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State of the art (M.A. Sanz, I. Jarque)
Pulmonary infections are common following hematopoi-

etic stem cell transplantation (HSCT) and chemotherapy
for hematologic malignancies. Pneumonia is a feared com-
plication that may occur despite routine prophylaxis and
empiric therapy of febrile neutropenia. Up to 15 to 25% of
episodes of febrile neutropenia may develop pulmonary in-
filtrates1, and despite diagnostic and therapeutic ad-
vances2, atributable mortality continues to be high3.
Pathogens include fungi, bacteria, and viruses, although it
is difficult to distinguish between infectious and noninfec-
tious causes, and etiologic diagnoses often cannot be es-
tablished4. Lung infiltrates attributable to fungi, gram-
negative bacteria, and viruses can produce mortality rates
of up to 50%5-7. It should be noted that the course of im-
munosuppression and recovery in HSCT patients influ-
ences the type of infection.

This review will examine viral and fungal pulmonary in-
fections as an introduction to the individual papers.

Viral infections
Community respiratory viruses such as influenza,

parainfluenza, respiratory syncytial virus (RSV), and pi-
cornavirus are common causes of upper respiratory infec-
tion and usually occur in seasonal outbreaks. These virus-
es have been increasingly recognized as a possible cause of
serious infections in patients with cancer8-15. Some pa-
tients, especially HSCT recipients with symptomatic up-
per respiratory tract infections, have a higher tendency to
progress to severe pneumonia, with a mortality rate as
high as 50 to 70%16-20. Most respiratory viruses have in-
fection rates that peak in a seasonal pattern, with the ex-
ception of parainfluenza. RSV and influenza infections
usually occur during the colder seasons (between Decem-
ber and February in the northern hemisphere). Parain-
fluenza type 1 and 2 may be present during the spring and
fall and parainfluenza type 3 is most prevalent in the
summer months. Preventing transmission from person to
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person throughout the respiratory virus season is recom-
mended, especially in immunocompromised patients. Fail-
ure to follow fastidious infection control procedures in-
evitably leads to nosocomial transmission. Preventive
measures include contact isolation, hand washing, educa-
tion, and influenza vaccination of health care personnel
and family members. In recent years, important advances
in the management of these infections have been made,
including the development of rapid diagnostic tests and the
discovery of therapeutic agents for some of these infections. 

Fungal infections
Fungal pneumonia is one of the main causes of morbid-

ity and mortality after HSCT. The most common organism
of fungal pneumonia is Aspergillus species, which is re-
sponsible for 90% of such infections, although other
emerging opportunistic fungal pathogens have been re-
ported over the last 2 decades21-23. Lesions in invasive
mold infections are caused by vascular invasion and occlu-
sion of small- to medium-sized pulmonary arteries by fun-
gal hyphae. The resulting areas of hemorrhagic infarction
are seen on computed tomography (CT) as nodules sur-
rounded by areas of ground-glass attenuation (halo sign).
High-resolution CT is of great value in the diagnosis of
invasive pulmonary aspergillosis. Common findings in-
clude large nodules, frequently with a halo of ground-glass
attenuation, and focal areas of consolidation. Histopathol-
ogy allows the morphologic detection of fungi and demon-
strates the pattern and degree of host response. However
histopathology alone does not suffice to distinguish be-
tween fungal pathogens, such as Aspergillus and other
hyalohyphomycetes, and definitive diagnosis requires fun-
gal culture. Thus, histopathology and microbiology are
complementary methods in the diagnosis of IFIs.

CT diagnosis
Diagnostic evaluation of pulmonary infiltrates in hema-

tologic patients and HSCT recipients often starts with ra-
diographic imaging24. When the chest radiograph is nega-
tive or shows only minimal changes, chest CT is useful for
defining the location, extent, and configuration of pul-
monary lesions. Early and accurate diagnosis of these com-
plications is important because of the high morbidity and
mortality associated with infection and because of the fre-
quent complications associated with the treatment of fun-
gal and viral infections25. Several authors have empha-
sized the importance of high-resolution CT in the diagnosis
of pulmonary infections after bone marrow transplanta-
tion26,27. High-resolution CT may show pulmonary abnor-
malities in patients with normal findings on radiographs
and is superior to radiography in depicting the pattern and
extent of abnormalities. Reliable and timely diagnosis of
invasive pulmonary aspergillosis remains an interesting
clinical challenge. The diagnostic value of early CT scan-
ning in patients with severe neutropenia who are develop-
ing respiratory symptoms and signs suggestive of invasive
pulmonary aspergillosis was established by Caillot et
al28,29. Timely recognition of aspergillosis shortens the de-
lay of appropriate therapy, creating an opportunity to cure
the disease at an early stage. The CT halo sign appears

during the initial stages of invasive pulmonary aspergillo-
sis, whereas the air crescent sign occurs later and is less
useful for early diagnosis. It should be borne in mind that
the widely accepted EORTC/MSG guidelines are of limit-
ed clinical value. In series of autopsy-proven invasive as-
pergillosis30,31, only 36 to 47% of patients received ante-
mortem diagnoses based on the EORTC/MSG criteria. 

Serological markers
Laboratory methods available for the diagnosis of fun-

gal infections in the HSCT population involve culture of
the organism from clinical specimens, detection of anti-
gens with serologic tests, or histopathologic inspection of
tissue32. Serologic tests can detect circulating antigen re-
leased during invasive infection. The serum Aspergillus
galactomannan (GM) assay has been accepted as a diag-
nostic adjunct of invasive aspergillosis in the EORTC/
MSG consensus criteria33. Several variables can affect the
performance of the GM assay34,35 and may account for dif-
ferences in the results of prospective studies. The sensitiv-
ity of the assay is reduced by concomitant mold-active an-
tifungal agents36,37. False-positive results may be more
common among children and allogeneic HSCT recipi-
ents38. Receipt of concomitant piperacillin-tazobactam can
cause false-positive GM results39,40. A recent meta-analy-
sis showed that the GM assay had a sensitivity of 70% and
a specificity of 89% for proven invasive aspergillosis and
that the accuracy of the test was variable among different
patient populations41. (1→3)-β-D-glucan, a cell wall com-
ponent of yeasts and filamentous molds, is detectable at
high levels in blood during infection with Aspergillus,
Candida, Fusarium, Trichosporon, Saccharomyces, and
Acremonium. Detection of β-glucan has received US Food
and Drug Administration approval for use in the pre-
sumptive diagnosis of IFI. Among patients with acute
myeloid leukemia and myelodysplastic syndrome, the as-
say was highly sensitive and specific in detecting early
IFIs42. Experience with the β-glucan assay in HSCT re-
cipients is limited43, and its use in this population requires
additional study. Although valuable as diagnostic ad-
juncts to support a diagnosis of a probable IFI in patients
with compatible host factors and radiological findings as
defined in the EORTC/MSG criteria, the value of these
laboratory markers as screening tools for IFIs is contro-
versial, and more research is required. In neutropenic pa-
tients with fever without localizing symptoms or physical
examination findings who have negative blood culture re-
sults and negative chest CT findings, a negative GM
and/or β-glucan assay result lends additional support for
the absence of a breakthrough IFI. Finally, PCR-based de-
tection is considered to be investigational. 

Antifungal therapy
The development of newer antifungal agents with ac-

tivity against yeasts and molds and with superior safety
and tolerability, compared with amphotericin B deoxy-
cholate (AmB-D), has substantially improved the thera-
peutic armamentarium against IFI and may change clas-
sical antifungal therapy44. For instance, caspofungin was
at least as effective as and less toxic than liposomal am-
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photericin B as empirical therapy in persistently febrile
patients with neutropenia45. The success rate in each arm,
using a prespecified composite outcome, was only 34%,
with most treatment failures being driven by a lack of res-
olution of fever during the neutropenic period. This trial
raises 2 questions. First, should persistent fever without
evidence of a breakthrough IFI be a criterion for failure
in antifungal prophylactic and empirical trials? Several
empirical antifungal studies have employed a composite
outcome in which fulfillment of several prespecified crite-
ria were required for a successful outcome46. In studies
comparing voriconazole with liposomal amphotericin B
and caspofungin with liposomal amphotericin B, the pro-
portion of patients with a successful outcome in the dif-
ferent treatment arms was 26% to 34%. However, the pro-
portion of patients with breakthrough IFIs, poorly
controlled baseline IFIs, or mortality was relatively small.
The most common reason for treatment failure was lack of
resolution of fever during neutropenia. The rationale for
including fever resolution as a criterion for a successful
outcome is that this is precisely the trigger used to initiate
empirical antifungal therapy. However, fever is neither a
sensitive nor a specific sign of IFI. Fever resolution was
the least clinically meaningful end point in the composite
outcome, and yet it accounted for most of the treatment
failures, with the potential to mask more-relevant clinical
outcomes47. The second question relates to whether empir-
ical modification of the antifungal regimen is warranted
solely on the basis of persistent neutropenic fever in pa-
tients receiving mold-active prophylaxis. No studies
specifically address this question. The availability of effec-
tive and safe mold-active prophylaxis creates the need for
a new paradigm to diagnose breakthrough IFIs early and
to modify the antifungal regimen only in those patients
who meet pre-specified criteria.

