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ABSTRACT Blood cultures are routinely collected in pairs of aerobic and anaerobic
bottles. Artificial sterilization of Gram-negative bacteria in aerobic bottles containing
clinically meaningful antibiotic concentrations has previously been observed. This
study assessed recovery from anaerobic bottles with and without antibiotic binding
resins. We studied the recovery of Escherichia coli and Klebsiella pneumoniae when
exposed to meropenem, imipenem, cefepime, cefazolin, levofloxacin, and piperacillin-
tazobactam in resin-containing BacT/Alert FN Plus and BD Bactec Plus anaerobic/F
bottles as well as resin-free BacT/Alert SN and BD Bactec standard anaerobic bottles.
Bottles were inoculated with bacteria and whole blood containing peak, midpoint,
or trough concentrations and incubated for up to 120 hours in their respective de-
tection systems. In E. coli resin-containing bottles, recovery was observed in 10/24
(42%), 17/24 (71%), and 18/24 (75%) (P = 0.034) of those exposed to peak, midpoint,
and trough concentrations, respectively. In K. pneumoniae resin-containing bottles,
recovery was observed in 8/16 (50%), 10/16 (63%), and 10/16 (63%) (P = 0.710), re-
spectively. No growth was detected in bottles containing cefepime regardless of
concentration, while recovery was observed in the presence of all concentrations of
cefazolin and piperacillin-tazobactam. Recovery in bottles with meropenem and imi-
penem was more frequently observed in BacT/Alert FN Plus bottles compared with
Bactec Plus bottles. Resin-free bottles demonstrated significantly lower recovery than
bottles containing binding resin. Clinical concentrations of certain antibiotics can ad-
versely affect detection of E. coli and K. pneumoniae in anaerobic blood culture bot-
tles. Obtaining blood cultures immediately before a dose and utilizing resin-
containing anaerobic bottles will maximize the likelihood of recovery.

KEYWORDS Escherichia coli, Klebsiella pneumoniae, bacteremia, antimicrobial
stewardship, carbapenem, cephalosporin, piperacillin, levofloxacin

ptimal management of bloodstream infection relies on blood cultures to guide

antibacterial therapy (1). The Surviving Sepsis Campaign guidelines recommend
that two or more sets of blood cultures be drawn, each consisting of one aerobic and
one anaerobic bottle (2). While aerobic bacteria are likely to grow in the aerobic bottle,
the anaerobic bottle provides an ideal environment for anaerobes (3). As facultative
anaerobes, certain Enterobacterales, such as Escherichia coli and Klebsiella pneumoniae,
may grow in both environments. These Gram-negative pathogens have become in-
creasingly prevalent in bloodstream infections over the last 2 decades (4-7).

Ideally, blood cultures are to be drawn before starting antibiotics, due to the
dangers of artificial sterilization (2). However, more often than not, antibiotics have
already been administered to inpatients by the time blood cultures are obtained (8).
Blood culture bottles containing antibiotic binding resins have been developed to
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address this issue, though their effectiveness is not always guaranteed. Grupper and
colleagues investigated the impact of clinically relevant antibiotic concentrations on
Pseudomonas aeruginosa recovery from aerobic blood culture bottles containing anti-
biotic binding resins and found that growth was only consistently detected in bottles
with trough concentrations of meropenem, ceftolozane-tazobactam, and ceftazidime-
avibactam (9). Our lab has also previously investigated the recovery of E. coli and K.
pneumoniae in aerobic bottles and observed recovery more frequently at lower anti-
biotic concentrations (10). Other studies have come to similar conclusions that resins
may not completely eliminate artificial sterilization risks (11-13), thus supporting the
practice of obtaining blood cultures when the lowest concentration of antibiotic
remains in the patient’s system or right before an upcoming dose.

Unfortunately, few studies assessing the recovery of facultative anaerobes from
resin-containing anaerobic bottles have been performed. Grohs and colleagues found
that nearly 14% of the 994 patients with positive blood cultures had only their
anaerobic blood culture bottle alarm positive, and of these, two-thirds of the recovered
bacteria were not obligate anaerobes; thus, in vitro sterilization could have clinically
relevant consequences between the two bottle types (3). We sought to determine the
recovery and time to detection (TTD) of E. coli and K. pneumoniae from BacT/Alert and
Bactec anaerobic bottles with and without antibiotic binding resins when exposed to
clinically meaningful concentrations of antibiotics commonly used empirically in the
hospital.

