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REVIEW 
Infections in neutropenic patients I: Aetiology 
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Improvement in supportive care including the introduction of new antibiotics, antiviral and 
antifungal agents and haematopoietic growth factors have all contributed to a decreased chemo- 
therapy-related mortality and morbidity in cancer patients. However, infections/septic shock 
during neutropenia still constitutes a major threat to these patients. Most patients develop fever 
during neutropenia and in 20-40% a manifest bacteremia is documented. In patients with pro- 
longed neutropenia, the risk for fungal infections is increased. The spectrum of bacterial, fungal 
and viral infections in the neutropenic patient is reviewed. 
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INTRODUCTION 

With the introduction of modern chemo- and 
radio-therapy, an increasing fraction of patients 
with previously lethal malignant diseases can be 
cured. Myelosuppression is often the dose limiting 
toxicity and the resulting neutropenia constitutes 
a major threat to the patient. The risk for serious 
infections increases with the depth and duration 
of the neutropenia [1]. During profound neutro- 
penia most patients develop fever and in 20-40% a 
manifest bacteremia is documented [2]. Although 
broad-spectrum antibiotics are promptly insti- 
tuted, some patients with potentially curable dis- 
eases will die from septic shock. The early mortal- 
ity rate (within 72 hours) due to bacteremia in 
patients with neutropenia ranges from 0 to 12% in 
different studies [3-6]. The spectrum of infections 
seen in immunocompromised patients varies de- 
pending on the underlying disease and its treat- 
ment. 

In general, infections caused by bacteria and 
fungi are predominant in neutropenic patients 
while intracellular organisms (e.g. mycobacteria, 
viruses and parasites) are more frequent in pa- 
tients with impaired cell-mediated immunity. 
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BACTERIAL INFECTIONS 

The spectrum of causative agents in bacteremia in 
neutropenic patients has fluctuated: during the 
1950s and 1960s Gram-positive bacteria were most 
commonly encountered [7], during the 1970s 
Gram-negative isolates dominated [8] and since 
the 1980s Gram-positive bacteria have reemerged 
as prevailing pathogens [2,5,9,10]. These changes 
are illustrated by the changing proportion be- 
tween Gram-positive and Gram-negative single- 
organism bacteremias documented in EORTC 
trials from 1973 to 1991 (Table 1). 

Gram-negat ive bacteremia 

The-most common Gram-negative isolates are 
Escherichia coli, Klebsiella pneumoniae and Pseudomo- 
nas aeruginosa which together account for more 
than 90% of the Gram-negative bacteremias in 
most series (Table 1) [11,12]. There is clear evi- 
dence that these bacteria mainly arise from the 
gastrointestinal tract and translocation of bacteria 
from the gut to blood by the dominant fecal strains 
of Enterobacteriaceae or P. aeruginosa was observed 
in 45 of 55 neutropenic patients with Gram-nega- 
tive bacteremia [13]. In patients with concomitant 
gut colonization of Enterobacteriaceae and P. aerugi- 
nosa, the latter organism was most likely to be 
isolated from blood whether or not the Pseudomo- 
nas had the highest bacterial counts [13]. The 
invasive properties of Pseudomonas were also docu- 
mented in a study by Schimpff et al. [14]. Thus, 
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Table 1. Distribution of isolates in single-organism bacteremia in EORTC trials [65] 

EORTC trial I III V VIII 
Time period 1973-78 1980-83 1986-88 1989-91 

no. (%) no. (%) no. (%) no. (%) 

Gram-positive bacteria 
S. aureus 28 (20) 14 (10) 20 (9) 13 (8) 
Coagulase negative sta- 5 (3) 24 (17) 49 (23) 39 (26) 
phylococci 
Streptococcus spp. 5 (3) 18 (13) 50 (23) 48 (32) 
Other 4 (3) 2 (1) 16 (8) 4 (3) 
Total 42 (29) 58 (41) 135 (63) 104 (69) 

