally Aspergillus are uncommon [138]. Protozoal infections, on the 
other hand, are much more common in the nonneutropenic patient. Infections 
with Pneumocystis carinii, Toxoplasma gondii, Strongyloides stercoralis, and 
Cryptosporidium have all been reported [42-441. Viruses such as HSV, VZV, 
and CMV are all encountered in these patients [lo], and cases of measles have 
been reported in nonneutropenic children with acute lymphocytic leukemia 
[136]. 

4.3 Chronic lymphocytic leukemia 

Chronic lymphocytic leukemia (CLL) represents a clonal expansion of 
neoplastic B lymphocytes in inore than 95% of cases [139]. These mature- 



appearing B lymphocytes are found in the peripheral blood. They also infil- 
trate the bone marrow, spleen, and lymph nodes. Much of the gamma globulin 
produced by patients with CLL is nonfunctional, leading to defects in humoral 
immunity. This humoral immunodeficiency worsens as the disease progresses 
and does not revert after chemotherapy. CLL patients are at risk for infection 
with encapsulated pyogenic bacteria such as S. pneumoniae and H. influenzae, 
as well as E. coli. As the malignancy progresses, treatment modalities may 
include corticosteroids, combination chemotherapy, splenectomy, and occa- 
sionally radiation therapy for control of localized disease, all of which increase 
the risk of opportunistic infections [62]. 

4.4 Multiple myeloma 

Like CLL, patients with multiple myeloma (MM) classically present with 
defects in humoral immunity. MM patients are hypogammaglobulinemic, 
producing normal immunoglobulins at only 10% the normal rate. Therefore, 
they are predisposed to infections with the encapsulated bacteria such as 
Streptococcus pneurnoniae, H. influenzae, and N. meningitidis [48,49]. As 
disease progresses, the malignant plasma cells proliferate within the bone 
marrow to such an extent that the marrow is unable to produce adequate 
numbers of neutrophils. Therefore, patients with advanced disease may 
become neutropenic, increasing their risk of gram-negative bacterial 
infections [50]. 

4.5 Hairy cell leukemia 

This chronic B-cell lymphoproliferative disorder presents with cytopenias 
in the majority of patients. In particular, patients have monocytopenia, 
granulocytopenia, and defective T-cell function. This results in a cellular im- 
munodeficiency and predisposes to a variety of infections. As in other patients, 
the neutropenia predisposes to gram-negative bacterial infections. Defects of 
cell-mediated monocytelmacrophage and T-cell function predispose to other 
bacterial infections with organisms such as Salmonella and Listeria; fungal 
infections with Candida and Cryptococcus; viral infections with HSV and 
CMV; and nontuberculous mycobacterial infections with M. kansasii, M. 
avium complex, and M. chelonei [140,141]. In one review from the University 
of Chicago, five of nine hairy cell leukemia patients with nontuberculous 
mycobacterial infections had disseminated disease at presentation [142]. 

4.6 Solid organ tumors 

Patients with solid organ tumors do not have the same risk of infection as 
patients with underlying hematologic malignancies. This is largely because the 
standard chemotherapeutic regimens used to treat these malignancies do not 
usually result in either long-term or profound levels of neutropenia. Excep- 



tions include patients with small cell carcinoma of the lung, testicular carci- 
noma, and some sarcomas. Aggressive chemotherapeutic regimens used to 
treat these malignancies may result in periods of neutropenia for 7-10 days or 
more [62]. Likewise, malignancies such as metastatic carcinoma of the breast, 
prostate, lung, adrenal, thyroid, and kidney have a propensity to infiltrate the 
bone marrow and can result in neutropenia in the advanced stages of disease. 
Patients with tumors of the central nervous system, either primary or meta- 
static, are at risk for a unique set of infections based on the associated neuro- 
logic deficit. An impaired gag reflex can lead to aspiration pneumonia, 
impaired micturition to recurrent urinary tract infections, and impaired mobil- 
ity to decubitus ulcers with or without osteomyelitis. 

Any solid organ tumor that invades and disrupts anatomic barriers may 
predispose to infection. These include tumors of the skin, oral cavity, na- 
sopharynx, gastrointestinal, respiratory, and urogenital tracts. These malig- 
nancies and their associated pathogens were discussed previously. 

4.7 Bone marrow transplantation 

The patient who has undergone bone marrow transplantation serves as an 
excellent example of how various host immunodeficiencies predispose to 
specific infectious pathogens. From the standpoint of infection, the post- 
transplant course can be divided into three separate time periods (Table 5). 
The first 20-30 days following transplantation, the pre-engraftment period, is 
characterized by a precipitous loss of circulating granulocytes. Also during this 
time, many of the anatomic barriers have been disrupted, such as the oral and 
gastrointestinal mucosa, resulting in a predominance of bacterial and fungal 
infections. For the most part, these organisms include staphylococci, strepto- 
cocci [143], Corynebacterium, Propionibacterium, E. coli, Klebsiella, and 
Pseudomonas, followed by Candida and Aspergillus as prior antibiotic therapy 
shifts the local flora [144,145]. Reactivation of HSV is also common during this 
stage. By 20-30 days post-transplant, most patients have recovered their 
granulocytes. 

