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Evaluation of use of Signal system of blood culture in
paediatrics
H FOX, D E HEALING, R H GEORGE Department ofMicrobiology, Birmingham Children's
Hospital

SUMMARY A new method of blood culture, the Signal system (Oxoid), was assessed in paediatric
practice. Isolation rates of pathogens, frequency of contamination (false positive results), and time
taken to detect positive cultures were analysed. Four hundred and seventy nine organisms were
isolated from 457 of 3000 cultures collected, ofwhich 283 organisms were considered to be clinically
important. The overall rate of positive cultures was 15-2%, and clinically important organisms were
isolated from 9 1 %, giving an overall contamination rate of 6- 1%. The rate of contamination with
Gram positive bacilli was I-% and coagulase negative staphylococci 4-2%. Over 51 6% of all
isolates were detected within 24 hours, 81% within 48 hours, and 86% within three days: 91-1% of
clinically important organisms were isolated within three days. Unimportant organisms tended to
give a delayed signal, although this sometimes occurred with Candida spp, Klebsiella spp,
Pseudmomonas spp and a small number of other such organisms. Four hundred and forty nine of the
457 positive cultures gave a visible signal. Six ofseven isolates ofHaemophilus influenzae failed to give
a signal, as did two coagulase negative staphylococci.
The Signal system is a convenient and cost effective method of blood culture.

Blood cultures are some of the most important
specimens received in microbiology laboratories.
Rapid detection of bacteraemia is essential as it allows
direct spectrum antibiotics to be used. Conventional
blood cultures are subcultured, often repeatedly, to
assist in rapid diagnosis, but this can lead to contamin-
ation and hence false positive results.'
Newer automated methods have recently been

introduced. These include the radiometric method,
which detects radioactive carbon dioxide produced
from C" labelled substrates (Bactec, Johnson
Laboratories),2 and a spectrophotometric method
using infrared to detect growth (Bactec, Johnson
Laboratories). Another method relies on changes in
the electrical impedance of the culture medium during
growth (Malthus Instruments Ltd).3 These systems all
require large initial capital expenditure and recurring
maintenance costs.
An alternative non-automated culture technique,

using a biphasic culture system (Septi Chek System,
Roche Diagnostics)4 has recently been introduced.
This increases the chance ofdetecting organisms, gives
quick results, and requires minimal capital outlay.
Another has a lysis centrifugation step to concentrate
organisms (Du Pont Isolator, Du Pont Co).5 A novel
system, which gives a visual signal (Signal system,
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Oxoid Ltd) has been produced and has been evaluated
in adults.67

Ideally new systems of blood culture should be
evaluated in parallel with existing methods, but this is
seldom practical in infants and small children as the
volume ofblood is small. Evaluation ofnew systems in
adults cannot be easily applied to children as the type
and incidence of pathogens differs.8 Samples are also
more difficult to obtain, which influences the rate of
contamination. The inoculum size will also be influen-
ced by sample volume and number of organisms in
each unit volume, both ofwhich are different in adults
and children. Inoculum size influences the rate of
detection of positive cultures."'

Material and methods

Blood cultures collected at Birmingham Children's
Hospital between October 1986 and December 1987
from infants and children, aged from under 24 hours
to 16 years, were included in the study. Cultures
collected from June 1987 from neonates at Birmin-
gham Maternity Hospital were included. Sample
volumes up to a maximum of 10 ml were collected-
most by venepuncture, but a small number via
intravascular cannulae. Bottles were transported to
the laboratory as soon as was practicable, and the
Signal device was inserted after the cap had been
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disinfected with alcohol. Bottles were incubated at
37°C for seven days, unless endocarditis or fungal
infection was suspected, when they were incubated for
14 days.