Gram-negative bacteria 
E. coil 46 (32) 38 (27) 45 (21) 20 (13) 
P. aeruginosa 18 (12) 18 (13) 14 (7) 10 (7) 
Other 39 (27) 27 (19) 19 (9) 17 (11) 
Total 103 (71) 83 (59) 78 (37) 47 (31) 

Total 145 141 213 151 

patients with leukemia who were colonized with 
Pseudomonas in the gut subsequently became 
bacteremic with the same strain. This was not true 
for E. coli and K. pneumoniae colonization which 
only occasionally led to bacteremia. More than 
50% of bacteremias in that study were acquired 
during hospitalization [14]. There is a substantial 
mortality among neutropenic patients with Gram- 
negative bacteremia and the prognosis of both E. 
coli and P. aeruginosa bacteremia is worsened by a 
decreasing neutrophil count, delay in appropriate 
antibiotic therapy and concomitant pneumonia 
[15,16]. 

Gram-positive bacteremia 
Coagulase negative staphylococci (CNS), Staphy- 
lococcus aureus and alpha streptococci are the most 
common Gram-positive bacteria found in blood 
cultures from neutropenic patients (Table 1) 
[11,12,17]. Although S. aureus tends to be more 
virulent and capable of inducing septic shock [18], 
CNS infections may carry both a high morbidity 
and mortality [19]. Furthermore, the rate of CNS 
infections increases in neutropenic patients (Table 
1) [20]. The frequency of methicillin-resistant CNS 
isolates has increased, though most strains are still 
susceptible to vancomycin [21]. There is a fear that 
vancomycin-resistant strains of enterococci will 
transfer the responsible gene to CNS and thereby 
cause a difficult therapeutic dilemma. 

The incidence of alpha streptococcal bacteremia 
has increased (Table 1) which is associated with a 
substantial mortality (6-30%) and morbidity such 
as septic shock (7-18%) and adult respiratory 
distress syndrome (ARDS; 3-33%) [22]. Predispos- 
ing factors for severe streptococcal infection were 
prophylactic antibiotics, profound neutropenia 
and the use of acid-reducing drugs for treatment 
of gastritis'as reported by Elting et al. [23]. 

Anaerobic bacterial infections 
Anaerobic bacteria account for approximately 5% 
of bacteremias in the neutropenic patient [24]. 
Bacteroides fragilis and Clostridium spp. are the most 
frequently encountered. It is important to be 
aware of the possibility of mixed anaerobic and 
aerobic infections in the oral and perianal regions 
[25]. Another feared complication of chemother- 
apy-induced neutropenia is neutropenic enteroco- 
litis. This condition is characterized by fever and 
abdominal pain often accompanied by vomiting 
and/or diarrhoea and is mainly caused by anaero- 
bic bacterias [26,27]. A conservative attitude with 
bowel rest, decompression, nutritional support, 
and broad spectrum antibiotics is to be preferred 
before surgery [27]. Granulocyte count restitution 
is essentially why haematopoetic growth factors 
should be tried and the use of granulocyte trans- 
fusions may be considered. 

One specific, although not systemic, nosocomial 
anaerobic infection is caused by the toxin produ- 
cing Clostridium difficile, inducing a spectrum of 
gastrointestinal symptoms from diarrhoea to ful- 
minant colitis [28]. Antibiotic treatment predis- 
poses to this infection but patients may be colo- 
nized also without prior exposure to antibiotics 
[29]. Furthermore, it is well known that other 
more diffuse symptoms besides diarrhoea, such 
as abdominal pain, distention and even constipa- 
tion, may be due to C. difficile infection in neutro- 
penic patients [30]. 

Mycobacterial infections 
Mycobacterial infections do not constitute a major 
problem in patients with neutropenia but both 
mycobacterium tuberculosis and atypical myco- 
bacteria must be kept in mind when evaluating 
neutr0penic patients with fever not responding to 
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antibiotics or antifungal drugs [31]. The patient's 
age, geographical origin and social living condi- 
tions are of importance when considering start of 
empirical anti-tuberculous treatment. Further- 
more, a finding of bone marrow granulomas 
strongly motivates empirical treatment before re- 
sults of cultures are available [32]. 

