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Abstract

Background: Invasive fungal infections due to Aspergillus spp. are common in ‘high-risk’ immunocompromised patients. Recently, invasive aspergillosis (IA) in the
‘low-risk’ or ‘non-traditional” host has been increasingly recognized. Unfortunately, risk factors and diagnostic modalities for this infection are poorly described. This
study’s goal is to further characterize IA in the population classically described as low-risk’ and infrequently studied.

Methods: A retrospective cohort of patients with proven or probable IA (excluding those with neutropenia or hematologic malignancy) was evaluated.

Results: Thirty-six patients with either proven (23) or probable (13) IA met inclusion criteria. Mean age was 54.6 years. The most common risk factors identified in
patients with IA were steroid use (69%), ICU stay (56%), immunosuppressive agents (39%), solid organ transplant (33%), diabetes (28%) and mechanical ventilation
(28%). The most common sites of infection were lungs (67%) and sinuses (19%). A. fumigatus was the most prevalent spp. isolated (63%), followed by A. niger
(16%). Additionally, 17 patients had bacterial coinfections. Voriconazole was the first-line antifungal used in 23 patients, followed by combination antifungal therapy
in eight patients. Clinical success was noted in 72% of patients with a 25% cumulative mortality 90 days after diagnosis.

Conclusions: This study describes IA in a population infrequently studied and considered to be at low risk when compared to the neutropenic population of patients.
Awareness of risk factors in this ‘non-traditional’ host, improved diagnostic techniques, and earlier initiation of appropriate antifungal therapy should improve overall
survival and response to therapy. Larger, multicenter epidemiologic studies in similar populations are warranted to improve the understanding of this underestimated

infection.

Introduction

Over the last two decades, the incidence of invasive fungal
disease has risen, due in part to an increase in immunocompromised
patients, resulting as a consequence of advances in transplantation,
chemotherapy, use of monoclonal antibodies and the increase in
complex invasive surgical procedures [1]. Invasive fungal infections
due to the mould Aspergillus, have been well described and evaluated
in patients who are known to be at high risk, specifically in patients with
underlying hematologic malignancies, neutropenia or in recipients of
solid organ or hematopoietic stem cell transplant (HSCT) [2]. The
comparative distribution of invasive mould infections varies among
the type of organ transplanted [3-5]. Overall, invasive aspergillosis
(TA) and other mold infections predominated among HSCT recipients
[3-5]. Among the solid organ transplant recipients, JA was most
common in lung transplant recipients accounting for 44% of all IFI,
compared to 23%, 14%, 11%, 5% in heart, kidney, liver and pancreas
transplant recipients, respectively [4,5]. The estimated occurrence of
IA is 5% - 13% in HSCT recipients and 10%-20% in patients receiving
intensive chemotherapy for leukemia [3,6]. Invasive aspergillosis is
a severe, progressive infection that is associated with high morbidity
and mortality (30% - 85%) in these ‘high-risk’ or ‘classic’ patients.
However, survival can reach 50% in patients that are diagnosed early
and in those where appropriate and early antifungal therapy is initiated
[3-6].

Recent clinical studies have shown that IA appears to be an

Pulm Crit Care Med, 2016 doi: 10.15761/PCCM.1000114

underestimated opportunistic fungal infection in patients that are not
known to be either critically ill or severely immunosuppressed [7,8]. In
the past decade, infections due to Aspergillus spp. have been increasingly
identified in patients who were not traditionally considered to be at risk
for aspergillosis [7,9-17]. These ‘low-risk’ or ‘non-traditional’ patients
with IA have included patients with underlying chronic obstructive
pulmonary disease (COPD), liver failure, renal failure, diabetes
mellitus, near-drownings and intensive care unit (ICU) patients [6-11].

The true incidence of IA in these low-risk’ or ‘non-traditional’
hosts is frequently underestimated due to a low index of suspicion, a
lack of consistent case definitions, absence of surveillance measures
and a low sensitivity of current diagnostic assays [7-9]. The goal of this
retrospective cohort study is to better describe the characteristics, risk
factors and outcomes of these low-risk’ or ‘non-traditional’ patients
with a diagnosis of TA.
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Methods
Study design

Patients and methodology: A retrospective evaluation of a cohort
of eligible patients was created using the electronic medical records
(EMR) from the Henry Ford Health System (HFHS), Detroit, Michigan,
USA over a 4-year period (2007-2010). Henry Ford Hospital (HFH) is
a tertiary-care teaching hospital with 900 beds. Forty patients with a
diagnosis of IA were initially identified; 36 patients met the inclusion
criteria and were included in the analysis. The study was approved
by the Institutional Review Board of Henry Ford Hospital. Data was
extracted from HFHS EMR records by two of the authors and verified
by a data adjudication committee.

