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Performance of Two Resin-Containing Blood Culture Media in
Detection of Bloodstream Infections and in Direct Matrix-Assisted
Laser Desorption Ionization—Time of Flight Mass Spectrometry

(MALDI-TOF MS) Broth Assays for Isolate Identification: Clinical
Comparison of the BacT/Alert Plus and Bactec Plus Systems
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We compared the clinical performances of the BacT/Alert Plus (bioMérieux) and Bactec Plus (Becton Dickinson) aerobic and
anaerobic blood culture (BC) media with adsorbent polymeric beads. Patients =16 years old with suspected bloodstream infec-
tions (BSIs) were enrolled in intensive care units and infectious disease wards. A single 40-ml blood sample was collected from
each and used to inoculate (10 ml/bottle) one set of BacT/Alert Plus cultures and one set of Bactec Plus cultures, each set consist-
ing of one aerobic and one anaerobic bottle. Cultures were incubated =5 days in the BacT/Alert 3D and Bactec FX instruments,
respectively. A total of 128 unique BSI episodes were identified based on the recovery of clinically significant growth in 212 aero-
bic cultures (106 BacT/Alert and 106 Bactec) and 151 anaerobic cultures (82 BacT/Alert and 69 Bactec). The BacT/Alert aerobic
medium had higher recovery rates for Gram-positive cocci (P = 0.024), whereas the Bactec aerobic medium was superior for
recovery of Gram-negative bacilli (P = 0.006). BacT/Alert anaerobic medium recovery rates exceeded those of the Bactec anaero-

bic medium for total organisms (P = 0.003), Gram-positive cocci (P = 0.013), and Escherichia coli (P = 0.030). In terms of ca-
pacity for diagnosing the 128 septic episodes, the BacT/Alert and Bactec sets were comparable, although the former sets diag-
nosed more BSIs caused by Gram-positive cocci (P = 0.008). They also allowed earlier identification of coagulase-negative
staphylococcal growth (mean, 2.8 h; P = 0.003) and growth in samples from patients not on antimicrobial therapy that yielded
positive results (mean, 1.3 h; P < 0.001). Similarly high percentages of microorganisms in BacT/Alert and Bactec cultures (93.8%
and 93.3%, respectively) were identified by direct matrix-assisted laser desorption ionization—time of flight mass spectrometry
assay of BC broths. The BacT/Alert Plus media line appears to be a reliable, timesaving tool for routine detection of BSIs in the
population we studied, although further studies are needed to evaluate their performance in other settings.

hroughout the world, the number of patients at risk for

bloodstream infections (BSIs) continues to rise (1). BSIs are
associated with high rates of morbidity and mortality, and they
markedly increase the costs of hospital care (1, 2). Prompt
identification of the causative agent(s) and rapid initiation of
appropriate antimicrobial therapy are critical for reducing mor-
tality, especially in patients with septic shock (2—4). Blood culture
(BC) remains the gold standard for diagnosing BSIs (5, 6). Over
the decades, improvements in culture media and the availability of
software-assisted, automated growth detectors have enhanced the
recovery of bloodstream pathogens and decreased the time to de-
tection (TTD) of microbial growth. The time-consuming process
of isolate identification with conventional culture-based methods
has also been improved, thanks to the development of new meth-
ods that can be used directly on broth samples from BC bottles,
such as matrix-assisted laser desorption ionization—time of flight
(MALDI-TOF) mass spectrometry (MS) (7). Various studies have
shown this approach to be a reliable, cost-effective, timesaving
alternative for routine identification of bacteria and yeasts causing
BSIs (7-10). Its routine use can increase the proportion of patients
who receive effective antimicrobial treatment within 24 h of BC
positivity, and its potential impact on outcome is even greater
than that of Gram-stain reporting (4, 11).
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Despite these advances, however, limitations persist. One of
the most important involves the diagnostic performance of BCs
collected from patients who are already on antimicrobial therapy.
In up to 87% of patients with severe sepsis, empirical antimicro-
bial therapy is started before blood samples for cultures are drawn,
and this practice can reduce or delay pathogen recovery (12-15).
Increasing the diagnostic yield of positive BCs in this setting
would allow more effective management of a highly vulnerable
patient population (12, 16).

To this end, several manufacturers have designed BC media
containing resins (Bactec Plus Aerobic/F and Anaerobic/F bottles;
Becton Dickinson Instrument Systems, Sparks, MD) or charcoal

Received 22 April 2014 Returned for modification 14 May 2014
Accepted 11 July 2014

Published ahead of print 16 July 2014

Editor: K. C. Carroll

Address correspondence to Maurizio Sanguinetti, msanguinetti@rm.unicatt.it.
B.F.and T.D. contributed equally to this article.

Copyright © 2014, American Society for Microbiology. All Rights Reserved.
doi:10.1128/JCM.01171-14

p. 3558-3567 October 2014 Volume 52 Number 10


http://dx.doi.org/10.1128/JCM.01171-14
http://jcm.asm.org

(BacT/Alert FAN, FA, and EN bottles; bioMérieux, Marcy I'Etoile,
France) designed to adsorb antimicrobial drugs present in the
blood. The ability of these media to improve the detection of bac-
teremia and fungemia in patients on antimicrobial therapy has
been widely documented (13, 14, 17-28). In earlier studies, resin-
and charcoal-based systems displayed similar recovery rates and
TTDs, regardless of whether antibiotics were being administered
when the BCs were drawn (13,27, 28), but two more recent studies
suggested that, in the presence of antibiotics, resin-containing
media are superior (14, 15). In several studies, both types of media
improved recovery and reduced the TTDs of significant pathogens in
simulated BCs inoculated with blood containing therapeutic levels of
commonly used antibiotics and antifungal agents (29-37). However,
significant differences emerged between the resin- and charcoal-
based media relative to specific microorganism-antimicrobial com-
binations. Charcoal particles also appear to interfere with the reading
of Gram-stained smears, and charcoal-containing broths must be
subjected to more complex, time-consuming extraction protocols
before undergoing direct MALDI-TOF MS assay for species-level iso-
late identification (28, 38, 39).