FUNGAL INFECTIONS 

Patients with prolonged neutropenia are predis- 
posed to become infected with candida or asper- 
gillus [33] and fungal infections constitute a ma- 
jority of fatal infections in patients with acute 
leukemia [34,35]. Furthermore, the isolation of 
candida in blood cultures has become more com- 
mon in neutropenic patients [36]. The dominating 
candida species is Candida albicans although in- 
creasing incidences of Candida (Torulopsis) 
glabrata, Candida tropicalis and Candida krusei have 
been reported in patients receiving prophylactic 
ketokonazole or fluconazole treatment [37,38]. 
Patients receiving intensive chemotherapy often 
become colonized with candida in urine and feces 
[39] and they also have a high risk (unless pro- 
phylactic fluconazole therapy is given) to develop 
oropharyngeal candidiasis [40]. The risk of disse- 
minated disease increases with the number of sites 
colonized and the duration of neutropenia [8,41]. 
Most candida infections disseminate from the 
gastrointestinal tract but candida may also be an 
aetiologic agent in pneumonia, as demonstrated in 
103 neutropenic patients with clinically and micro- 
biologically documented lung infiltrates from 
which candida were isolated in 24% [42]. This 
issue is, however, controversial since there are 
no strict criteria to differentiate between coloniza- 
tion of candida in the respiratory tract and a true 
infection caused by candida. Despite extensive 
serological studies [43] and occasional reports of 
a highly predictive test (candida antigen) [44], no 
established method for early diagnosis of dissemi- 
nated candidiasis with both a high specihcity and 
sensitivity has emerged [45]. Another important 
clinical entity in the spectrum of candida related 
disorders in neutropenic patients is chronic dis- 
seminated candidiasis (previously named hepa- 
tosplenic candidiasis) which is a disorder charac- 
terized by persistence of fever after granulocyte 
recovery, elevated serum alkaline phosphatase 
and abdominal pain [46,47]. 

Aspergillosis is the second most common fungal 
infection in neutropenic patients. Aspergillus fumi- 
gatus and Aspergillus flavus are the dominating 
pathogens and the lung is the primary site of 
infection. This was illustrated in one study where 
invasive pulmonary aspergiUus infection was the 
cause of nosocomial pneumonia in 20 of 55 pa- 
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tients undergoing bone marrow transplantation 
[48]. The mortality rate among these 20 patients 
was 95% but lower mortality rates have been 
reported by others [49]. Aspergillus spreads pre- 
dominately by local invasion/tissue infection and 
in pulmonary infection subsequent necrosis often 
extends to the pleura causing a pleuritic chest pain 
in a majority of patients. In addition, aspergillus 
infection frequently involves sinuses and in one 
third of patients with pulmonary involvement a 
concomitant sinus infection was diagnosed [50]. 
An early diagnosis and treatment is mandatory 
and repeated computerized tomography (CT) 
scans may be of great diagnostic value [51]. 

Pneumocystis carinii, formerly classified as a para- 
site, is a rather rare fungal pathogen in the neu- 
tropenic patient. However, dusters of infections in 
patients with leukemia and lymphoma have been 
described [52] and this agent must be kept in mind 
also in neutropenic patients with bilateral diffuse 
alveolar pulmonary infiltrates, particularly in pa- 
tients undergoing bone marrow transplantation 
[42,53]. 

VIRAL INFECTIONS 

Mainly viruses from the herpes group (i.e. Herpes 
simplex virus (HSV), Varicella-zoster virus (VZV) 
and cytomegalovirus (CMV)) infect patients re- 
ceiving combination chemotherapy. Recurrent 
HSV infections may manifest as painful lesions 
in the oral and perioral areas. HSV oesophagitis is 
clinically indistinguishable from that of candida 
origin [54]. Reactivation of HSV is commonly seen 
in neutropenic patients with haematological ma- 
lignancies. Twenty-four of 43. patients (72 fever 
episodes) developed mucocutaneous HSV infec- 
tion during at least one fever episode [55]. Further- 
more, the incidence of fever not responding to 
antibiotics was higher in patients in whom HSV 
was isolated. The risk for VZV infection increases 
with the intensity of treatment and, following 
bone marrow transplantation, patients have an 
increased risk for up to I year [56]. CMV infections 
are mainly seen in patients following allogeneic 
bone marrow transplantation 'and CMV pneumo* 
nitis is a major threat carrying a high mortality 
rate. 

