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Detection of Bacteraemia in Patients with Fever 
and Neutropenia Using 16S rRNA Gene Amplification 
by Polymerase Chain Reaction 

B.E. Ley, C.J. Linton, D.M.C. Bennett, H. Jalal, A.B.M. Foot, M.R. Millar 

Abstract Episodes of fever and neutropenia are common complications of treat- 
ment for cancer. The use of prophylactic and early empirical antibiotics has reduced 
mortality but decreases the sensitivity of diagnostic tests based on culture. The aim 
of this study was to determine the potential of a broad diagnostic approach (eubac- 
terial) based on 16S rRNA gene amplification and sequencing to augment cultural 
methods of diagnosis of bacteraemia in patients with fever and neutropenia in a re- 
gional paediatric oncology centre. One hundred eleven patient-episodes of fever and 
neutropenia were evaluated during the study period, 17 of which were associated 
with positive blood cultures, as follows: Staphylococcus epidermidis (n = 6 episodes), 
Enterococcus faecium (n=2),  Streptococcus sanguis (n=3),  Streptococcus rnitis 
(n=3), Staphylococcus aureus (n= l ) ,  Micrococcus spp. (n= l ) ,  and Stenotropho- 
monas maltophilia (n= l ) .  Eubacterial polymerase chain reaction (PCR) detected 
bacterial DNA in nine of 11 blood culture-positive episodes for which a sample was 
available for PCR; the species identified by sequence analysis were identical to those 
derived from the conventional identification of the cultured isolates. Bacterial DNA 
was detected in 20 episodes (21 bacterial sequences) associated with negative blood 
cultures, 18 of which occurred in patients who were receiving antibiotics at the time 
of sample collection. The species presumptively identified by partial 16S rRNA gene 
sequencing were as follows: Pseudomonas spp. (n = 6 episodes), Acinetobacter spp. 
(n=5),  Escherichia spp. (n=3); Moraxella spp. (n=3); Staphylococcus spp. (n=2);  
Neisseria spp. (n = 1); and Bacillus spp. (n = 1). The results of this study suggest that 
molecular techniques can augment cultural methods in the diagnosis of bacteraemia 
in patients who have been treated with antibiotics. 

Introduction 

Modern treatment of cancer is associated with signifi- 
cant risk of infection [1-3]. The single most important 
risk factor for infection is the degree of neutropenia [4], 
although other risk factors include disruption of physi- 
cal defence barriers and alteration in microflora [2]. 
Virtually any organism can cause serious infection in 
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the immunocompromised host, including commensal 
bacteria and organisms of low virulence that do not 
cause infection in the immunocompetent host [5]. Ther- 
apeutic decisions should ideally be based on microbial 
isolation and determination of antibiotic sensitivity [6]; 
however, early empirical antibiotic therapy may com- 
promise the sensitivity of tests based on microbial cul- 
ture [1, 7]. Currently, no pathogen is identified in 35 to 
60% of episodes of fever and neutropenia [2, 8, 9]. Rii- 
konen et al. [9] investigated blood culture-negative fe- 
brile neutropenic episodes and found serological evi- 
dence of bacterial infection in 35%. 

Nucleic acid technology has recently found application 
in the diagnosis of infections caused by fastidious or- 
ganisms [10, 11] and in life-threatening situations where 
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ant ibiot ics  are given early [12]. Eubac te r i a l  16S r R N A  
gene ampl i f ica t ion with the po lymerase  chain reac t ion  
(PCR)  uses pr imers  that  are c o m p l e m e n t a r y  with se- 
quences  conserved  in all bac ter ia  and  allows the detec- 
t ion  of bacter ia ,  even  if noncu l t u r ab l e  [13]. The  applica- 
t ion  of eubacter ia l  P C R  offers a nove l  approach to the 
inves t iga t ion  of pa t ients  with fever and  neu t ropen ia .  
The  aim of this s tudy was to de t e rmine  the po ten t ia l  of 
a b road  diagnost ic  approach  based  on  16S r R N A  gene  
ampli f icat ion and sequenc ing  to a u g m e n t  cul tura l  
methods  of diagnosis  of bac t e r aemia  in pa t ients  with 
fever  and  n e u t r o p e n i a  in a regional  paedia t r ic  oncology 
centre.  