In the early part of the study bottles were shaken
twice manually during the first 24 hours. Subsequently
the manufacturer recommended frequent agitation
during the first 24 hours to increase the rate of
development of a positive signal. We swirled the
bottles on an orbital shaker (Luckham), fitted with a
programmable timer, for eight periods of 30 minutes,
with a stationary interval of two and a half hours. All
cultures at Birmingham Maternity Hospital were
processed using mechanical agitation. Bottles were
observed two to eight times daily during the incuba-
tion period. Positive cultures were indicated by culture
medium being forced into the trap on the top of the
signal device-that is, producing a visible signal;
turbidity, colonies, or haemolysis could also be
observed as with conventional blood culture bottles.
When a signal was noted, a sample was withdrawn
aseptically from the trap for microscopy and subcul-
ture and the time taken for a positive result was
recorded. Bottles were then reincubated to detect
polymicrobial baceteraemias. At the end of the
incubation period negative bottles were swirled and 10
ml of air was injected through the injection port on the
Signal device. This displaced culture medium from the
bottle into the trap which produced subculture.

Subcultures were incubated under aerobic condi-
tions on Columbia blood agar and Isosensitest agar
(Oxoid Ltd-CM 473) with added haematin (12-5 mg/
1), nicotinamide adenine dinucleotide (12.5 mg/l), and
5% lysed horse blood. Anaerobic subculture was

performed on Columbia blood agar (BBL Ltd) with
5% added horse blood and neomycin (50 mg/l) using a
Gas-Pak system (BBL Ltd). Where Gram stain of
positive cultures suggested a fungal or Gram negative
aetiology, subcultures were also made on MacConkey
agar or Sabouraud agar. Organisms were identified by
standard laboratory methods. When positive isolates
were obtained, a medically qualified microbiologist
visited the ward and jointly evaluated the relevance
with the clinician.

Results

Three thousand blood cultures were examined during
the study, ofwhich the first 255 (6-7%) were processed
with manual shaking. Four hundred and fifty seven
bottles grew 479 different organisms, and a visible
signal was observed with 449 bottles. Haemophilus
influenzae was isolated from six of the remaining
culture positive bottles and coagulase negative sta-
phylococci from two. Two isolates of H influenzae
were isolated on terminal subcultures on day 7, two

Fox, Healing, George
Table I Time ofdetection ofGram negative organisms

Time (hours)

(n=) <24 24-48 48-72 >72

Escherichia coli 30 29 1
Klebsiella aerogenes 15 11 1 3
Enterobacter cloacae 10 9 1
Klebsiella oxytoca 5 5
Serratia marcescens 4 4
Citrobacter koseri 2 1 1
Salmonella typhi 2 2
Salmonella thompson I I
Proteus mirabilis I I
Pseudomonas maltophilia 5 3 2
Pseudomonas aeruginosa 5 1 3 1
Acinetobacter calcoaceticus 1 1
Haemophilus influenzae 7 2 1 1 3
Haemophilus para- 1 1

haemolyticus
Neisseria meningitidis 1 I
Moraxella sp I I
Bacteroides sp I I
Unidentified Gram

negative bacilli 4 2 2
Unidentified Gram

negative coccus 1
Total 97 68 11 5 13

when the bottles were notea to De turota on mne tourtn
day, and the other two from blind subcultures after 18
and 12 hours of incubation. The first isolate of
coagulase negative staphylococci, which failed to give
a visible signal, was visually detected after 24 hours
and the other, from a different patient, on terminal
subculture of a visually normal bottle. One bottle was
subcultured on the third day, because colonies were
noted and yielded Neisseria menigitidis by the follow-
ing day, at which time the signal was positive.
The species of organism isolated and time taken for

a positive culture to be obtained is given in tables I and
2. Overall, 51 6%, 80-6%, and 85 8% of organisms
were detected within 24, 48, and 72 hours ofcollection,
and 86 5% ofGram negative organisms and 84-9% of
Gram positive organisms within 72 hours. Sixty one
Table 2 Time ofdetection ofGram positive organisms

Time (hours)