Acyclovir is the key drug in both prophylaxis 
and treatment of the herpes virus infections and 
some studies in bone marrow recipients have 
shown a reduction of herpetic gingivostomatitis 
and CMV pneumonitis by the use of prophylactic 
acyclovir [57,58]. Acyclovir has also been shown to 
reduce the incidence of bacterial infections in acute 
leukemia patients probably by reducing oral her- 
petic lesions otherwise used as bacterial entry [59]. 
Earlier attempts to treat manifest CMV pneumo- 
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nitis with various antiviral agents, such as acyclo- 
vir, ganciclovir and foscarnet, have not signifi- 
cantly reduced mortality [60]. However, the com- 
bination of ganciclovir and intravenous 
immunoglobulin has shown some improvement 
of survival and is the recommended treatment for 
CMV pneumonitis in bone marrow transplant 
recipients [60]. Another category of viral disorders 
is the nosocomial hepatitis among which hepatitis 
C appears to have an increased chronicity rate and 
late seroconversion in patients with haematologi- 
cal disorders [61]. Frequent patient-to-patient 
transmission of hepatitis C virus in a haematology 
ward has been described [62]. 

Influenza A and B are other viral infections that 
may be severe but in most neutropenic patients 
are mild and self-limiting [63,64]. 

CONCLUSIONS 

Gram-positive bacteremias (i.e., CNS and alpha 
streptococci) dominate in febrile neutropenic pa- 
tients and some streptococcal species may, as 
Gram-negative bacteremias, induce septic shock. 
During prolonged neutropenia fungal infections 
mainly caused by candida and aspergillus are 
commonly encountered. 

ACKNOWLEDGEMENTS 

This work was supported by the Swedish Cancer 
Society and Karolinska Institute foundations. 

REFERENCES 

1 Bodey, G.P., Buckley, M., Sathe, Y.S. and Freireich, E.J. 
(1966) Quantitative relationships between circulating leu- 
kocytes and infection in patients with acute leukemia. 
Medicine 64, 328-40. 

2 Hughes, W.T., Armstrong, D., Bodey, G.P., Feld, R., Man- 
dell, G.L., Mayers, J.D., Pizzo, P.A., Schimpff, S.C., 
Shenep, J.L., Wade, J.C., Young, L.S. and Yow, M.D. 
(1990) Guidelines for the use of antimicrobial agents in 
neutropenic patients with unexplained fever. J. Infect. Dis. 
161, 381-96. 

3 Pizzo, P.A., Hathorn, J.W., Hiemenz, J., Browne, M., Com- 
mers, J., Cotton, D., Gress, J., Longo, D., Marshall, D., 
McKnight, J., Rubin, M., Skeleton, J., Thaler, M. and 
Wesley, R. (1986) A randomized trial comparing ceftazi- 
dime alone with combination antibiotic therapy in cancer 
patients with fever and neutropenia. N. Engl. l.Med. 315, 
552-8. 

4 Kinsey, S.E., Machin, S.J. and Goldstone, A.H. (1990) 
Ceftazidime monotherapy is as effective as ceftazidime 
combined with gentamicin in the treatment of febrile 
neutropenic patients. J. Hosp. Infect. 15, 49-53. 

5 EORTC International Antimicrobial Therapy Cooperative 
Group and the National Cancer Institute of Canada - 
Clinical Trials Group (1991) Vancomycin added to empiri- 
cal combination antibiotic therapy for fever in granulocy- 

INFECTIONS DURING NEUTROPENIA 

topenic cancer patients. ]. Infect. Dis. 163, 951-8. 
6 De Pauw, B.E., Deresmski, S.C., Feld, R., Lane-Allman, E.F. 

and Donnelly, P. (1994) Ceftazidime compared with piper- 
acillin and tobramycin for empiric treatment of fever in 
neutropenic patients with cancer. Ann. Intern. Med. 120, 
8~ a. !a.. 