Patients and Methods 

Patients. The patient population included in the study were those 
undergoing either standard chemotherapy for malignancy or bone 
marrow transplantation (BMT) within the Royal Hospital for 
Sick Children, Bristol, UK. All patients who developed fever 
whilst neutropenic during the 7-month period from May to No- 
vember 1995 were entered into the study. During the period of 
this study, BMT patients received prophylaxis with ciprofloxacin 
from day 3 following transplantation until the neutrophil count 
recovered to 1 x 109/1. 

Definition of Episode of Fever and Neutropenia. An episode of 
fever and neutropenia was defined by a temperature of >38 ~ on 
two occasions within i h or >38.5 ~ on a single occasion in the 
presence of an absolute neutrophil count of < l x  109/1. No pa- 
tients were excluded because of prior antibiotic therapy. 

Patient Evaluation and Laboratory Information. At the start of a 
febrile episode, paired blood samples were collected for PCR and 
blood culture. If antibiotic therapy was altered for continuing fe- 
ver, repeat paired samples were taken at 48 h and 96 h and inter- 
mittently during the course of prolonged fever. Up to 20 ml of 
blood for culture was collected from each lumen of the central 
venous catheter or from a peripheral vein in the absence of a cen- 
tral venous catheter and inoculated into aerobic and anaerobic 
broth dilution culture bottles (BacT/Alert; Organon Teknika, 
USA). The volume of blood cultured per episode was recorded 
using the scale on the side of each bottle. Blood cultures were 
considered contaminated (negative blood cultures) when coagu- 
lase-negative staphylococci [14] or environmental species were 
isolated from one of the two blood culture bottles only. Samples 
of 1 ml venous blood for PCR were placed in sterile DNA-free 
vacutainers containing EDTA (Becton Dickinson, France) and 
then stored at -70~ until processed. These samples were coded 
so that the PCR operator was blind to clinical information. 

Clinical data were retrieved by review of the case notes. Fever 
characteristics, treatment given, any complications of treatment, 
antibiotic changes, and information pertaining to potential causes 
of fever, including results of bacteriological, virological and myco- 
logical tests were noted. 

Episode Analysis. Each patient-episode of fever and neutropenia 
was evaluated retrospectively using all available laboratory and 
clinical data and allocated to one of four categories. Multifactorial 
cases were allocated to the category considered most important: 
A, episode with bacterial isolation from blood culture; B, local or 
systemic infection with negative blood cultures; C, noninfective 
causes of fever [15-17]; D, episode of fever with no attributable 
cause (not in categories A, B, or C). 

Statistical Methods. Duration of fever was compared using the 
Mann-Whitney U test. The chi-square test was used to compare 

the proportions of PCR-positive episodes in each of the four fe- 
ver groups. 

Methods for Polymerase Chain Reaction Analysis'. The amplifica- 
tion, denaturing gradient gel electrophoresis, and sequencing 
methods have been described previously [18, 19]. Bacterial DNA 
in EDTA anticoagulated blood was detected using PCR amplifi- 
cation with primers B5 (5'-TCAGATTGAACGCTGGCGGC- 
3')  and B4 (5'-TATTACCGCGGCTGCTGGCA-3').  These 
primers are complementary to 16S rRNA gene sequences, at 
base-pair positions 20 and 513, respectively, which are highly 
conserved amongst bacteria. The amplification products were 
then visualised on 2% agarose gel, and the products from any 
sample with a positive signal were then reamplified using internal 
primers P2 (5'-ATTACCGCGGCTGCTGG-3') and P3 (5'- 
CGCCCGCCGCGCGCGCGGGCGGGGGCACGGGGGGCCT 
ACGGGAGGCAGCAG-3';  40 bp GC clamp attached at the 5' 
end) [20] (nested PCR) to produce a fragment that spans the vari- 
able V6 region of the 16 S rRNA gene. Different base-pair se- 
quences were then separated by denaturing gradient gel electro- 
phoresis (DGGE) [21]. Separation with DGGE was necessary to 
ensure that mixed amplification products were detected such as 
might be found in samples from patients with polymicrobial sep- 
sis. 

