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Postmortem Analysis of Invasive Aspergillosis in 
Tertiary Care Hospital 
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To estimate the incidence of fatal invasive aspergillosis in a 1500-bed tertiary-care hos- 
pital and to investigate the utility of laboratory diagnostic approaches, necropsy proto- 
cols and microbiological data from 1994 and 1995 were reviewed. Among 694 necrop- 
sies from 1693 patients who died in these two years, 27 (4%) cases of invasive asper- 
gillosis were identified. Twelve cases of invasive aspergillosis were found after 
transplantation of solid organs, three after bone marrow transplantation, four in patients 
with haematological malignancies, and five in patients with solid tumours. In 15 cases 
(56%) invasive aspergillosis was not suspected before death. In patients in whom serum 
sampling was performed seven days antemortem, the Aspergillus latex agglutination 
test had a sensitivity of 53% (9/17). Culture of tracheal secretions or bronchoalveolar 
lavage fluid from patients with pulmonary aspergillosis yielded Aspergillus fumigatus in 
88% (14/16). 

Invasive aspergillosis is an impor tan t  threat  to im- 
m u n o c o m p r o m i s e d  patients, result ing in mortal i -  
ty of  near ly  100%. The rapid growth  of  Aspergil- 
lus spp. at 37~ contr ibutes  to their p redomi-  
nance  in invasive fungal infections. Clinical and 
radiological features are non-character is t ic  and 
heterogeneous.  In  mos t  cases therapy  with highly 
toxic amphoter ic in  B is s tar ted wi thout  a conclu- 
sive demons t ra t ion  of  invasive aspergillosis. Thus, 
invasive aspergillosis is a part icular  challenge for  
the microbiological  laboratory.  

In  addit ion to culture methods,  ant igen detect ion 
assays have been  widely used to detect  Aspergil- 
lus in the past. Knowledge  concerning  the value 
of  culture and other  methods  for  diagnosis is 
limited, however.  Therefore,  we retrospectively re- 
viewed microbiological  data  f rom a two-year  pe- 
r iod to evaluate  the pe r fo rmance  of  bo th  culture 
and the antigen detect ion assay and to de te rmine  
the current  ep idemiology  of  invasive aspergillosis 
in our  institution. To avoid bias caused by cases of  
suspected but not  p roven  invasive aspergillosis, we 
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carr ied out  an exclusive p o s t m o r t e m  analysis 
based on the necropsy  protocols,  regarding  histo- 
logical examinat ion  as the highest  s tandard  in the 
diagnosis of  invasive aspergillosis. 

Patients and Methods 

The university hospital Klinikum GroBhadern (Ludwig-Max- 
imilians University, Munich) is a 20-year-old, 1500-bed insti- 
tution (including 135 intensive care beds) that serves all main 
disciplines. Two-thirds of all beds are devoted to surgical dis- 
ciplines. The department of hemato-oncology has 130 beds; 
approximately 2200 cycles of antineoplastic chemotherapy 
are applied per year. The hospital is a main regional centre for 
transplantation of solid organs and bone marrow. During the 
period 1994-1995, a total of 651 transplantations were per- 
formed (Table 1). Patients with AIDS are underrepresented 
in the hospital because they are cared for in a specialised 
centre of the university. 

All necropsy protocols from 1994 and 1995 were reviewed for 
the diagnosis of invasive aspergillosis. Clinical data were ob- 
tained from necropsy request forms and patients' records. The 
mycological laboratory results of patients with postmortem- 
proven invasive aspergillosis were screened for growth of 
Aspergillus spp. and for positive results of the Aspergillus 
latex agglutination test (LAT) (Aspergillus Pastorex; Sanofi 
Pasteur, France). 

Specimens for mycological examination were routinely inoc- 
ulated onto Sabouraud agar and incubated for two days at 
35~ In addition, if a fungal infection was suspected, a Sabou- 
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Table 1: Transplantations performed during the period 1994-1995. 

