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Growth and detection of filamentous fungi in
the BacT/Alert blood culture system

A Breathnach, J Evans

Abstract
Little is known about the behaviour offila-
mentous fungi in most blood culture sys-
tems, despite their increasingly recognised
role in infections ofimmunocompromised
hosts. The ability ofthe BacT/Alert system
(Organon Teknika, Durham, North Caro-
lina, USA) to detect the growth of 19 such
fungi was examined. Eleven species grew
and were detected rapidly; two species did
not grow. Six species grew slowly, and were
generally only recovered with terminal
subculture after prolonged incubation.
The CO2 production graph for some of
these fungi showed a slow but steady rise,
insufficient to cause the apparatus to sig-
nal positive. These results show that the
BacT/Alert system may miss some fungi,
either because ofno growth in the medium
or undetected slow growth. The latter
problem could be overcome by prolonged
incubation and terminal subculture when
fungal infection is considered likely. Al-
teration of the signalling mechanism
might permit earlier detection of some
slow growing fungi.
(J7 Clin Pathol 1995;48:670-672)

Keywords: BacT/Alert, blood cultures, filamentous
fungi.

Public Health
Laboratory, Newcastle
upon Tyne
A Breathnach
J Evans

Correspondence to:
Dr A Breathnach,
Department of
Microbiology,
St Thomas's Hospital,
Lambeth Palace Road,
London SE1 7EH.

Accepted for publication
3 November 1994

Filamentous fungi are an increasingly im-
portant cause of infection in the immuno-
compromised host, accounting for much mor-

bidity and mortality in these patients. The
diagnosis of systemic fungal infection still pres-
ents many difficulties and is frequently es-

tablished only by histological examination of
biopsy or necropsy samples.' Biopsies are in-
vasive and in many patients the presenting
features are vague, with little indication of
which organs to biopsy. Serological tests often
lack both sensitivity and specificity, each test
only detects one species of fungus and they
are rarely available outside reference centres.2
Molecular biological techniques are similarily
not widely available. Blood cultures are simple
and safe, are widely used and occasionally yield
a diagnosis of fungal infection. However, rel-
atively little is known about the behaviour of
non-yeast (mycelial) fungi in most blood cul-
ture systems. Failure to diagnose fungi by this

method may be due to either an inability of
the blood culture system to detect the fungus,
or the absence of fungal spores or hyphae from
the bloodstream. Most blood culture systems
are designed primarily to detect the growth of
bacteria and yeasts, and in trials of these sys-
tems mycelial fungi have seldom been isolated.3
This is the case even with systems designed to
optimise the isolation of fungi.4 The BacT/
Alert system (Organon Teknika, Durham,
North Carolina, USA)5 is a recently introduced
automated blood culture system which can
rapidly isolate many bacteria and yeasts.6 We
examined its ability to support and detect the
growth of a range of pathogenic filamentous
fungi.

Methods
The BacT/Alert blood culture system is an
automated system in which the base of each
blood culture bottle contains an indicator
which responds to a change in CO2 con-
centration by a change in reflectance: the in-
cubator contains a photometric apparatus
which measures this reflectance. Repeated
measurements are analysed electronically and
the apparatus signals positive when there is
either a sustained rise in reflectance of a certain
minimum rate, an acceleration in the rate of
reflectance increase or a high initial reflectance.
There are three types of bottle: aerobic, an-
aerobic and paediatric. The adult aerobic and
anaerobic media are based on triptic soy broth,
and the paediatric bottles contain a smaller
volume of medium based on brain heart in-
fusion broth with a reduced concentration of
liquid, the intention being to allow better
growth of fastidious organisms.
Nineteen strains of potentially pathogenic

fungi obtained from a mycology reference
laboratory (table) were inoculated into pae-
diatric and adult aerobic blood culture bottles.
Anaerobic bottles were not used because the
fungi examined would not be expected to grow
anaerobically. The inoculum was between 10
and 130 cfu; this was obtained by making serial
dilutions of a suspension of the fungus in dis-
tilled water and subculturing fixed volumes
onto Sabouraud's dextrose agar (Oxoid) to
establish the colony count. Whole human blood
was also added to each bottle (5 ml for adult
bottles, 1 ml for paediatric bottles), and the
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Detection offilamentous fungi

Results for 19 species offungi cultured in the BacT/Alert blood culture system

(1) Growth rapidly detected by apparatus in both bottles
Aspergillus flavus Fusarium moniliformis
Aspergillus fumigatus Fusarium oxysporum
AspergiUus nidulans Paecilomyces variotii
Aspergillus niger* Rhizomucor pussilus
Aspergilus tereus Scedosporium apiospermum
Aspergillus versicolor

(2) No growth detected by apparatus
(fungus isolated from one or both bottles after prolonged incubation)
Exophiala dermatidis* Penicillium sp.
Phialophora richardsiae Phialophora verrucosa*

(3) Growth detected in paediatric bottle only
(fungus isolated from aerobic bottle after prolonged incubation)
Bipolaris hawaiiensis* Exophiala spinifera

(4) No growth
Acremonium sp. Alternaia alternans

* Visible fungal growth inside bottle.
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Reflectance curves (indicating CO2 production) for selected fungi. A: Fusarium
moniliformis: signal positive at two days. B: Acremonium sp.: no growth at any stage.
C: Exophiala spinifera: growth on terminal subculture, not detected by apparatus.
D: Phialophora richardsiae: growth on terminal subculture, not detected by apparatus.

bottles were then vented. An aliquot was taken
from each bottle at this stage and cultured as

above to establish a baseline colony count. The
bottles were loaded into the incubator and
incubated for 14 days at 35°C, unless they
signalled positive before this. When the bottles
were removed, they were examined for obvious
fungal growth, and subcultured onto Sa-
bouraud's agar and blood agar (Oxoid). Fol-
lowing incubation of these plates for up to five
days in air at 30°C, colony counts were noted
and the identity of the colonies confirmed.7
Those bottles which remained negative at
14 days were kept at room temperature and
examined and subcultured as above at
21-35 days. A graph of the repeated meas-

urements of reflectance, indicating metabolic
activity, was obtained for each bottle.