Three recent studies (40—42) found that the new bioMérieux
BacT/Alert FA Plus, FN Plus, and PF Plus BC media, which contain
adsorbent polymeric beads, improve and accelerate the detection of
bloodstream pathogens compared with standard BacT/Alert media
and with BacT/Alert media containing charcoal particles. The present
study represents the first attempt to evaluate the performance of the
new BacT/Alert FA Plus and FN Plus media compared with Becton
Dickinson’s Bactec Plus Aerobic/F and Anaerobic/F media, which
also contain antimicrobial-binding resins.

(Portions of the data from this study were presented at the 23rd
European Congress of Clinical Microbiology and Infectious Dis-
eases, Berlin, Germany 2013.)

MATERIALS AND METHODS

Design, setting, and population. This prospective study was conducted,
with institutional review board authorization (approval no. P/403/CE/
2012), from 1 May 2012 through 31 October 2013 at the Catholic Univer-
sity of the Sacred Heart Medical Center, a 1,200-bed tertiary-care hospital
in Rome, Italy. The entire medical center is served by a central microbi-
ology laboratory, which is open from 7:00 a.m. to 7:00 p.m., Monday
through Saturday. For adult patients with suspected BSIs, the center’s
standard of care requires the sequential collection at 30-min intervals of at
least three sets of aerobic and anaerobic BCs (43—46). For each set, a 20-ml
blood sample is collected via a single venipuncture or intravascular line
access. Skin or access ports are disinfected with alcohol and povidone
iodine. The sample is used to inoculate one Bactec Plus Aerobic/F bottle
and one Bactec Plus Anaerobic/F bottle (10 ml of blood each). The bottles
are brought to the laboratory and incubated up to 5 days in the Bactec FX
automated blood culture instrument. (Cultures arriving when the labo-
ratory is closed are stored at room temperature in accordance with man-
ufacturers’ instructions.)

The present study focused on BCs submitted during the study period
as part of routine care for patients =16 years old who were hospitalized in
the medical center’s three intensive care units (ICUs) or two infectious
disease wards. For each suspected BSI episode, we comparatively analyzed
one set of Bactec Plus cultures consisting of 1 Aerobic/F and 1 Anaerobic/F
bottle (hereafter referred to as the Bactec set) and one set of BacT/Alert
Plus cultures (1 FA Plus [aerobic] and 1 FN Plus [anaerobic] bottle, here-
after referred to as the BacT/Alert set). The staffs of participating wards
were given written instructions for proper collection of blood samples.

Blood sample collection and processing of cultures. For study pa-
tients, three blood samples were collected as described above. The third
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sample, which was used in the study, was always drawn percutaneously
(for the sake of uniformity), and the amount drawn was increased to 40 ml
(bringing the total amount of blood collected per episode to 80 ml). The
final sample was divided equally (10 ml/bottle) among the two Bactec Plus
bottles and the two BacT/Alert Plus bottles. The order in which the two
sets were inoculated was reversed each month. The paired BacT/Alert and
Bactec BC sets were sent to the central microbiology laboratory and incu-
bated in the BacT/Alert and Bactec FX automated BC systems, respec-
tively. Submissions were excluded from the study if one or both culture
sets were incomplete or if any of the 4 bottles contained less than or more
than 10 ml of blood, assessed on the basis of volume markers (5-ml incre-
ments) on the bottles.

Isolate identification and in vitro antimicrobial susceptibility as-
says. When the growth index of a bottle was positive, broth aliquots were
collected for standard identification studies, which entailed Gram staining
(the results of which were immediately reported to the patient’s physician),
routine subculture, and MALDI-TOF MS (MALDI BioTyper; Bruker Dal-
tonik GmbH, Leipzig, Germany) analysis of culture samples, supplemented
when necessary with additional biochemical methods and/or 16S rRNA gene
sequencing (5, 47, 48). Bottles flagged as positive that were smear and subcul-
ture negative were reincubated. Those still negative at the end of the fifth day
were also terminally subcultured. Those that were persistently negative were
classified as false-positive detections and excluded from analysis.

A second 8-ml broth sample was prepared for direct analysis in the
Bruker MALDI BioTyper (study identification method) using an in-
house extraction protocol. In brief, the aliquot was centrifuged (3,500
rpm for 15 min at room temperature [RT]) in an 8-ml Vacuette Z Serum
Sep clot activator tube (Greiner Bio-One GmbH, Frickenhausen, Ger-
many). The supernatant was discarded and the sediment was used to make
a bacterial suspension adjusted to a McFarland standard of 2. After cen-
trifugation, the resulting pellet was washed twice in 1 ml of pure water,
centrifuged, and suspended in 300 pl of pure water plus 900 p.l of absolute
ethanol. After centrifugation, 30 pl of 70% formic acid plus 30 wl pure
acetonitrile were added to the pellet. The solution was thoroughly vor-
texed and then subjected to a final centrifugation at maximum speed
(2 min at RT). The supernatant was collected, and a 1-pul sample was
applied in quadruplicate to a steel target plate (Bruker Daltonics, Inc.).
The spots were dried, overlaid with 1 wl MALDI matrix (a saturated so-
lution of a-cyano-4-hydroxycinnamic acid in 50% acetonitrile-2.5% tri-
fluoroacetic acid), and air dried at RT for 5 min.

Mass spectrometry was performed with the Microflex MALDI-TOF
MS (Bruker Daltonics GmbH). Captured spectra were analyzed with
MALDI BioTyper 3.0 software and compared with those in the BioTyper
database (Bruker Daltonics GmbH). Matches were ranked by log identifica-
tion scores, which ranged from 0 to 3, and the match with the highest score
was used for species identification. Identifications were considered valid at the
species level when =2 of the 4 spectra had log scores of =1.9 or when all 4
spectrahad logscores of =1.2 (7,48). Identification of yeasts directly from BC
bottles was performed as previously described (9). All isolates were subjected
to in vitro antimicrobial susceptibility assays and the results were classified in
accordance with EUCAST breakpoints (document version 3.1, February
2013) (http://www.eucast.org/clinical_breakpoints).

