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Time to positivity of neonatal blood cultures
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Abstract

Aim—To determine how long it takes neo-
natal blood cultures to become positive.
Methods—Data were collected retrospec-
tively on 451 positive blood cultures from
babies on a tertiary neonatal unit between
January 1997 and December 1998. During
the study period, the laboratory used the
BacT/Alert microbial detection system.
Results—Complete  information was
available on 416 blood cultures. Twelve
became positive after 72 hours, none of
which were considered to be clinically sig-
nificant. Of the 404 remaining cultures,
86% were positive at 36 hours, 96% at 48
hours, and 98.5% by 60 hours. If definite
bacterial pathogens are considered alone,
the time to positivity was 90% by 36 hours,
93% by 48 hours, and 98% by 60 hours. If
definite and possible bacterial pathogens
are considered (coagulase negative sta-
phylococci taken as possible bacterial
pathogens), the time to positivity was 89%
at 36 hours and 97% at 48 hours. The
negative predictive value, for isolation of
any organism before 72 hours, of a
negative blood culture was 97% at 36 hours
and 99% at 48 hours. The negative predic-
tive value for the isolation of definite bac-
terial pathogens only was 99.7% at 36
hours and 99.8% at 48 hours.
Conclusions—A period of 36 hours is
enough to rule out sepsis in the asympto-
matic neonate, and a three day incubation
period is sufficient to detect all clinically
important infections using the BacT/Alert
microbial detection system.

(Arch Dis Child Fetal Neonatal Ed 2001;85:F182-F186)
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Infection is an important cause of mortality
and morbidity in the neonatal unit. The early
symptoms of sepsis are non-specific, and the
outlook is considered to be worst in babies in
whom antibiotics are started late." Antibiotics
are therefore generally given to all babies with
clinical or laboratory indicators of infection
and babies at high risk of early onset sepsis. A
large number of babies who are evaluated for
sepsis do not have proven infection.”” This
means that most of the antibiotics given to
babies on the neonatal unit are given to babies
without infection. Inappropriate use of anti-
biotics has been implicated in the development
of multiresistant bacteria in hospitals.*

To reduce the antibiotic pressure on the
neonatal unit, it is common practice to stop
antibiotic treatment if the blood culture is
negative at 48—72 hours and the baby does not
have any clinical or laboratory indicators of
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infection. This practice is based on four studies
of the time to positivity for neonatal blood cul-
tures.”?” ¢ All of these studies are based on
relatively small numbers of positive blood cul-
tures (less than 225 in each case), and three of
the studies took place before 1990.>° > Two of
the studies used laboratory techniques that
have been superseded and did not consider
coagulase negative staphylococci as patho-
gens,”’ although these are now the most com-
mon organisms isolated in intensive care nurs-
eries.” Recently published studies suggest that
antibiotic courses may be safely reduced to
24-36 hours in asymptomatic term babies.® °
The aim of this study was to measure the
time taken for bacteria to be detected in blood
cultures taken from babies on the neonatal unit
using the BacT/Alert microbial detection
system (Organon Teknika Corporation, Dur-
ham, North Carolina, USA). The purpose was
to investigate whether antibiotic treatment
could be discontinued before 48 hours in
babies with negative blood cultures, so reduc-
ing antibiotic pressure on the neonatal unit.

Methods

A two year (January 1997 to December 1998)
retrospective study of babies was completed on
the neonatal unit at Liverpool Women’s Hospi-
tal, a tertiary level III neonatal unit. A total of
451 positive blood cultures were identified
from the microbiology database maintained at
Royal Liverpool University Hospital, which
provides the microbiology services for Liver-
pool Women’s Hospital. The BacT/Alert micro-
bial detection system was in use at the Royal
Liverpool University Hospital during the study
period.

Blood (0.5 ml or more) was collected by
venepuncture, after the skin had been cleaned
with 70% alcohol, and inoculated into a BacT/
Alert aerobic blood culture bottle. The bottle
was then incubated immediately at 37°C. The
time to positivity of a blood culture was taken
as the time from inoculation of the blood into
the culture bottle to the time at which the
BacT/Alert machine signalled a positive result.