Pneumocystis infections
Pneumocystis is an atypical fungus causing severe pneu-

monia in immunocompromised patients, particularly
among HSCT recipients48,49. Molecular analysis has re-
vealed genomic diversity of the organism in different host
species: P. carinii infects rodents, and P. jiroveci infects
humans50. Acquisition seems to be through inhalation of
aerosolized organisms, and disease may occur either by
primary exposure or by reactivation of latent infection.
Recent studies have reported that patients with chronic
lung disease or bacterial pneumonia as well as immuno-
compromised HIV-infected and uninfected patients could
be asymptomatic carriers of P. jiroveci51,52. Since the use of
effective prophylaxis with trimethoprim-sulfamethoxazole
(TMP/SMX), less than 5% of HSCT recipients develop
P. jiroveci pneumonia. Recent data from the TRANSNET
surveillance program reported that pneumocystosis ac-
counts for 2% of IFI in the transplant population53. How-
ever, late onset P. jiroveci pneumonia in patients discon-
tinuing prophylaxis after the first 6 months post-
transplant has been reported. Alternatively, acute graft-
versus-host disease and high-dose steroids and cy-
closporine in these patients could have triggered P. jirove-
ci pneumonia despite the use of prophylaxis, maybe
because of low intestinal absorption of the prophylactic re-

gimen or resistance of P. jiroveci to sulfonamides through
the selection of mutations in the dihydropteroate synthase
gene54. TMP/SMX or sulfadoxine-pyrimethamine are the
preferred regimens because they are the most effective
and also prevent Toxoplasma gondii reactivation.
Aerosolized pentamidine, atovaquone, or disulone are ac-
ceptable alternatives in case of intolerance but are proba-
bly less effective55. The typical presentation of Pneumocys-
tis pneumonia includes increasing dyspnea, nonproductive
cough, fever, and occasionally chest pain. In seriously ill
patients, hypoxemia is often present, and elevated lactate
dehydrogenase levels reflect the extent of tissue injury.
Radiographic imaging reveals bilateral interstitial in-
filtrates, although atypical images such as unilateral infil-
trates, alveolar infiltrates, nodules, and cavities have been
seen. As noted previously, widespread use of prophylaxis
for Pneumocystis pneumonia has decreased rates of infec-
tion and improved survival. Breakthrough infections in
patients receiving TMP/SMX with adequate systemic ab-
sorption are rare, but when they do occur, the clinical pre-
sentation is often atypical, and diagnosis may require lung
biopsy. Breakthrough Pneumocystis infections have also
been reported in transplant patients receiving low-dose
atovaquone56 and aerosolized pentamidine55.

Below, a group of Spanish physicians with an interest in
the field of pulmonary infections discusses the most remark-
able papers produced in this area during the last 2 years.
The following are the publications selected for discussion.

Infection by community respiratory viruses
Erard V, Chien JW, Kim HW, Nichols WG, Flowers
ME, Martin PJ, et al. Airflow decline after myeloab-
lative hematopoietic cell transplantation: the role of
community respiratory viruses. JID. 2006;193:1619-25.

Severe airflow decline (SAD), otherwise known as airflow
obstruction or bronchiolitis obliterans, is a frequent, serious
and often fatal complication occurring in long-term sur-
vivors of hematopoietic cell transplantation (HCT). SAD
has been defined as a > 5%/year decline in the percentage of
predicted FEV1 during year 1, with the year 1 FEV1:FVC
ratio < 0.8 (definition recently validated; Chien et al; Am J
Respir Crit Care Med 2003;168:208-14). In this paper, the
authors retrospectively analyze the effect of community res-
piratory virus (CRV) infections occurring in the immediate
post-transplant period on the development of SAD.

A cohort of 1131 patients who underwent their first
myeloablative allogeneic HSCT at the Fred Hutchinson
Cancer Research Center in Seattle (USA) was studied.
Among those patients, 132 (12%) had a documented CRV
infection during the first 100 days post-HSCT. The infec-
tion affected the upper respiratory tract in 114 cases and
the lower respiratory tract in 18 cases. 

Two hundred and ninety-nine patients (26%) presented
with SAD by year 1 (SAD1). Several factors were associ-
ated with a significantly increased risk of having SAD1:
patient age > 20 years old (OR: 2.1), patient age > 60 years
old (OR: 5.9), baseline FEV1:FVC < 80% (OR: 2.6), base-
line FEV1:FVC < 70% (OR: 4.5), chronic GVHD (OR: 2.1),
lower respiratory tract RSV infection (OR: 3.6), and lower
respiratory tract parainfluenza-virus infection (OR: 17.9).



Therefore, along with other widely recognized factors in-
fluencing the development of SAD, lower respiratory tract
infections by RSV and parainfluenza-virus were found to
enhance the risk of late SAD. The most significant decline
relative to CRV infection was observed between the day of
HCT and day 100, during which time the viral infection oc-
curred. During the months after infection (day 100 to year
1), there was a slight improvement in lung function, but
none of the patients returned to their baseline values. 

On the contrary, among patients who suffered from
CMV (9 cases) and Aspergillus pneumonia (16 cases) dur-
ing the initial 100 days post-HSCT and survived the infec-
tion, the risk of late SAD did not increase.

Comments
CRV are well known as a significant cause of morbidity

and mortality after HCT by causing fatal pneumonia.
However, according to this study, some CRV infections
(lower respiratory tract parainfluenza-virus and RSV in-
fection) might also contribute to increased overall mortali-
ty by causing a long-term decline of lung function. The au-
thors suggest that CRV might activate an inflammatory
process in the LRT that, in patients who survive the acute
phase of the infection, might lead to irreversible damage to
the tissue of the small airways independently of viral repli-
cation. The authors conclude that these data would bene-
fit from further research into the mechanisms by which
viruses can lead to SAD and, ultimately, into the role of
viral infections in other airway diseases, such as asthma.

On the other hand, these data support the recommenda-
tion to screen for CRV in symptomatic patients in order to
prevent transmission to other patients and, if possible, to
prevent progression of infection from the upper to the low-
er respiratory tract. Therefore, a nasopharyngeal throat
wash or swab for viral direct fluorescent antibody (DFA)
staining and viral culture should probably be a standard
practice for all patients with upper respiratory tract infec-
tion symptoms. Viral DFA and culture should also be per-
formed in all bronchoalveolar lavage and lung biopsy sam-
ples. Once a patient is known to be infected, he/she should
be placed in respiratory isolation. Finally, preventing pro-
gression of upper respiratory tract infections to lower res-
piratory tract CRV infections should be an important goal
of medical management. Although there are no prospective
randomized studies, several papers suggest that pre-emp-
tive antiviral therapy of upper respiratory tract RSV in-
fections reduces the likelihood of progression to pneumonia
(lower respiratory tract infection). Therefore, this approach
should be considered, at least in selected groups of HSCT
and other immunosuppressed patients.

Chemaly RF, Ghosh S, Bodey GP, Rohatgi N, Saldar
A, Keating MJ, et al. Respiratory viral infections in
adults with hematologic malignancies and human
stem cell transplantation recipients. A retrospec-
tive study at a major cancer center. Medicine. 2006;
85:278-87.

Before 1990, very little information was available on the
frequency of infections caused by community respiratory
viruses (CRV) in cancer patients. However, recent studies
involving HSCT recipients recorded CRV infections with
varying frequencies in patients with respiratory symp-

toms, from less than 5 to almost 40%. Many CRV infec-
tions are limited to the upper respiratory tract and resolve
favorably without treatment, although in other cases they
can progress to pneumonia and death. 