7 McGowan, J.E., Barnes, M.W. and Finland, M. (1975) Bac- 
teremia at Boston City Hospital: occurrence and mortality 
during 12 selected years (1935-1972), with special refer- 
ence to hospital acquired cases. I. Infect. Dis. 132, 316-35. 

8 Schwartz, R.S., Machintoch, F.R., Schrier, S.L. and Green- 
berg, P.L. (1984) Multivariate analysis of factors associated 
with invasive fungal disease during remission induction 
therapy for acute myelogenous leukemia. Cancer 53, 411-9. 

9 Klastersky, J. (1993) Fever and neutropenia during intensive 
chemotherapy. Ann. Oncol. 4, 603-6. 

10 Pizzo, P. (1993) Management of fever in patients with 
cancer and treatment induced neutropenia. N. Engl. J. 
Med. 328, 1323-32. 

11 Fredlund, H., Bj6reman, M., KjeUander, J., Sj6berg, L., 
Bjorne, L. and Ohlin, A-L. (1990) A 10-year survey of 
clinically significant blood culture isolates and antibiotic 
susceptibilities from adult patients with hematological 
diseases at a major Swedish hospital. Scand. J. Infect. Dis. 
22, 381-91. 

12 Rintala, E. (1994) Incidence and clinical significance of 
positive blood cultures in febrile episodes of patients with 
haematological malignancies. Scand. J. Infect. Dis. 26, 77- 
84. 

13 Tancre'de, C.H. and Andremont, A.O. (1985) Bacterial 
translocation and gram-negative bacteremia in patients 
with hematological malignancies. I. Infect. Dis. 152, 99-103. 

14 Schimpff, S.C., Young, V.M., Green, W.H., Vermeulen, 
G., Moody, M. and Wiernik, P. (1972) Origin of infection 
in acute nonlymphocytic leukemia. Significance of hospital 
acquisition of potential pathogens. Ann. Intern. Med. 77, 
707-14. 

15 Bodey, G.P., Jadeja, L. and Elting, L. (1985) Pseudomonas 
bacteremia: Retrospective analysis of 410 episodes. Arch. 
Intern. Med. 145, 1621-9. 

16 Bodey, G.P., Elting, L., Kassamali, H. and Poh Lim, B. 
(1986) Escherichia coli bacteremia in cancer patients. Am. I. 
Med. 81, 85-95. 

17 Giinther, G., Bj6rklind, A., EngervaI1, P., Bj6rkholm, M. 
and Stiernstedt, G. (1991) Septicemia in patients with 
hematological disorders and neutropenia. A retrospective 
study of causative agents and their resistance profile. 
Scand. J. Infect. Dis. 23, 589-98. 

18 Fast, D.J., Schlievert, P.M. and Nelson, R.D. (1989) Toxic 
shock syndrome-associated staphylococcal and streptococ- 
cal pyrogenic toxins are potent inducers of tumor necrosis 
factor production. Infect. Immun. 57, 292-4. 

19 Martin, M.A., PfaUer, M.A. and Wenzel, R.P. (1989) Coa- 
gulase-negative staphylococcal bacteremia. Mortality and 
hospital stay. Ann. Intern. Med. 110, 9-16. 

20 Wade, J.C., Schimpff, S.C., Newman, K.A. and'Wiernik, 
P.H. (1982) Staphylococcus epidermidis/an increasing cause 
of infection in patients with granulocytopenia. Ann. Intern. 
Med. 97, 503-8. 

21 Refsahl, K. and Andersen, B.M. (1992) Clinically significant 
coagulase-negative staphylococci: identification and resis- 
tance patterns. J. Hosp. Infect. 22, 19-31. 

22 Bochud, P.-Y., Calandra, T. and Francioli, P. (1994) Bacter- 
emia due to viridans streptococci in neutropenic patients: a 
review. Am. f. Med. 97, 256-64. 