Control samples containing each of the reaction constituents ex- 
cept genomic DNA were run along with the samples under inves- 
tigation (PCR negative). Additional control samples included 
blood samples from healthy volunteers (blood negative control) 
and blood samples spiked with Escherichia coli 104/ml (blood po- 
sitive control) and extracted bacterial DNA (PCR positive). In 
each test run the sequence of samples was as follows: PCR nega- 
tive, PCR positive; blood negative control, blood positive control; 
and then eight test samples. DNA extraction, preparation of the 
PCR reaction mixture, and post-PCR analysis were carried out in 
separate rooms using equipment designated for each area. DNA 
extraction and preparation of the PCR reaction mixture were car- 
ried out in separate class II laminar flow cabinets using filter-pro- 
tected pipette tips (Aerogard; Alpha, UK). Samples were consid- 
ered to have given a positive PCR product only when all of the 
control samples gave appropriate results. A sample was defined 
as PCR positive only if repeat extractions from the original blood 
sample gave a positive result in two separate experiments carried 
out on different days. Negative control blood samples gave posi- 
tive results on less than 5% of test runs. 

DNA Preparation. A modification of Talmud's method [22] us- 
ing 300 ~xl of anticoagulated whole blood was used to extract 
DNA from blood samples. Following extraction, the samples 
were stored at -70 ~ prior to PCR amplification. 

Polymerase Chain Reaction Amplification. Reaction 1: The PCR 
reactions were performed in a total volume of 100 Ixl. The reac- 
tion mixture contained 0.5 units of Super TAQ Polymerase (HT 
Biotechnology, UK), buffer [10 mM Tris-HC1 (pH 9.0), 1.5 mM 
MgC12. 50 mM KC1, 0.1% (v/v) Triton X-100, and 0.01% (w/v) 
gelatin], 20 Ixm of each dNTP (Pharmacia Biotech, Sweden), and 
0.1 IxM of each of the primers B4 and B5. Ten microlitres of the 
DNA extracted from the blood samples was added to the PCR 
mixture at 75 ~ within a laminar flow cabinet, and the reaction 
mixture was overlaid with two drops of paraffin oil. The reaction 
mixtures were incubated for 3 min at 94 ~ A total of 35 cycles of 
PCR were performed using a thermal cycler (Omnigene; Hybaid, 
UK) consisting of a denaturation step for 30 sec at 94 ~ an an- 
nealing step for 1 min at 65 ~ and an extension step for 1 rain at 
72 ~ After the final cycle there was a step of 7 min at 72 ~ 

The PCR products generated were visualised by ethidium brom- 
ide staining after electrophoresis in a gel containing 2% agarose. 
Any product giving a visible band was reamplified using internal 
primers (reaction 2). 

Reaction 2: The PCR reactions were performed in a total volume 
of 50 Ixl. The reaction mixture contained the same constituents 



already mentioned, with the addition of 0.1 IxM of each of the 
primers P1 [21] and P2. One microlitre of PCR product from 
reaction 1 was added to this mixture at 75 ~ and overlaid with 
two drops of paraffin oil. A total of 25 thermal cycles were per- 
formed. A Bio-Rad Protean II system (Bio-Rad Laboratories, 
UK) was used to perform DGGE as described previously [19]. 

Sequencing. Bands on the DGGE gel derived from blood sam- 
ples were cut from the gel using a sterile scalpel blade and placed 
in 50 I*l of water and left at 4 ~ for 24 h. This DNA was then 
prepared for sequencing [19] and sequenced directly using the P1 
primer on the ABI 377 automated fluorescent DNA sequencer 
using dye terminator chemistry. The sequences were analysed us- 
ing the FastA program from the Wisconsin Genetics Computer 
Group suite of programs, Central Laboratory of the Research 
Councils, Daresbury Laboratory [23], to give sequence alignment 
and percentage identity. 