(n ) <24 24-48 48-72 >72

Coagulase negative
staphylococci 227 93 107 13 14

Staphylococcus aureus 44 30 8 2 4
Viridans streptococci 30 20 6 1 3
Streptococcus pneumoniae 16 15 1
Faecal streptococci 14 13 1
f-haemolytic streptococci* 8 6 1 1
Listeria monocytogenes I I
Propionibacterium spp 17 17
Corynebacterium spp 12 1 2 9
Bacillus spp 5 1 3 1
Candida sppt 8 1 7
Total 382 179 128 20 55

*Includes four group B streptococci; three group G streptococci, one
group A streptococcus.
tIncludes two Candida albicans and six C parapsilosis.
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Use ofSignal system in paediatric haematology
Table 3 Importance of479 isolates

No
No of clinicall/ No ofcon-

Species Isolates important taminants

Coagulase negative
staphylococci 227 99 128

Stap/iXlococcus aureus 44 40 4
Viridans streptococci 30 19 11
Streptococcus pneumoniae 16 16 0
Faecal streptococci 14 11 3
fl-haemolytic streptococci 8 8 0
Listeria nmonoevitogenes 1 0
Gram positive bacilli* 34 0 34
(Candida spp 8 8 0
Esch/erichia (/oli 30 23 7
Klebsiellal Eniterobhacter spp 30 26 4
Other Enterobacteriaceae 10 8 2
P.seuloinvnas spp 10 10 0
Haemnop/uilhs spp 8 8 0
.\eissria meninigitidlis 1 0
Bacero(ides sp 1 0
Other Gram negative cultures 7 4 3
Total 479 283 196

*Includes BacilIlus spp. CorYnehacterium spp. Propionibacterium spp.

and a half per cent of clinically important organisms
were isolated within 24 hours, 86 9% within 48 hours,
and 91 1% within three days.

Delayed signals were obtained on 10 occasions with
Gram negative cultures; these were more commonly
observed with Klebsiella aerogenes, Pseudomonas spp,
and non-fermenting Gram negative bacilli. Delayed
signals were noted particularly with contaminating
Gram positive cultures, 12 of 14 delayed signals due to
coagulase negative staphylococci, and all isolates of
both Propionibacterium spp and Corynebacterium spp.
Overall. 16% of all the bottles were positive and the
rate of clinically important cultures was 9-1%. The
clinical importance of various organisms is shown in
table 3. All isolates of Streptococcus pneumoniae gave
positive signals within 48 hours; two of these were
sterile on subculture, although microscopy showed
Gram positive diplococci, and counterimmunoelec-
trophoresis, using pneumococcal antisera, confirmed
their identity.
Twenty cultures grew mixed organisms. Five of

these, isolated from patients with intravascular can-
nulae, yielded faecal or viridans streptococci plus
coagulase negative staphylococci, and were thought to
be clinically important; one of these patients had a
concurrent urinary tract infection with a faecal strep-
tococcus. Three cultures from one patient and one
from another yielded Klebsiella aerogenes and Escheri-
chia coli, and another from a leukaemic patient with an
intravascular cannula and a chest infection yielded
coagulase negative staphylococci and Haemophilus
parainfluenzae.

Discussion
The evaluation of new blood culture systems in
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children is difficult because of the small volumes of
blood available. A recent study showed that the mean
volume of blood taken from neonates was 1 05 ml
(range 0 11-3 05 ml).'3 Comparative studies in chil-
dren inevitably result in reduced volumes of blood
being added to individual culture media. Two previous
studies showed that a significant number of paired
culture media were inoculated with widely differing
volumes of blood.'4 5 In the study by Welsh et al 26%
of clinically important positive cultures were excluded
from their analysis because of inoculum differences,
and despite this the Isolator method missed 14% of
such organisms and the conventional method 12%.'5
We therefore evaluated the Signal system (Oxoid) in a
non-comparative study.
The criteria for a successful blood culture system in