(These results were presented in part in an abstract at ASM Microbe 2019, San
Francisco, CA, 20 to 25 June 2019 [14].)

MATERIALS AND METHODS

This was a prospective in vitro analysis to assess recovery and TTD of E. coli or K. pneumoniae in
BacT/Alert FN Plus anaerobic and Bactec Plus anaerobic/F resin-containing blood culture bottles inoc-
ulated with clinically meaningful peak, midpoint, or trough concentrations of cefepime, cefazolin,
imipenem, levofloxacin, meropenem, and piperacillin/tazobactam. The institutional review board (IRB) at
Hartford Hospital (Hartford, CT, USA) reviewed and approved the study. Written informed consent was
obtained from healthy volunteers before donating whole blood for the study.

Antibiotics. Commercially available formulations of meropenem (Fresenius Kabi USA, Inc., Lake
Zurich, IL), imipenem (Fresenius Kabi USA, Inc., Lake Zurich, IL), cefazolin (Sagent Pharmaceuticals,
Schaumburg, IL), cefepime (WG Critical Care, LLC, Paramus, NJ), levofloxacin (Aurobindo Pharma LTD,
Telangana, India), and piperacillin-tazobactam (Fresenius Kabi USA, Inc., Lake Zurich, IL) were obtained
through Cardinal Health (Dublin, OH) and reconstituted according to their package inserts.

Bacteria. E. coli ATCC 25922 and K. pneumoniae ATCC 13883 were obtained from American Type
Culture Collection (ATCC, Manassas, VA). Isolates were frozen on skim milk, stored at —80°C until use,
subcultured two times on 5% blood Trypticase soy agar, and incubated at 37°C overnight before each
experiment. MICs were determined in triplicate using Clinical and Laboratory Standards Institute (CLSI)
broth microdilution, and susceptibility categorization was assigned based on published CLSI and
European Committee on Antimicrobial Susceptibility Testing (EUCAST) breakpoints (15, 16).

Blood culture bottles. BacT/Alert FN Plus anaerobic and SN standard bottles were provided by
bioMérieux, Inc., (Durham, NC) and tested in the Virtuo BacT/Alert detection system in the Center for
Anti-Infective Research and Development (CAIRD) laboratory at Hartford Hospital. Bactec Plus anaero-
bic/F and standard anaerobic bottles (Becton Dickinson and Company, Franklin Lakes, NJ) were pur-
chased from the manufacturer and tested in the BD Bactec FX detection system located in the Hartford
Hospital clinical microbiology department.

Blood culture bottle preparation. Fresh whole blood was collected from healthy adult volunteers
and pooled on the first day of each experiment. Antibiotics were then introduced into the pooled blood
to achieve the mean peak, midpoint, or trough plasma concentrations observed in published studies
concerning critically ill patients (10). Four bottles (2 BacT/Alert FN Plus anaerobic and 2 Bactec Plus
anaerobic/F bottles) were prepared for each organism-antibiotic concentration combination. If growth
was detected in the resin-containing bottles, two of the applicable manufacturers’ resin-free bottles
(BacT/Alert SN and Bactec standard anaerobic bottles) were also prepared. Combinations that remained
negative in resin-containing bottles were assumed to not produce detectable growth without the
presence of resin and were therefore defined as “no growth.”

After incubation, bacteria were emulsified in sterile 0.9% sodium chloride to a McFarland density of
1 and diluted to a target of ~7 to 30 CFU per 0.5 ml, which was then injected into each bottle to simulate
the minimum CFU detectable by the Virtuo BacT/Alert and Bactec FX blood culture systems (11). Once
inoculated, 10 ml of antibiotic-containing blood was added to each bottle. Each isolate also had a set of
four control bottles that were injected with antibiotic-free whole blood. From each set, one bottle per
manufacturer was loaded into its respective detection system within 1 hour of preparation and incubated
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TABLE 1 Modal MICs and susceptibility categorization (CLSI/EUCAST) of study isolates and antibiotics?