The BacT/Alert bottle contains 20 ml brain/
heart infusion broth, with amino acid and car-
bohydrate substrates, and 0.02% sodium poly-
anetholesulphonate as an anticoagulant.'” The
substrates in the aerobic culture bottle are in an
atmosphere of carbon dioxide at subatmos-
pheric pressure and are designed for the growth
of common aerobic, microaerophilic, and
fastidious bacteria and common yeasts. The
aerobic blood culture bottle alone is used on
the unit. The temperature is maintained at
35-37°C. Each culture bottle contains a
colorimetric carbon dioxide sensor to measure
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Table 1  Classification of organisms isolated in 416 positive blood cultures
Definite pathogens Possible pathogens Fungi Contaminants
S aureus 4 CoNS 266 C albicans 25 Diphtheroids 12
S marcescens 8 Two or more organisms 55 C parapsilosis 7 Bacillus sp 1
P aeruginosa 8 E faecalis 1 Yeasts 1 Micrococcus 4
K pneumoniae 2 S mitis 1
K oxytoca 1
GBS 5
E coli 12
Enterobacter sp 1
E cloacae 2
Total 43 Total 323 Total 33 Total 17

S aureus, Staphylococcus aureus; S marcescens, Serratia marcescens; P aeruginosa, Pseudomonas aeruginosa; K pneumoniae, Klebsiella
pneumoniae; K oxytoca, oxytoca; E coli, Escherichia coli; E cloacae, Enterobacter cloacae; CoNS, coagulase negative staphylococcis
E faecalis, Enterobacter faecalis; S mitis, Streptococcus mitis; C albicans, Candida albicans; Candida parapsilosis, ; GBS, Group B

streptococcus.

microbial growth. Because growth of micro-
organisms produces carbon dioxide, the colour
of the gas permeable sensor changes from
green to yellow. The BacT/Alert system tests
for carbon dioxide production every 10 min-
utes, and data points are plotted. In this
system, each bottle is compared with itself,
rather than using a predetermined threshold
value as other systems have used. As the
amount of carbon dioxide dissolved in the cul-
ture medium rises, a light emitting diode
reflects more light, indicating to the computer
that the blood culture is positive. This immedi-
ately sets off an alarm, and the time that the
blood culture became positive is recorded in
the data management system. No routine sub-
culturing is necessary. This is a completely
automated system that continuously agitates
and monitors the specimen during incubation.
The bottles are incubated for seven days.

Basic, clinical, and laboratory data were col-
lected on all the babies for each positive blood
culture episode. The organism isolated and the
timing of the positive signal were obtained from
the microbiology database. The remaining
information was obtained from the case
records.

The positive blood cultures were classified
on the basis of the organism isolated as bacte-
rial or fungal. Bacteria were further subdivided
into definite pathogens, possible pathogens,
and contaminants. Definite pathogens were
defined as organisms known to cause disease in
the newborn—for example, Group B strepto-
coccus (GBS), Staphylococcus aureus, Group G
streptococcus, Escherichia coli, Klebsiella pneu-
moniae, Enterobacter cloacae, and Citrobacter
diversus. Possible pathogens were defined as
organisms known to cause disease under
special circumstances—for example, immuno-
supressed host, presence of an indwelling cath-
eter. This group contained coagulase negative
staphylococci, a-haemolytic streptococci, non-
haemolytic streptococci, and anaerobes. Blood
cultures containing two or more organisms
were considered to be possible pathogens if one
of them was a definite or possible pathogen."' '
Contaminants were defined as organisms that
rarely cause disease in the newborn—for
example, Corynebacterium species (diph-
theroids), Propionibacterium species, and non-
viable organisms.

Microsoft Office 97 package (Access and
Excel) and “Arcus for Windows” package were
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used for statistical analysis. Mann-Whitney U
tests were used to compare times to positivity
for the various groups. Ethical approval for the
study was obtained from the Paediatric Re-
search Ethics Committee, Alder Hey Chil-
dren’s Hospital.