Cases of IA defined as proven or probable according to the revised
European Organisation for Research and Treatment of Cancer/Mycoses
Study Group (EORTC/MSG) criteria were eligible for inclusion [18].

Patients with a history of neutropenia, hematologic malignancy,
bone marrow transplant, aplastic anemia, myelodysplastic syndrome,
and allergic bronchopulmonary aspergillosis and allergic fungal
sinusitis were excluded from the study.

Patient classification: In this study, proven IA was defined as
a clinically compatible illness with one or more of the following:
Aspergillus spp. isolated from a normally sterile site; a biopsy specimen
or aspirate with hyphae consistent with the presence of Aspergillus
spp., and positive culture of Aspergillus spp. from the same organ [18].

The presence of host factors, clinical features and mycological
evidence were required for a probable IA classification [18]. Probable
IA in this study was defined as a clinically compatible illness plus one
or more of the following: a positive culture of Aspergillus spp. from
bronchoalveolar lavage (BAL) fluid, sputum or aspirate; hyphae
consistent with the presence of Aspergillus spp. in a biopsy specimen,
BAL fluid, sputum or aspirate; galactomannan antigen detected in
plasma, serum, BAL fluid or cerebrospinal fluid; p-D-glucan detected
in serum.

Evaluations: The patient characteristics extracted from the HFHS
EMR records included patient demographics, prior medical history,
and prior medications including antimicrobials, antifungals and
any immune suppressive agent. Diagnostic evaluations included
tissue cultures, BAL, histopathology, serologic assays, blood cultures,
microbiology, and radiologic studies. Pharmacy records, hospitalization
services, length of stay, outpatient services and insurance information
were captured. The results of autopsies, when performed, were also
evaluated for this cohort.

In addition, minimum inhibitory concentrations were performed
on all Aspergillus spp. isolates that were available using the Clinical
Laboratory Standard Institute criteria [19].

Clinical outcome: Clinical response was evaluated at the time of
discharge, end of antifungal therapy, 90 days and six months after the
diagnosis of IA. In addition, survival was also evaluated at the time of
discharge, at the end of therapy, at 90 days, 6 months, and 12 months
after the initial diagnosis of IA.

Statistical analyses

Descriptive statistics including mean, median, range, or frequency
and percentage were used to describe the data evaluated in this study.
The risk factor prevalence was calculated as the frequency of the risk
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factor among the study sample. No formal statistical evaluations were
performed.

Results

Demographic and clinical characteristics

During the 4-year period, 40 patients with a diagnosis of IA were
initially identified. However, only 36 of these patients met the study
inclusion criteria and were included in the analysis. This included 23
patients with proven IA and 13 with probable IA. Slightly more than
half of the patients evaluated were male and the mean age was 54.6
years (Table 1). Patients with proven IA had lower Acute Physiology
and Chronic Health Evaluation (APACHE) II scores than probable
IA patients (mean [standard deviation] 9.78 [6.8] and 14.25 [5.1],
respectively).

Prevalence of risk factors and underlying disease

The most common risk factors identified in patients with the
diagnosis of TA in this study were steroid use (69%), ICU stay (56%),
immunosuppressive agent use (39%), solid organ transplant (33%),
diabetes mellitus (28%), and mechanical ventilation (28%) (Figure
1). There were few differences between proven and probable IA
(Table 2). Eleven patients received a solid organ transplant, five had a
kidney transplant, four underwent a liver transplant and two had lung
transplants. Twenty-five patients received corticosteroids including 7
(21%) prescribed multiple formulations. Of these, 20 (80%) received
oral therapy, 6 (24%) used nasal inhalation and 8 (32%) were on oral

Table 1. Demographic and clinical characteristics of patients with proven and
probable invasive aspergillosis.