Sensitivity of Polymerase Chain Reaction Methods. The sensitivi- 
ty of the PCR methods, including the efficiency of DNA extrac- 
tion, was tested using blood samples spiked with known concen- 
trations of Escherichia coli determined using a modification of the 
Miles and Misra technique [24]. The PCR methods detected 
4.3 x 103 colony-forming units (cfu) of Escherichia coli per milli- 
litre (65 cfu/reaction) of spiked whole blood. 

Resul ts  

All 111 pat ient-episodes of fever and neut ropenia  oc- 
curring during the study period are included in the 
analysis. In the standard chemotherapy  group, there 
were 58 pat ient-episodes of fever and neut ropenia  in 36 
children (median age 8 years, range 1-17 years). Twen- 
ty-one patients had haematological  malignancies; the 
remainder  had solid tumours.  Nine patients had two 
episodes of fever and neutropenia,  three had three epi- 
sodes, one had four episodes, one had five episodes, 
and 22 had a single episode. In the B M T  group there 
were 53 episodes of fever and neutropenia  in 40 pa- 
tients (median age 11 years, range 1-48 years). Thirty- 
seven patients had haematological  malignancies, and 
three had genetic diseases. Nine patients had two epi- 
sodes of fever and neutropenia,  two had three episodes, 
and 29 had a single episode. Within this group, there 
were four patients who died during the febrile episode; 
one death was at tr ibuted directly to sepsis. Overall,  
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there were 90 pat ient-episodes for which samples were 
available for analysis by PCR: 39 of 58 (67%) in the 
standard t rea tment  group and 51 of 53 (96%) in the 
B M T  group (Table 1). 

Overall (Standard Chemotherapy and Bone Marrow 
Transplantation Patients) Episode Analysis, Group 
A. Bacteria were isolated f rom 17 blood culture-posi- 
tive episodes in group A, as follows: Staphylococcus 
epidermidis, six episodes; Enterococcus faecium, two 
episodes; Streptococcus sanguis, three episodes; Strep- 
tococcus mitis, three episodes; Staphylococcus aureus, 
one episode; Micrococcus spp., one episode; and Steno- 
trophomonas maltophilia, one episode. Samples f rom 
11 of these episodes were available for P C R  analysis; 
nine (82%) were positive. The bacteria not detected by 
PCR were Enterococcus faecium and Streptococcus mi- 
tis. The sequences f rom the first eight samples positive 
in culture gave a result on the European  Molecular 
Biology Laboratory,  Cambridge,  U K  (EMBL)  data- 
base identical to that derived f rom cultured bacteria. 
The ninth sequence was f rom a B M T  patient  with a 
line-associated Stenotrophomonas maltophilia infec- 
tion, but there is no 16S r R N A  gene sequence for this 
organism on the E M B L  database.  

Overall Episode Analysis, Group B. Diagnoses in 
group B included localised infection with Staphylococ- 
cus aureus, cellulitis, enterocolitis, urinary tract infec- 
tion, atypical pneumonia ,  dental abscess, localised fun- 
gal lesion, disseminated viral infection (adenovirus, pa- 
rainfluenza, cytomegalovirus,  Epstein-Barr ,  coxsackie 
B, herpes simplex), otitis media,  and disseminated can- 
didiasis. 

Overall Episode Analysis, Group C. Noninfect ive 
causes of fever (group C) included leukaemic presenta-  
tion, drug reaction, haemolyt ic/uraemic syndrome,  and 
graft-versus-host disease. 

Overall,  there were 20 episodes in which bacterial  
D N A  was detected by PCR alone, and 21 bacterial  

Table 1 Results of the polymerase chain reaction within assigned aetiological categories 

Fever Patient-episodes 
category* 

Standard treatment BMT group 
group 

Standard group + 
BMT group 

Total Analysed Positive Total Analysed Positive Total Analysed Positive 
(n=58) by PCR by PCR (n=53) by PCR by PCR (n=111) by PCR by PCR 

(n=39) (n=9) (n=51) (n=20) (n=90) (n=29) 