Type of transplantation No. Percentage of 
(Organ) total 

transplantations 

Kidney 255 39 
Heart 117 18 
Lung 26 4 
Heart and lung 10 2 
Liver 81 (64 patients) 12 
Pancreas 44 7 
Bone marrow 118 18 

AIIogeneic 98 
Autologous 20 

raud agar slide in a plastic bottle was inoculated and incubat- 
ed for seven days at 35~ Mould colonies were identified ac- 
cording to the usual macroscopic and microscopic criteria. 

The LAT for the detection of Aspergillus antigen in serum 
has been used routinely in our microbiology laboratory since 
1992. The assay is based on a rat monoclonal antibody against 
galactomannan, a major cell wall component of Aspergillus 
spp., and is reported to have a detection limit of 15 ng/ml 
galactomannan. 

Results 

Patient Characteristics and Necropsy Findings. In 
the two-year period 1693 patients died and 694 ne- 
cropsies (41%) were carried out; invasive asper- 
gillosis was diagnosed in 27 cases. Solid organ 
transplantation was the most frequent risk factor 
(Table 2). 

After  solid organ transplantation, all patients but 
one had severe postoperat ive complications 
(Table 3). Four patients with solid tumours were 
in a terminal stage with metastatic spread; in con- 
trast, patient  no. 20, with a nasopharyngeal  carci- 
noma,  was in remission after curative radiochem- 
otherapy when invasive aspergillosis developed. 
Patient no. 27 was admitted for community-ac- 
quired pneumonia  of unknown etiology; extracor- 

poral  lung assistance was begun, but he died of 
multiple organ failure after 19 days. Most probably, 
invasive aspergillosis developed during treat- 
ment  and was not the pr imary disease. 

In 15 cases (56%) no suspicion of invasive asper- 
gillosis before death was documented.  In 25 pa- 
tients the Aspergillus infection was the cause of 
death. In two cases aspergillosis might have con- 
tributed to the fatal outcome but was obviously 
not the main complication. Patient no. 3 died of an 
arrhythmia after heart transplantation, and patient 
no. 10 had irreversible liver failure after three 
transplantations. In this case pulmonary aspergil- 
losis was treated for several weeks, but no dissem- 
ination was found at necropsy. 

Nine patients had bronchopulmonary  aspergil- 
losis without spread; in 16 cases necropsy disclosed 
dissemination. The brain (12 cases), kidney (10 
cases), and myocardium (9 cases) were the most 
common sites of dissemination. In one patient 
only a thoracic section was permitted and dissemi- 
nation could not be established. One patient  had 
isolated cerebral  aspergillosis after heart  trans- 
plantation. Disseminated invasive aspergillosis 
without pr imary involvement of the lungs was 
demonstra ted in four patients. 

Table 2; Number of necropsy-proven cases of fatal aspergillosis by risk category. 

Risk category No. Percentage of 
total 

cases of fatal 
invasive aspergillosis 

Solid organ transplantation 12 44 
Heart 8 
Lung 1 
Liver 3 

Bone marrow transplantation (allogeneic) 3 11 
Haematological malignancies 4 15 
Solid tumours 5 19 
Steroid therapy 1 4 
Intensive care treatment 2 7 
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Tab le  3: Pat ient  character is t ics  and cl inical data.  

Patient Age/ Underlying disease Transplant type or Antifungal 
no. sex therapy (time to death); therapy 

complications 

Necropsy findings, 
dissemination + or- (site) 

Culture (days 
to death 
after positive 
result) 

LAT (days 
to death 
after posi- 
tive result) 

1 63/m dilated cardiomyopathy heart; (6 wks.) yes 

2 47/m dilated cardi0myopathy heart (3 wks.); bleeding yes 
3 23/m dilated cardiomyopathy heart (2 mos.); repeated no 

rejection, acute 
arrhythmia 

4 56/f dilated cardiomyopathy heart (16 days); neuro- yes 
logical complications 

5 67/m dilated cardiomyopathy heart (5 mos.); rejection, no 
CMV infection 

6 54/f dilated cardiomyopathy heart (10 mos.); rejection, yes 
CMV infection, 
Pneumocystis pneumonia, 
cerebral bleeding 