Definitions and data analyses. A septic episode was defined as the
recovery from BacT/Alert and/or Bactec BCs of at least one organism,
which at the time of the positive culture was judged to be clinically signif-
icant by an infectious disease consultant (28, 49). The judgment was based
on the results of all three BC sets. Commensal organisms, such as coagu-
lase-negative staphylococciand viridans group Streptococcus isolates, were
considered clinically relevant pathogens when they were recovered from
>2 BCs in patients with clinical manifestations of infection that were not
explained by other causes.

TTDs were measured (in hours) from the time bottles were placed in
the automated BC system. BC sets were classified as treatment positive if,
at the time blood samples were drawn, empirical antimicrobial therapy
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TABLE 1 Microorganisms recovered from aerobic BCs performed with BacT/Alert and Bactec culture media”

No. (%) of isolates recovered from indicated aerobic BC bottles

Microorganism (no.) BacT/Alert and Bactec” BacT/Alert only Bactec only P*
Gram negative (65) 58 (89.2) 0 7 (10.8) 0.006
Escherichia coli (22) 19 (86.4) 0 3 (13.6) NS
Klebsiella pneumoniae (14) 13 (92.9) 0 1(7.1 NS
Morganella morganii (2) 2 0 0 NA
Proteus mirabilis (3) 2 0 1 NA
Pseudomonas aeruginosa (23) 21(91.3) 0 2 (8.7) NS
Stenotrophomonas maltophilia (1) 1 0 0 NA
Gram positive (48) 37 (77.1) 9 (18.7) 2 (4.2) 0.024
Enterococcus faecalis (3) 1(33.3) 2 (66.6) 0 NA
Staphylococcus aureus (19) 14 (73.7) 3 (15.8) 2 (10.5) NS
Coagulase-negative staphylococci (19)¢ 17 (89.5) 2 (10.5) 0 NS
Streptococcus anginosus (3) 2 1 0 NA
Streptococcus constellatus (1) 1 0 0 NA
Streptococcus pneumoniae (3) 2 1 0 NA
Yeasts (10) 7 (70) 1 2 NS
Candida albicans (7) 5 0 2 NS
Candida parapsilosis (1) 0 1 0 NA
Candida tropicalis (2) 2 0 0 NA
Total isolates (123) 102 (82.9) 10 (8.1) 11 (8.9) NS
Treatment positive (32) 31 0 1 NS
Treatment negative (91) 71 10 10 NS

@ Analysis was limited to the 212 aerobic BCs (BacT/Alert FA Plus and Bactec Plus Aerobic/F) that grew clinically relevant microbial species. The terms treatment negative and
treatment positive refer to cultures drawn before and after initiation of empirical antimicrobial therapy, respectively (see Materials and Methods). Abbreviations: BC, blood culture;

NS, not significant; NA, not applicable. Percentages were not calculated when =5 microorganisms were isolated.

b Tsolates of the same species recovered from BacT/Alert and Bactec bottles in a given episode were counted as 1 isolate.

¢ Statistical significance was assessed by comparing the percentage of isolates recovered from BacT/Alert bottles (column 2 + column 3/column 2 +column 3 + column 4) versus
percentage of isolates recovered from Bactec bottles (column 2 + column 4/column 2 +column 3 + column 4) (two-sample test of proportions).

4 Includes Staphylococcus epidermidis (n = 16), Staphylococcus haemolyticus (n = 2), and Staphylococcus hominis (n = 1).

had already been started with at least one drug to which the isolate(s)
subsequently displayed in vitro susceptibility.

For each septic episode, the BacT/Alert and Bactec sets were compared
at three levels, aerobic bottles versus aerobic bottles, anaerobic bottles
versus anaerobic bottles, and complete set versus complete set. The end-
points considered were rates of recovery and TTDs of clinically significant
microorganisms, performance under treatment-positive and treatment-
negative conditions, medium suitability for direct identification of patho-
gens using MALDI-TOF MS with the Bruker BioTyper, and (set versus set
analysis only) correct diagnosis of BSI episodes.

For each clinically relevant species recovered, the yields of the BacT/
Alert and Bactec bottles/sets were classified as concordant when the same
species was detected in both. In this case, the two isolates were considered
identical and counted as one isolate. Yields were considered discordant
when the species was recovered from the BacT/Alert bottle/set alone or the
Bactec bottle/set alone. The septic episode itself was ultimately attributed
to all noncontaminant species recovered, including those classified as dis-
cordant detections. The diagnostic capacity of a BC set (BacT/Alert versus
Bactec) was calculated as the percentage of sets with aerobic and/or an-
aerobic yields demonstrating the involvement of all causative organisms.

For each isolate recovered by the BacT/Alert and/or Bactec system, we
compared standard (culture-based) identifications with those generated
by direct broth analysis with the Bruker MALDI BioTyper. Discrepancies
that emerged were resolved with additional biochemical tests or 16S rRNA
gene sequencing (5, 47, 48). The results obtained with the direct broth
assay were classified as correct only when they corresponded at the species
level with the identification obtained by the standard method.

The two-sample test of proportions was used to assess differences be-
tween the BacT/Alert and Bactec systems in terms of isolate recovery rates
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and rates of correct identifications based on direct Bruker MALDI Bio-
Typer broth assay. Differences between the mean TTDs for the two BC
systems were assessed with the Wilcoxon matched-pairs signed-rank tests.
Differences were considered statistically significant at P values of <0.05.
All statistical analyses were performed with the Intercooled Stata pro-
gram, version 11, for Windows (Stata Corporation, College Station, TX).

RESULTS

During the 18-month study, the microbiology laboratory received
1,456 paired (BacT/Alert plus Bactec) BC sets from patients who
met the inclusion criteria. A total of 424 sets were excluded from
analysis because they were incomplete or because one or more
bottles contained <10 ml of blood. A total of 1,032 paired BC sets
were left for comparative analysis.

