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SUMMARY A lysis filtration system was used in conjunction with conventional broth culture for 1112
blood cultures. The system, which entailed collection of 5 ml of blood into bottles containing 50 ml
isotonic phosphate buffer, Tween 20, and Rhozyme with subsequent filtration using a 0-45 micron
Millipore field monitor, was simple and economical to use. Positive results were obtained earlier than
those obtained with conventional broth cultures, and almost twice as many fungi and yeasts were
isolated. Some fastidious organisms such as Haemophilus influenzae and Streptococcus pneumoniae
however, were not recovered from the lysis system, and contaminants in lysis cultures were three
times as common as in conventional culture. The number of positive cultures was also adversely
influenced by incubation of the blood lysis mixture overnight before filtration. We conclude that this
lysis filtration system is useful as an adjunct to conventional broth culture in selected patients in cases
in which filtration can be carried out soon after collection.

Concentration techniques entailing the filtration of
blood components have been tried over many years to
improve the yield of positive blood cultures and facil-
itate the rapid diagnosis of bacteraemia. The advan-
tages ofmembrane filter techniques over conventional
broth cultures include earlier appearance of colonies
on solid media, allowing more rapid identification and
antibiotic sensitivity testing; release of intracellular
bacteria if cell lysing solutions are used; removal of
antibacterial substances including antibiotics; the
detection of mixed bacteraemias; and the possibility
of measuring the extent of bacteraemia.

Early studies using membrane filtration were time
consuming and difficult to perform and only 1-2 ml of
blood could be filtered."2 Other methods have been
described in which individual cell constituents were
cultured separately, together with filtration of
plasma,3 5 but they did not entail lysis of cells with
release of intracellular bacteria and were laborious to
perform.

Systems using agents to lyse red cells facilitate the
use of membrane techniques in a routine clinical lab-
oratory, and the release of bacteria inside white cells
by lysis will increase the likelihood of a positive cul-
ture. Some lysing solutions, however, proved to be
toxic to bacteria.6
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Zierdt described a blood lysing solution consisting
of a protease mixture (Rhozyme; Rohm and Hass,
Philadelphia, USA) at 0 5% (wt/vol) with Tween 20
(polyoxyethylene sorbitan monolaurate; Sigma
Chemical Co, St Louis, USA) at 0-7% (vol/vol) in
0-01M sodium phosphate buffer, pH 8.0.7 This solu-
tion was non-toxic to a wide range of organisms tested
in the laboratory, lysed blood within one hour at
37°C, and was stable on storage at 4°C. In addition,
many organisms tested showed a growth response if
left overnight in the lysed blood lysing solution mix-
ture at 37°C. Gill et al compared this system using
filtration through a 0-45 micron 47 mm membrane
with a commercially available lysis and centrifugation
blood culture system (Isolator, DuPont Co, Wilming-
ton, United States) and found a comparable recovery
rate but a higher contamination rate in the lysis
filtration system.8 As the membrane filter was incu-
bated in brain heart infusion broth before subculture
faster detection of positive cultures on solid media was
obtained with the Isolator system.
We evaluated this lysis filtration system as an

adjunct to a conventional broth culture. To hasten the
early appearance of positive cultures on solid media
we incubated the membrane filter directly on to choc-
olate agar plates. As many blood cultures are collected
outside normal laboratory hours, we were also con-
cerned to assess whether survival and, possibly, multi-
plication of bacteria would occur in blood collected
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into the lysing solution and incubated overnight
before filtering.
Material and methods

LYSIS MEDIUM
The medium was prepared according to the method of
Zierdt,7 modified by the use of isotonic phosphate
buffer, pH 8 0, and Tween 20 at a concentration of
about 0 4%. Each new batch ofTween 20 was titrated
for lysing activity before use in the lysis medium. Lysis
medium (50-60 ml) was aseptically dispensed by pres-
sure filtration into bottles with screw caps containing
a rubber injection port. Bottles were stored in wards
at room temperature before use.