The second period, early postengraftment, encompasses the time from 
recovery of circulating granulocytes through day 100. As the neutropenia 
resolves, the patient's clinical condition improves rapidly; however, neutrophil 
function, especially chemotaxis, is not entirely normal. The recovery of cell- 
mediated immunity is also delayed. The proportion and sometimes the abso- 
lute number of T cells may be abnormal for prolonged periods, occasionally 
for several years after transplantation. Therefore, bacterial and fungal infec- 
tions may continue to occur, especially during the early part of the second 
stage. However, viral and protozoal infections increase in incidence during this 
stage [146,147]. A diffuse interstitial pneumonia of unknown etiology has also 
been reported during this period [148,149]. The pathogens to expect 30-100 
days post-transplant include CMV, Pneumocystis carinii, toxoplasmosis, and 
cryptosporidiosis. 



Table 5. Time course for infection in bone marrow transplant recipients 

Day post-transplantation Immunodeficiency Common pathogens 

Pre-engraftment 
0-30 Granulocytopenia and disrupted 

anatomic barriers 

Early post-engraftment 
30-100 Delayed recovery of neutrophil 

function, esp. chemotaxis 

Cell-mediated immunodeficiency 

Late post-engraftment 
>I00 Hypogammaglobulinemia; 

functional asplenia with 
decreased IgG and IgM levels 
for 6-8 months; decreased IgA 
levels for 1 year or longer 

If GVHD develops, immunologic 
function recovers more slowly 
and patients are susceptible to 
opportunistic infections for 
longer periods of time 

Staphylococci 
Streptococci 
Corynebacterium spp. 
Propionobacteritlm spp. 
E. coli 
Klebsiella spp. 
P. aeruginosn 
Candidn spp. 
Aspergillus spp. 
Reactivation of HSV 

Bacteriallfungal infections may 
continue to occur as in the 
pre-engraftment stage 

CMV, PCP, T. gondii 
Cryptosporidiosis, diffuse 

interstitial pneumonitis 
(unclear etiology) 

VZV; S, pneumoniae; chronic 
viral hepatitides, such as 
HCV acquired in the early 
pre-engraftment period 

HCV = hepatitis C virus; GVHD = graft-versus-host disease; CMV = cytomegalovirus; HSV = 

herpes simplex virus; PCP = Pnel~mocystis carinii pneumonia; VZV = varicella zoster virus. 

The third time period, after day 100, is the late postengraftment period. It 
is characterized by low levels of circulating immunoglobulins. IgG and IgM 
levels may remain depressed for 6-8 months or longer, and IgA levels may 
remain depressed for at least 1 year. Patients who develop chronic GVHD 
recover their immunologic function more slowly and are susceptible to oppor- 
tunistic infections for longer periods of time. Characteristic infections occur- 
ring after day 100 include VZV and bacteremic pneumococcal infection. 
Nearly 40% of bone marrow transplant patients develop VZV infection, and 
the median time of onset is 5 months after transplantation. The incidence of 
pneumococcal bacteremia relates to chronic GVHD-induced hyposplenism 
with loss of opsonizing antibodies to the encapsulated gram-positive organ- 
isms. After day 100, infection with hepatitis C virus that may have been 
acquired through transfusions during the first 3 weeks after transplantation 
can become clinically manifest [SO-1521. 



5. Emerging pathogens 

All clinicians caring for cancer patients must be aware of the emerging or 
newly recognized pathogens that are increasingly affecting this patient popu- 
lation. Infections with multidrug-resistant organisms are becoming more and 
more common. Liberal use of broad-spectrum antibiotics, prophylactic antimi- 
crobial therapy, and complacency in prescribing techniques underlies the de- 
velopment of these resistant organisms [89,153,154]. Furthermore, organisms 
that were previously considered commensal or nonpathogenic have been 
shown to cause serious infections in these immunocompromised hosts. An 
awareness of emerging pathogens is essential for the diagnosis and manage- 
ment of patients with underlying malignancies (Table 6). 

5.1 Bncteria 

5.1.1 Aerobic gram-positive bacteria. Enterococci have emerged as impor- 
tant nosocomial pathogens. Estimates suggest that enterococci play a causal 
role in 12% of all hospital-acquired infections. Two species of enterococci, 
Enterococcus faecalis and Enterococcus faecium, account for the majority of 
clinical infections [90]. Vancomycin resistance among enterococci was first 
described clinically in 1988 [I551 and has since become a global problem. 
Indeed, many strains are not only vancomycin resistant but are multidrug- 
resistant, and some multidrug-resistant strains of E. faecium are untreatable. 
Risk factors for invasive infection in oncology patients include the total 
amount and duration of antibiotic treatment, and the number of days of 
ceftazidime use [91]. Montecalvo and colleagues described an outbreak of 
multidrug-resistant E. faecium bacteremia on an oncology unit. Of the five 
patients who had multiple positive blood cultures, four died [156]. A report 
by Noskin and associates suggests that once patients are colonized with 
vancomycin-resistant enterococci (VRE), this colonization can last indefi- 
nitely and can later lead to invasive infection [157]. Although several antibiot- 
ics and antimicrobial combinations have been tried, standard therapeutic 
regimens have not been defined. Therefore, therapy may require unconven- 
tional or investigational agents [158]. 