Isolate recovery from BC bottles. A total of 411 bottles (216
BacT/Alert bottles and 195 Bactec bottles) were flagged as positive by
their automated growth detection systems. Gram stain and subcul-
ture results were persistently negative for 7 (3.2%) of the 216 BacT/
Alert bottles, which were classified as false positives. Twenty-one
(10%) of the remaining 209 positive BacT/Alert bottles and 20
(10.3%) of the 195 Bactec bottles yielded isolates (1 = 48) classified as
contaminants (coagulase-negative staphylococci in most cases).

The rest of the study focused exclusively on the remaining 363
BC bottles with confirmed, clinically significant growth (mono-
microbial in 343 [95%] cases). They included 212 aerobic cultures
(106 BacT/Alert bottles and 106 Bactec bottles; P = not significant
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TABLE 2 Times to detection of aerobic BC positivity for BacT/Alert and Bactec culture bottles”

Times to detection (h) of aerobic BC positivity in:

BacT/Alert bottles Bactec bottles
No. of
Microorganism(s) isolates Median Mean (IQRs) Median Mean (IQRs) pb
Monomicrobial cultures 90 12.4 14.7 (8.2-19.9) 12.3 15.4 (8.2-19.7) NS
Gram-negative 48 10.8 12.1 (7.0-15.3) 10.2 12.7 (6.6-14.1) NS
Escherichia coli 17 6.5 6.8 (5.6-8.1) 6.0 8.5 (4.3-9.0) NS
Klebsiella pneumoniae 10 10.8 10.8 (8.9-12.2) 10.7 10.7 (8.3-13.1) NS
Morganella morganii 2 7.8 7.8 8.3 8.3 NA
Pseudomonas aeruginosa 19 17.3 18.0 (13.4-18.2) 15.3 18.0 (12.2-21.2) NS
Gram positive 36 14.0 16.1 (10.7-22.0) 14.8 16.5 (9.8-24.2) NS
Enterococcus faecalis 1 21.1 21.1 NA 15.6 NA
Staphylococcus aureus 14 10.8 10.8 (8.2-12.1) 9.4 9.7 (7.9-12.7) NS
Coagulase negative staphylococci 16 19.9 21.6 (15.1-24.2) 25.0 22.7 (16.9-28.6) 0.003
Streptococcus anginosus 2 21.7 21.7 18.3 18.3 NS
Streptococcus constellatus 1 NA 21.4 NA 20.4 NA
Streptococcus pneumoniae 2 12.3 12.3 11.4 11.4 NA
Yeasts 6 21.8 23.3(12.5-28.4) 26.9 30.8 (14.5-51.3) NS
Candida albicans 4 22.4 28.4 (15.6-47.3) 17.4 20.4 (13.1-30.7) NS
Candida tropicalis 2 27.7 27.7 52.0 51.6 NA
Polymicrobial cultures 12 15.2 21.5(7.9-32.4) 17.2 18.5 (7.2-28.5) NS
Total isolates 102 124 15.1 (8.3-20.8) 12.3 15.6 (8.1-20.8) NS
Treatment positive 31 18.0 19.8 (10.2-25.4) 15.2 18.7 (8.9-26.0) NS
Treatment negative 71 12.0 13.2 (8.0-18.0) 12.1 14.3 (8.1-20.4) NS

“ Analysis was limited to the 192 aerobic bottles in which BacT/Alert and Bactec BC yields were concordant at the species level. The terms treatment negative and treatment positive
refer to cultures drawn before and after initiation of empirical antimicrobial therapy, respectively (see Materials and Methods). Abbreviations: BC, blood culture; IQR, interquartile
range (calculated only when =5 isolates were evaluated); NA, not applicable; NS, not significant (P > 0.05).

b Statistical significance of differences between mean TTDs for BacT/Alert and Bactec bottles (Wilcoxon matched-pairs signed-rank test).

[NS]) and 151 anaerobic cultures (82 BacT/Alert bottles and 69
Bactec bottles; P = NS).

(i) Aerobic cultures. Table 1 shows the 123 clinically signifi-
cant isolates recovered from the aerobic BC bottles. For most iso-
lates (102 [82.9%]), BacT/Alert and Bactec culture growths were
concordant; the other 21 were recovered only from the BacT/Alert
bottle (10 [8.1%]) or the Bactec bottle (11 [8.9%]). Gram-positive
bacteria grew better in the BacT/Alert bottles (recovery rates,
95.8% versus 81.2% in Bactec bottles; P = 0.024), while the Bactec
medium had higher recovery rates for Gram-negative bacteria
(100% versus 89.2%; P = 0.006). At the single-species level, there
were no significant differences between the two aerobic media.
The BacT/Alert and Bactec media recovery rates were similar for
treatment-positive and treatment-negative cultures.

Analysis of the 212 positive aerobic culture bottles revealed
virtually identical TTDs for the BacT/Alert bottles (n = 106) and
the Bactec bottles (n = 106) of 16.1 h (median, 14 h; interquartile
range [IQR], 8.6 to 21.2 h) and 16.0 h (median, 12.4 h; IQR, 8.3 to
21.8 h), respectively (P = NS). When TTD analysis was restricted
to the 192 bottles with concordant growth (Table 2), the BacT/
Alert medium was significantly more rapid for detecting coagu-
lase-negative staphylococci (P = 0.003).

(ii) Anaerobic cultures. As shown in Table 3, a total of 92
isolates were recovered from one or both of the anaerobic BC
bottles, and the overall recovery rate for the BacT/Alert vials was
significantly higher than that of the Bactec bottles (93.4% versus
78.2%, P = 0.003). The BacT/Alert FN Plus medium had higher
recovery rates for Escherichia coli (90.9% versus 63.6%; P =
0.030), Gram-positive bacteria (95.9% versus 79.6%; P = 0.013),
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and isolates present in treatment-negative cultures in general
(91.8% versus 74% for Bactec medium; P = 0.004).