In this retrospective study carried out in one of the
world reference centers, the M.D. Anderson Cancer Cen-
ter of the University of Texas, in Houston, CRV infections
diagnosed by CRV in adult patients with hematologic ma-
lignancies and HSCT recipients over a 2-year period (July
2000-June 2002). Patients with respiratory samples that
were positive for influenza virus, parainfluenza virus,
RSV or picornavirus were selected. A total of 343 infec-
tions were identified in 306 patients with hematological
malignancies and HSCT. Data were collected on the un-
derlying hematological malignancy, age, sex, type of infec-
tion, and absolute neutrophil and lymphocyte counts. Fi-
nally, patient characteristics and response to antiviral
therapy were analyzed, as were risk factors for progres-
sion to pneumonia and death.

With the limitations inherent to retrospective studies,
information that is relevant to clinical practice can be ex-
tracted from this extremely wide series of patients. Most
infections (70%) occurred in HSCT  recipients, mainly in
those receiving allogeneic transplant. Infections by in-
fluenza (mainly influenza A), parainfluenza (type 3 pre-
dominance), and RSV accounted for most cases and had a
similar frequency (around 30% each). Picornavirus (in-
cluding rhinovirus) caused only 9% of cases. 

Infection progressed to pneumonia in 119 patients (35%)
and occurred with a similar frequency in infections by
RSV, influenza virus, and parainfluenza virus. Patients
with leukemia, those aged over 65 years, and those with
severe lymphopenia or neutropenia had a greater risk of
developing pneumonia. The risk factors for pneumonia in
HSCT  recipients were allogeneic transplant, graft-versus-
host disease, infection within 100 days after transplanta-
tion, corticosteroids, age over 65 years, severe lymphope-
nia and neutropenia. Severe lymphopenia (absolute
lymphocyte count ≤ 200/µL) was associated with the de-
velopment of pneumonia caused by influenza. Global mor-
tality was 15%, similar for the 3 main viruses. 

The results of therapy for the 112 patients with in-
fluenza virus infection are particularly surprising. Of 41
patients treated with oseltamivir when they had upper
respiratory tract symptoms, only 4 (10%) developed pneu-
monia, whereas of the 71 who were not treated, 30 (42%)
developed pneumonia, a clearly significant difference.
Similarly, there were more deaths by pneumonia in un-
treated patients (27%) than in treated patients (9%). With
respect to patients with infection by RSV, there was also
less progression to pneumonia when treatment with
aerosolized ribavirin was administered. The absence of
therapy targeting RSV and age were associated with the
development of pneumonia. 

Comments
In summary, this study indicates that infection by CRV is

common in immunocompromised patients. In patients with
upper respiratory tract symptoms, cultures should be taken
immediately and antigenic testing should be performed. In
CRV infection, oseltamivir administered in infections of the
upper airways by influenza and ribavirin in RSV seems to
reduce progression to pneumonia in high-risk patients with
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hematological malignancies (age ≥ 65 years, severe lym-
phopenia) and, therefore, the possibility of death.

FUNGAL INFECTIONS

Pediatric patients
Castagnola E, Cesaro E, Giacchino M, et al. Fungal
infections in children with cancer. Pediatr Inf Dis
J. 2006;25:634-9. 

Background: Fungal infections are an important com-
plication in cancer patients, particularly those suffering
from leukemia and those undergoing a bone marrow
transplant. Clinical and epidemiological data come main-
ly from different adult series; however, few studies (main-
ly retrospective) analyze clinical findings, risk factors, and
survival after fungal infections in children.

Objective: To obtain epidemiological, clinical, and sur-
vival information about fungal infections in children with
cancer who were followed up for a 2-year period in Centers
of the Association of Hematology and Oncology in Italy. 

Methods: This was a multicenter, prospective study of
fungal infections in children receiving antineoplastic ther-
apy in 15 centers. 

Patients: The patients were registered in a single cen-
ter (demographic data, data on the illness and stage of
the illness) where the fungal infection developed. Thera-
py was moderately aggressive or aggressive. Cases were
defined according to EORTC/MSG criteria.

Results: A total of 96 episodes of fungal infection were di-
agnosed (42 proven, 17 probable, and 37 possible). Aggres-
sive chemotherapy was used in 73% of the episodes, 21%
were allogeneic transplants, and only 6% occurred after
moderately aggressive chemotherapy. Neutropenia was
present in 77% of episodes. Prolonged deep neutropenia
correlated with deep mycosis vs. fungemia (p = .020). Of
the non-neutropenic patients, 75% presented lymphopenia.
Children with probable fungal infection have a 25.7 times
greater risk of dying than those who do not present
fungemia. The risk of death is 3.8 times greater in those
patients who were receiving antifungal therapy at the time
of diagnosis compared with those who do not receive it.

Conclusions: Among children with cancer, aggressive
therapy, duration and severity of neutropenia and lym-
phocytopenia in non-neutropenic patients are associated
with fungal infection.

Mortality in children is lower and, curiously, it is sig-
nificantly lower in those patients who have not received
antifungal therapy. 

Steinbach WJ. Pediatric Aspergillosis: disease and
treatment differences in children. Pediatr Inf Dis
J. 2005;24:358-64.

There is little information on invasive aspergillosis in
pediatric patients. Some aspects are similar to those of
adults, but there are important differences in epidemiolo-
gy, pathophysiology, and treatment. 

Epidemiology of invasive aspergillosis: The incidence of
invasive aspergillosis in children is not well known and is
not examined in epidemiological studies of this disease.

In patients undergoing stem cell transplant, the most rel-
evant study is that by Benjamín et al (Pediatr Infect Dis J.
2002;21:227-34), in which the incidence of proven as-
pergillosis is 4.79%. A multivariate analysis shows that
the disease is associated with graft-versus-host disease.

Distribution of isolated species is different in adults and
children in some studies. In adults, Aspergillus fumigatus
(70%) and A. flavus (5-10%) are more common. In studies
from the Hospital for Sick Children in Toronto (Pediatr In-
fect Dis J. 1993;12:673-82) and St. Jude’s Children’s Hos-
pital (Clin Infect Dis. 1999;29:1210-9), the most commonly
isolated species was A. flavus. Nevertheless, more recent-
ly (Pediatr Infect Dis J. 2002;21:240-8), A. fumigatus
seems to be more frequent. In children, it seems that A.
flavus is related to cutaneous aspergillosis and A. fumiga-
tus with lung disease. 

Diagnosis: Radiographic studies seem to show that the
radiological spectrum is clearly related to age. The galac-
tomannan test in children is not reliable and produces
false negatives and positives. 

Treatment: No studies analyze children in particular.
There is also the problem of pharmacokinetics and phar-
macodynamics, which are different in children. The metab-
olism of voriconazole is different in children and in adults,
and elimination is linear after a dose of 3-4 mg/kg/12 hours. 

Exposure to voriconazole based on AUC with a dose of
4 mg/kg/12 hours in children is similar to a dose of 3 mg/
kg/12 hours in adults, which suggests that children are
more able to eliminate the drug.

As for caspofungin, some studies suggest that 70
mg/m2/day as the initial dose followed by 50 mg/m2/day
seems to be more appropriate than 1 mg/kg/day. 

In any case, these data suggest that the correct dose in
pediatrics is not known, but that higher doses than those
used in adults may be necessary. 

Autopsy studies
Chamilos G, Luna M, Lewis RE, Bodey GP, Chemaly
R, Tarrand JJ, et al. Invasive fungal infections in pa-
tients with hematologic malignancies in a tertiary
care cancer center: an autopsy study over a 15-year
period (1989-2003). Haematologica. 2006;91:986-9.

Invasive fungal infections (IFI) are now the main cause
of infectious death in allogeneic stem cell transplantation
(SCT), and an important cause of morbidity and mortali-
ty in patients with hematological malignancies treated
with chemotherapy, mainly acute leukemia and myelodys-
plastic syndromes. The high mortality (50-90%) associated
with these infections has remained essentially unchanged
for the last 30 years, particularly for mold infections5,57,58.