Streptococci have recently received renewed interest as an important 
pathogen in the neutropenic host [56,159,160]. Streptococcus mitis, a viridans 
streptococci, has been associated with sepsis and ARDS in leukemic patients. 
The emergence of infection with both Streptococcus pneumoniae and the 
viridans streptococci has been demonstrated in cancer patients receiving 
Auoroquinolone prophylaxis. Fluoroquinolones, such as ciprofloxacin, have 
little activity against these organisms, giving them a selective advantage [161]. 
Streptococcus pneumoniae are becoming increasingly resistant to penicillin, 
and many strains are multidrug-resistant. Researchers at Northwestern Uni- 
versity in Chicago have reported that in 1996, 35% of their strains possessed 
intermediate resistance to penicillin while 11 % were highly penicillin resistant 



[162]. Outbreaks of penicillin-resistant pneumococci on oncology wards have 
recently been reported. Because of this, when life-threatening infections with 
pneumococci are encountered or suspected, many centers are using either 
vancomycin or ceftriaxone as first-line therapy. 

Leuconostoc species, previously regarded as a commensal, have been re- 
ported to cause bacteremia in patients with intravascular catheters. These 
organisms can be confused microbiologically with enterococci, viridans 

Table 6. Emerging pathogens 

Pathogen Comments 
-- 

Bacteria 
Aerobic gram-positive bacteria 

VRE 

Streptococci 

Viridans streptococci 
S, pneunzoniae 

Le~lcorlostoc spp. 

Aerobic gram-negative bacteria 
3. ~1zr~lfop1ziLia 

GNB-containing ESBLs 

P. cepacia, M. exforqriens, 
A. radiobacfer, 0. rrnthropi, 
A. xylosoxidarzs 

A. plitre,facier.rs 

Capnocytophagia 
Anaerobic bacteria 

C. septicrlm 
C. tertizirn 
F. nuclenninz, L, br~ccalis 

Mycobacteria 
M. tcrberculosis 

M.  avirtm complex 

M. fortuirrrm, M. chelonae 
M. haemophil~im 

No standard therapy; may require unconventional or 
investigational agents 

Increased incidence noted in patients receiving 
fluoroquinolone prophylaxis 

Associated with sepsis and ARDS in leukemic patients 
Increasingly penicillin and multidrug-resistant: empiric 

vancomycin or ceftriaxone used for life-threatening 
infections 

Inherently resistant to vancomycin; variably sensitive 
to penicillin and first-generation cephalosporins 

Mucositis is a risk factor, treat with penicillin or 
vancomycin 

Multiply drug resistant; remains vancomycin 
susceptible 

p-lactam antibiotics rarely effective in vitro: empiric 
therapy should consist of vancomycin or clindamycin 
with or without gentamicin 

61 % survival with antibiotics alone; 75% for 
antibiotics plus surgical resection 

Nortoriously multidrug resistant; usually resistant to 
all aminoglycosides 

Plasmid-mediated resistance to many penicillinsithird- 
generation cephalosporins 

Associated with catheter-related bacteremias 

Fulminant syndrome of overwhelming sepsis and DIC 
in immunocon~promised hosts 

Risk factors are mucositis and neutropenia 

Necrotizing enterocolitis 
Perirectal cellulitis 
Part of the normal oral flora; mucositis and pharyngitis 

are risk factors 

Combined medical and surgical approaches may be 
necessary in multidrug-resistant M. tuberculosis 

Accou~~ t s  for 27% of nontuberculous mycobacteria in 
cancer patients 

Most commonly cause catheter infections 
Optimal treatment regimens not well defined 



Table 6. (contirzued) 

Pathogen Comments 

Viruses 
VZV, HSV 
CMV 
HTLV-I 
HTLV-I1 
HIV 
KSHV (HHV-8) 

Fungi 
Candida spp. 

Aspergillrrs spp. 

Fzisarircnz spp., 
Scoplt lariopsis spp., 
P. boydii 

Crlrv~rlaria spp.. 
Bipolaris spp., 
Exserohilum spp., 
Alternaria spp., 
Aspergillus spp. 