The mean TTDs for the positive BacT/Alert (n = 82) and Bac-
tec (n = 69) bottles were similar (16 h [median, 12.2; IQR, 8.3 to
22.6] versus 16.9 h [median, 13.8; IQRs, 9.7 to 22.5], respectively;
P = NS). As shown in Table 4, the similarity also emerged when
analysis was restricted to the 126 bottles with concordant growth
(16.2 versus 17.1 h, respectively; P = NS). There were no signifi-
cant species- or group-related differences between the two sys-
tems, but growth in treatment-negative cultures was detected 1.3
h earlier in the BacT/Alert bottles (P = 0.007).

Isolate identifications based on direct MALDI-TOF MS anal-
ysis of BC broths. Direct BC broth assays were performed on
samples from all 363 BCs yielding clinically significant growth
(188 BacT/Alert bottles and 175 Bactec bottles). As shown in Table
5, the results were fully concordant with standard culture-based
identifications for 88.9% of the isolates grown in the 188 BacT/Alert
bottles and 88.1% of those in the 175 Bactec bottles (P = 0.998), with
mean (IQR) log score values for the best hits 0f 2.09 (1.99 to 2.20) and
2.05 (1.98 to 2.18), respectively. For the remaining 44 isolates (22 of
which were from BacT/Alert cultures), Bruker MALDI BioTyper
broth analysis yielded no identification. Of these, 22 (50%) were from
polymicrobial cultures. When analysis was restricted to the monomi-
crobial cultures, rates of concordance between broth-based and cul-
ture-based identifications rose to 93.8% and 93.3% for BacT/Alert
and Bactec bottles, respectively (P = NS). Mean (IQR) log score val-
ues for Gram-negative bacteria recovered from BacT/Alert and Bac-
tec bottles were 2.15 (2.08 to 2.23) and 2.13 (2.02 to 2.23), respec-
tively; similar values were observed for Gram-positive cocci (2.06
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TABLE 3 Microorganisms recovered from anaerobic BCs performed with BacT/Alert and Bactec culture media®

No. of isolates recovered from the indicated anaerobic BC bottles

Microorganism(s) (no.) BacT/Alert and Bactec” BacT/Alert only Bactec only P
Gram negative (43) 29 (67.4) 10 (23.3) 4(9.3) NS
Escherichia coli (22) 12 (54.5) 8 (36.4) 2(9.1) 0.030
Klebsiella pneumoniae (11) 9 (81.8) 1(9.1) 1(9.1) NS
Morganella morganii (2) 1 1 0 NA
Proteus mirabilis (1) 0 0 1 NA
Anaerobic Gram negative 7)¢ 7 (100) 0 0 NS
Gram positive (49) 37 (75.5) 10 (20.4) 2 (4.1) 0.013
Enterococcus faecalis (6) 3 (50) 3 (50) 0 0.04
Enterococcus faecium (1) 1 0 0 NA
Staphylococcus aureus (18) 16 (88.9) 2 (11.1) 0 NS
Coagulase-negative staphylococci (19)¢ 13 (68.4) 4 (21.1) 2 (10.5) NS
Streptococcus anginosus (2) 1 1 0 NA
Streptococcus constellatus (1) 1 0 0 NA
Streptococcus pneumoniae (1) 1 0 0 NA
Anaerobic Gram positive 1y 1 0 0 NA
Total isolates (92) 66 (71.7) 20 (21.7) 6 (6.5) 0.003
Treatment positive (19) 18 (94.7) 1(5.3) 0 NS
Treatment negative (73) 48 (65.8) 19 (26.0) 6 (8.2) 0.004

@ Analysis was limited to the 126 anaerobic BCs (BacT/Alert FN Plus and Bactec Plus Anaerobic/F) that grew clinically relevant microbial species. The terms treatment negative and
treatment positive refer to cultures drawn before and after initiation of empirical antimicrobial therapy, respectively (see Materials and Methods). Abbreviations: BC, blood culture;
NA, not applicable; NS, not significant (P > 0.05). Percentages were not calculated when =5 microorganisms were isolated.

b Tsolates of the same species recovered from BacT/Alert and Bactec bottles in a given episode were counted as 1 isolate.

¢ Statistical significance was assessed by comparing the percentage of isolates recovered from BacT/Alert bottles (column 2 + column 3/column 2 +column 3 + column 4) versus

percentage of isolates recovered from Bactec bottles (column 2 + column 4/column 2 +column 3 + column 4) (two-sample test of proportions).

@ Includes 6 isolates of Bacteroides fragilis and 1 of Campylobacter rectus.
¢ Includes 17 isolates of Staphylococcus epidermidis and 2 of Staphylococcus haemolyticus.
' Includes 1 Parvimonas micra isolate.

[1.98 10 2.10] and 2.03 [1.98 to 2.09], respectively), whereas those for
Candida species isolates were substantially lower (1.84 [1.98 to
2.10] and 1.88 [1.98 to 2.09], respectively).

Diagnostic capacities and TTDs of BacT/Alert and Bactec BC
sets. A total of 128 BSI episodes were diagnosed (including 11 that
were polymicrobial). A total of 112 (87.5%) episodes were correctly
diagnosed by both the BacT/Alert and Bactec culture sets. The re-
maining 16 episodes included 15 that were missed entirely by either
the BacT/Alert set (n = 5) or by the Bactec (n = 10) (P = NS) and 1
episode incompletely diagnosed by both sets. For the 122 episodes
identified by the BacT/Alert sets, diagnoses reflected growth in both
the aerobic and anaerobic bottles in 65 (53.2%) cases; in the remain-
ing 57 cases, they reflected growth in the aerobic (1 = 41 [33.6%]) or
anaerobic (n = 16 [13.1%]) bottle alone. Corresponding figures for
the 117 episodes identified by the Bactec sets were as follows: aerobic
and anaerobic bottles (n = 57), 48.7%; aerobic bottle alone (n = 48),
41%;and anaerobic bottle alone (n = 12), 10.3%. The BacT/Alert and
Bactec sets were similar in terms of the types of BSIs they diagnosed,
although the former identified more BSIs involving Gram-positive
cocci (50/51 [98% of all such episodes] for the BacT/Alert system
versus 42/51 [82.3%] for the Bactec system; P = 0.008). Of the 57
Gram-negative BSIs, the BacT/Alert sets identified 56 (98.2%) and
the Bactec sets all 57 (100%) (P = NS). Of the 9 candidemias we
found, 7 were identified by BacT/Alert and 8 by the Bactec system
(P = NS). The diagnostic capacities of the two sets were similar, re-
gardless of whether antimicrobial treatment had been started when
cultures were drawn.