7 54/m dilated cardiomyopathy heart (10 mos.); repeated no 
rejection, non-Hodgkin's 
lymphoma, 
chemotherapy 

8 27/m dilated cardiomyopathy heart (3 wks.); Pneumo- yes 
cystis pneumonia 

9 44/m alveolitis bilateral lung (3 wks.); yes 
ARDS, rejection 
extracorporal lung 
assistance 

10 41/m hepatitis C liver 3 x (5 mos., 4 and yes 
2 wks.) transplant failure 

11 50/f hepatitis C liver 2 x (3 and 2 wks.); yes 
transplant failure 

12 62/m hepatitis A liver (3 days); bleeding yes 
13 25/f aplastic anemia allogeneic bone marrow yes 

(1 mo.) 
14 18/m acute lymphatic leukaemia allogeneic bone marrow yes 

(8 wks.) 
15 36/f chronic lymphatic allogeneic bone marrow yes 

leukaemia (11 mos.) 
16 72/m non-Hodgkin's lymphoma chemotherapy; gastric no 

perforation 
17 53/m acute myeloid leukaemia chemotherapy yes 
18 51/m non-Hodgkin'slymphoma radiochemotherapy; no 

leukemic spread 
19 47/m acute lymphatic leukaemia chemotherapy no 
20 50/m nasopharyngeal carcinoma radiochemotherapy no 

(1 too.) 
21 64/m prostate cancer radiation of the spine yes 

(1 too.) 
22 67/m colon cancer peritonitis no 
23 72/f breast cancer resection (5 mos.); no 

chemotherapy 
24 40/m bladder cancer resection (9 mos.) no 
25 75/m systemic rheumatoid steroid therapy yes 

disease 
26 74/m obstructive lung disease mechanical ventilation no 
27 34/m pneumonia of unknown extracorporal lung 

etiology assistance no 

plA, + (myocardium, kidney, brain, + (8) 
meninges, stomach, liver, thyroid) 
plA, + (brain) + (12) 
plA, - 

plA, + (myocardium, kidney, brain, + (brains biopsy, 
pleura, adrenal gland, thyroid) 6; tracheal 

aspirate, 3) 
p lA,-  + (3) 

cerebral aspergillosis,- + (9) 

plA, + (myocardium, kidney, brain, nd 
pleura, colon) 

plA, + (myocardium, kidney, brain, - 
meninges, colon) 
plA, + (myocardium, kidney, brain) + (23) 

+(9) 

nd 

+ (2) 

+ (8) 

plA,-  + (48) - 

Aspergillus peritonitis, + + (peritoneal +(7) 
(lung, liver, gut) fluid, 3) 
p lA,-  + (2) - 
IA, + (myocardium, kidney, brain, - +(10) 
heart valves, arteria iliaca) 
plA, + (kidney, brain, pleura, + (2) +(2) 
gut, bladder) 
plA, + (brain) + (10) +(1) 

plA, + (meninges) + (7) +(4) 

p lA,-  + (6) - 
IA, + (myocardium, kidney, brain, - 
spleen, arteria hepatica) 
plA, + (pleura, liver, gut) nd nd 
plA, - - nd 

plA, + nd nd 

plA, - nd nd 
plA, + (myocardium, kidney, brain, nd nd 
meninges, gut, bladder) 
plA, - + (2) nd 
IA, + (myocardium, kidney, brain, + (blood nd 
lung, thyroid) culture, 6) 
p lA,-  + (19) 

plA, (thoracic section) + (1) 

ARDS,  adul t  respi ratory d ist ress syndrome;  IA, invasive aspergi l los is ;  LAT, latex agglut inat ion test; nd, not done;  plA, pul- 
monary  invasive aspergi l los is  (pr imary site of infect ion). 