T, beigelii 

B. capitatus 
M. firrfrlr 

E. jeanselrnei, E. pisciphila, 
E. spinifera, S. inJIntzrm 

R. rubra, H. anorrzalrt, 
G. candidrm, S. cerevi~eae. 
Drechslera spp., P. parasitica, 
Acrenzonirrn? spp., P. filrinosa 

P. carirzii 

Protozoa and parasites 
T. gondii 

Other 
B. quintana. B. henselue 

P, wickerhamii 

Treatment with foscarnet in acyclovir-resistant strains 
Treatment with ganciclovir or foscarnet 
Associated with T-cell NHL 
Associated with hairy cell leukemia 
Associated with B-cell NHL 
Herpes virus associated with Kaposi's sarcoma 

C. albicans still predominates, although non-albicans 
species are increasing 

At some institutions, A .  ,flavus is now more common 
than A. filrnigafrrs 

Severe, often fatal infection in neutropenic hosts; 
recovery of neutrophil count is required for a 
successful outcome 

Fungal sinusitis, which may lead to brain abscess 

Disseminated disease may occur; treatment is difficult 
and relapse is common 

Severe, disseminated infection in neutropenic patients 
Catheter-related sepsis in patients receiving parenteral 

lipids: sensitive to amphotericin B and the azoles; 
catheter removal and discontinuation of lipids 

Wide, deep surgical debridement or cryosurgery in 
early-stage disease; medical therapy has been 
disappointing 

All have been associated with catheter infections 

Increased incidence in patients with brain tumors 
attributed to intensive chemotherapy and high 
doses of corticosteroids 

Primary treatment should be followed by maintenance 
therapy to prevent relapse in chronically 
immu~~osuppressed patients 

No reliable palliative or curative therapy exists 
Very high mortality in immunocompromised hosts; 

thiabendazole is the only effective therapy 

Causative agents of bacillary angiomatosis and 
bacillary peliosis; doxycycline or erythromycin is the 
treatment of choice 

Surgical debridement plus amphotericin B have been 
used successfully 

ARDS = adult respiratory distress syndrome; CMV = cytomegalovirus; DIC = disseminated 
intravascular coagulation: ESBLs = extended-spectrum beta-lactamases; GNB = gram-negative 
bacteria; HHV-8 = human herpes virus 8; HSV = herpes simplex virus; HTLV = human T-cell 
lymphotropic virus; KSHV = Kaposi's sarcoma herpes virus; NHL = non-Hodgkin's lymphoma; 
VRE = vancomycin-resistant enterococci; VZV = varicella zoster virus. 



streptococci, or lactobacillus. It is important to differentiate Leuconostoc 
because this organism is inherently vancomycin-resistant and only variably 
sensitive to penicillins and the first-generation cephalosporins [163]. 

Stomatococcus nzucilaginosus is a slime-producing, gram-positive coccus 
that is found in the normal oral flora of humans [164]. McWhinney and 
coworkers recovered S. m~ucilaginosus from eight febrile, neutropenic 
patients. Seven of these patients had bacteremia and one had positive cere- 
brospinal fluid cultures resulting in a fatal meningitis. Four of these patients 
had proven infections with this organism, and all eight had mucositis attribut- 
able to chemotherapy. All but one of these isolates was sensitive to penicillin, 
and all were sensitive to vancomycin [165]. 

Prior to 1976, Corynebacterium spp., bacteria normally abundant on the 
skin and mucous membranes, rarely caused infections and were susceptible to 
most antibiotics. However, in 1976, four cases of sepsis at the National Insti- 
tutes of Health caused by Corynebacterium jeikeium were reported [166]. This 
organism is highly antibiotic-resistant but is vancomycin susceptible. Since 
then C. jeikeium has been increasingly recognized to cause intravascular 
catheter-associated bacteremias in neutropenic patients with underlying 
hematologic malignancies [167]. It has also caused meningitis and transverse 
myelitis in one neutropenic patient [168]. 

Cases of primary cutaneous Bacillus cereus infections have occurred in 
neutropenic patients with cancer or aplastic anemia. In these patients, the 
lesions were vesicular or pustular, only occurred on the limbs, and arose in the 
spring or summer. They all responded to antibiotic therapy [169]. B. cereus 
can also cause more severe clinical syndromes, such as necrotizing fasciitis, 
pneumonitis, and meningitis. In vitro data suggest that (3-lactam antibiotics 
are rarely effective; therefore, empiric therapy for a suspected infection with 
Bacillus spp. should consist of vancomycin or clindamycin with or without an 
aminoglycoside [170]. 

Rhodococcus equi is an uncommon pathogen that has been reported to 
cause infection in patients with impaired cellular immunity. HIV infection is 
the most common predisposing risk factor; however, infection in patients 
with other forms of cellular immunodeficiency have also been described. 
R. equi is most frequently associated with a cavitary pneumonia, which 
may mimic a fungal infection or tuberculosis. In a study by Harvey and 
Sunstrum, the survival rate for patients receiving antibiotics alone was 
61% compared with 75% for those receiving both antibiotics and surgical 
resection [171]. 

5.1.2 Aerobic gram-negative bacteria. Although the overall incidence of 
gram-negative infections is decreasing in cancer patients, the gram-negative 
aerobic bacteria still cause significant morbidity and mortality. The use of 
broad-spectrum prophylactic and ernpiric antibiotics targeting the gram- 
negative bacteria has also led to increased antimicrobial resistance among 
these organisms. 