23 Elting, L.S., Bodey, G.P. and Keefe, B.H. (1992) Septicemia 
and shock syndrome due to viridans streptococci: a case- 
control study of predisposing factors. Clin. Infect. Dis. 14, 
1201-7. 

24 Brown, E.A., Talbot, G.H., Provencher, M. and Cassfleth, 
P. (1989) Anaerobic bacteremia in patients with acute 

MEDICAL O N C O L O G Y  (1995) 12 (4) 



ENGERVALL and BJORKHOLM 

leukemia. Infect. Contr. Hosp. Epidemiol. 10, 65-9. 
25 Glenn, J., Cotton, D., Wesly, R. and Pizzo, P.A. (1988) 

Anorectal infections in patients with malignant diseases. 
Rev. Infect. Dis. 10, 42-52. 

26 Zetterberg, G., Bj6rkholm, M., Farnebo, L.-O. and Eklund, 
A.-E. (1987) Acute abdominal pain in the granulocytopenic 
patient - a clinical dilemma. (Swedish). Lakartidningen 84, 
42.48-9. 

27 Wade, D.S., Nava, H.R. and Douglass, H.O. (1992) Neu- 
tropenic enterocolitis. Cancer 69, 17-23. 

28 Kelly, C.P., Pothoulakis, C. and LaMont, J.T. (1994) Clos- 
tridium difficile colitis. N. EngL J. Med. 330, 257-62. 

29 Panichi, G., Pantosti, A., Gentile, G., Testore, G.P., Ven- 
ditti, M., Martino, P. and Serras, P. (1985) Clostridium 
difficile colitis in leukemia patients. Eur. f. Cancer. Clin. 
Oncol. 21, 1159-63. 

30 Rampling, A., Waxen, R.E., Beven, P.C., Hoggart, C.E., 
Swirsky, D. and Hayhoe, G.J. (1985) Clostridium difficile in 
haematological malignancy. J. Clin. Pathol. 38, 445-51. 

31 EngervalI, P., Bj6rkholm, M., Petrini, B., Heurlin, N., 
Henriques, B. and Kfillenius, G. (1993) Disseminated my- 
cobacterium malmoense infection in a patient with chronic 
granulocytic leukemia. J. Int. Med. 234, 231-3. 

32 Vilalta-Castel, E., Vald~s-Sanchez, M.D., Guerra-Vales, 
J.M., Teno-Esteban, C., Garzo'r~, A., Lopez, J.I., Ricard, 
M.P., Abarca, M. and Juan de Garcia-Dias, D. (1988) 
Significance of granulomas in the bone marrow. Eur. J. 
Haematol. 41, 12-6. 

33 Gerson, S.L., Talbot, G.H., Hurwitz, S., Strom, B.L., Lusk, 
E.J. and Cassileth, P.A. (1984) Prolonged granulocytope- 
nia: the major risk factor for invasive pulmonary aspergil- 
losis in patients with acute leukemia. Ann. Intern. Med. 
100, 345-51. 

34 Anaissie, E. and Bodey, G.P. (1989) Nosocomial fungal 
infections. Old problems and new challenges. Infect. Dis. 
Clin. North Am. 3, 867-82. 

35 Saral, R. (1991) Candida and Aspergillus infections in im- 
munocompromised patients. Rev. Infect. Dis. 13, 487-92. 

36 Meunier, F. and Wong, B. (1993) Overview of management 
of fungal infections: Part 1. Clin. Infect. Dis. 17, 492-3. 

37 Shepp, D.H., Kosterman, A., Siegel, M.S. and Meyers, J.D. 
(1985) Comparative trial of ketoconazole and nystatin for 
the prevention of fungal infection in neutropenic patients 
treated within protected environment. J. Infect. Dis. 152, 
1257-63. 

38 Wingard, J.R., Merz, W.G., Rinaldi, M.G., Johnsson, T.R., 
Karp, J.E. and Saral, R. (1991) Increase in Candida krusei 
infection among patients with bone marrow transplanta- 
tion and neutropenia treated prophylactically with 
fluconazole. N. Engl. J. Med. 325, 1274-7. 