The mean TTDs for the episodes diagnosed by the BacT/Alert

3562 jcm.asm.org

(n = 123) and Bactec (n = 118) sets were not significantly differ-
ent (16.1 h [median, 14.2 h; IQR, 8.2 to 21.3] versus 16.9 h [me-
dian, 13.1 h; IQR, 8.3 to 24]). When TTD analysis was restricted to
the 112 cases diagnosed by both sets (Table 6), the only difference
that emerged involved coagulase-negative staphylococcal BSIs,
which were detected faster by the BacT/Alert system (mean, 2.8 h;
P = 0.003). There were no significant differences between BacT/
Alert and Bactec set TTDs when cultures were drawn after the
initiation of antimicrobial therapy, but the BacT/Alert sets pro-
vided diagnoses 1.3 h earlier in treatment-negative cases (P <
0.001).

In 92.7% (114 of 123) of the episodes diagnosed by BacT/Alert
BC sets and 90.7% (107 of 118) of those identified with the Bactec
sets, all causative organisms were correctly identified by direct
Bruker MALDI BioTyper analysis of BC broths.

DISCUSSION

The aim of this study was to compare the clinical performances of two
widely used lines of aerobic and anaerobic BC media containing res-
in-based systems for neutralizing antimicrobial molecules and other
growth inhibitors (22, 50). Each paired (BacT/Alert Plus and Bactec
Plus) BC set we analyzed was inoculated with 40 ml of blood collected
from the same patient via a single percutaneous venipuncture (10 ml
per bottle). This allowed us to compare the two medium lines not
only in terms of aerobic bottle or anaerobic bottle yields, but also at
the level of the two-bottle BC sets themselves, which is more relevant
for the clinical microbiology laboratory (13, 27). The BacT/Alert Plus
aerobic medium recovered 14% more Gram-positive organisms but
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TABLE 4 Times to detection of anaerobic BC positivity for BacT/Alert and Bactec culture bottles”

Times to detection (h) of anaerobic BC positivity in:

BacT/Alert bottles Bactec bottles
No. of
Microorganism(s) isolates Median Mean (IQR) Median Mean (IQR) pb
Monomicrobial cultures 60 12.1 15.9 (8.9-23.3) 14.2 16.8 (8.9-22.8) NS
Gram negative 29 10.5 12.4 (6.4-15.7) 11.1 13.3 (7.1-21.2) NS
Escherichia coli 11 6.2 6.4 (4.2-7.0) 6.3 8.0 (2.2-12.5) NS
Klebsiella pneumoniae 11.0 11.6 (10.4-11.8) 11.0 11.7 (10.4-11.4) NS
Morganella morganii 1 NA 7.4 NA 12.2 NA
Bacteroides fragilis 5 28.0 25.1(23.2-28) 27.3 27.8 (26.1-29.7) NS
Gram positive 37 19.2 18.6 (11.5-23.3) 18.2 19.4 (11.5-23.9) NS
Enterococcus faecalis 3 12.3 19.3 11.5 13.6 NS
Enterococcus faecium 1 NA 11.5 NA 9.0 NA
Staphylococcus aureus 16 11.6 17.0 (9.0-23.3) 14.7 17.4 (9.0-18.2) NS
Coagulase-negative staphylococci 13 21.3 21.3 (17.2-25.3) 24.3 24.3 (24.6-24.9) NS
Streptococcus anginosus 1 NA 17.5 NA 21.1 NA
Streptococcus pneumoniae 1 NA 13.2 NA 13.1 NA
Polymicrobial cultures 6 26.1 21.4 26.3 21.6 NS
Total isolates 66 12.1 16.2 (8.6-23.3) 14.2 17.1 (9.0-23.9) NS
Treatment positive 18 13.2 16.6 (8.3-25.6) 17.3 16.1 (9.2-21.6) NS
Treatment negative 48 12.0 16.1 (9.0-23.5) 13.4 17.4 (8.5-24.2) 0.007

“ Analysis was limited to the 126 anaerobic bottles in which BacT/Alert and Bactec BC yields were concordant at the species level. The terms treatment-negative and treatment-
positive refer to cultures drawn before and after initiation of empirical antimicrobial therapy, respectively (see Materials and Methods). Abbreviations: BC, blood culture; IQR,
interquartile range (calculated only when =5 isolates were evaluated); NA, not applicable; NS, not significant (P > 0.05).

b Statistical significance of difference between mean TTDs for BacT/Alert and Bactec bottles (Wilcoxon matched-pairs signed-rank test).

11% fewer Gram-negative bacteria than its Bactec counterpart. How-
ever, the BacT/Alert anaerobic medium outperformed its Bactec
counterpart in the recovery of all microorganisms (+15%), of Gram-
positive cocci (+16%), and of E. coli (+27%). As a result, the diag-
nostic capacities of the sets as a whole were quite similar (95.3%
for the BacT/Alert versus 91.4% for the Bactec system; P = NS),
even for Gram-negative infections (98.2% for the BacT/Alert ver-
sus 100% for the Bactec system; P = NS). The only residual dif-
ference involved infections caused by Gram-positive cocci, which
were diagnosed more frequently by the BacT/Alert Plus BC set
(98% for the BacT/Alert versus 82.3% for the Bactec system; P =
NS). The two media lines were also comparable in terms of TTDs
for positive cultures drawn after antimicrobial drugs had been
started and performance in direct-broth MALDI-TOF MS assays
for isolate identification.