Stenotrophomonas (Xanthomonas) maltophilia is an organism that is 
frequently isolated from the environment, particularly from water supplies. 
Both colonization and infection among immunocomprornised patients is 
increasing, especially in those receiving broad-spectrum antibiotics, parti- 
cularly imipenam. S. maltophilia causes pneumonia, urinary tract infections, 
bacteremia, and wound infections in debilitated patients and is notoriously 
multidrug-resistant, making treatment difficult [I 721. 

Enterobacteriaceae are also becoming more drug resistant. For example, 
a study by the International Antimicrobial Therapy Cooperative Group 
(IATCG) of the EORTC between 1983 and 1993 showed that the number 
of patients receiving fluoroquinolones had increased from 1.4% to 45%. 
During this same period, E. coli resistance to these drugs increased from 
0% between 1983 and 1990 to 27% between 1991 and 1993 [17]. Certain 
Enterobacteriaceae, namely, E. coli and Klebsiella spp., have developed 
extended-spectrum beta-lactamases (ESBLs), enzymes that render them resis- 
tant to many penicillins and cephalosporins, particularly the third-generation 
cephalosporins. Although first- and second-generation cephalosporins may 
appear susceptible in vitro, clinical failures have been observed when these 
antibiotics are used. Therefore, imipenem, meropenem, or possibly a fi- 
lactaml(3-lactamase inhibitor combination such as piperacillinltazobactam is 
now the treatment of choice for patients who develop life-threatening infec- 
tions with these organisms. This antibiotic resistance is plasmid mediated and 
thus can be spread from patient to patient, leading to nosocomial outbreaks 
[173-1751. Therefore, for patients infected or colonized with bacteria express- 
ing ESBLs, contact isolation is appropriate. 

Several unusual gram-negative pathogens have been associated with 
catheter-related bacteremia in cancer patients. An outbreak of Pseudomonas 
cepacia occurred on an oncology ward related to a contaminated 
heparin solution that was used to flush central venous catheters [176]. 
Methylobacterium extorquens bacteremia occurred in three acute leukemics, 
two of whom had undergone bone marrow transplantation and one who was 
receiving consolidation chemotherapy [177]. Catheter-associated bacteremia 
has also been reported with Agrobacteriuvrz radiobacter. This organism has 
also been associated with peritonitis, urinary tract infection, and endocarditis 
[178]. The first case of Ochrobactrum anthropi infection was reported in a 3- 
year-old girl undergoing chemotherapy for retinoblastoma [179]. The experi- 
ence with Achromohacter xylosoxidans bacteremia at M .  D. Anderson Cancer 
Center from 1983 to 1988 has been reviewed. During this period, 10 cancer 
patients had positive blood cultures for this organism. In four, the infection 
was believed to be catheter related. An additional four had associated gas- 
trointestinal pathology, and in the remaining two the predisposing factor could 
not be determined. Interestingly, neutropenia did not appear to be a risk 
factor [180]. 

Alteromonas (Pseudornonas) putrefaciens is an unusual organism that 
causes two distinct syndromes of bacteremic infection. One syndrome is 



associated with chronic lower extremity infection, is mild, and responds to 
antimicrobial therapy. The second, more fulminant syndrome is associated 
with severe underlying illnesses such as liver disease and malignancy. These 
patients are more likely to experience overwhelming sepsis and disseminated 
intravascular coagulation [181]. 

Capnocytophagia is a facultative anaerobe that constitutes part of the nor- 
mal oral flora and is an unusual cause of systemic infection. Capnocytophagia 
bacteremia has been reported following autologous bone marrow transplanta- 
tion for Hodgkin7s disease. Infection followed pretreatment conditioning that 
was associated with severe oral mucositis and neutropenia [182]. 

5.1.3 Anaerobic bacteria. Traditionally, anaerobes have accounted for 
relatively few primary infections in cancer patients, except as part of mixed 
infections, such as necrotizing gingivitis, perianal cellulitis, or perirectal 
abscesses. However, recently, a few anaerobes have been recognized as 
important pathogens in these immunocompromised hosts. Two species of 
Clostridium, C. septicurn and C. terti~1n.1, can cause significant infections in 
cancer patients. C. septicum has been known to cause necrotizing enterocolitis, 
and C. tertiurn has been isolated in neutropenic patients with perirectal 
cellulitis or another presumed gastrointestinal tract source [183,184]. 
Fusobacterium nucleat~tnz was recovered from a leukemic patient with ulcer- 
ative pharyngitis and nodular pulmonary infiltrates suggestive of septic emboli 
[185,186]. Leptotrichia buccalis, part of the normal oral flora, has caused 
bacteremia in neutropenic patients whose only predisposing factor was 
mucositis [1 871. 

5.1.4 Mycobacteria. Strains of Mycobacterium tuberc~llosis resistant to 
isoniazid and many other first-line agents have recently emerged. When in- 
fected with tuberculosis, the immunocompromised cancer patient is at in- 
creased risk for disseminated or miliary disease. The second-line agents that 
must be used, in many instances, are less effective; thus, combined medical and 
surgical approaches may be necessary in these patients. 