39 Bj6rkholm, M., Engervall, P. and Grimfors, G. (1994) 
Fungal infections in neutropenic patients. Necessary with 
adequate prophylaxis. (Swedish) Lakartidningen 91, 4492-4. 

40 Goodman, J.L., Winston, DJ., Greenfield, R.A., Chandras- 
kar, P.H., Fox, B., Kaizer, H., Shadduck, R.K., Shea, T.C., 
Stiff, P., Friedman, D.J., Powderly, W.G., Silber, P., 
Horowitz, H., Lichtin, A., Wolff, S.N., Mangan, K.F., 
Silver, S.M., Weisdoff, D., Ho, W.G., Gilbert, G. and 
Buell, D. (1992) A controlled trial of fluconazole to prevent 
infections in patients undergoing bone marrow 
transplantation. N. Engl. J. Med. 326, 845-51. 

41 Wiley, J.M., Smith, N., Leventhal, B.G., Graham, M.L., 
Strauss, L.C., Hurwitz, C.A., Modlin, J., Me!lits, D., 
Baumgardner, R., Corden, B.J. and Civin, C.I. (1990) 
Invasive fungal disease in pediatric acute leukemia pa- 
tients with fever and neutropenia during induction che- 
motherapy: A multivariate analysis of risk factors. J. Clin. 
Oncol. 8, 280-6. 

42 Maschmayer, G., Link, H., Hiddemann, W., Meyer, P., 
Helmerking, M., Eisenmann, E., Schitt, J. and Adam, D. 
(1994) Pulmonary infiltrations in febrile patients with 

MEDICAL O N C O L O G Y  (1995) 12 (4) 

255 

neutropenia. Cancer 73, 2296-304. 
43 Tollernar, J. (1991) Invasive fungal infections. Incidence, 

diagnosis, risk-factors and treatment in bone marrow and 
liver transplant recipients. Thesis, Karolinska Institute. 

44 Walsh, T.J., Hathorn, J.W., Sobel, J.D., Merz, W.G., San- 
chez, V., Maret, S.M., Buckley, H.R., Pfaller, M.A., 
Schaufele, R., Sliva, C., Navarro, E., Lecciones, J., Chan- 
drasekar, P., Lee, J. and Pizzo, P.A. (1991) Detection of 
circulating candida enolase by immunoassay in patients 
with cancer and invasive candidiasis. N. EngL J. Med. 324, 
1026-31. 

45 Swerdloff, J.N., Filler, S.G. and Edwards, J.E. (1993) Severe 
Candidal infections in neutropenic patients. Clin. Infect. 
Dis. 17, $457-67. 

46 Haron, E., Feld, R., Tuffnell, P., Patterson, B., Hasselback, 
R. and Matlow, A. (1987) Hepatic candidiasis: an increas- 
ing problem in immunocompromised patients. Am. J. Med. 
83, 17-26. 

47 Bj6rkholm, M., K~dlberg, N., Grimfors, G., Eklund, L.H., 
Eksborg, S., Juneskans, O.T. and Ud~n, A.-M. (1991) 
Successful treatment of hepatosplenic candidiasis with a 
liposomal amphotericin B preparation. A case report. J. 
Intern. Med. 230, 173-7. 

48 Pannuti, C.S., Gringrich, D.R., Pfaller, M.A. and Wenzel, 
R.P. (1991) Nosocomial pneumonia in adult patients un- 
dergoing bone marrow transplantation. J. Clin. Oncol. 9, 
77-84. 

49 Fischer, B.D., Armstrong, D., Yu, B. and Gold, J.W. (1981) 
Invasive pulmonary Aspergillosis in early diagnosis and 
treatment. Am. J. Med. 71, 571-7. 

50 Gerson, S.L., Talbot, G.H. and Lusk, E. (1985) Invasive 
pulmonary Aspergillosis in adult acute leukemia: clinical 
clues to its diagnosis. J. Clin. Oncol. 3, 1109-16. 