COLLECTION OF SPECIMENS
Ten millilitres of blood were aseptically collected for
each blood culture. Five millilitres were inoculated
into a conventional broth culture (Supplemented Pen-
tone Broth 1 1, Becton Dickinson, New Jersey, United
States of America) and 5 ml into the bottle containing
lysis medium. The conventional broth culture con-
tained 45 ml of supplemented peptone broth 11 with
0-3 gm/l sodium polyanetholesulfonate.

PROCEDURE IN THE LABORATORY
Lysis cultures received during normal laboratory
hours were incubated at 370C in a water bath for
about one hour to complete lysis and were then
filtered through a 0 45 micron filter (Field Monitor,
Millipore, Bedford, United States of America) using
negative pressure.
The membrane was rinsed with sterile physiological

saline and then transferred aseptically to a chocolate
blood agar plate that was incubated at 37°C in 5%
carbon dioxide for three days. If lysis cultures were
taken outside normal laboratory hours the bottles
were incubated at 370C and filtering delayed until the
next day.

Conventional broth cultures were vented and incu-
bated at 37°C. Subculturing was performed when evi-
dence of growth was observed, and routinely after 24
hours and 48 hours of incubation. Cultures were
retained for at least one week before discarding. Sub-
culture was performed on to chocolate agar in 5%
carbon dioxide, MacConkey agar aerobically, and
enriched blood agar anaerobically. Negative aerobic,
anaerobic, and carbon dioxide cultures were incu-
bated for up to 48 hours. All incubation took place at
370C. The isolated organisms were identified by stan-
dard methods.9

All patients from whom positive cultures were
obtained were assessed clinically by the Infectious
Diseases Registrar. The isolated organisms were
regarded as clinically important if recovered from
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blood cultures on more than one occasion, or if the
same organism was isolated from another site from
which bacteraemia could have originated, and if the
patient had a clinical illness and response to anti-
biotics consistent with recovery of that organism from
blood cultures. Organisms were regarded as con-
taminants if isolated once only with no substantiating
clinical or bacteriological evidence of infection.

Results

A total of 1112 blood cultures were collected using a
conventional broth culture and a lysis culture in par-
allel. Eighty three cultures positive by conventional
culture and lysis filtration were obtained; 17 were
negative by lysis filtration and positive by con-
ventional culture; 980 cultures were negative by both
methods; and 32 were positive by lysis filtration and
negative by conventional culture. A total of 115 blood
cultures were positive by at least one of the two tech-
niques.
Nine organisms isolated by lysis filtration were

regarded as contaminants: four Staphylococcus epi-
dermidis; one each of Staphylococcus aureus; Bacillus
sp; Micrococcus sp; Moraxella nonliquefaciens, and
Acinetobacter calcoaceticus. Three organisms isolated
from conventional culture were regarded as con-
taminants; one each of S epidermidis; Flavobacterium

Table 1 Organisms isolatedfrom blood cultures by lysis
filtration and conventional broth culture

Organism No of Isolates

Lysis filtration Conventional
culture

Gram positive:
Staphylococcus aureus 15 16
Staphylococcus epidermidis 19 16
Streptococcus faecalis 5 5
Streptococcus pneumoniae 2
Streptococcus mitis 2
Streptococcus milleri 2 2
Streptococcus sp 2 2
Listeria monocytogenes 4 3
Micrococcus sp I
Bacillus sp I

Gram negative:
Enterobacteriaceae 40 37
Pseudomonas aeruginosa 6 2
Pseudomonas maltophilia 4 3
Aeromonas sp 4 3
Flavobacterium sp 2 3
Haemophilus influenzae 3
Moraxella nonliquefaciens I
Acinetobacter calcoaceticus I
Achromobacter xylosoxidans I

Total 108 99
Yeasts and Fungi:

Candida albicans 6 2
Candida tropicalis 2 2
Trichosporan cutaneum 5 3
Aspergillus fumigatus I I

Total 14 8

Four cultures with multiple isolates were obtained.
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Table 2 Duration of incubation before culture positivity in
paired lysis filtration and conventional blood cultures