Mycobacteriurn avium complex (MAC) is most commonly seen in 
AIDS patients but has also been reported in patients with underlying 
malignancies. MAC accounts for 27% of nontuberculous mycobacterial 
infections in cancer patients, especially patients with lung cancer. The most 
common clinical presentation is pulmonary disease; however, dissemination 
can occur [188]. 

M. fortuiturn and M. chelonae, two rapidly growing strains of mycobacteria, 
are known to cause catheter-related infections. They cause disseminated dis- 
ease less commonly than MAC, but often result in cellulitis, skin abscesses, or 
subcutaneous nodules. Treatment of the catheter infections requires antimi- 
crobial therapy, catheter removal, and surgical excision if tunnel infection is 
present. For other skin and soft tissue infections, a combination of antimicro- 
bial therapy and surgical debridement may be required [189,190]. 



Reports of M. haernophil~lm infection are increasing in lymphoma patients, 
bone marrow and renal transplant patients, and AIDS patients. Infection with 
this mycobacteria most commonly presents as cutaneous ulcerations, joint 
effusions, or osteomyelitis. Optimal treatment regimens are not well defined 
[I 911. 

5.2 Viruses 

Varicella-zoster virus, HSV, and CMV are well-known pathogens in cancer 
patients. However, prophylactic use of acyclovir and ganciclovir has led to 
both acyclovir and ganciclovir-resistant strains, which must then be treated 
with foscarnet [192]. Recently, cidofivir became available for therapy of CMV 
retinitis in AIDS patients [193,194]. 

Retroviruses have been increasingly recognized as important pathogens 
in cancer patients over the past decade. Human T-cell leukemia virus-I 
(HTLV-I) is associated with adult T-cell non-Hodgkin7s lymphoma, HTLV-I1 
with hairy cell leukemia, and HIV with adult B-cell non-Hodgkin's lymphoma. 

Recently, a member of the gamma-herpesvirus family, referred to as 
Kaposi's sarcoma-associated herpesvirus (KSHV) or human herpesvirus 8 
(HHV-8), has been associated with four types of Kaposi's sarcoma: classic KS, 
AIDS-associated KS, post-transplantation KS, and KS that occurs in endemic 
areas for the disease. It has also been associated with body-cavity-based 
lymphomas [195,196]. 

5.3 Fungi 

Candida spp. and Aspergillus spp. are the most common fungal infections in 
immunocompromised cancer patients, and recently several important trends 
have been noted. The incidence of nosocomial candidal bacteremia rose 
sharply in the late 1980s and early 1990s. At some institutions, Candidn 
bacteremia now surpasses that of the Enterobacteriaceae, Pseudornonas spp., 
and Entvrococc~ls spp. [197]. Candida albicans is still the most common spe- 
cies, accounting for more than half of fungal isolates from cancer patients, 
although the incidence of non-albicans species is increasing. Among these are 
C. tropicalis, C. parpsilosis, C. krusei, and C. (Torulopsis) glnbmta [198,199]. 
Central venous catheters, total parenteral nutrition, and the increasing use of 
azoles for antifungal prophylaxis are some of the presumed mechanisms 
thought to account for this rising trend. Of the Aspergillus species, Aspergillus 
fumigatus is the most commonly isolated species to cause invasive disease. 
However, at some institutions, A. flavus has supplanted A. fumigatus as the 
most common cause of aspergillosis [200]. 

Many fungi are ubiquitous in nature and were thought, until recently, to 
be commensal or nonpathogenic. Several of these have now been proven 
to cause serious infections in immunocompromised cancer patients. Fusarium 
spp., Scopulariopsis spp., and Pseudallescheria boydii, members of the 



hyalohyphomycoses group, are important pathogens. Fusarium causes severe, 
often fatal, infections in neutropenic patients, particularly those who have 
undergone bone marrow transplantation. Fusariurn is highly resistant to con- 
ventional antifungal drugs, and rising neutrophil counts are required for a 
successful response. Subsequent neutropenic episodes are associated with a 
high incidence of recurrence [201,202]. Scopulariopsis spp. and P. boydii have 
likewise been shown to cause serious disseminated disease in these patients 
[200]. 

Among the phaeohyphornycoses, Cttrvt~laria spp., Bipolaris spp., 
Exserohilum spp., and Alternaria spp. are known pathogens. These dark- 
walled molds are responsible for allergic fungal sinusitis. Patients may present 
with an indolent onset of sinus pain or painless proptosis. These infections 
can extend from the ethmoid or frontal sinuses into the frontal lobe causing 
brain abscesses. Differentiation of these fungi from Aspergillus is important. 
Other clinical syndromes, such as subcutaneous abscesses, cutaneous 
granuloma, disseminated disease, pneumonitis, prosthetic valve endocarditis, 
osteomyelitis, and septic arthritis, have been reported [203]. 