There have been three main changes in the epidemiolo-
gy of IFI during the last 20 years in oncology-hematology
patients. First, an increase in the overall incidence (2-4
times) and a change in the most frequent fungal
pathogen59-61. Nowadays the main IFI in oncology-hema-
tology patients and the cause of most deaths caused by
fungal infections are not Candida but Aspergillus species.
There has been a 50% decrease in the incidence and mor-
tality of invasive candidiasis62 and a 4- to 8-fold increase
in invasive aspergillosis61,63,64. Second, there has been a



shift toward a non-albicans Candida species and an in-
crease in non-fumigatus Aspergillus species, especially A.
terreus. These facts have therapeutic consequences. Some
non-albicans Candida species are less susceptible (C.
glabrata) or resistant to fluconazole (C. krusei). A. terreus
is less susceptible to amphotericin B in vitro and in vivo
than A. fumigatus and has the potential to cause fulmi-
nant invasive infections in immunocompromised patients.
And third, there has been an increase in the incidence of
infections caused by difficult-to-treat opportunistic molds
such as Zygomycetes, Fusarium, and Scedosporium
species and yeasts such as Trichosporon species.

It is difficult to perform an early and timely diagnosis of
IFIs. Two good examples illustrate the limitations of cul-
ture-based methods for IFI diagnosis. About 30% to 60% of
patients with tissue-proven invasive candidiasis at autopsy
had Candida isolated from blood during life65. This figure
decreases dramatically to 20% if the patient received pro-
phylaxis with fluconazole64. If this happened with invasive
candidiasis, one of the IFI with the highest rates of
fungemia, it is easy to imagine that the situation for IFIs
due to molds should be worse, as in fact it is. Not surpris-
ingly, but quite disappointingly, the proportion of patients
without a clinical diagnosis of invasive aspergillosis who had
evidence of disease at autopsy (68%) has remained un-
changed for 40 years (1953 to 1992)59,66. Due to these diffi-
culties in the diagnosis of IFI, autopsy studies are an im-
portant tool to evaluate the epidemiology of these infections. 

The study by Chamilos et al67 is the largest single-insti-
tution study of autopsy-proven IFI in oncology-hematology
patients and the largest autopsy study published in the
last 7 years: it is of enormous value in helping us under-
stand the epidemiology of IFIs. Chamilos et al68 summa-
rize the M.D. Anderson Cancer-Center autopsy experience
in oncology-hematology patients over 3 periods (1989-93,
1994-98, and 1999-2003). A total of 10,017 autopsies were
performed over a 15-year period. The autopsy rate de-
clined significantly over time, from 67% in the first period
to 26% in the last one (P < .0001). This is in line with the
experience of other centers showing an alarming world-
wide tendency toward a lower autopsy rate.

Proven IFI were identified in 314 patients (31%). The
prevalence of IFI remained constant throughout the study
period. This is an interesting finding, since most studies
show an increase in prevalence over time. The reasons for
this stabilization are not clear. It is possible that the nega-
tive impact of higher risk patients was counterbalanced
by better preventive and therapeutic strategies. As expect-
ed, most IFIs were diagnosed in leukemic patients (77%),
allogeneic HSCT recipients, and in patients with active
malignancies (78%). In line with the experience of other
large HSCT centres69, IFI tend to present late after allo-
geneic transplants (> 100 days) and are frequently associat-
ed with graft-versus-host disease. Severe (< 100/mm3) and
prolonged neutropenia is an important and well-known
risk factor for the development of IFIs. Nonetheless, as
seen in other series, the number of non-neutropenic cases
is increasing. In this study, the proportion of patients with
IFI who had severe neutropenia decreased after the first
period (1989-93, 90%; 1994-98, 81%; 1999-2000, 70%;
P = .007), and the percentage of patients with IFI who re-
ceived a significant dose of corticosteroids increased (1989-
93, 5%; 1994-98, 46%; 1999-2000, 32%; P < .0001).

Only 25% of the IFI were diagnosed antemortem as
proven or probable IFI according to the EORTC/MSG cri-
teria33. This reflects the difficulties in IFI diagnosis even
in large oncologic centers in recent years, and confirms
previous experience69, which shows that most patients
with proven IFI at autopsy had no proven or even proba-
ble IFI diagnosis during life.

As for the etiology of IFI, an interesting trend was found
in the study by Chamilos et al67. In spite of the stable
prevalence of overall IFI, there was an increase in the
prevalence of invasive mold infections (19 vs. 25%; P = .05)
and a decrease in the prevalence of invasive candidiasis
(13 vs. 8%; P = .07). This confirms the shift from Candida
to Aspergillus as the most frequent fungal pathogens seen
since 1990 in other epidemiologic studies60,61. The increase
in mold infections occurred despite the fact that the preva-
lence of aspergillosis, which was the predominant IFI in
each study period, remained stable. Zygomycosis was the
only mold infection that increased significantly after the
first period (1989-93, 1%; 1994-98, 4%; 1999-2000, 3%;
P = .03), in line with the experience of other oncology cen-
ters. Cases due to Fusarium and Scedosporium remained
stable and low. In relation to the species isolated, this
study confirms the pattern observed in other studies. Non-
albicans Candida accounted for 66% of all Candida iso-
lates, a proportion that increased after the first period
(1989-93, 50%; 1994-98, 70%; 1999-2000, 80%; P < 0.01).
Infections due to non-albicans Candida increased by a fac-
tor of more than 2 from the beginning of the period to the
end (1989-93, 3.2 vs. 1999-2000, 7.8%; P < .01). The same
occurred for the non-fumigatus species of Aspergillus: they
represent 68% of all the infections, a proportion that expe-
rienced a marked increase after the first period (5%, 46%,
32%; P < 0.001). As already mentioned, this shift in As-
pergillus species has a clinical and therapeutic impact70.

Finally, only 40% of invasive mold infections had a pos-
itive culture, a proportion that remained stable during all
3 periods, a figure similar to that observed in previous
studies71. It is known that culture has a low sensitivity
for diagnosing mold infections: only 30% to 50% of tissues
with histopathologic evidence of invasive mold infection
have a positive culture. This has practical diagnostic con-
sequences since the histologic appearance of different fun-
gi is the same (Aspergillus = Fusarium = Scedosporium).

Aspergillosis: Clinical-radiological
correlation
Brodoefel H, Vogel M, Hebart H, Einsele H, Von-
thein R, Claussen C, et al. Long-term CT follow-up
in 40 non-HIV immunocompromised patients with
invasive pulmonary aspergillosis: kinetics of CT
morphology and correlation with clinical findings
and outcome. AJR. 2006;187:404-13.

This study analyzes 310 high-resolution computed to-
mography (HRCT) images from 40 patients diagnosed
with proven or probable invasive pulmonary aspergillosis
(IPA); 23 of the patients had undergone a stem cell trans-
plant. The study aimed to describe the long-term outcome
of the radiological lesions and establish the initial impact
of the lesions in HRCT, risk factors related to radiological
outcome, and clinical progress of the patient. 
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The images were analyzed by radiologists who were not
aware of the clinical symptoms and progress of the pa-
tient. The first HRCT was carried out when IPA was first
suspected (baseline) or on diagnosis and weekly thereafter
during the pregraft period according to the patient’s sta-
tus, with a mean of 7.7 HRCTs per patient and an average
follow-up of 112 days. 

At the time of diagnosis, 45% (18/40) presented nodules
> 3 cm2 and a mean of 3 lesions. The halo sign was ob-
served in 87.5% (35/40) of HRCT and lasted around 5
days. The crescent sign appeared in 45% of IPA at around
day 13 and 55% (20/40) of the lesions were cavitated a
mean of 21 days after diagnosis.

The kinetics of radiological lesions during the clinical
outcome of IPA is very interesting: 90% (26/40) of the le-
sions increase in size (to a mean of 12.5 cm2) until day 9
(median and mean with range: 1-36 days). There is a par-
allel increase in the number of lesions with a peak of 5.2.
From day 9 onward, stabilization was observed in the size
of the nodules or condensations lasting 3.5 days, until 12
days after diagnosis, with a discreet fall in the number of
lesions (17% reduction). From this point on, the lesions de-
creased in size and 62.5% (25/40) of the IPA showed a 50%
reduction in size and number on about day 31. In approx-
imately 42.5% of IPA there was a remission of lesions on
day 80, and it was observed that in those cases with cavi-
tation, remission time is 2.5 times longer (90 vs. 38.9
days). Nine patients underwent thoracic surgery for dif-
ferent reasons, and afterwards the same rate of relapse of
IPA was observed in patients who had undergone surgery
and in those who had not. This is 1 of the few studies to re-
port this rate and this may have been observed because
the follow-up was longer.