Duration of incubation Lysis filtration Conventional
from collection culture culture

18-24 hours 74 28*
48 hours 7 39t
3 days I 11
7 days 3
> 7 days I

Total 82 82

*Conventional culture positive by Gram stain of turbid broth.
tConventional culture positive by subculture on to solid media after
24 hours incubation of the broth culture.
One culture positive by both methods after 72 hours of incubation
was excluded as a contaminant.
There were significantly more positive cultures obtained by lysis
filtration after 18-24 hours than with conventional culture
(p <0-001 ,difference of proportions).

sp; and S aureus). Table I shows the range of
organisms isolated using both systems. The number of
positive cultures from each system was similar. For
individual organisms, numbers isolated were too
small for statistical comparison.

Table 2 shows the duration of incubation before a
positive culture was detected by either method. Lysis
filtration detected significantly more positive cultures
after 18-24 hours of incubation than did the con-
ventional broth culture (p < 0 001). Table 3 shows the
effect of overnight incubation at 370C of the blood
lysing solution before filtration on the number of pos-
itive cultures obtained. Significantly fewer positive
cultures were obtained after overnight incubation (p
< OoO0l).

Discussion

The use of a lysis filtration system had several advan-
tages over conventional culture for detecting bacte-
raemia. Considerably more cultures were positive ear-
lier than with the conventional broth culture, and the
appearance of colonies on the filter 24 hours before
they could be cultured on solid media from con-
ventional broth culture assisted in early identification
and accurate antibiotic sensitivity testing.

Table 3 Effect of overnight incubation at 37°C of blood
lysis medium before filtration

No of blood cultures

Filtered the day of Incubation overnight before
collection (n = 471) filtration (n = 641)

Positive 58 57
Negative 413 584

Significantly more positive cultures were obtained when the blood
and lysis medium was filtered on the day of collection than when
incubation overnight occurred before filtration (p < 0 001,
difference of proportions).

The lysis filtration system was' more successful than
the conventional broth culture for the recovery of
yeasts. Some fastidious organisms, however, such as
Haemophilus influenzae and Streptococcuspneumoniae
were not recovered from the lysis filtration system.
Although the numbers of isolations of Streptococci
and Haemophilus influenzae from the two systems
were too small for statistical comparison, survival
experiments we conducted suggested that the lysing
solution was toxic for these organisms after four
hours of incubation. The toxic component of the lys-
ing solution was Tween 20, and further investigation
is necessary to ascertain whether this inimical effect
can be circumvented.
The technique is suitable for a routine clinical labo-

ratory as the time required for lysis and filtration is
not excessive. The cost of a lysis filtration culture in
addition to a conventional culture is much less than
other commercially available concentration tech-
niques such as lysis centrifugation. Due to the small
size of the filter and the risk of contamination associ-
ated with dividing it, however, we restricted culture of
the membrane to one medium suitable for aerobic and
facultative anaerobic organisms alone. Even so, con-
tamination with the lysis filtration system was three
times higher (accounting for 6% of the total positive
isolates obtained) than when conventional cultures
were used (2% of the total positive isolates).
As overnight incubation at 37°C of the blood lysing

solution did appreciably affect the number of positive
cultures obtained the method is not optimal for cul-
tures collected outside normal laboratory hours. A
concentration technique is a desirable feature to
incorporate into blood culture procedures. It should,
however, be simple to perform and economical. This
technique has similar disadvantages to other concen-
tration techniques,-namely, a higher contamination
rate as a result of being an open system and its inabil-
ity to propagate some fastidious organisms. The sys-
tem can offer advantages, however, when used in
addition to a conventional broth culture. As the cost
ofequipment and technical time for processing are not
excessive its use as an adjunct to a conventional broth
culture suitable for isolation of anaerobes and other
fastidious organisms is feasible for selected patients,
especially when fungal septicaemia is a possibility, or
when there is a high probability of bacteraemia.

We thank Millipore Corporation, Australia for sup-
plying field monitors for this trial and Mrs Marian
Sonnberg for valuable clerical help.
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