51 Kuhlman, J.E., Bruch, P.A. and Zerhouni, E.A. (1987) 
Invasive pulmonary Aspergillosis in acute leukemia. The 
contribution of CT to early diagnosis and aggressive 
management. Chest 92, 95-9. 

52 Singer, C., Armstrong, D., Rosen, P.P. and Schottenfeld, 
D. (1975) Pneumocystis carinii pneumonia: a duster of 
eleven cases. Ann. Intern. Med. 82, 772-7. 

53 Hughes, W.T. (1987) Pneumocystis carinii pneumonitis. N. 
Engl. J. Med. 317, 1021-3. 

54 Muller, S.A., Herreman, Jr. C.C. and Winkelmann, R.K. 
(1972) Herpes simplex infections in hematological 
malignancies. Am. J. Med. 52, 102-14. 

55 Baglin, T.P., Gray, J.J., Marcus, R.E. and Wreghitt, T.G. 
(1989) Antibiotic resistant fever associated with herpes 
simplex virus infection in neutropenic patients with hae- 
matological malignancy. J. Clin. Pathol. 42, 1255-8. 

56 Hirsch, M.S. (1988) Herpes group viruses infections in the 
compromised host. In R.H. Rubin and L.S. Young (eds) 
Clinical approach to infections in the compromised host, pp. 
347-66. New York: Plenum. 

57 Saral, R., Burns, W.H., Laskin, O.L., Santos, G.W. and 
Lietman, P.S. (1981) Acyclovir prophylaxis of herpes-sim- 
plex-virus infections: a randomized, double-blind, con- 
trolled trial in bone-marrow-transplant recipients. N. Engl. 
J. Med. 305, 63-7. 

58 Meyers, J.D., Reed, E.C., Shepp, D.H., Thornquist, M., 
Dandliker, P.S., Vicary, C.A., Flournoy, N., Kirk, L.E., 
Kersey, J.H., Thomas, E.D. and Balfour, H.H. (1988) 
Acyclovir for prevention of cytomegalovirus infection 
and disease after allogeneic marrow transplantation. N. 
Engl. J. Med. 318, 70-5. 

59 Lonnquist, B., Palmblad, J., Grimfors, G., J/irnmark, M., 
Lernaer, R., Ljungman, P., Nystr6m-Rosander, C. and 
Oberg, G. (1993) Oral acyclovir prophylaxis for bacterial 
infections during induction therapy for acute leukemia in 
adults. Support Care Cancer 1, 139-44. 

60 Forman, S.J. and Zaia, J.A. (1994) Treatment and preven- 
tion of cytomegalovirus pneumonia after bone marrow 



256 

transplantation: where do we stand? Blood 83, 2392-8. 
61 Gruber, A., Norder, A., Magnius, L., Rotze'n, M., Rubio, 

C., Grfllner, L. and Bj6rkholm, M. (1993) Late seroconver- 
sion and high chronicity rate of hepatitis C virus infection 
in patients with hematological disorders. Ann. Oncol. 4, 
229-34. 

62 Allander, T., Gruber, A., Naghavi, M., Beyene, A., S6der- 
str6m, T., Bj6rkholm, M., Grillner, L. and Persson, 
M.A,A. (1995) Frequent patient-to-patient transmission 
of hepatitis C virus in a Haematology ward. Lancet 345, 
603-6. 

INFECTIONS DURING NEUTROPENIA 

63 Aschan, J., Ringd~n, O., Ljungman, P., Andersson, J., 
Lewensohn-Fuchs, I. and Forsgren, M. (1989) Influenza 
B in transplant patients. Scand. J. Infect. Dis. 21, 349-50. 

64 Ljungman, P., Andersson, J., Aschan, J., Barkholt, L., 
Ehrnst, A., Johansson, M. and Weiland, O. (1993) Influ- 
enza A in immunocompromised patients. Clin. Infect. Dis. 
17, 244-7. 

65 Klastersky, J. (1992) Febrile neutropenia. Focus on antibac- 
terial therapy. In Consultant series. Macclesfield, Gardiner- 
Caldwell Communications Ltd. 

MEDICAL O N C O L O G Y  (1995) 12 (4) 