Fungal Cultures. In 16 cases of invasive aspergil- 
losis with bronchopulmonary  involvement,  speci- 
mens f rom the respiratory tract [sputum, tracheal 
aspirates, or bronchoalveolar  lavage fluid (BAL)] 

were sent for culture within seven days antemor-  
tem. In 14 (88%) cases Aspergillus fumigatus 
could be demonstra ted  at least once. The earliest 
result was obtained 48 days an temor tem and the 
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latest one day antemortem. In four cases (patients 
no. 4,17, 25, 28) Aspergillus was found only in the 
last week before death, despite regular examina- 
tion. Of the patients with a positive culture, a to- 
tal of 75 additional specimens were cultured; in 54 
specimens (72%) Aspergillus fumigatus was 
grown repeatedly. In one patient Aspergillus 
could be cultured only from BAL fluid, whereas 
five tracheal aspirates remained negative during 
the three days antemortem. In another case there 
was no fungal growth in BAL fluid, but tracheal 
aspirates yielded Aspergillus several times. In 
general, respiratory specimens yielded few or 
very few (< 10) colonies of Aspergillus, even in the 
most severe pulmonary infections. 

In patient no. 25, who was on steroid therapy for 
systemic rheumatoid disease for one year, Asper- 
gillus fumigatus was cultured from three separate 
blood culture samples six days before death. The 
patient had generalised atherosclerosis involving 
the carotid, infrarenal, and coronary arteries; in- 
vasive aspergillosis did not originate from a pul- 
monary infection. This was the only blood culture 
positive for AspergiUus observed in the period un- 
der investigation. 

One case of invasive aspergillosis was caused by 
Aspergillus flavus (patient no. 11, with peritonitis 
after liver retransplantation), whereas all other in- 
fections were due to Aspergillus fumigatus. 

Latex Agglutination Test. Sera from 17 patients 
with proven invasive aspergillosis were tested by 
the LAT one week antemortem, so that assess- 
ment seemed reasonable. The LAT was negative 
in eight cases and positive in nine. In three patients 
with positive results, the LAT became reactive on 
the same day or later than positive cultures were 
obtained (patients no. 9, 14, 15). In three cases ei- 
ther sera were sent after the diagnosis of invasive 
aspergillosis was established by culture or no 
specimens were sent for culture. Thus, LAT and 
culture could not be compared (patients no. 1, 8, 
16). In one patient (no. 13) with disseminated as- 
pergillosis without pulmonary involvement, only 
the LAT indicated invasive aspergillosis. In two 
other cases the LAT might have contributed to an 
earlier diagnosis of invasive aspergillosis. In one 
of these (patient no. 4), the LAT became positive 
nine days antemortem, whereas a tracheal aspirate 
yielded AspergiIlus six days later. In the other case 
(patient no. 11), the LAT indicated invasive asper- 
gillosis one week antemortem; Aspergillus flavus 
was cultured from the peritoneal drainage fluid 
four days later. In all cases the LATs following a 
positive result were reactive again. The antigen de- 

tection test was negative in all cases in which in- 
vasive aspergillosis was restricted to the lungs. Pos- 
itive LAT results were restricted to patients with 
disseminated infections. 

Discussion 

Estimations of the incidence of invasive aspergil- 
losis vary with the efficiency of the diagnostic tech- 
niques used and the attentiveness of clinical ob- 
servation. The suspicion of invasive aspergillosis is 
usually based on a combination of clinical, radio- 
logical, and laboratory findings (e.g., fever and 
pulmonary infiltrates not responsive to broad- 
spectrum antibiotics in a leukopenic patient). 
However,  in the majority of cases a definitive 
diagnosis of invasive aspergillosis cannot be 
made during a patient's lifetime; only necropsy 
with histological examination provides the final 
proof or exclusion of invasive aspergillosis. 
Therefore, epidemiologic or diagnostic studies of 
invasive aspergillosis based exclusively on ne- 
cropsy results as the highest attainable standard 
are most reliable. However,  there may be bias 
caused by request criteria and the frequency of ne- 
cropsies in an institution and because only fatal 
cases are documented.  