In accordance with CLSI guidelines (45) and the recommenda-
tions of various other authors (43, 44), each BC bottle in our study
was inoculated with 10 ml of blood. Because the number of microor-
ganisms circulating in the blood may be relatively small, inoculum
volume strongly affects BC sensitivity and incubation time require-
ments (40, 44, 46). Increasing this volume from 5 to 10 ml has been
shown to significantly improve the overall yields of standard BacT/
Alert aerobic BC bottles and accelerate the detection of pathogenic
growth, especially that of E. coli and other Enterobacteriaceae (43).
This effect was confirmed in a more recent study of Bactec Aerobic
Plus and Anaerobic Plus media inoculated with 7 to 10 ml blood
per bottle (49), where the likelihood of BC set positivity increased
by 3.3% for every additional milliliter of blood cultured.

Using a standard inoculum volume obviously simplified our
comparison of the yields and TTDs of the two media lines. How-
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ever, we cannot exclude the possibility that the same results would
have emerged if we had used a lower volume cutoff. Indeed,
smaller inoculum volumes may be necessary owing to poor vein
quality and/or concerns related to the risk of hypovolemia/ane-
mia, and the positivity rates for such samples may actually be
higher because they frequently come from critically ill patients at
relatively high risk for BSIs (49).

Our experience suggests that the BacT/Alert anaerobic me-
dium may be associated with higher yields and shorter incubation
times in some settings. The diagnostic gains offered by anaerobic
BCs have been attributed by some to the fact that their inclusion
requires the use of larger blood volumes (13, 26, 27, 43), but Patel
et al. (46) showed that BC sets comprising one aerobic bottle and
one anaerobic bottle have higher pathogen yields than two sets of
aerobic bottles. Anaerobic bottles provide conditions that facili-
tate not only the growth of obligate anaerobes but also that of
facultatively anaerobic and aerotolerant species (13, 26, 27, 43, 46,
51). In our study, the inclusion of anaerobic cultures significantly
improved the sensitivity of the BacT/Alert system (+13.8%) and
to a lesser extent that of the Bactec system (+10.2%) over that
achieved with aerobic cultures alone, and in both cases, almost
60% of the diagnostic gains were related to infections caused by
facultative rather than obligate anaerobes. Medium composition
differences probably account for the higher Gram-positive yields
of the BacT/Alert Plus anaerobic bottles.

Time to detection of growth can naturally have a major impact
on the clinical outcomes of BSIs. The BacT/Alert Plus system de-
tected clinically relevant BSIs after a mean incubation of 16 h
(IQR, 9 to 21 h), and for certain species, TTDs were frequently
<12 h, which is consistent with previous reports (40—42). The
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TABLE 5 Isolate identities furnished by direct MALDI-TOF MS analysis of BacT/Alert and Bactec BC broths®

BacT/Alert bottles (n = 188)

Bactec bottles (n = 175)

No. of standard ~ Correct IDs by direct ~ No. of standard ~ Correct IDs by direct

Microorganism(s) method IDs” broth analysis® method IDs” broth analysis® P
Monomicrobial cultures 178 167 (93.8) 165 154 (93.3) NS
Gram-negative 81 79 (97.5) 83 81 (97.6) NS
Bacteroides fragilis 5 5 5 5 NA
Escherichia coli 35 35 (100) 34 34 (100) NS
Klebsiella pneumoniae 18 18 (100) 20 20 (100) NS
Morganella morganii 4 3 3 3 NA
Proteus mirabilis 0 0 1 0 NA
Pseudomonas aeruginosa 19 18 (94.7) 20 19 (95) NS
Gram-positive 90 83 (92.2) 74 67 (90.5) NS
Enterococcus faecalis 9 8 (88.9) 4 4 NA
Enterococcus faecium 1 1 1 NA
Staphylococcus aureus 35 35 (100) 31 31 (100) NS
Staphylococcus epidermidis 32 28 (87.5) 27 24 (88.9) NS
Staphylococcus haemolyticus 2 2 2 1 NA
Staphylococcus hominis 1 1 1 1 NA
Streptococcus anginosus 5 3 3 1 NA
Streptococcus constellatus 1 1 1 1 NA
Streptococcus pneumoniae 4 4 3 3 NA
Yeasts 7 5(71.4) 8 6 (75) NS
Candida albicans 4 3 6 5 NA
Candida parapsilosis 1 1 0 0 NA
Candida tropicalis 2 1 2 1 NA
Polymicrobial cultures 10/10 6/3 (60/30) 10/10 6/3 (60/30) NS
Staphylococcus haemolyticus/Proteus mirabilis 1/1 0/1 1/1 0/1 NA
Pseudomonas aeruginosa/Proteus mirabilis 1/1 1/0 2/2 2/0 NA
Escherichia coli/Klebsiella pneumoniae 4/4 4/2 3/3 3/2 NA
Pseudomonas aeruginosa/Stenotrophomonas maltophilia 1/1 1/0 1/1 1/0 NA
Parvimonas micra/Campylobacter rectus 1/1 0/0 1/1 0/0 NA
Bacteroides fragilis/Streptococcus constellatus 1/1 0/0 1/1 0/0 NA
Klebsiella pneumoniae/Candida albicans 1/1 0/0 1/1 0/0 NA
Total 198 176 (88.9) 185 163 (88.1) NS

“ BacT/Alert broths (FA Plus and FN Plus); Bactec broths (Aerobic/F and Anaerobic/FN). Abbreviations: BC, blood culture; ID, identification; MALDI-TOF MS, matrix-assisted
laser desorption ionization—time of flight mass spectrometry; NS, not significant. NA, not applicable. Percentages were not calculated when =5 microorganisms were isolated.
b Standard method, microscopic examination, routine subculture, and MALDI-TOF MS analysis of colony samples (supplemented when necessary with additional biochemical

methods and/or 16S rRNA gene sequencing).

“No. (%) of identifications (IDs) furnished by direct Bruker MALDI BioTyper analysis of BC broths that were concordant with standard IDs at the species level. (Percentages are

not reported for individual species recovered from polymicrobial cultures.)