A 5 0 0 12 11 
B 18 14 2 12 12 
C 9 5 1 8 7 
D 26 20 6 21 21 

9 17 11 9 
2 30 26 4 
0 17 12 1 
9 47 41 15 

* A, bacterial isolation from blood culture; B, local or systemic 
infection with negative blood culture; C, noninfective causes of 
fever; D, fever not in category A, B, or C 

BMT, bone marrow transplantation; PCR, polymerase chain reac- 
tion 
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D N A  sequences. There  was a significant difference in 
the proport ion of episodes with bacterial D N A  de- 
tected by PCR in group A (patients with bacteraemia) 
compared with either group B (fever attributed to a 
nonbacteraemic infection) (9/11 vs. 4/26; chi-square 
with Yates correct ion=12.2)  or group C (fever attri- 
buted to a non-infective cause) (9/11 vs. 1/12:chi- 
square with Yates correction = 9.8). Bacterial D N A  was 
detected by PCR in 15 of 41 episodes without an attri- 
buted cause of fever (group D). Fever duration (ex- 
cluding patients who died during episodes of fever) was 
not significantly different in the blood culture-negative 
episodes in which bacterial D N A  was detected by PCR 
(median 7 days; range 2-40 days) than in the blood cul- 
ture-positive episodes (median 10 days; range 2-26 
days). Fever duration was significantly longer in epi- 
sodes that were PCR positive (U=64 ;  P<0 .01)  or 
blood culture positive (U=75 ;  P<0 .01)  than in epi- 
sodes with no attributable cause of fever (after exclud- 
ing those PCR-positive episodes) (median 2 days; range 
1-19 days). 

There  were nine episodes in the standard t reatment  
group that were blood culture negative and had bacteri- 
al D N A  detected by PCR. There  were 11 episodes in 
the BMT cohort  that were blood culture negative and 
had bacterial D N A  detected by PCR. Tables 2 and 3 
show the presumptive identification, antibiotic treat- 

meat,  and duration of fever associated with each of 
these patient-episodes. All of the identifications de- 
rived from sequence analysis showed >90% presump- 
tive sequence identity using the E M B L  database. 

Review of clinical and laboratory records in both the 
BMT and the standard chemotherapy groups showed 
that two of the three episodes associated with detection 
of Pseudornonas put ida D N A  were associated with in- 
flamed central venous catheter exit sites; two of the 
three episodes with Moraxella pheny lpyruv ia  were as- 
sociated with mucositis; one of the two episodes with 
Escherichia coli occurred in a patient with a previous 
episode of Escherichia coli bacteraemia diagnosed by 
blood culture; the episode with Staphylococcus aureus 
occurred in a patient from whom Staphylococcus aur- 
eus was cultured from sputum in large numbers; and 
the episode with Staphylococcus epidermidis was asso- 
ciated with the isolation of large numbers of Staphylo- 
coccus epidermidis from the tip of a central venous ca- 
theter  removed at the end of the episode of fever and 
neutropenia.  The  significance of changes in antibiotic 
therapy are difficult to assess because of the unpredict- 
able susceptibility profiles of many of the species pre- 
sumptively identified by PCR and because of the diffi- 
culty in taking into account other  factors such as re- 
moval of central lines and recovery of neutrophil  
counts. 

Table 2 Clinical characteristics of episodes in the standard treatment group in which bacterial 16S rDNA sequences were identified by 
polymerase chain reaction alone 

Presumptive Relevant clinical infor- Antibiotic treatment Duration of fever Antibiotic treatment 
identification mation a at time of positive (days) at time of clinical 

sample response 

Pseudomonas 
rnedocina 

Pseudomonas 
aeruginosa 

Escherichia coli 

Acinetobacter 
]ohnsonii 

A cinetobacter 
]ohnsonii 

Acinetobacter lwoffii 

Moraxella 
phenylpyruvica 

Moraxella 
phenylpyruvica 

Staphylococcus 
abtreus b 

Escherichia 
hermannii b 

none 2 cefuroxime, genta- 
micin 

cefixime 3 ceftazidime, teico- 
planin 

previous blood culture cefixime 3 ceftazidime, teico- 
positive for E. coli planin 

cefuroxime, gentami- 8 ceftazidime, teico- 
cin planin 

ciprofloxacin 4 ceftazidime, teico- 
planin 

enterocolitis ceftazidime, teicoplan- 17 imipenem, vancomy- 
in cin, amphotericin 

none 4 ceftazidime, teico- 
planin 

mucositis cefuroxime, gentami- fever continued until NA (death due to 
cin, flucloxacillin death other complications) 