Trichosporon beigelii (T. cutaneum) can be part of the normal human flora. 
Patients with leukemia or bone marrow aplasia may develop disseminated 
trichosporonosis. In patients with fungemia due to T. beigelli, multiple red 
papular skin lesions may develop. An infection of hair shafts, known as white 
piedra, has also been described. Treatment of these infections is difficult and 
relapse is common [204-2061. 

Blastoschizornyces capitatus (Trichosporon capitatum) has caused severe, 
disseminated infection in at least 25 patients, 19 of whom were neutropenic. 
Six of these patients had papulonecrotic skin lesions similar to those seen in 
disseminated candidiasis in leukemic patients [207]. 

Malassezia furfur, a lipophilic yeast, colonizes normal skin and is also the 
causative agent of tinea versicolor. In cancer patients, it has been associated 
with catheter-related sepsis in patients receiving parenteral lipids. In vitro, it is 
susceptible to amphotericin B and irnidazoles. Therapy requires both catheter 
removal and discontinuation of parenteral lipids [208]. 

The dematiaceous soil fungi, Exophiala jeanselrnei, E. pisciphila, E. 
spinifera, and Scedosporiurn inflat~~rn, have caused infection in neutropenic 
patients [209]. In particular, S. inflaturn has been associated with catheter- 
related fungemia, retinal lesions, esophagitis, and hepatosplenic infections 
[210]. In vitro, these organisms are resistant to amphotericin B and 
fluconazole. In early stage disease, wide and deep surgical excision or 
cryosurgery are most effective. Medical therapy has been disappointing. In 
small series, long-term itraconazole therapy has shown some success; however, 
relapse after treatment has been reported [211]. 

Several other fungi have been associated with infections in immuno- 
compromised patients. Some of these include Rhodotorula rubra, Hansen~tla 
anomala, Geotrichurn candidurn, Saccharornyces cereviseae, Drechslera spp., 
Phialophora parasiticia, Acrernoniurn spp., and Pichia farinosa. Infections 



with these organisms are primarily associated with central venous catheters 
[212,213]. 

Recently, Pneumocystis carinii has been reclassified as a fungus based on 
DNA homology. This organism results in pneumonia and is the most common 
opportunistic infection in HIV-infected patients. Although infrequent, the 
incidence is increasing in patients with underlying malignancies. In the 1970s, 
most cancer patients who developed Pneumocystis carinii pneumonia (PCP) 
had hematologic malignancies. However, in the 1980s the incidence of PCP 
increased most among patients with solid organ tumors. Indeed, 31% of 
patients who developed PCP had primary or metastatic brain tumors. The 
increase in patients with brain tumors has been attributed to more intensive 
chemotherapeutic regimens and the use of higher doses of corticosteroids 
[45,214]. The concomitant decrease in patients with hematologic malignancies 
and those undergoing bone marrow transplantation reflects the use of PCP 
prophylaxis in this patient population. 

5.4 Protozoa and parasites 

Toxoplasma gondii is an intracellular protozoan parasite. Reactivation of 7'. 
gondii has been reported in cancer patients. In fact, more than one third of the 
cases of toxoplasmosis in non-HIV patients occurs in patients with Hodgkin's 
disease or leukemia. Toxoplasmosis is associated with corticosteroid use and 
can present with pneumonitis, uveitis, or central nervous system disease. The 
diagnosis of reactivation disease includes an assay for specific toxoplasma IgG 
antibodies. However, in an immunocompromised patient, the IgG titer is often 
low and IgM assays may be negative. In this situation, a definitive diagnosis of 
toxoplasmosis depends on the demonstration of the tachyzoites on tissue 
histology or on specific T. gondii DNA by the polymerase chain reaction 
(PCR). Chronic (latent) asymptomatic infection in immunodeficient patients 
is not treated; however, immunodeficient patients with acute infection should 
always be treated. The first-line therapy includes pyrimethamine and folinic 
acid plus either sulfadiazine or clindamycin for 4-6 weeks after resolution of 
all signs and symptoms of disease (often for 6 months or longer). For chroni- 
cally immunosuppressed patients, particularly AIDS patients, acute treatment 
is followed by life-long maintenance therapy to prevent relapse of disease 
[215]. 

Cryptosporidiurn is an intracellular protozoan parasite first described in 
1907 [216]. The first cases of human diarrhea were described in 1976, and today 
it is most commonly associated with diarrhea in patients with HIV [217]. It 
has also been detected with increasing frequency in patients with underlying 
hematologic malignancies, those who have undergone bone marrow trans- 
plantation, and those who are receiving corticosteroid therapy. In one review 
of 20 patients with hematologic malignancies and cryptosporidiosis, 5 patients 
had severe diarrhea, 10 had moderate diarrhea, and 5 were asymptomatic 
carriers. Extraintestinal cryptosporidiosis with pulmonary involvement was 



observed in one case. Resolution occurred spontaneously, although relapse 
was common, occurring in four patients [218]. Diagnosis is typically made by 
recognizing the characteristic oocysts in the material sampled, usually 
stool, duodenal aspirates, bile, or respiratory secretions. There is no reliable 
palliative or curative treatment for cryptosporidiosis. In immunocompetent 
or temporarily immunocompromised patients, the disease is self-limited. In 
patients who are irreversibly immunocomprornised, therapy is symptomatic 
and supportive. 