It is very interesting that 7 cases of IPA were fulminant
and that the kinetics described was not observed in any of
them. There was no increase in the size or number of the
lesions and the patients died 20 days later with no cres-
cent sign or cavitation.

Survival in the series was 60% (24/40): those patients
with cavitated lesions had a greater survival (OR = 8.4;
CI, 1.07-176) that could be explained by the fact that the
cavitation was the result of an increase in the number of
leukocytes releasing proteases that affect the reabsorption
of necrotic tissue.

Comments
This study is interesting, since it shows the usefulness

of HRCT in the diagnosis and follow-up of IPA, establish-
es kinetics for the lesions, and, even though the number
is not very high, shows that patients with no increase in
the number and size of lesions may present another infec-
tion during the early stage. In this study, surgery does not
seem to have prevented relapses of IPA. 

Greene RE, Schlamm HT, Oestmann JW, Stark P, Du-
rand C, Lortholary O, et al. Imaging findings in acute
invasive pulmonary aspergillosis: clinical signifi-
cance of the halo sign. Clin Infect Dis. 2007;44:373-9.

This study retrospectively analyzes the images that ap-
pear on HRCT at onset of IPA in an attempt to establish
the prevalence of radiological findings and evaluate the

clinical usefulness of the halo sign in the early diagnosis
and start of therapy. The cases were obtained from the
Data Review Committee (DRC) of the Global Comparative
Aspergillosis Study (National Library of Medicine clinical
trials registry NCT00003031 and NCT00001646). Diagno-
sis of IPA was according to the criteria of EORTC/MSG,
taking the halo sign in a hematology patient with neu-
tropenia as probable IPA.

A total of 235 patients (203/86% hematological disease)
were analyzed: 94% (222/235) presented at least 1 macro-
nodule (> 1 cm), 79% presented multiple macronodules,
and 60% were bilateral, the halo sign was present in 61%
(143/235), and 8 of these patients did not have an underly-
ing hematological condition. As the HRCT were taken at
baseline, cavitation and the crescent sign were observed in
only 20% and 10% of cases, respectively. 

In order to evaluate the response to treatment and the
involvement of the halo sign, 222 patients with macron-
odules were analyzed (143 with halo and 79 without). At
12 weeks, the global response was 52% in the halo group
compared with 29%, a statistically significant difference.
The same occurs with survival at 12 weeks: 71 vs. 53%.
The best response in this group was from patients treated
with voriconazole, 62% (48/77) of whom presented the sign
and the worst response was from the 16% (6/38) who did
not and received amphotericin B deoxycholate.

Comments
This study once again shows the value of HRCT in the

diagnosis of API. The halo sign, common in the hemato-
logical patient, confers a better prognosis and survival;
however, for the moment, this cannot be extrapolated to
other populations with a high incidence of IPA, with the
result that further radiological studies are necessary in
these patients in order to establish diagnostic-prognostic
patterns.

Antifungal therapy
Maertens J, Theunissen K, Verhoef G, et al. Galac-
tomannan and computed tomography-based pre-
emptive antifungal therapy in neutropenic patients
at high risk for invasive fungal infection: a prospec-
tive feasibility study. Clin Infect Dis. 2005;41:1242-50.

Despite the fact that it is based on limited scientific evi-
dence and in a different epidemiological environment, em-
piric antifungal therapy in patients with prolonged febrile
neutropenia–or recurring fever during the same episode of
neutropenia72 –is considered the gold standard and has
been recommended in the main clinical guidelines for al-
most a quarter of a century73,74.

However, we must remember the following: 1) the posi-
tive predictive value of persistent/recurrent fever in the
neutropenic patient is low (only 10% to 20% of patients
who start empiric therapy suffer from mycosis); 2) recur-
rence involves overtreatment of many patients, which is
especially important in terms of toxicity and cost, and
3) regardless of this empiric antifungal treatment, break-
through IFI continues to affect at least 3 to 5% of these pa-
tients75.

In recent years, the diagnostic arsenal has grown with
the inclusion of techniques such as panfungal PCR, detec-
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tion of beta-D-glucan and galactomannan, and high reso-
lution computed tomography (HRCT). The latter 2 are
more introduced in clinical practice. Although the sensi-
tivity and specificity of these techniques can vary accord-
ing to the clinical context, most authors agree on their
high negative predictive value29,76. Furthermore, the de-
tection of galactomannan–although not exempt from false
positives–presents high specificity in the neutropenic pa-
tient. Even more important, and despite the fact that it is
questioned by some authors, these techniques enable us to
diagnose IFI in the initial stages, which in turn allows us
to start therapy early29. Similar to the treatment of CMV
infection in stem cell recipients, these techniques form the
basis of early antifungal therapy as an alternative to em-
piric therapy.

This study by Maertens et al is both daring and right to
include these “new” techniques as part of the routine man-
agement of 136 episodes of neutropenia in very high-risk
patients in an attempt to study the possibility of replac-
ing antifungal empiric therapy with early treatment. All
the patients received antifungal prophylaxis with flucona-
zole only.

In their algorithm, the patients did not receive antifun-
gals based on the classic criteria of persistent/recurrent
fever. On the contrary, they received liposomal ampho-
tericin B (not voriconazole) if galactomannan was detected
on 2 consecutive occasions (cut-off > 0.5) or there was evi-
dence of pathology in HRCT images and positive microbi-
ology in bronchoalveolar lavage. 

Using this strategy, Maertens et al were able to reduce
the percentage of patients treated with antifungals from
35 to 7.8% (even though, on 10 occasions, treatment was
started based on detection of galactomannan in patients
who did not have persistent fever). No cases of aspergillo-
sis were diagnosed, even taking into account autopsy stud-
ies of patients who died. Survival was 63% in cases of IFI.
Only 1 patient was affected by zygomycosis that was di-
agnosed antemortem, although the patient did not meet
the criteria for starting empiric antifungal therapy.

What criticisms can be leveled at these encouraging re-
sults of early treatment instead of traditional empiric
therapy? 

In the first place, it is inherently difficult to transfer this
methodology to daily clinical practice in general hospitals
(daily galactomannan detections analyzed 3 times per
week, HRCT ± CT of airways in 24 hours, and early bron-
choalveolar lavage if CT is positive). Although the authors
do admit that it takes galactomannan 2 to 3 days to show
positive levels, which would enable the test to be carried
out only twice per week, it is nevertheless difficult to car-
ry the test out with this frequency.

Second, the conclusions of Maertens et al should be tak-
en in the context in which they were drawn–prolonged
neutropenia in high-risk patients–and cannot be extrapo-
lated to other groups (for example, non-neutropenic trans-
plant recipients with graft-versus-host disease) in which
the sensitivity and specificity of these early diagnostic
tests are different. 

Third, we must not forget the need to carry out cultures
and other diagnostic tests when there is clinical suspicion
of infection, as demonstrated by the fact that the authors
detected 2 cases of breakthrough candidemia (despite pro-
phylaxis with fluconazole) and 1 case of zygomycosis.

Fourth, we must ask whether this methodology allows
us to advance in diagnosis with respect to empirical therapy.
Although the study by Maertens et al was not designed to
deal with this question (CT was carried out when galac-
tomannan reached positive levels), other studies77,78 were
unable to show any advance in the diagnosis of aspergillosis.

Even more, antifungal prophylaxis (itraconazole or
posaconazole, for example) may be chosen by many groups
for these high-risk patients. There is some doubt as to
whether using this prophylaxis against filamentous fungi,
in addition to the frequency of sampling, can reduce the
usefulness of galactomannan37. Another technique, β-D-
glucan, is not influenced by antifungal prophylaxis.

The literature mentions 2 further studies that have
used early treatment, although it was based on PCR. In 1
of them79, a reduction in the use of empiric antifungal
drugs had no effect on patient safety. In the other, the use
of antifungals was more extended in the early treatment
group, although there was less mortality secondary to IFI
in these patients than in those treated empirically80.