Characteristic Total Proven Probable
n=36 n=23 n=13
Age, years, mean (SD) 54.6 (13.5) 51.5(13.7) 60.0 (11.7)
Male gender, n (%) 21(58.4) 14 (60.9) 7(53.9)
Race, n (%)
White 18 (50.0) 9(39.1) 9(69.2)
Black 14 (38.9) 12(52.2) 2(15.4)
Other 4(11.1) 2 (8.7) 2(15.4)
Insurance, n (%)
Health maintenance organization 18 (50.0) 13 (56.5) 5(38.5)
Commercial 2 (5.6) 2(8.7) 0
Medicaid 2(36.1) 1(4.4) 1(7.7)
Medicare 13 (2.8) 6(26.1) 7(53.9)
No insurance 1 1(4.4) 0
APACHE II score, mean (SD) 11.4 (6.5) 9.8 (6.8) 142 (5.1)
Comorbidities, mean (SD) 393.2) 3.5(2.8) 45(3.8)

APACHE, Acute Physiology and Chronic Health Evaluation; SD, standard deviation

Table 2. Risk factors and underlying disease in patients with proven and probable invasive
aspergillosis.

Risk factor/underlying disease Total Proven Probable
n=36 n=23 n=13
Steroids 25 20 5
ICU stay 20 13 7
Immunosuppression 19 12 7
Solid organ transplant 11 4 7
Diabetes mellitus 10 6 4
Mechanical ventilation 10 7 3
COPD 8 5 3
Sarcoidosis 8 4 4
Malignancy 8 5 3
Collagen vascular disease 6 4 2
Alcohol abuse 4 4 0
Cirrhosis 3 2 1
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Figure 1. The number of diagnostic testing performed to confirm the diagnosis of proven
or probable invasive aspergillosis.
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Figure 2. Distribution of Aspergillus spp. isolates recovered from clinical specimens.

inhalation. The most frequently used immunosuppressive agents were
tacrolimus (30.6%), mycophenolate mofetil (19.4%), sirolimus (11.1%)
and methotrexate (8.3%).

Diagnostic evaluations

Patients frequently underwent numerous diagnostic modalities to
establish the diagnosis of IA. These included radiological testing, biopsy,
serological assays and microbiological assays (Figure 2). Aspergillosis
was confirmed in the majority of patients who met inclusion criteria
(23/36, 64%). A total of 69% of patients had a CT scan that supported
the diagnosis. The same number of patients also had positive fungal
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cultures (24/36, 69%), whereas, 42% (15/36) of patients had a tissue
biopsy diagnostic for aspergillosis. Galactomannan assays were not
routinely ordered, however 34 galactomannan assays were performed
in 19 patients, but only three were positive.

Multiple sites of infection were observed, with the lungs (67%) being
the most predominant location followed by the sinuses (19%), brain
(8%) and cutaneous sites (3%). In patients with proven infection, 35%
had pulmonary infections, 30% had sinus infections, 17% had intra-
abdominal infections, 9% had a CNS infection, 4% had fungemia, and
4% had endocarditis. In contrast, in patients stratified into probable
IA infections, 77% had a pulmonary infection, and 23% had a sinus
infection, there were no patients with CNS or disseminated infection
in this group. Three patients (8%) had evidence of disseminated IA, as
defined by more than one site of infection. Furthermore, A. fumigatus
was the most commonly isolated species (63%), followed by A. niger in
16% of patients (Figure 3).

Interestingly enough, bacterial co-infections were commonly
observed in patients with IA and were found in 17 patients (50%).
The majority, (12) were seen in patients with proven IA and five in
patients with probable IA. The most frequently isolated bacteria
included Streptococcus spp. and gram-negative bacilli (Pseudomonas
aeruginosa and Haemophilus spp.) recovered from 32% and 24% of
patients, respectively.

In vitro susceptibility testing was performed on 22 Aspergillus spp.
isolates that were recovered from patients. All isolates were found to
be susceptible to all of the antifungals tested, except for one Aspergillus
isolate that developed secondary resistance to voriconazole, but
remained susceptible to posaconazole. This A. flavus isolate was
recovered from a lung transplant recipient who developed pulmonary
aspergillosis and Aspergillus empyema and subsequently required
greater than 6 months of voriconazole therapy. Although the initial
Aspergillus isolates were susceptible to voriconazole and posaconazole,
the final Aspergillus isolate recovered just prior to the patient’s demise
was found to be voriconazole-resistant yet remained susceptible to
posaconazole.