Antibiotic MIC (ug/ml) (categorical interpretation via CLSI/EUCAST breakpoints)®-<

Isolate Meropenem Imipenem Levofloxacin Cefazolin Cefepime Piperacillin-tazobactam
E. coli ATCC 25922 =0.063 (S/9) 0.25 (S/S) =0.063 (S/9) 2 (S/-) =0.063 (S/S) 4/4 (S/S)
K. pneumoniae ATCC 13883 0.25 (S/S) NT NT 4 (1/-) 0.125 (S/S) 4/4 (S/S)

as, susceptible; I, intermediate; NT, not tested; —, unavailable.

bCLSI susceptibility breakpoints for E. coli and K. pneumoniae are =1 ug/ml (meropenem and imipenem), =0.5 ug/ml (levofloxacin), =2 ug/ml (cefazolin), =2 ug/ml
(cefepime), and =16/4 ug/ml (piperacillin-tazobactam) (15).

cEUCAST susceptibility breakpoints for E. coli and K. pneumoniae are =2 pg/ml (meropenem and imipenem), =<0.5 ug/ml (levofloxacin), =1 pug/ml (cefepime), and
=8/4 ng/ml (piperacillin-tazobactam). EUCAST has not currently published a susceptibility breakpoint for cefazolin (16).

until growth was detected up to a maximum of 120 hours. The duplicate bottles were incubated at 37°C
in the CAIRD laboratory.

Blood culture sampling. CAIRD bottles were sampled at 0, 4, and 12 hours after inoculation for
antibiotic concentration and at 0, 4, 12, 24, 48, 72, 96, and 120 hours after inoculation for bacteria CFU.
Antibiotic concentration samples were frozen at —80°C until assayed. The number of CFU was quantified
via manual colony counts of serially diluted plates with a lower limit of detection of 1.7 log,, CFU/ml.
Prior to loading into the detection systems, bottles were sampled at 0 h for antibiotic concentration and
bacteria CFU. Upon alarming positive, bottles were resampled for CFU within 6 hours, and the TTD from
the detection system’s log was noted. Bottles that remained negative at 120 hours were sampled at that
time to confirm the absence of the study isolate.

Data analyses. TTD was normalized to the loading time into the respective detection system. Bottles
that remained negative at 120 hours were listed as “no growth.” Mean CFU/ml at each sampling time
point for sister bottles was calculated. Chi-square or Fisher's exact tests were used to compare the
proportion of bottles that alarmed positive for each drug-organism combination at each concentration
and for comparisons between BacT/Alert and Bactec bottles. The mean CFU per bottle and TTD between
manufacturers were compared using Welch'’s t test. All analyses were conducted using Sigma Plot version
14 (Systat Inc., San Jose, CA). An a priori P of <0.05 was considered statistically significant.

Concentrations of meropenem, cefazolin, cefepime, and piperacillin in whole blood and blood
culture bottle samples were assayed using previously published validated high-performance liquid
chromatography procedures (10). The concentrations were plotted graphically to compare the rates of
antibiotic binding relative to the applicable MICs for the organism. Zero hour concentrations were
calculated as the total concentration in whole blood divided by two to account for a normal hematocrit
in a healthy adult and then further divided by the dilution of volume from blood culture media (5X for
the BacT/Alert bottles and 4X for the Bactec bottles).

RESULTS

In vitro susceptibilities. Antibiotic MICs for the selected E. coli and K. pneumoniae
isolates are provided in Table 1. Both isolates were susceptible to the agents in this
study, with the exception of the K. pneumoniae isolate against cefazolin (MIC 4 ng/ml,
intermediate [15]).

Antibiotic concentrations. Observed whole-blood antibiotic concentrations are
presented in Table 2 and were consistent with targeted peak, midpoint, and trough
concentrations from critically ill patients (17-22). Observed antibiotic concentrations
upon initiation of the experiment (0 hours) and then within 0.5, 4, and 12 hours of
inoculation are displayed in Fig. 1 for meropenem, cefazolin, cefepime, and the
piperacillin component of piperacillin-tazobactam. The mean percent concentration
decrease at these times is provided in Table 3. All observed concentrations were
sourced from the bottles that contained resin.

Starting inoculums and controls. The mean starting inoculums in bottles were
55+ 1.8 and 6.0 = 2.5 CFU/bottle for the E. coli and K. pneumoniae experiments,

TABLE 2 Observed versus predicted antibiotic concentrations in whole-blood before inoculation into blood culture bottles?