However, and bearing all these questions in mind, the
study by Maertens et al puts forward the possibility of de-
veloping a series of studies that allow us to determine the
role of this strategy in comparison with classic antifungal
empiric therapy, a clinical situation in which greater ra-
tionality and less empiricism are probably necessary75.

Patterson TF, Boucher HW, Herbrecht R, Denning
DW, Lortholary O, Ribaud P, et al. Strategy of follow-
ing voriconazole versus amphotericin b therapy with
other licensed antifungal therapy for primary treat-
ment of invasive aspergillosis: impact of other thera-
pies on outcome. Clin Infect Dis. 2005;41:1448-52.

In their classic study, Herbretch et al demonstrated the
superiority of voriconazole over amphotericin B deoxy-
cholate for first-line treatment of invasive aspergillosis in
terms both of antifungal efficacy and of survival81. In the
present study, Patterson et al focus on patients who re-
ceived another salvage antifungal drug due to intolerance
or resistance to the initially assigned treatment arm: 80%
of those initially randomized to amphotericin B deoxy-
cholate and 36% of those randomized to voriconazole.
More patients in the amphotericin B deoxycholate group
received antifungal treatment than in the voriconazole
group due to intolerance (70 vs. 24%).

If we exclude patients who received long-term antifun-
gal therapy to avoid prevent reactivation of aspergillosis,
antifungal salvage therapy consisted of lipid amphotericin
(44.5%), amphotericin B deoxycholate (22.6%, at low doses
if amphotericin was also the initial antifungal drug, since
many patients could not tolerate 1 to 1.5 mg/kg/day), itra-
conazole (24.2%), and combined treatment with ampho-
tericin and itraconazole (8%). Only 1 patient was treated
with caspofungin. 

Salvage therapy was more efficacious in patients treat-
ed initially with voriconazole compared with those who re-
ceived amphotericin B deoxycholate (48 vs. 38%) (table 1). 

Limitations: The study has the advantage that the first-
line treatment was homogeneous. However, due to the pe-
riod when the study was carried out, salvage therapy did
not include caspofungin, micafungin, or posaconazole,
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whose efficacy rates are at least similar to those of drugs
used in the study by Patterson82-84.

Another limitation is that the study did not include pa-
tients taking combined therapy based on caspofungin,
which has shown encouraging results both in first-line
therapy85 and in salvage therapy86-88 against invasive as-
pergillosis.

Conclusions: First, the study by Patterson shows that
salvage therapy with lipid amphotericin in patients with
invasive aspergillosis already treated with amphotericin B
deoxycholate is clearly insufficient: 32% response in intol-
erant patients and only 12% in patients with resistance
to therapy.

We wonder whether the results would have been the
same if a lipid amphotericin formulation had been used
as first-line therapy. Obviously, the only way to answer
this question is by means of a randomized study, although
2 conclusions drawn by Herbrecht and Patterson make it
unlikely that the results with lipid amphotericin would
be better than those obtained with voriconazole: 

1. Initial treatment was changed to salvage antifungals
due to progression of aspergillosis in 38.9% of those who
received amphotericin and in “only” 27.8% of those treated
with voriconazole. Given that lipid amphotericin improves
tolerance but not antifungal therapy89, it seems unlikely
that initial therapy with lipid amphotericin would have
increased efficacy by more than 10%. 

2. When patients treated with amphotericin only (first
line + salvage), the response rates were very different from
those obtained with first-line voriconazole (30 vs. 55%). 

3. Although data from the Ambiload study (liposomal
amphotericin B for first-line therapy of aspergillosis)90

showed response rates around 50%, these good results
were not confirmed in another recent study in which lipo-
somal amphotericin B had a response rate of only 27%85.

Second, and despite the feared hypothetical antagonism
of sequential therapy with amphotericin in patients previ-
ously treated with voriconazole, the Patterson study
shows that treatment with polyenes can rescue 41% of pa-
tients treated previously with voriconazole. This efficacy
rate is even higher that that obtained in patients treated
only with first and or second line polyenes (28%), thus
supporting the use of first-line voriconazole.

Finally, we emphasize the importance of early treat-
ment with maximum efficacy in invasive aspergillosis. In
this sense, we must point out the following: 1) first-line
antifungal therapy with voriconazole was more efficacious
than the sum of the efficacy rates of first- and second-line

treatments in patients who had initially received ampho-
tericin B deoxycholate, and 2) despite the fact that more
patients in the amphotericin B deoxycholate group re-
ceived another antifungal due to intolerance (in theory
making this group one of lower risk), the salvage therapy
was more efficacious in the group treated initially with
voriconazole. 

In summary, the studies by Herbrecht and Patterson
support voriconazole as the initial therapy against inva-
sive aspergillosis due to its greater first-line efficacy and
the fact that it does not compromise the efficacy of sal-
vage therapy. If combination therapy–for which there are
high hopes–offers better results, it can only be studied in
randomized trials91.

Infections by Pneumocystis jiroveci
De Castro J, Neuville S, Sarfati C, Ribaud P, Der-
ouin F, Gluckman E, et al. Occurrence of Pneumo-
cystis jiroveci pneumonia after allogeneic stem cell
transplantation: a 6-year retrospective study. BMT.
2005;36:879-83.

Before the systematic use of prophylaxis, Pneumocystis
jiroveci pneumonia (PCP) was a frequent (5-16%) and very
serious complication (mortality rate of up to 76%) of allo-
geneic HSCT, particularly during the first 3 months after
transplant. Since the effective use of prophylaxis, PCP is
considered a rare event in HSCT patients. In this paper,
the authors retrospectively study the occurrence of PCP
among all the patients who underwent allogeneic HSCT
between January 1997 and December 2002 at the Saint-
Louis Hospital in Paris (France). PCP prophylaxis was
started 2 weeks pre-HSCT and maintained for at least 6
months after HSCT. Sulfadoxine-pyrimethamine once a
week and trimethoprim-sulfamethoxazole (TMP-SMX) 3
times a week were the regimens used.

PCP was diagnosed in 13 out of the 519 allogeneic
HSCT patients (2.5%); 11 cases had received convention-
al conditioning regimens and 2 cases reduced-intensity
conditioning regimens. Two to three cases of PCP were
diagnosed each year, with no temporal clustering.

Three of the 13 patients presented with “early-onset
PCP,” since the infection occurred within the first
6 months after-HSCT (2.5, 4, and 5 months, respectively).
All of these patients were receiving prophylaxis at the
time of PCP diagnosis. All 3 had a low parasitic burden in
BAL (no trophozoites and only rare cysts were detected)

TABLE 1. Salvage antifungal therapy: response rate (complete + partial)

First-line therapy: Voriconazole First-line therapy: Amphotericin B

Global: 48% 38%
In refractory patients 26% 19%
In intolerant patients 50% 38%

With lipid amphotericins 36% 30%
With amphotericin B deoxycholate 45% 64%*
With itraconazole 65% 50%
First-line therapy + salvage therapy 53% 32%

*These patients were treated with lower doses of amphotericin B deoxycholate.



and had concomitant invasive aspergillosis (IA). Two of
these patients died, but their deaths were apparently not
related to P. jiroveci.

The remaining 10 cases of PCP were diagnosed after the
first 6 months post-HSCT (median: 14.5; range: 7.5-44)
(“late-onset PCP”). At the time of diagnosis, none of these
patients were receiving PCP prophylaxis–it had been dis-
continued 3 to 8.5 months before (median: 4.8). This deci-
sion was based on suspected bone marrow toxicity or in-
tolerance in most cases. Seven patients (70%) were
receiving immunosuppressive therapy for chronic GVHD
and 3 patients (30%) had a relapse of their hematological
malignancy. Nine cases (90%) had lymphopenia (median
counts: 970/μL; range: 160-1400/μL), and the median
count of CD4+ T cells was 131/μL (range: 1-368), with just
1 patient having more than 200/μL. Unlike cases with ear-
ly-onset PCP, the clinical and radiological features of the
late-onset group were typical of PCP, and most of them
had a high parasitic burden in BAL. Four patients had
concomitant infections: 2 IA, one lower respiratory tract
RSV infection and one infection by varicella-zoster virus.
One patient died from PCP pneumonia despite appropri-
ate treatment, 2 developed chronic respiratory failure, and
7 recovered fully from PCP.