Antifungal therapy

Thirty-four of the 36 patients received antifungal therapy for IA,
with 68% (23/34) of the patients receiving voriconazole monotherapy
as the first-line antifungal agent. In addition, combination antifungal
therapy was used in 8 patients; 6 patients received voriconazole and
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Figure 3. Clinical outcomes in patients with proven or probable invasive aspergillosis.
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anidulafungin, 1 patientreceivedlipid amphotericin Band posaconazole
and 1 patient received lipid amphotericin B and flucytosine. Two
patients were not treated with any form of antifungal therapy and they
both died within the first 30 days. Overall for the entire group, the
mean duration of antifungal therapy was 201 days (Table 3).

Resource utilization

The majority of patients (32/36, 88.9%) had at least one inpatient
hospital stay, with a mean length of stay of 66.6 days. Over half (55.6%)
of the patients were admitted to the ICU at least once during their
hospitalization (Table 3).

Clinical outcome

The overall clinical success rate was noted to be 72% within 90
days after the end of antifungal therapy, with a cumulative all-cause
mortality rate of 25% (Figure 4). It is important to note that one-third
(4/12) of deaths were attributable to the fungal infection. No differences
in clinical success or mortality were noted between the proven IA or
probable IA patient groups.

Discussion

This retrospective cohort study describes IA in a population of
patients considered to be at low risk and in some cases at no risk of
infection due to Aspergillus spp. In this patient cohort, steroid use
was the most common risk factor associated with the development
and subsequent diagnosis of IA. The use of steroids as a risk factor
in ‘non-traditional’ patients has been previously noted by Meersseman
et al. [6]. Other important risk factors identified in this study were
chronic conditions such as diabetes mellitus, COPD, sarcoidosis, those
receiving immune suppressants and those on mechanical ventilation.

As previously described in HSCT recipients, two-thirds of the
patients with a diagnosis of IA had infections that involved the lungs,
followed by the sinuses (19%). Central nervous system infections and
disseminated infections were also seen in 8% of cases. As previously
described in HSCT recipients, most infections were due to A. fumigatus
followed by A. niger. In contrast, most epidemiologic studies of IA with
positive cultures report A. fumigatus as the most frequently isolated
Aspergillus spp. followed by A. flavus [2-6].

The diagnosis of IA remains difficult in any patient population.
However, in this so called ‘low-risk’ or intermediate risk population, due
to the lack of epidemiologic data and poor and non-specific diagnostic
techniques, the diagnosis is frequently missed or not even considered.
Consequently, the diagnosis is often not made while the patient is
alive or is made too late when the infection is advanced. Furthermore,
because the current EORTC/MSG criteria were not evaluated nor

Table 3. Resource utilization for patients with proven and probable invasive aspergillosis.

Utilization category n (%)
Patients having hospital stay, n (%) 32(88.9)
Hospital length of stay, days

Mean (SD) 66.6 (169.4)

Median [IQR] 18 [10.5, 38.5]
ICU stay, n (%) 20 (55.6)
ICU length of stay, days

Mean (SD) 21.4(32.6)

Median [IQR] 11.0[3.5,17.5]
Days of antifungal therapy

Mean (SD) 201 (228.6)

Median [IQR] 110 [55, 258]

ICU, intensive care unit; IQR, inter-quartile range; SD, standard deviation.
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established in this unique patient population, the gold standard of
diagnosis remains the tissue biopsy. Unfortunately, if an invasive
procedure to obtain a tissue biopsy is not performed, the diagnosis is
typically based on a combination of clinical characteristics, underlying
disease state, risk factors, radiologic manifestations, microbiology and
serologic assays [2,13,18,20]. Criteria for the diagnosis of IA in patients
who are considered to be high-risk have recently been updated and new
diagnostic tools such as serum galactomannan have been approved
[18,20]. However, these revised criteria are not necessarily compatible
with establishing the diagnosis of IA in this ‘non-traditional” patients
and still need to be fully evaluated by investigators in ‘low-risk’ hosts
before they are considered standard of care [18,20].