Mean observed peak = SD Mean observed midpoint = SD Mean observed trough + SD
Antibiotic (predicted) (g/ml) (predicted) (pmg/ml) (predicted) (pg/ml)
Meropenem 21.5 = 2.9 (20) 11.2 = 3.2 (10) 49 (2.5)
Cefazolin 60.2 = 3.4 (54) 7.9 * 04 (6.5) 1.8 = 0.2 (1.5)
Cefepime 49.0 = 1.3 (52.5) 124 = 0.3 (16.5) 9.0 = 0.9 (10.5)
Piperacillin 76.5 = 2.75 (88.5) 20.5 = 2.2 (21) 6.0 £ 0.9 (6)

aSD, standard deviation; NT, not tested. Data are presented as mean = standard deviation for all antibiotic concentrations (ug/ml) except the meropenem trough,
where a single observation tested. Target whole-blood concentration was determined as 1/2 the target plasma concentration based on the assumption of 50%
hematocrit of blood from the healthy volunteers.
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FIG 1 Meropenem (A), cefazolin (B), cefepime (C), and piperacillin (D) concentrations over the initial 12 hours upon inoculating blood culture bottles with

antibiotic and applicable study isolate MICs.

respectively, in resin-containing bottles. For the E. coli experiments, control bottles
containing antibiotic-free blood grew to 8.87 = 0.13 and 8.92 *+ 0.14 log,, CFU/ml over
120 hours in the resin-containing BacT/Alert and Bactec bottles, respectively. The TTD
was 9.9 £ 0.5 hours versus 11.9 £ 0.6 (P = 0.001) hours in these bottles, respectively
(Table 4). For the experiments with K. pneumoniae, control bottles demonstrated
growth to 8.92 + 0.14 log,, CFU/ml in the BacT/Alert bottles and 8.10 = 0.71 log;,
CFU/ml in the Bactec bottles at 120 hours. Similar to observations with E. coli, the Virtuo
BacT/Alert system detected bacteria more rapidly than the BD Bactec FX system
(10.5 = 0.2 versus 12.2 = 0.4 h, P < 0.001) in the absence of antibiotics (Table 4).

December 2019 Volume 57 Issue 12 e01344-19

jcm.aasm.org 4


https://jcm.asm.org

Antibiotic Effects on Anaerobic Blood Culture Bottles

Journal of Clinical Microbiology

TABLE 3 Percent reduction in meropenem, cefepime, cefazolin, and piperacillin concentrations over 12 h in BacT/Alert FN Plus anaerobic

and Bactec Plus anaerobic/F blood culture bottles?

Mean % reduction of observed zero concentration

Category (observed 0 h concentration in L) a 2
Antibiotic bottle [BacT Alert/Bactec Plus], ng/ml)® BacT/Alert Bactec Plus BacT/Alert Bactec Plus BacT/Alert Bactec Plus
Meropenem¢ P (4.29/5.36) BDL 27 BDL 51 BDL 71
M (2.24/2.80) BDL 38 BDL 50 BDL 77
T (0.97/1.21) BDL 52 BDL 62 BDL 74
Cefazolind P (12.03/15.04) 35 51 51 77 63 86
M (1.58/1.97) 36 +15¢ 51 31 63 52
T (0.37/0.46) BDL BDL BDL BDL BDL BDL
Cefepime’ P (9.79/12.24) 51 +6¢ 61 20 71 54
M (2.49/3.11) 49 +69¢ 59 +12¢ 71 32
T (1.80/2.25) BDL +63¢ BDL +4e BDL 27
Piperacilling P (15.31/19.13) 83 22 BDL 75 BDL BDL
M (4.11/5.14) BDL 35 BDL BDL BDL BDL
T (1.20/1.49) BDL BDL BDL BDL BDL BDL

ap, peak; M, midpoint; T, trough; h, hour; BDL, below detectable limit.

bZero hour concentration in blood culture bottles was 50% of the observed concentration in whole blood, divided by 5 (BacT/Alert) or 4 (Bactec Plus) to account for dilution
in each bottle (10 ml whole blood inoculated with antibiotic, 40 ml blood culture media in BacT/Alert bottles, 30 ml blood culture media in Bactec Plus bottles).