Comments
The paper shows that PCP is still occurring after allo-

geneic HSCT, but that it is a very rare event when pa-
tients receive efficient prophylaxis. 

In the 3 cases of early-onset PCP (all of them on pro-
phylaxis), the authors believe that P. jiroveci might even
be colonizing rather than infecting. 

The occurrence of late-onset PCP after a premature dis-
continuation of prophylaxis has been observed in this and
in several previous studies. Based on these data and CDC
recommendations, the authors strongly encourage main-
taining long-term PCP prophylaxis in all patients with
one of these circumstances: CD4+ count under 200/µL, re-
lapse of hematological malignancy, chronic GVHD, or im-
munosuppressive therapy (current or recent). The authors
also note that hematological toxicity of the most common-
ly used PCP prophylaxis regimens is rare in patients who
have undergone HSCT months before.

Reviews
Costa SF, Alexander BD. Non-Aspergillus fungal
pneumonia in transplant recipients. Clinics in
Chest Medicine. 2005;26:675–90.

A huge number of species of fungus have been described
(between 100,000 and 200,000), but until now only 270
have been recognized as human pathogens. Aspergillus
and Candida are still the most important in quantitative
terms, although in recent years there has been an increase
in the population of immunocompromised patients associ-
ated with the emergence of other, non-Aspergillus and
non-Candida fungi as important causes of morbidity and
mortality. The rate of infection by non-Aspergillus species
in solid organ transplant (SOT) recipients has increased
markedly during the last 20 years from approximately 2%
to 27% of fungal infections caused by molds. A similar

trend has been observed in HSCT recipients, with a no-
ticeable increase in the number of infections by Fusarium
and by Zygomycetes. The qualitative importance of these
opportunistic fungi lies in the fact that they are ubiquitous
and that they have reduced sensitivity to currently avail-
able antifungal drugs, thus making treatment extremely
difficult. In addition, there are predisposing factors for
pulmonary infection in transplant recipients that depend
on the transplanted organ. For example, neutropenia and
graft-versus-host disease have been linked to the develop-
ment of fungal infection in HSCT recipients. In lung
transplant recipients, direct communication between the
graft and the environment and continuous exposure to
potential pathogens are key factors, as is the reduced
cough reflex and deficiencies in the function of the cilia
and of lymphatic drainage. 

In this review, 2 researchers from the Duke University
Medical Center provide an exhaustive update of non-As-
pergillus fungal pneumonia, one of the most relevant clin-
ical manifestations in the practical management of trans-
plant recipients. Below, we show some of the most
important points made in the review. 

As already mentioned, Fusarium infections have in-
creased in transplant recipients. Fusariosis affects the
lung in more than 80% of cases and its clinical manifesta-
tions vary according to the type of transplant. In SOT re-
cipients, infection tends to be localized, fungemia is rare,
it usually starts during the late post-transplant period,
and mortality stands at around 33%. On the contrary, in
HSCT recipients, infection is disseminated, there is
fungemia in 20 to 70% of cases, it occurs shortly after the
transplant, and mortality is high (70 to 100%). 

Another emerging infection is that caused by the genus
Scedosporium. One species, Scedosporium prolificans, is
resistant to all available antifungal drugs and its mortali-
ty is around 80% in transplant recipients. Infection by
Scedosporium has an earlier onset in HSCT recipients
(median 1.2 months after transplant), than in SOT recipi-
ents (median 4 months). Similarly, fungemia is more fre-
quent in HSCT. 

Compared with Fusarium or Scedosporium, infection by
Zygomycetes is not usually disseminated outside the respi-
ratory tract and the lungs are involved in 55% of patients
with zygomycosis. Most cases occur after 100 days post-
transplantation and mortality is high (75 to 80%).

Other infections, such as endemic mycosis and crypto-
coccosis, are more common in SOT recipients than in
HSCT recipients. Lastly, breakthrough infections by
Pneumocystis jiroveci in patients taking cotrimoxazole are
very rare, but when they do occur, the clinical presenta-
tion is usually very atypical and diagnosis may require a
lung biopsy.

The clinical condition of the patient may limit the per-
formance of diagnostic procedures. Blood cultures can be
useful for the diagnosis of yeasts and molds that produce
adventitious forms in vivo (Fusarium, Scedosporium, Pae-
cilomyces, Acremonium). A patient may also be simultane-
ously affected by more than 1 mold; therefore, it could be
necessary to use aggressive diagnostic methods when a
patient presents progression of known lesions or develops
new lesions while on treatment. We must remember that
all hyalohyphomycetes, which include the different spe-
cies of Aspergillus, are similar in the histological analy-
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sis, with septate hyaline hyphae and vascular invasion,
making culture of the fungus necessary to establish a de-
finitive diagnosis. 

Treatment is complicated, since many emerging
pathogens have intrinsic or variable resistance to avail-
able antifungals. In addition, some interventions that
could improve clinical response, such as surgery or
drainage, may not be feasible. Success depends on ascer-
taining the causal agent. For example, in a Paecilomyces
infection, it is important to distinguish between P. variotii
(sensitive to amphotericin B) and P. lilacinus (resistant
to amphotericin but sensitive to voriconazole in vitro). The
main available agent for the treatment of infections by
Fusarium and Scedosporium is voriconazole. The combi-
nation of voriconazole and terbinafine has proven syner-
gistic in vitro against Scedosporium. Finally, the only
azole with activity against Zygomycetes is posaconazole. 

Neuburger S, Maschmeyer G. Update on manage-
ment of infections in cancer and stem cell trans-
plant patients. Ann Hematol. 2006;85:345-56.

Epidemiology of infections in patients with cancer: Pa-
tients with hematological conditions who are undergoing
intensive chemotherapy and experience severe alteration
of humoral and cellular immunity have a high risk of suf-
fering from infections. Thus, in patients with acute
leukemia, approximately 90% of chemotherapy cycles are
complicated by fever and infection. Furthermore, 50% of
febrile episodes in neutropenic patients do not have an in-
fections focus or a causal pathogen and between 15 and
20% of episodes progress with bacteremia or lung involve-
ment or another identified clinical or microbiological fo-
cus. During the last 20 years, there has been a marked
change in epidemiology, and gram-positive entities now
have a higher incidence owing to the antibacterial prophy-
laxis used (quinolones) and placement of long-term
catheters. There is also an increase in fungal infections
due to the higher number of transplants and aggressive
treatments in patients with hematological conditions. 

Infections in patients with neutropenia: The risk of ac-
quiring an opportunistic infection is proportional to the
degree of neutropenia. Organizations such as the EORTC,
IDSA, GIMEMA, and DGHO have classified neutropenic
patients into different risk groups depending on the dura-
tion of the neutropenia. Patients with neutropenia last-
ing between 5 and 7 days are considered low-risk, where-
as patients undergoing intensive chemotherapy with
neutropenia lasting more than 10 days are considered
high-risk. Approximately 30% of febrile episodes occur in
low risk patients. Combination therapy with amoxicillin-
clavulanate plus ciprofloxacin would be a good option in
this group of patients. However, in patients with a high
risk of bacteremia, pneumonia, or sepsis, it is important to
identify these conditions by using suitable diagnostic tests
in order to initiate the correct treatment. 

First-line empiric therapy in patients with fever of un-
known origin: In febrile neutropenic patients, the infec-
tious focus is not identified in approximately 50% of
episodes; therefore, empiric treatment must be started
early. Several randomized studies show the efficacy of
monotherapy as efficacious early empiric therapy with ce-

fepime, piperacillin/tazobactam, imipenem/cilastatin, or
meropenem. 

Clinically documented infections

Pulmonary infiltrates
Diagnostic considerations: In neutropenic patients with

pulmonary infiltrates, this could have an infectious or
noninfectious origin and early diagnosis is important in
order to modify empiric antibiotic therapy. To do this, it is
necessary to carry out computed tomography of the chest
or even bronchoalveolar lavage. There are also series that
compare laboratory diagnostic techniques for the diagno-
sis of fungal infection such as PCR or Aspergillus antigen.
At present, only computed tomography and Aspergillus
antigen are considered validated for the diagnosis of fun-
gal infection and PCR is not yet an accepted technique.

Therapeutic considerations: In patients with a high risk
of neutropenia lasting more than 10 days, pulmonary in-
filtrates, initial antibiotic therapy, and persistent fever,
an antifungal that is efficacious against filamentous fun-
gi must be added.