Results
As shown in the table, 11 of the 19 fungi
examined grew well and were quickly detected
in both paediatric and aerobic bottles (the mean
time to detection was 19 days). Only two
of the fungi examined (Acremonium sp. and
Alternaria alternata) failed to grow in either
bottle, even with prolonged incubation. Of the
remaining six species, two (Bipolaris hawaiiensis
and Exophiala spinifera) were detected in the

paediatric bottle after three to five days of
incubation; they did not signal positive in the
aerobic bottle, but were recovered after pro-
longed incubation. Four species grew slowly,
either in both bottles (E dermatitidis) or in the
paediatric bottle only (Penicillium sp., Phial-
ophora richardsiae and P verrucosa). These did
not signal positive, and were recovered by sub-
culture at 14 to 35 days.

Several of the bottles examined at the end
of incubation, or after one to two weeks at
room temperature, had visible growth offungus
within. In two of these cases (B hawaiiensis,
Aspergillus niger) repeated subculture yielded
very few colonies, no more than the baseline
colony count.
When the graphs of the serial reflectance

readings for each bottle were examined, we
noted that, among those bottles which failed
to signal positive, some of those which sub-
sequently yielded colonies gave readings which
rose steadily, compared with genuinely negative
bottles which gave a virtually flat trace (figure).

Discussion
This study shows that, while the majority of
the fungi examined were easily detected by the
BacT/Alert system, a significant number grew
slowly and escaped detection, and some species
did not grow at all. It is important to note that
the inocula we used, while small, may still be
much larger than that of a clinical specimen.
While many ofthese fungi are obviously capable
of growth at 35°C (A fumigatus can grow at up
to 50°C), some environmental fungi may be
outside their optimum growth range at this
temperature, accounting for the poor growth
of some strains tested. The observation that
two species of fungi gave visible-growth inside
the bottle despite the lack of increase in colony
counts on subculture may be due to the fact
that in each of these cases the fungal mass did
not appear particularily friable: B hawaiiensis
was adherent to the glass, and A niger formed
a dense floating mycelium, and it is possible
that they failed to release spores or viable hy-
phae into the broth.
These findings confirm the general lim-

itations of blood cultures in isolating fungi.
The results also show that an automated system
may fail to detect organisms with a low rate
of metabolism (figure). A modification of the
algorithm to detect slow but sustained rises in
CO2 production might overcome this problem.
The yield of fungi was increased by a factor

of 27% in this study, and by similar factors in
other studies,8 by the practice of prolonged
incubation and terminal subcultures. We doubt
that this would be worthwhile in routine
laboratory practice for several reasons: it would
entail considerable effort and expense, the ab-
solute yield would be small, and the in-
formation gained, while interesting, would
often be too late to be of relevance. However,
clinicians and microbiologists should consider
this option when fungal infection is suspected,
particularily as the tendency with the BacT/
Alert system seems to be to shorten the duration
of incubation.9
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development of high grade non-Hodgkin's
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Abstract
A patient with a persistent CD3 negative
large granular lymphocyte (LGL) pro-
liferation with immunophenotypic and
functional characteristics of natural killer
cells is described. The LGL proliferation
persisted and six years after diagnosis the
patient developed a high grade B cell non-
Hodgkin's lymphoma. Molecular studies
demonstrated clonal B cell populations in
the peripheral blood, distinct from that
identified in the lymphoma, both at pre-
sentation with non-Hodgkin's lymphoma
and at complete remission following com-
bination chemotherapy. It is postulated
that T cell dysregulation associated with
the CD3 negative LGL proliferation may
have led to B cell dysfunction and loss of
normal B cell control, with the subsequent
development of a clonal B cell lympho-
proliferative disorder.
(JT Clin Pathol 1995;48:672-675)

Keywords: CD3 negative large granular lymphocytes,
non-Hodgkin's lymphoma.

Large granular lymphocyte (LGL) pro-
liferations are being increasingly recognised.'
New classifications have been proposed to des-
cribe LGL proliferations based on immuno-

phenotypic profiles, replacing the numerous
and sometimes confusing terms that have pre-
viously been used.23 High grade lympho-
proliferative disorders developing in association
with LGL proliferations have been reported,
and include aggressive natural killer (NK) cell
leukaemia, and lymphomas of large granular
lymphocytes.6 CD3 + LGL proliferations
have been associated with low grade non-Hodg-
kin's lymphoma,7 however to our knowledge,
a chronic CD3 - NK type LGL proliferation
preceding the development of high grade B
cell non-Hodgkin's lymphoma has not been
described. We report the clinical, histological,
immunophenotypic, functional, and molecular
characteristics of a chronic CD3 - LGL pro-
liferation that preceded the development of a
high grade non-Hodgkin's lymphoma by six
years and discuss the possible causal link be-
tween the LGL lymphocytosis and B cell
tumour.

Case report
A 43 year old white man was noted to have a
lymphocytosis when admitted for a left inguinal
hernia repair in February 1987. A full blood
count showed a white cell count (WBC) of
16-4 x 109/1 with 84% lymphocytes, the ma-
jority of which were typical LGLs, and 12%
neutrophils. Haemoglobin was 15-3 g/dl and
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