Results

During the two year study period, there were
12 117 live births in Liverpool Women’s
Hospital. There were 1466 admissions to the
neonatal unit, of whom 210 were postnatal
transfers from other hospitals. Of the 2268
blood cultures obtained from the babies, 451
(19.9%) were positive from 215 babies with a
median (5th and 95th centile) number of blood
cultures from each baby of 1 (1 and 5); 68% of
the blood cultures were from male babies. The
median (5th and 95th centile) gestation of the
babies with positive blood cultures was 28 (24
and 36) weeks. The median (5th and 95th cen-
tile) birth weight was 1110 (622 and 2809) g.
The median (5th and 95th centile) age at blood
culture collection was 14 (0 and 97) days.

Complete information was available on 416
of the 451 (92.2%) positive blood cultures.
Thirty of the 416 (7.2%) blood samples were
drawn within 48 hours of birth. Table 1 shows
all the organisms isolated in the blood cultures.

Table 2 gives the time to positivity of all the
blood cultures. Twelve of the 416 (2.9%) blood
cultures that became positive after 72 hours
were not considered by the attending clinicians
to be indicative of true infections. All 12 babies
were asymptomatic, and antibiotic treatment
had already been discontinued by the time the
positive blood culture result had become avail-
able.

Of the 16 blood cultures that became
positive between 48 and 72 hours, eight were
possible pathogens, four were fungi, two were E
coli, one was a Serratia marcescens, and one a
contaminant. Of the 41 blood cultures that
became positive between 36 and 48 hours, 27
were possible pathogens, seven were fungi, six
were contaminants, and one was a S marcescens.

The median (5th and 95th centile) time to
positivity of the 43 organisms in the definite
bacterial pathogen group was 17.9 (9.5 and
49.6) hours. Two of the three babies with defi-
nite bacterial pathogens isolated in blood
cultures after 48 hours had E coli septicaemia
and were receiving antibiotics at the time of
collection of the blood samples. Both of these
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Table 2 Duration of time for blood cultures to become positive

Kumar, Qunibi, Neal, et al

0-12 hours 12-24 hours 24-36 hours 36-48 hours 48-60 hours 60—72 hours >72 hours
Total positives 10 (2.4) 183 (44) 154 (37) 41 (9.9) 10 (2.4) 6 (1.4) 12 (2.9)
Definite bacterial pathogens 5 (11.6) 28 (65.1) 6 (14) 1(2.3) 2 (4.3) 1(2.3) 0
CoNS 3 (1.1) 118 (44.4) 110 (41.3) 25 (9.4) 3(1.2) 4(1.5) 3 (1.1)
Possible bacterial pathogens (including CoNS) 4 (1.25) 153 (47.4) 127 (39.3) 27 (8.3) 4 (1.25) 4 (1.25) 4 (1.25)
Contaminants 0 0 2 (11.8) 6 (35.3) 1(5.9) 0 8 (47)
Fungi 1(3) 2 (6.1) 19 (57.6) 7 (21.2) 3(9.1) 13 0

Values in parentheses are percentages.
CoNS, Coagulase negative staphylococci.

babies showed clear evidence of necrotising
enterocolitis: one had undergone laparotomy,
and an abdominal drain had been inserted in
the other. There were two babies with S marc-
escens isolated from blood cultures after 36
hours, one at 37 hours and the other at 51
hours. Neither of these babies were receiving
antibiotics at the time of blood collection. The
baby with S marcescens isolated from blood cul-
ture at 51 hours was considered to have clinical
evidence of sepsis, with a decision to continue
the antibiotics when the blood cultures were
negative at 48 hours.

The time to positivity for culture of definite
pathogens in babies who were receiving antibi-
otics before the blood samples were taken was
compared with those who were not. The
median times to positivity were 21.4 and 17.7
hours respectively. The difference was not sta-
tistically significant (p = 0.6).

Coagulase negative staphylococci accounted
for 63.9% (266/416) of the total isolates. The
times to positivity of the coagulase negative
staphylococci isolates were compared with
those of the definite bacterial pathogens. The
median times to positivity were 24.6 and 17.9
hours respectively. The difference of 6.7 hours
was statistically significant (p = 0.001).