S. aureus cultured cefuroxime, gentami- ongoing fever 
from throat swab & cin, flucloxacillin 
sputum 

diarrhoea, vomiting ceftazidi,me, teico- 25 imipenem, vancomycin 
planin 

a All patients had central venous catheters 
u These samples were obtained at different times within the same patient episode. 
NA, not applicable 
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rDNA sequences were 

Presumptive identifi- Relevant clinical infor- Antibiotic treatment Duration of fever Antibiotic treatment 
cation mation ~ at time of positive (days) at time of clinical re- 

sample sponse 

Pseudomonas putida inflamed long line site ciprofloxacin, flucloxa- 5 
cillin 

Pseudomonas putida inflamed long line site ceftazidime, teico- 7 
planin 

Pseudomonas putida ceftazidime, teico- 11 
planin 

Pseudomonas pickettii inflamed long line site cefuroxime, gentami- 13 
cin, flucloxacillin 

Acinetobacter ciprofloxacin 12 
johnsonii 

Acinetobacter imipenem, vancomycin 40 
calcoaceticus 

Moraxella mucositis ciprofloxacin 6 
phenylpyruvica 

Escherichia coli diarrhoea ceftazidime, teico- 14 
planin 

Neisseria pharyngis ciprofloxacin 6 

Bacillus spp. ceftazidime, teico- fever continued until 
planin death 

Staphylococcus significant CVC tip cefuroxime, gentami- 5 
epidermidis colonisation: S. epider- cin, flucloxacillin 

midis 

imipenem, vancomycin 

imipenem, vancomycin 

imipenem, vancomycin 

ceftazidime, teico- 
planin 

imipenem, vancomycin 

imipenem, vancomycin 

ceftazidime, teico- 
planin 

imipenem, vancomycin 

teicoplanin 

NA (death due to 
other complications) 

ceftazidime, teico- 
planin 

a All patients had central venous catheters 
CVC, central venous catheter; NA, not applicable 

D i s c u s s i o n  

Pathogens causing a large proport ion of episodes of 
fever associated with neutropenia currently remain un- 
detected when standard culture techniques are used [2, 
8, 9]. There  are many potential benefits associated with 
improving the sensitivity of tests for bacteraemia in pa- 
tients with fever and neutropenia,  such as a reduction 
in the number  of other  investigations, improved under- 
standing of the incidence and epidemiology of bacter- 
aemia, and bet ter  targeting of therapeutic strategies. 

This study was designed to assess the extent to which 
the use of PCR with eubacterial primers could improve 
diagnostic yield rather  than to quantify the benefits of 
bet ter  diagnosis. There  are no absolute criteria to con- 
firm the validity of positive PCR results associated with 
negative blood cultures. Overall, PCR detected bacteri- 
al D N A  in significantly more episodes associated with 
positive blood cultures (group A) than in episodes with 
nonbacteraemic causes of fever (groups B and C). Most 
of the organisms identified by PCR have previously 
been associated with infections in immunocompro-  
mised patients [25, 26]. There  were other  positive cul- 
tures supporting the PCR identification in three patient 
episodes. Fever  duration in the PCR-positive group 
was similar to that in the blood culture-positive group. 

The sensitivity of the methods reported here could be 
improved by the use of more efficient D N A  extraction 
methods [27] and by the use of haemogloblin to reduc- 
ing the inhibition of PCR by haemoglobin [28]. 