TTDs for positive BacT/Alert and Bactec cultures drawn after
antimicrobial drugs had been started were comparable, but the
former system was faster for treatment-negative samples and
those containing coagulase-negative staphylococci. These find-
ings probably also reflect medium composition differences.
Isolate identification by direct MALDI-TOF MS analysis of
positive BC broths has been a part of our laboratory’s BC protocol
since 2010. In 2013, the U.S. Food and Drug Administration ap-
proved MALDI-TOF MS for identifying Gram-negative isolates
grown on solid media, but to date, direct assay of signal-positive
BC broths remains an off-label indication for the use of this tech-
nology throughout the world. However, compared with conven-
tional culture-based methods, this approach improved species-
level identification of bloodstream isolates in terms of time,
accuracy, and costs (7-11). In a previous study, direct assay of
Bactec Plus broths were more successful that assays of BacT/Alert
media containing charcoal (38), but bioMérieux’s introduction of
adsorbent polymeric bead-based media has evened the score for
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the two systems on this count. Bruker MALDI BioTyper assays of
BacT/Alert Plus and Bactec Plus broths yielded isolate identifica-
tions that were concordant with culture-based identifications in
almost 90% of all cases.

Among the limitations of our study are the relatively small
numbers in our sample of patients with polymicrobial BSIs, those
with BSIs caused by yeasts or anaerobic bacteria, and those whose
cultures were treatment positive. It is also important to recall that
this was a single-center study that examined samples from patients
=16 years old who were hospitalized in ICUs and infectious dis-
ease wards. Therefore, our results are not necessarily applicable to
other settings and populations. However, the bloodstream isolates
we encountered are representative of those commonly reported in
Italian hospitals and in other parts of the world as well (52, 53).
Almost half (47.9%) of the microorganisms responsible for our
patients’ BSIs were Gram-negative bacilli, many of which were
multidrug-resistant (data not shown).

Failure to detect an infecting bloodstream pathogen can have
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TABLE 6 Times to detection of bloodstream infections by BacT/Alert and Bactec BC sets”

Times to detection (h) for the indicated BC sets

BacT/Alert Bactec
No. of
Etiology(s) episodes Median Mean (IQR) Median Mean (IQR) pb
Monomicrobial cultures 103 14.0 15.1 (8.0-23.0) 12.8 16.3 (8.1-23.0) NS
Gram negative 56 12.3 14.4 (6.4-16.1) 11.0 13.8 (6.5-17.8) NS
Bacteroides fragilis 5 28.0 27.8 (27.6-28.0) 27.3 27.8 (26.1-29.7) NS
Escherichia coli 21 6.2 7.2 (4.6-8.1) 6.0 9.1 (2.4-9.5) NS
Klebsiella pneumoniae 10 10.4 10.3 (8.2-11.0) 10.7 10.3 (8.3-11.1) NS
Morganella morganii 2 NA 7.4 NA 8.3 NA
Pseudomonas aeruginosa 18 16.8 16.6 (13.3-18.2) 14.4 18.1 (12.2-21.9) NS
Gram positive 41 15.7 16.8 (10.9-21.9) 15.5 17.6 (10.2-24.2) NS
Enterococcus faecalis 2 NA 16.7 NA 13.5 NA
Staphylococcus aureus 17 11.0 14.0 (7.9-14.0) 10.0 14.0 (7.6-14.0) NS
Coagulase-negative staphylococci® 18 20.3 19.1 (16.5-22.4) 24.0 21.9 (18.9-26.0) 0.003
Streptococcus anginosus 2 NA 19.9 NA 18.3 NA
Streptococcus pneumoniae 2 NA 12.3 NA 11.4 NA
Yeasts 6 27.7 28.1 (16.0-34.8) 26.9 30.8 (14.5-51.3) NS
Candida albicans 4 224 28.4 (15.6-47.3) 17.4 20.4 (13.1-30.7) NS
Candida tropicalis 2 NA 27.7 NA 51.6 NA
Polymicrobiald 9 16.0 17.2 (9.8-24.6) 20.0 18.9 (7.9-28.0) NS
Total episodes 112 13.7 15.3 (8.2-21.0) 124 16.5 (8.1-23.7) NS
Treatment positive 33 18.0 18.3 (10.2-25.4) 15.6 18.6 (8.9-25.2) NS
Treatment negative 79 12.0 14.4 (7.4-20.2) 12.1 15.7 (8.1-22.5) <0.001

@ BacT/Alert culture set, Bact/ALERT FA Plus and FN Plus bottles; Bactec culture set, Bactec Plus Aerobic/F and Anaerobic/FN bottles. Analysis was limited to the 112 episodes in
which BacT/Alert and Bactec set yields were concordant at the species level. The terms treatment negative and treatment positive refer to cultures drawn before and after initiation
of empirical antimicrobial therapy, respectively (see Materials and Methods). Abbreviations: IQR, interquartile range (calculated only when =5 BSIs were evaluated); NA, not

applicable; NS, not significant (P > 0.05).

b Statistical significance of difference between mean TTDs for BacT/Alert and Bactec sets (Wilcoxon matched-pairs signed-rank test).

¢ Includes 16 Staphylococcus epidermidis, 1 Staphylococcus haemolyticus, and 1 Staphylococcus hominis bloodstream infections.

@ Includes 1 Staphylococcus haemolyticus plus Proteus mirabilis, 1 Enterococcus faecium plus Pseudomonas aeruginosa, 1 P. mirabilis plus P. aeruginosa, 1 P. aeruginosa plus
Stenotrophomonas maltophilia, 1 Campylobacter rectus plus Parvimonas micra, 1 Streptococcus constellatus plus Bacteroides fragilis, 2 Escherichia coli plus Klebsiella pneumoniae, and 1

K. pneumoniae plus Candida albicans bloodstream infections.

disastrous consequences. Three recent studies (40—42) have dem-
onstrated the superiority of the new resin-containing BacT/Alert
media (FA Plus, FN Plus, and PF Plus) over standard and charcoal
particle-containing media of the same line.

In our study, the performance displayed by BacT/Alert Plus
media was similar to that of resin-containing media in the Bactec
line. Although further efforts are needed to evaluate their overall
performance in different settings, our experience indicates that
the new BacT/Alert FA Plus and FN Plus media are reliable, time-
saving tools for routine identification of BSIs in patients in ICUs
and infectious disease wards.
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