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consequences of our results are not clear. Our  
data suggest that in the treatment of infections 
caused by gram-negat ive  rods in which carba- 
penem-induced  antagonism is detected by sus- 
ceptibility testing, caution is necessary in the use 
of a ca rbapenem combined  with a penicillin or a 
cephalosporin in a clinical setting. However ,  this 
study demonst ra tes  that, al though low concentra-  
tions of the two ca rbapenems  antagonize the in 
vitro activity of penicillins and cephalosporins,  
they do not select stably resistant mutants.  
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The molecular epidemiology of an outbreak of in- 
vasive pulmonary aspergillosis which occurred on 
a renal transplantation unit was investigated. Re- 
striction fragment length polymorphism and ran- 
dom amplified polymorphic DNA analyses were 
used to characterise the isolates of Aspergillus 
fumigatus from the patients (2 isolates from each 
of 2 patients) and from the environment (11 iso- 
lates). While the isolates from the environment 
could be readily distinguished from each other by 
both methods, each patient appeared to be in- 
fected with a single strain. These findings lend 
support to the suggestion that certain isolates of 
Aspergillusfumigatus are more pathogenic than 
others. 

Aspergillus fumigatus is a ubiquitous saprophytic 
fungus which is propagated by airborne conidio- 
spores. Inhalation of these conidiospores by an 
immunosuppressed patient can lead to invasive 
pulmonary aspergillosis, a disease with a high 
mortality, It  is recognised that  nosocomial  out- 
breaks of invasive pu lmonary  aspergillosis can 
occur in association with building works (1), and 
it has been  assumed that  this is due to the release 
of large numbers  of conidiospores  into the air (2). 
However ,  little is known about  the extent of 
genetic variat ion among envi ronmenta l  and clini- 
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cal isolates of Aspergillus furnigatus at the time of 
an outbreak, and whether certain isolates are 
more likely to be recovered from the patients 
with invasive fungat disease. Several methods 
have been employed to distinguish between iso- 
lates of Aspergillus fumigatus, including DNA- 
based techniques using either restriction frag- 
ment length polymorphisms (3-5) and randomly 
amplified polymorphic DNA markers (6). In this 
report, we describe the molecular analysis of iso- 
lates from two cases of invasive pulmonary asper- 
gillosis which occurred in the vicinity of construc- 
tion works on a renal transplantation unit. 

Case Reports. Two patients developed invasive 
pulmonary aspergillosis within a fortnight of the 
start of building works on the renal transplanta- 
tion unit at Hammersmith Hospital, UK. These 
patients were occupying rooms supplied with un- 
filtered air on the other side of the corridor from 
where a wall was being demolished; no other 
patients on the ward were affected. Patient no. 1 
was a 48-year-old woman who received a 
cadaveric renal allograft five weeks before build- 
ing works began. Her post-operative course was 
Complicated by wound sepsis and a pelvic haema- 
toma which became secondarily infected. One 
week after the start of building works (while she 
was receiving 15 mg prednisolone daily, 50 mg 
azathioprine daily and 125 mg cyclosporine 
daily), she developed a cough and fever which did 
not respond to broad-spectrum antibiotics. Chest 
x-ray showed bilateral patchy pulmonary infil- 
trates, and a single colony of Aspergillus fumiga- 
tus was grown from bronchoalveolar lavage 
(BAL) fluid from each lung (isolates AS1 and 
AS2). She commenced intravenous amphotericin 
B therapy and made an uneventful recovery. 
Patient no. 2 was a 62-year-old man who had 
chronic renal failure secondary to lupus nephritis. 
Six weeks before the building works began, he re- 
ceived a cadaveric renal transplant, but because 
of incipient rejection he was treated with pulsed, 
high-dose methylprednisolone and antilympho- 
cyte globulin; eventually on the day that building 
works began, he required a transplant ne- 
phrectomy. Six days later, he became febrile with 
a productive cough and right sided wedge-shaped 
lesions were seen on chest x-ray. He failed to im- 
prove on broad-spectrum antibiotics and at this 
time, a single colony of Aspergillus fumigatus 
(isolate RH1) was isolated from his sputum. He 
was commenced on intravenous amphotericin B 
but continued to deteriorate and five days later a 
bronchoscopy was performed. A further isolate 
of Aspergillusfumigatus (isolate RH2) was grown 

from BAL fluid. Despite supportive therapy, in- 
cluding assisted ventilation, the patient's condi- 
tion worsened, and he died a week later. Neither 
patient left hospital during the course of their ad- 
mission. 