The median (5th and 95th centile) time to
positivity of the 33 (7.9%) fungal isolates was
32.6 (15.3 and 55.8) hours. All four babies
whose blood cultures were positive for fungi
after 48 hours were receiving amphotericin at
the time of blood collection. However, there

Table 3 Comparison of culture status at 36 and 48 hours in relation to eventual status

(a) All positive cultures (those positive after 72 hours classified as negative)

Positive
Negative

Positive
Negative

Positive at 36 hours

Positive at 48 hours

Negative at 36 hours
57
1829

Negative at 48 hours
16
1829

(b) All definite bacterial pathogens and possible bacterial pathogens (contaminants reclassified
as negative; fungal cultures removed from analysis)

Positive
Negative

Positive
Negative

Positive at 36 hours

Positive at 48 hours

Negative at 36 hours
40
1838

Negative at 48 hours
12
1838

(c) Definite bacterial pathogens only (contaminants reclassified as negative; fungal cultures and
possible bacterial pathogens removed from analysis)

Positive
Negative

Positive
Negative

Positive at 36 hours

Positive at 48 hours

Negative at 36 hours
1838
Negative at 48 hours

3
1838
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was no significant effect of antifungal treatment
before blood collection on the time to positivity
of the fungal isolates. The median (range) time
to positivity was 35.8 (28.4—60.8) hours in the
10 blood cultures obtained from babies receiv-
ing treatment and 31.6 (14.6-41.5) hours in
the 23 blood cultures obtained from babies not
receiving treatment (p = 0.06).

Assuming that all significant bacteraemia or
fungaemia will yield a positive culture by 72
hours, if all positive cultures were considered,
the sensitivity for detection of bacteraemia or
fungaemia after 36 hours and 48 hours incuba-
tion was 86% and 96% respectively (table 3a).

If only definite and possible bacterial patho-
gens are considered—that is, contaminants are
reclassified as negative, and fungal positive cul-
tures are removed from the analysis—the
sensitivity for significant bacteraemia at 36 and
48 hours incubation was 88.9% and 96.6%
respectively. The negative predictive value for
bacteraemia of a negative blood culture (95%
confidence interval) was 97.9% (97.2 to
98.5%) and 99.4% (99.0 to 99.7%) at 36 and
48 hours respectively (table 3b).

When isolates of definite bacterial pathogens
only were considered—that is, contaminants
reclassified as negative, and fungal and possible
bacterial pathogens excluded from the
analysis—the sensitivity at 36 and 48 hours was
90.1% and 93% respectively. The negative pre-
dictive value (95% confidence interval) at 36
and 48 hours for definite bacterial pathogens
was 99.7% (99.5 t0 99.9%) and 99.8% (99.7%
to 100%) respectively (table 3c).

Discussion

This is the second neonatal study to investigate
the time to positivity using a single blood
culture bottle system.® The use of the single
paediatric BacT/Alert aerobic bottle for growth
of both aerobic and anaerobic organisms has
been validated.” **

The proportion of the total number of blood
cultures that were positive was about 20%,
whereas in all previous studies it was less than
10%.>> A possible reason may be a higher
threshold for performing a septic screen on our
neonatal unit. The spectrum of organisms iso-
lated from positive blood cultures in our study
is different from previous studies.” >’ °® Some
10% of the positive blood cultures contained
definite bacterial pathogens in our study
whereas 30% were definite bacterial pathogens
in similarly analysed studies.’ * Some 77.6% of
the total isolates were classified as possible
bacterial pathogens in this study whereas only
38% were possible bacterial pathogens in the
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1989 study of Kurlat er a’ and 51% in the
recent study of Garcia-Prats et al.® This differ-
ence is due to an increase in the proportion of
coagulase negative staphylococci isolates and is
a reflection of the differences in the study
populations. Changes in neonatal intensive
care over the past 10 years have led to more
extremely low birthweight, extremely preterm
babies surviving for longer periods. Most of the
previous studies did not report on the group of
blood cultures with more than one organism
isolated from each blood culture bottle.””°®
This group contributed 13.2% of the total iso-
lates in the study. Fungi constituted about 8%
of the total organisms, a finding similar to other
studies.” *®

The time to positivity of blood cultures in the
study was shorter than in earlier studies,”’’°
but similar to the findings of recent studies that
used modern non-radiometric blood culture
incubation techniques.® * This may be because
of advances in laboratory methodology such as
completely automated microbial detection sys-
tems. Another factor may be the shorter gesta-
tion of the babies in our study than in the ear-
lier work. Preterm babies may have a higher
bacterial load per ml of blood compared with
term neonates and infants, resulting in quicker
growth of organisms. Neonates with bacterae-
mia have been reported to have a much higher
concentration of organisms per ml of blood
than adults.”” Another explanation may be that
the culture bottles may have been inoculated
with a larger volume of blood in this study than
in other studies. However, we did not look at
the relation between volume of blood inocu-
lated into the culture bottles and time to posi-
tivity.