Strongyloides stercoralis is a nematode that can cause an overwhelming 
fatal infection in immunocompromised patients. S. stercoralis is increasingly 
recognized in patients with underlying hematologic malignancies, in patients 
treated with corticosteroids, and in patients with HIV. Humans are usually 
infected through skin contact with soil containing the infective filariform lar- 
vae or through autoinfection via the lower GI tract or perianal region by larvae 
that transform into infective organisms during their passage with feces. After 
infection and tissue invasion, the larvae enter the bloodstream and travel to 
the lungs. Here they break into the alveolar spaces and ascend to the glottis, 
where they are swallowed to reside in the small intestines. Contrary to most 
other worm infections, the patient's worm burden in strongyloidiasis is depen- 
dent not only on the size of the larval inoculum but also on the degree of 
autoinfection, which may be enhanced in immunocompromised hosts. This 
"autoinfection" cycle can result in an overwhelming larval invasion seen 
in strongylides hyperinfection syndrome, and these patients can develop 
massive larval invasion of the lungs and other tissues. This syndrome of 
hyperinfection strongyloidiasis is characterized by severe generalized 
abdominal pain, diffuse pulmonary infiltrates, ileus, shock, and meningitis 
or sepsis from gram-negative bacilli. Eosinophilia may be absent in the 
immunocompromised host. Definitive diagnosis is made by demonstrating the 
larvae in feces or in duodenal fluid. Thiabendazole is the only effective 
therapy; however, mortality remains very high in immunocomprornised pa- 
tients. Therefore, patients with a past history of exposure to S. stercoralis 
should be thoroughly examined and treated prior to receiving any 
immunosuppresive therapy [219-2241. 

5.5 Other pathogens 

5.5.1 Bartonella spp. Bartonella (formerly Rickettsia) quintana and 
Bartonella (formerly Rochalimaea) henselae are slow-growing, motile, curved, 
gram-negative bacilli that have recently been recognized as human pathogens. 
Originally described in HIV patients, they have now been documented in 
cancer patients, including those with neutropenia. Both B. quintana and B. 
henselae can cause bacteremia or localized tissue infections, such as bacillary 
angiomatosis or bacillary peliosis. Bacillary angiomatosis was originally de- 
scribed in HIV patients as a neovascular proliferative disorder involving the 



skin and regional lymph nodes. Characteristically, the lesions are cutaneous, 
can number from few to hundreds, bleed copiously when incised, and may 
resemble Kaposi's sarcoma, from which they need to be differentiated. Bacil- 
lary angiomatosis involving the liver, spleen, bone, and brain has also been 
documented. Bacillary peliosis is a distinct clinical syndrome that is less dra- 
matic than bacillary angiomatosis because its lesions are exclusively visceral 
and are only associated with nonspecific symptoms. 

These organisms can be detected in blood cultures; however, they require 
prolonged periods of incubation. When they are suspected, the laboratory 
should be instructed to hold the blood cultures for up to 30 days. These 
organisms can also be detected in tissue biopsy specimens by Warthin-Starry 
staining or by electron microscopy. The initial treatment of choice is either 
oral doxycycline or oral erythromycin, often for prolonged periods of time. 
Tetracycline, minocycline, chloramphenicol, azithromycin, and clarithromycin 
have also been used successfully. Relapses can occur, and chronic suppressive 
therapy with doxycycline or erythromycin may need to be considered in these 
cases [225]. 

5.5.2 Prototheca wickerhamii. This unicellular, achloric algae is found in a 
wide range of environmental sites and has been isolated as the cause of 
infection in at least 61 cases. One was a child with Hodgkin's disease who had 
a central venous catheter in place and had P. wickerhamii isolated from 
the bloodstream [226]. The typical clinical presentation is a single lesion of 
the skin or subcutaneous tissue that gradually enlarges over weeks to months 
and may ulcerate. Characteristically, these lesions do not heal spontaneously. 
P. wickerhnnzii is resistant to fluconazole. Surgical debridement and ampho- 
tericin B have been used successfully [227-2291. 

6. Summary 

Patients with underlying malignancies are at risk for a wide array of infectious 
diseases that cause significant morbidity and mortality. To develop a clear 
etiologic understanding of the infectious agents involved first requires a 
knowledge of the factors that predispose to infection. Neutropenia is clearly 
the single most important risk factor for infection in the cancer patient. How- 
ever, a variety of both host and treatment-associated factors act together to 
predispose these patients to opportunistic infections. Approaching the indi- 
vidual malignancies with a knowledge of the underlying risk factors helps 
logically guide diagnosis and therapy. The astute clinician must also be aware 
of new and emerging infections in this patient population. As new pathogens 
are discovered and established pathogens become increasingly drug resistant, 
they will continue to present challenges for physicians caring for these patients 
in the years ahead. 
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