The diagnosis of IA in ‘non-traditional’ patients is further
hampered by various factors including difficulty in interpreting
complex clinical manifestations in complicated patients who may be on
mechanical ventilation and may also simultaneously have underlying
hospital acquired or ventilator-acquired bacterial pneumonia or a
prior history of underlying chronic lung disease (COPD, sarcoidosis),
which frequently interferes with the radiological characteristics and
subsequent diagnosis of IA [8-11]. Furthermore, the conventional
tests and serologic assays (galactomannan and B-D-glucan) that are
generally used to diagnose IA in known high-risk host patients have
not been fully evaluated or validated in the ‘low-risk’ host. Recent data
suggest that these diagnostic assays are not as sensitive or specific as
they are in the ‘classic’ patients with IA such as neutropenics or HSCT
recipients [8-11,18,20]. In the ‘classic’ patient, CT scans and serum
galactomannan assays are generally considered sensitive and specific
in establishing the diagnosis of IA [18,20]. In contrast, in the ‘low-
risk’ host, these tests have sensitivities of less than 50%, and thus are
frequently negative and not helpful in establishing an early diagnosis
of IA [8-10]. In addition, microbiological diagnosis of respiratory
specimen cultures are also hindered by the low sensitivity and lack of
specificity that is dependent upon the patients immunocompromised
status [8-10]. It is likely that those patients who received steroids in
this study have a significant degree of immunosuppression, possibly
as severe as acute leukemia patients or HSCT recipients. Therefore,
the finding of a positive Aspergillus culture from the BAL fluid should
be equally as supportive of a diagnosis of IA. Furthermore, the clinical
response to antifungal therapy observed in this study suggests that
these patients did indeed have an invasive fungal infection.

This study demonstrates that due to the difficulties in establishing an
early and accurate diagnosis of IA, these patients frequently underwent
multiple diagnostic modalities. The majority of patients required at
least two positive diagnostic tests in order to confirm the diagnosis of
IA. Although not as specific or sensitive as in HSCT recipients, the CT
scan results frequently were able to corroborate the diagnosis in 69%
of patients. An important finding was the poor sensitivity of serum
galactomannan determinations in this patient population. In fact, only
three (9%) of the galactomannan assays were positive. This is in contrast
to the 70%-90% sensitivity described in either neutropenic patients or
HSCT recipients [6,7]. This further demonstrates the difficulties in
establishing a diagnosis of TA in these Tow-risk’ patients.

In this study voriconazole, which is the recommended and
standard treatment for most forms of IA was the most commonly used
antifungal in this cohort of patients despite the lack of clinical studies
in this specific patient population [21]. Interestingly, the second most
common form of antifungal therapy used was combination therapy
(anidulafungin and voriconazole), again despite the lack of clinical
studies.

Volume 1(3): 67-71



Vazquez JA (2016) The changing epidemiology of invasive aspergillosis in the non-traditional host: Risk factors and outcomes

The overall mortality rate reported in this cohort was 25% (90
days after diagnosis), which is significantly lower than the reported
mortality rates in patients with underlying hematologic malignancies
or HSCT recipients (50%-85%) [2-11], but underlies the importance
of IA in these unique patients considered to be at low risk. The data
presented here in the ‘non-traditional’ or ‘low-risk’ patients with IA
differs from that observed with ‘classic’ patients who are at high risk
of IA, such as those who are neutropenic or recipients of HSCT. This
difference in mortality probably relates to the severity of underlying
disease, severity of immunosuppression and the multiple co morbidity
factors that are typical for the ‘high-risk’ patients, when compared to
the low-risk’ patients identified in this study [3-5, 8-11].

Conclusion

In conclusion, the objective of this study was to increase the
understanding and awareness of IA in this ‘low-risk’ and poorly studied
population and to better defines the plausible risk factors associated
with IA in these ‘non-traditional’ patients. This new knowledge will lead
to an increased awareness of this poorly studied and poorly described
infectious entity and thus elicit an increased index of suspicion, an
aggressive search for the correct diagnosis, an earlier establishment
of the diagnosis and subsequently the early initiation of appropriate
antifungal therapy. All of these factors together may ultimately
influence the overall morbidity, response to antifungal therapy and
survival. As would be expected in this type of descriptive analysis, there
are several limitations to this study. Specifically, the study is a small,
single-center, retrospective study without controls. Moreover, because
it is a retrospective study, data collection for all patients was not
standardized, nor available. Certainly, larger, prospective, multicenter
epidemiologic studies in similar populations are warranted to further
expand and improve the understanding of this deadly and greatly
underestimated fungal infection.
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