Environmental isolates of Aspergillus fumigatus 
(El to E l l )  were obtained from the corridor out- 
side the patient's rooms using a slit sampler 
(Casella, UK) on the day after isolate RH2 was 
identified (before infection control procedures 
were instituted). Air was drawn across plates of 
Sabouraud's medium containing chlorampheni- 
col (50 mg/1). Small-scale fungal DNA extraction 
was performed as described previously (7) and 
total genomic DNA (5 ~ag) was digested with re- 
striction endonucleases (EcoRI or HindIII, 20 U, 
Gibco-BRL, UK) for 3 h at 37 °C. The fragments 
were separated on 0.8 % agarose gels, and then 
transferred to nylon membranes (Hybond N, 
Amersham, UK). The probe, pFOLT4R4 (8), was 
labelled using the Random Primers method 
(Gibco-BRL) according to the manufacturer's in- 
structions, and hybridised with membranes under 
non-stringent conditions. Random amplified poly- 
morphic DNA analysis was performed as described 
previously (6); primers R108 (5'-GTATTGCCCT- 
3'), R128 (5'-GCATATTCCG-3'), R141 (5'-ATC- 
CTGTTCG-3') and R151 (5'-GCTGTAGTGT-3') 
were used to generate RAPD markers. 

Results and Discussion. There had been no cases 
of invasive pulmonary aspergillosis in the renal 
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Figure 1: Southern analysis of genomic DNA from the 
clinical (Panel A) and the environmental (Panel B) isolates 
of Aspergillus fumigatus after digestion with EcoRI. Blots 
were probed with pFOLT4R4 under non-stringent condi- 
tions. The sizes of the components of a 1-kb ladder (Gibco- 
BRL) are indicated. 
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Figure 2: Randomly amplified polymorphic DNA analysis 
of two isolates of Aspergillus fumigatus from patient no. 
1 (1, 2; Panel AS) and the two isolates from patient no. 2 
(1, 2; Panel RH). The primers used to generate RAPD 
markers are indicated above the lanes for each pair of 
isolates. Markers were analysed by agarose gel electro- 
phoresis and detected by staining with ethidium bromide 
and UV transillumination. The sizes of the components of 
a 1-kb ladder (Gibco-BRL) are given. 

transplantation unit in the three years preceding 
the building works, and because of these two 
cases impermeable plastic sheeting was erected to 
contain the dust arising from the building works. 
There were no subsequent cases of aspergillosis. 
Although invasive fungal infection was not con- 
firmed in either patient, both had illnesses (anti- 
biotic-resistant fever in an immunosuppressed 
host) and features on radiograph that were in- 
dicative of invasive pulmonary aspergillosis. 
Furthermore, the isolation of Aspergillusfumiga- 
tus from respiratory specimens of immunocom- 
promised patients is associated with biopsy-con- 
firmed, invasive fungal disease in more than 90 % 
of cases (9, 10). 

Restriction fragment length polymorphism 
analysis, based on the hybridisation of 
pFOLT4R4 to genomic DNA digested with a 
single restriction enzyme, gave rise to at least six 
polymorphic bands per isolate (Figure 1). 
pFOLT4R4 contains telomeric sequences from 
Fusarium oxysporum which hybridise to DNA 
from a number of ascomyeetes (8). As telomeric 
regions are highly recombinogenic, it is likely that 
the polymorphisms detected by this probe oc- 
curred within or close to telomeric regions of 
Aspergillus fumigatus chromosomes. These poly- 
morphisms provided sufficient information to 
differentiate all 11 environmental isolates from 
each other, no two isolates giving rise to the same 
RFLP pattern (Figure 1). These isolates were 
analysed further using RAPD markers; in agree- 
ment with the data from RFLP analysis, the en- 
vironmental isolates could be readily distin- 

guished (data not shown), confirming that all 11 
isolates from the environment were genotypically 
distinct. 

In marked contrast, the two isolates from each 
patient were indistinguishable both by RFLP 
analysis using either EcoRI or HindIII digested 
DNA (Figure 1), and by RAPD analysis (Figure 
2). In patient no. 1, the two isolates were obtained 
from different sites within the lung, while the iso- 
lates from patient no. 2 were recovered five days 
apart, initially from sputum and then from BAL 
fluid. However, the isolates from patient no. 1 
were clearly different from those obtained from 
patient no. 2 (Figure 1 and 2), and neither of these 
clinical isolates could be identified among the en- 
vironmental isolates. Both the RFLP and RAPD 
markers analysed in this work were shown to be 
stable during ten cycles of isolate subculture and 
after passage through animals (data not shown). 

The diversity of environmental isolates, among 
which none of the clinical isolates were detected, 
indicates that the building works resulted in the 
release of a large number of different isolates into 
the air. It was therefore unexpected that within an 
individual patient, only one isolate appeared to 
be responsible for disease, findings which are in 
keeping with those reported recently by Giradin 
et al. (11). Explanations for our results include 
the possibilities that invasive fungal infection may 
have arisen from an endogenous source or could 
have occurred merely by chance, although the 
likelihood of this is only 1 in 4,095 assuming the 
random distribution of isolates among patients 
and the environment. Alternatively, certain iso- 
lates of Aspergillus fumigatus might be able to 
produce inhibitory substances, in a manner 
analogous to bacteriocins, resulting in their pre- 
ferential growth in the host. However, a more 
likely explanation is that certain isolates of Asper- 
gillus fumigatus are better adapted for growth in 
lung tissue, and hence will survive and proliferate. 
Experiments are in progress to determine 
whether the clinical isolates obtained in this study 
are more virulent than those found in the en- 
vironment. 
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