For the four babies in whom blood cultures
became positive after 36 hours for definite bac-
terial pathogens, a negative blood culture result
at 36 or 48 hours would not have led to the dis-
continuation of antibiotic treatment in two
because of their recent surgery and clinical sta-
tus. The third may have had the antibiotic
treatment discontinued at 36 hours, only to be
restarted at 37 hours. This would not have led
to any antibiotic doses being missed. It is
unlikely that the last baby would have had the
antibiotic treatment inappropriately stopped
by a negative result at 36 hours, as he was still
considered to be clinically septic and the treat-
ment was continued with a negative result at 48
hours.

If a blood culture was negative at 36 hours, it
was 98% probable to remain negative for defi-
nite or possible bacterial pathogens. The diag-
nostic yield was not significantly improved by
prolonging the incubation to 48 hours. For
definite bacterial pathogens alone, the prob-
ability of a blood culture negative at 36 hours
remaining negative at 72 hours was 99.8%, and
this was not improved by increasing the
incubation period to 48 hours.

It can be concluded that a 36 hour observa-
tion period is enough to rule out sepsis in the
asymptomatic baby. If the baby remains symp-
tomatic of a possible septicaemia at 36 hours
after collection of blood, repeat blood cultures
should be performed, and consideration should
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be given to starting a second line antibiotic
regimen. Blood culture results should not be
considered as a gold standard for sepsis and it
may of course be necessary for some sympto-
matic babies to be treated as infected even
though blood cultures remain negative. The
study suggests that a three day observation
period is sufficient to detect all clinically
important blood culture isolates, thereby mak-
ing the incubation of neonatal blood culture
beyond 72 hours unnecessary.

In this study, 100% of the cultures from
which fungi were isolated became positive by
48 hours if the babies had not received prior
specific antifungal treatment. However, the
number of babies in this part of the study was
small.

The study was unable to show any effect of
prior specific antimicrobial treatment on time
to positivity of various groups of bacterial
pathogens and fungi. Some of the babies in the
study may have been exposed to maternally
administered antibiotics antenatally or during
labour. As administration of antibiotics to the
babies themselves before blood collection had
no effect on the time to positivity, it seems
unlikely that maternally administered antibiot-
ics would have had a significant effect.

There are enormous potential benefits from
the application of the study findings provided
that there is good communication between the
microbiology laboratory and the neonatal unit.
In our unit, to maximise the clinical impact of
the automated system, there is a computer link
between the neonatal unit and the microbiol-
ogy laboratory. As soon as a positive result is
signalled, it is instantly available on the
neonatal unit. An estimate, based on present
practice, shows that there would be a reduction
in total antibiotic use on the neonatal unit of
15% if 36 hours instead of 48 hours was taken
as the time limit for stopping antibiotic
treatment when blood cultures are negative.
The decreased use of antibiotics may reduce
the emergence of antibiotic resistant strains of
bacteria in the long term.'® There may be cost
savings through decreased length of stay of
babies in hospital, decreased use of materials
such as intravenous cannulae, decreased use of
antibiotics, and decreased length of incubation
period for blood cultures. The workload of the
neonatal staff may be reduced, particularly that
of the junior doctors and nursing staff. If anti-
biotic treatment was stopped in asymptomatic
babies with negative blood cultures at 36
hours, the babies would suffer less pain
because of the use of fewer invasive procedures
such as insertion of intravenous cannulae for
antibiotic administration and blood tests such
as antibiotic assays. Early discontinuation of
antibiotics may result in earlier discharge of
some of the babies, helping to improve bonding
between parents and children.

This research was undertaken by YK for a MMedSc in Child
Health, Unversity of Leeds, UK.
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