infants and children are that it must detect the full
range of pathogens which may be encountered; enable
rapid detection of the pathogen; and have an accept-
ably low rate of contamination of the system. In a
study of 2348 positive cultures, including contamin-
ants, using the Bactec radiometric method, Meadow
and Schwartz detected 17%, 72%, and 88% of
organisms within 24, 48, and 72 hours, respectively.'6
This compares with our findings of 51-6%, 80 6%, and
85-8% at the same times. Meadow and Schwartz also
reported that detection of positive cultures after 72
hours occurred particularly with group D strep-
tococci, Candida species, S epidermidis, Klebsiella spp,
S aureus, H influenzae, Bacillus spp, diphtheroids, and
Propionibacterium Spp.'6 We noted delayed detection
of these organisms, although in our study there were
no delayed isolates of faecal streptococci. Full details
of the speed of detection of organisms by the Dupont
Isolator have been lacking in paediatric reports, but
Carey reported that the mean time of detection with
the Isolator was 4 1 hours faster than with the Bactec. 14

During the early part of our study Pseudomonas
maltophilia gave positive signals in two manually
shaken cultures on the fifth day. Subsequently, a
further three cultures from this patient gave positive
signals within 72 hours when shaken mechanically.
While we cannot exclude the possibility that these
differences were due to inoculum size, we have noticed
that positive signals sometimes develop immediately
after one of the shaking periods, and feel that this
procedure hastens the development of positive signals.
It should be noted that during the period of manual
shaking of cultures 37-5% of coagulase negative
staphylococci gave a delayed signal (positive after 72
hours); since we have used an orbital shaker only eight
ofthe 211 isolates (3 8%) have given delayed signals. It
should also be noted that clinically important organ-
isms gave delayed signals on several occasions when
patients were taking antibiotics.
The failure of H influenzae to give a signal is of
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686 Fox, Healing, George
The failure of H influenzae to give a signal is of

concern. In view ofthe importance ofthis organism we
feel blind subculture after 24 hours is advisable in cases
of suspected meningitis or epiglottitis. During the
study period Propionibacterium spp and one isolate of
Bacteroides sp were the only anaerobic organisms
isolated, but the system has previously been shown to
be capable of growing clinically important
anaerobes.6` Coagulase negative staphylococci
accounted for 35% of the clinically important organ-
isms isolated at Birmingham Children's Hospital
during the study period, an increase on the 11-6%
previously reported from this laboratory'8; this was
almost entirely due to an increase in bacteraemias
associated with intravascular cannulae.
The frequency with which we isolated clinically

unimportant organisms was 6.9%, which we attribute
to contamination at the bedside, as the Signal system
was not routinely subcultured until day 7; the difficulty
in collecting samples from infants and small children
probably accounted for this. The stringent criteria we
applied in our analyses may have overestimated the
number ofcontaminants. Overall, the isolation rate of
contaminants is lower than what we previously
observed using conventional blood cultures. Coryn-
ebacterium spp, Propionibacterium spp, and Bacillus
spp were isolated from j 1 % of cultures whereas we
previously isolated these from 5.5% of our cultures,
often together with coagulase negative staphylococci.
In the past we suspected that most ofour unimportant
isolates from conventional blood cultures entered the
bottle at the time ofsubculture, and the lower isolation
rates in the present study would support that hypoth-
esis. Reported rates of contamination with conven-
tional blood culture systems vary because ofvariations
in the number, timing, and method of subculture.
Rates of contamination with the Isolator range from
8.7%-23%'14 '5 17 ` and have been reported to be 1-3%-
3-1% with the Bactec radiometric method.'3 17
A laboratory processing 2000 cultures a year could

currently expect to pay about £1 .85 for each complete
Signal system. This compares favourably with many
commercially produced two bottle conventional blood
culture systems. It is, however, more expensive than
blood culture media produced "in-house". If the
savings on reduced numbers of subcultures, investiga-
tion ofprobable contaminants, and savings in the tinme
needed to assess the importance of contaminants are
considered, the Signal system is highly cost effective.

In conclusion, the Signal system combines satisfac-
tory speed of detection of bacteraemia with low rates
of laboratory contamination. We recommend blind
subculture for Haemophilus in cases of epiglottitis and
meningitis.

We acknowledge help from Mrs C Roycroft for data
on patients at Birmingham Maternity Hospital.
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