Both children and adults with fever and neutropenia 
have higher concentrations of bacteria in their blood 
than are found in immunocompetent  adults with bac- 
teraemia [29, 30]; this probably accounts for the good 
yield despite the poor  sensitivity of our methods. Im- 
proved sensitivity may have led to the detection of 
small numbers of contaminating bacteria or PCR prod- 
ucts [31-33]. In this study the contrast between the 
identifications of bacteria recovered by culture (pre- 
dominantly gram-positive) and those detected by PCR 
alone (predominantly gram-negative) may be explained 
by the incomplete homology of the B5 primer for some 
gram-positive species and the relatively poor  extraction 
of gram-positive D N A  using our method. However ,  
other  recent studies have also reported an increasing 
frequency of gram-negative infections in immunocom- 
promised patients [34, 35] The poor  sensitivity of the 
methods used in this study and the diversity of medica- 
lly-important species identified supports the contention 
that the majority of episodes in which bacterial D N A  
was detected were associated with bacteraemia rather 
than sample contamination. Even so, we cannot ex- 
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c lude  the  poss ib i l i ty  tha t  a p r o p o r t i o n  of  the  P C R - p o s i -  
t ive samples  was c o n t a m i n a t e d .  

Since the  o rgan i sms  iden t i f i ed  by  P C R  are  cu l tu rab le ,  
we sough t  r easons  to  exp la in  why  the  b l o o d  cu l tures  re-  
m a i n e d  negat ive .  The  m e a n  b l o o d  vo lumes  were  less 
than  wou ld  be  cons ide r ed  idea l  to  m a x i m i s e  the  r a t e  of  
pos i t ive  b l o o d  cu l tu res  o b t a i n e d  f rom adul ts ,  bu t  the  
v o l u m e  ref lects  the  p r e d o m i n a n c e  of  ch i ld ren  in the  
s tudy  popu la t i on .  In  the  m a j o r i t y  of  ep i sodes ,  pa t i en t s  
were  on an t ib io t ics  at  the  t ime  an o rgan i sm was iden t i -  
f ied by  P C R  [1, 7]. T h e  Acinetobacter spp.,  Pseudorno- 
nas spp.,  and  Moraxella spp.  iden t i f i ed  by  P C R  are  
n o n f e r m e n t a t i v e ,  and  the  B a c T / A l e r t  sys tem de tec t s  or-  
gan isms  by  the  co lo r ime t r i c  d e t e c t i o n  of  CO2 p r o d u c e d  
by  growing  o rgan i sms  [36, 37]. T h e  wards  a re  l oca t ed  at 
a site s e p a r a t e  f rom the  l a b o r a t o r y  and  t h e r e  is fre-  
quen t  de l ay  in s amp le s  r each ing  the  l abo ra to ry ;  as ea r ly  
p rocess ing  is k n o w n  to be  i m p o r t a n t ,  this  d e l a y  m a y  
have  a f fec ted  the  d e t e c t i o n  ra te  using this b l o o d  cu l tu re  
system. 

The  fac to r  con t r i bu t ing  mos t  to  the  p o o r  re la t ive  per -  
f o r m a n c e  of  b l o o d  cu l tu res  was p r o b a b l y  the  empi r i ca l  
use  of  ant ib iot ics .  T h e  bac t e r i a l  D N A  d e t e c t e d  by  P C R  
m a y  have  b e e n  de r i ved  f rom v iab le  uncu l t u r ed  b a c t e r i a  
or  f rom bac t e r i a  k i l led  by  empi r i ca l  an t ib io t i c  t he rapy .  
Because  we d id  no t  col lec t  ex t r a  b l o o d  samples  ove r  
and  a b o v e  those  co l lec ted  for  cul ture ,  we canno t  pos tu -  
la te  on  the  half- l i fe  of  c i rcu la t ing  D N A  in these  pa t i en t -  
ep i sodes .  

The  m e t h o d s  de sc r ibed  in this r e p o r t  a re  l a b o u r  in ten-  
sive, t ime -consuming ,  and  expens ive .  A s  a u t o m a t e d  
sys tems b e c o m e  ava i lab le ,  it will be  poss ib le  to  use this 
t e c h n o l o g y  to in fo rm cl inical  p rac t i ce  and  to  d e v e l o p  a 
m o r e  s t r ingent  p r o t o c o l  to  d e t e r m i n e  the  va lue  of  this 
a p p r o a c h  in the  m a n a g e m e n t  of  pa t i en t s  wi th  f eve r  and  
n e u t r o p e n i a .  
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