Catheter infections: Catheter infections can occur at the
entry site or tunnel or can take the form of catheter-relat-
ed bacteremia. Most episodes can be cured with an early
diagnosis and glycopeptides. The number of glycopeptide-
resistant microorganisms is on the increase.

Abdominal infections: Patients with altered mucosa or
those who have received high doses of ARA-C are at risk of
suffering from abdominal infections. There are no clear
criteria for establishing a diagnosis, but in cases with ob-
vious symptoms it is important to design regimens that
cover anaerobes.

Microbiologically documented infections: In patients
who respond to initial empiric therapy and in whom a mi-
croorganism is subsequently identified, it is not necessary
to change therapy but adapt it to the antibiogram. Antibi-
otics should be maintained for at least 5 days without
fever, unless infection is by S. aureus, in which case they
should be maintained for at least 14 days.

Documented fungal infections: Patients with candidiasis
can be treated with fluconazole, caspofungin, and ampho-
tericin–there is no drug of choice in any study.

Nevertheless, in patients with aspergillosis, the drug of
choice is voriconazole, although lipid formulation ampho-
tericin can also be used.

Pneumocystis jiroveci pneumonia: Treatment should be
with trimethoprim at 20 mg/kg plus sulfamethoxazole at
100 mg/kg for at least 3 weeks. Treatment with corticos-
teroids is only efficacious in patients with HIV infection
but not in neutropenic patients.

Infection by herpes simplex virus or varicella zoster
virus: This type of infection should be treated with acy-
clovir at 10 mg/kg for 7 days in herpes simplex virus in-
fections or 14 days in the case of varicella zoster infec-
tions.

Infections in patients with altered humoral immunity:
High doses of chemotherapy and allogeneic transplant al-
ter humoral immunity for at least 12 months. In these pa-
tients, determination of immunoglobulins is altered dur-
ing the first year after transplant and treatment with
monoclonal antibodies alters humoral immunity for 6
months. In this group of patients, the risk of viral infec-



tions is much higher, especially in the case of herpes sim-
plex virus, varicella zoster virus, and cytomegalovirus. In
high-risk situations, intravenous immunoglobulins may
be recommended as support therapy.

Infection in patients with T cell dysfunction: Treatment
with fludarabine and cladribine leads to immunosuppres-
sion of T cells. The new monoclonal antibodies such as
alemtuzumab (anti-CD52) leads to deep lymphopenia,
with the risk of other types of infection such as those by
Listeria monocytogenes, mycobacteria, cryptococcus, fungi,
and herpes virus, specifically adenovirus, cytomegalovi-
rus, and herpes simples virus.

In order to prevent cytomegalovirus infection, the IDWP
of the EBMT recommends weekly monitoring of cy-
tomegalovirus antigenemia. If the determination is positive,
treatment should start with oral valganciclovir or intra-
venous ganciclovir. If a positive antigenemia is accompa-
nied by disease, immunoglobulins should be added to an-
tiviral therapy. 

Summary: Infections are the most important cause of
morbidity and mortality in patients undergoing stem cell
transplantation. The use of purine analogs, monoclonal
antibodies such as anti-CD52 and anti-CD20, and an in-
crease in mismatched transplants has led to an increase
in the number of viral and fungal infections. Therefore, it
is important to choose the correct antibiotic, antiviral, or
antifungal therapy.

Silveira F, Paterson DL. Pulmonary fungal infec-
tions. Curr Opin Pulm Med. 2005;11:242-6.

The target organ of fungal infections in immunode-
pressed patients is the lung.

The last year has seen a series of changes in this type of
infection in terms of epidemiology, new techniques for ear-
ly diagnosis, and new therapeutic alternatives.

Changes in the epidemiology of pulmonary aspergillo-
sis: The epidemiology of pulmonary aspergillosis is chang-
ing, not only with regard to the number of patients at risk
of suffering from it (patients with prolonged neutropenia
who are undergoing solid organ transplant and HSCT),
but also in other risk groups, for example, patients on
long-term corticosteroids, patients with other types of im-
munosuppression (HIV-infected patients), pediatric pa-
tients with chronic granulomatous disease, patients on
monoclonal antibodies in non-neoplastic conditions
(rheumatoid arthritis), and other patients with alterations
of the specific neutrophil function, such as those suffering
from cirrhosis.

Epidemiological changes are also affecting the fungi in-
volved in this type of condition, with an increased inci-
dence of A. terreus in infection of the lungs, bone, sinuses,
and skin. This is compounded by the peculiarity that this
type of fungus makes therapy difficult, as it is a filamen-
tous fungus resistant to amphotericin.

Techniques for the early diagnosis of invasive aspergillo-
sis: The clinical manifestations of pulmonary aspergillo-
sis are varied and often nonspecific. Patients generally
present cough, fever, pleural pain, and hemoptysis; how-
ever, when the clinical manifestations begin it is general-
ly too late, with the result that methods to provide early
diagnosis are necessary. At present, we can use the anti-

gen galactomannan, which is a component of the wall of
the Aspergillus cell and can be detected circulating in fun-
gal infection. Nevertheless, the basic problem of this test
is that its sensitivity is often very low and, therefore, it is
of no help in neutropenic patients, patients undergoing
solid organ transplant, and patients receiving antifungal
prophylaxis with agents covering filamentous fungi. It can
also lead to false positives in patients taking piperacillin/
tazobactam.

Another early diagnostic test is available. 1-3 β-D-glu-
can is a component of the cell wall not only of Aspergillus
but also of Candida, Fusarium, Trichosporum, Acremoni-
um, and Saccharomyces. The few studies available show
that this is a much more sensitive and specific test than
the galactomannan test, although it is not yet available
in most centers.

The ideal solution would be to use both tests in combi-
nation.

Management of invasive Aspergillus: Amphotericin has
been the antifungal of choice in invasive aspergillosis for
decades. However, evaluation of voriconazole in clinical
trials has shown that voriconazole now seems to be the an-
tifungal of choice, with the exception of specific infections,
such as mucormycosis, in which amphotericin is the most
efficacious drug.

At present, invasive fungal infections are one of the
most important causes of morbidity and mortality in these
patients and the mortality rate remains high, despite the
appearance of new antifungals.

These results have led to new lines of therapy for inva-
sive fungal infections, especially with combinations of
therapy.

The combination of antifungals is based mainly on the
model of bacterial infections. Combining drugs with dif-
ferent mechanisms of action could generate synergy re-
duce toxicity, and increase the response rate.

The clinical efficacy of antifungal combinations in hu-
mans is based on reports with low numbers of patients.
Most published studies have a low number of cases and
most patients have received combination therapy as a res-
cue regimen. Aliff et al92 obtained a response rate of 57%
in rescue therapy with amphotericin B and caspofungin,
whereas Kontoyianis et al93 found that, in proven and re-
fractory forms, the response was only 18%. However, in
this same series, the response to initial therapy in the
proven forms was 53%. Marr et al94 compare the combina-
tion of voriconazole and caspofungin with voriconazole
alone in patients who were refractory to different formu-
lations of amphotericin and show a greater survival rate
in the group that received combined therapy.

Echinocandins (specifically caspofungin) have a low
number of medication interactions, and can be used rela-
tively safely in patients receiving several drugs. There-
fore, the combination of caspofungin and voriconazole
used to treat invasive pulmonary aspergillosis has shown
synergy both in vitro and in animal models compared with
different species of Aspergillus (fumigatus, niger, flavus,
terreus). 

The combination of caspofungin and voriconazole in
these studies led to a serious reduction in minimum effi-
cacious dose of both antifungals, which contributed to re-
ducing toxicity (related to the dose) and the cost of treat-
ment.

Sanz MA et al. Update on pulmonary infections in patients with hematologic malignancies and hematopoietic stem cell recipients

Enferm Infecc Microbiol Clin. 2008;26(Supl. 3):58-71 69



Sanz MA et al. Update on pulmonary infections in patients with hematologic malignancies and hematopoietic stem cell recipients

70 Enferm Infecc Microbiol Clin. 2008;26(Supl. 3):58-71

We can conclude that prospective observational and ran-
domized studies are necessary to determine the efficacy and
toxicity of the different combinations of drugs in invasive
fungal infections to reduce their still high mortality rate.
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