In this study 27 cases of invasive aspergillosis were 
found over a two-year period. In more than half 
of them, there was no clinical suspicion of fungal 
infection. As the rate of necropsies was less than 
50% in our institution, the true incidence was 
probably higher. Necropsy was refused in several 
cases in which invasive aspergillosis was strongly 
suspected. The 4% relative incidence in all necrop- 
sies may not be generalised to the total number  
of deaths in our hospital. In general, necropsy is 
more likely to be requested in high-risk cases (e.g., 
a young transplant patient) than in patients with 
diseases such as end-stage cancer. For the same 
reason, the proport ion among the patient groups 
may be biased. However, considering that 1693 pa- 
tients died in the period under investigation, the 
incidence of invasive aspergillosis was at least 
1.6%. 

The overall incidence of invasive aspergillosis in 
a medical institution is without doubt determined 
by the proport ion of high-risk patients. Published 
data do not permit  a valid comparison (1, 2). The 
relative incidence of fatal invasive aspergillosis 
after defined interventions can only be roughly 
estimated from our data, due to the limited num- 
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ber of cases in each category and the low rate of 
necropsies. The risk was probably clearly below 
10% after transplantation of heart, liver, or bone 
marrow and thus agrees with the literature (3, 4). 
Heart  transplant recipients, however, seem to be 
at increased risk compared to other transplant pa- 
tients, possibly due to long-standing pulmonary 
congestion. 

As no obligatory diagnostic protocol was used and 
mycological examinations were not requested for 
all patients in the same way, our data concede a 
limited estimate of the value of the diagnostic ap- 
proaches. 

The sensitivity of the LAT reported from other 
studies ranges from 16 to 95% (5-10). Unproven 
cases of suspected invasive aspergillosis were in- 
cluded in most studies, and details are reported for 
only a few patients. In our analysis the LAT had 
a sensitivity of 53%, at least during seven days an- 
temortem. Because of our postmortem study de- 
sign, the specificity cannot be determined. In our 
series the LAT reacted before the culture was pos- 
itive in only three cases. More cases of early- 
positive LAT results and a higher sensitivity may 
have been obtained if tests had been requested 
more frequently. Our data further suggest that in 
cases of a true-positive LAT, a reproducible pos- 
itive test result is typical, and the hypothesis of the 
liberation of galactomannan in a pulsatile manner 
cannot be sustained by this result. The utility of ga- 
lactomannan detection may be enhanced with 
the newly developed, more sensitive enzyme im- 
munoassay (10). 

The data reported on the usefulness of culture 
techniques in invasive aspergillosis are even 
more heterogeneous than those reported for the 
LAT. In both retrospective and prospective stud- 
ies, sensitivities between 0 and 100% have been re- 
ported (11-18). We found a sensitivity of 88% for 
fungal cultures in diagnosing pulmonary aspergil- 
losis in our analysis. The reproducibility was 
good, with 72% of subsequent specimens again 
yielding Aspergillus following a positive result. It 
is remarkable that even in cases of advanced in- 
vasive pulmonary aspergillosis, as were all the 
cases studied, only a few or very few colonies were 
found in the respiratory cultures. We conclude that 
the colony count may not be helpful in the crucial 
differentiation between colonisation and infection. 
In four cases cultures became positive only in the 
last week before death, despite regular examina- 
tion, so culture techniques may indicate invasive 
aspergillosis in a late stage of disease. We assume 
that in spite of the high nominal sensitivity of cul- 

ture found in our series, the further development 
and evaluation of immunological and nucleic 
acid based-nonculture assays in diagnosing inva- 
sive aspergillosis is of utmost importance. 

In only one case was a blood culture positive for 
Aspergillus during the period studied. This finding 
underscores the point that culture of Aspergillus 
from blood is rare but conclusive and that contam- 
ination is unlikely (19). 
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