The lower limit of detection for meropenem was 0.25 ug/ml.
9The lower limit of detection for cefazolin was 0.5 ug/ml.

ePositive numbers denote that the observed concentration was higher than the 0 h, suggesting that no binding reductions were observed.

The lower limit of detection for cefepime was 0.5 pg/ml.
9The lower limit of detection for piperacillin was 2 pg/ml.

E. coli recovery. During experiments containing antibiotics, growth was detected in
10/24 (42%), 17/24 (71%), and 18/24 (75%) of the E. coli-inoculated resin-containing
bottles with blood exposed to clinically relevant peak, midpoint, and trough concen-
trations (P = 0.034 between drug concentration categories), respectively (Table 4).
There was no statistically significant difference observed between the proportions of
detected bottles at any concentration between the two systems, but the Virtuo
detected E. coli in several bottles that the FX did not, including those containing
midpoint and trough concentrations of meropenem and the peak of imipenem.
Cefepime at all concentrations caused sterilization in both systems, while growth was
detected in all cefazolin and piperacillin-tazobactam bottles. In resin-containing bottles
exposed to antibiotics detected by both systems, the BacT/Alert bottles had a shorter
TTD (10.1 = 0.8 versus 13.7 = 1.6 h, P = 0.001) (Table 4).

Bacterial recovery was significantly reduced in the resin-free bottles inoculated with
E. coli (P=0.001 compared with bottles containing binding resin); recovery was
detected in 0/24 (0%), 6/24 (25%), and 8/24 (33%) of the bottles with peak, midpoint,
and trough concentrations, respectively (Table 4). BacT/Alert SN bottles only alarmed
positive for E. coli in the presence of cefazolin midpoint and trough concentrations. In
contrast, the Bactec standard bottles detected E. coli in cefazolin midpoint and trough
concentrations, imipenem midpoint and trough concentrations, and piperacillin-
tazobactam trough concentrations.

K. pneumoniae recovery. K. pneumoniae was recovered from 8/16 (50%), 10/16
(63%), and 10/16 (63%) of the resin-containing bottles with antibiotic peak, midpoint,
and trough concentrations, respectively (P = 0.710) (Table 4). BacT/Alert FN Plus bottles
detected K. pneumoniae in the presence of meropenem midpoint and trough concen-
trations, whereas Bactec Plus bottles did not. Similar to observations with E. coli, none
of the K. pneumoniae bottles exposed to cefepime alarmed positive, while all cefazolin
and piperacillin-tazobactam containing bottles had detectable growth. Among the
positive resin-containing bottles, the BacT/Alert bottles alarmed more quickly (10.8 = 0.5
versus 12.5 = 0.6 hours, P = 0.001) (Table 4).

Significantly fewer anaerobic bottles alarmed positive for K. pneumoniae in the
absence of antibiotic binding resins (P = 0.002). K. pneumoniae was detected in 0/16
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TABLE 4 Time to detection (TTD) of E. coli and K. pneumoniae in BacT/Alert and Bactec anaerobic bottles containing antibiotic binding
resins (BacT/Alert FN Plus and Bactec Plus) and without binding resins (BacT/Alert SN and Bactec standard) by antibiotic and
concentration category

Mean TTD * SD (h)2

BacT/Alert FN Plus BacT/Alert SN® Bactec Plus Bactec standard®
Antibiotic Category E. coli K. pneumoniae E. coli K. pneumoniae E. coli K. pneumoniae E. coli K. pneumoniae
Control NA 99 * 0.5 10.5 = 0.2 9.6 10.0 = 0.3 119 06 122 *04 1.3 116 = 0.3
Meropenem Peak NG NG NG NG NG NG NG NG
Midpoint  16.0 12.6 NG NG NG NG NG NG
Trough 10.0 10.3 NG NG NG NG NG NG
Imipenem Peak 9.5 Not done NG Not done NG Not done NG Not done
Midpoint 9.7 Not done NG Not done 14.5 Not done 12.5 Not done
Trough 10.0 Not done NG Not done 16.0 Not done 12.0 Not done
Levofloxacin Peak NG Not done NG Not done NG Not done NG Not done
Midpoint  11.9 = 0.6 Not done NG Not done 15.2 = 0.8 Not done NG Not done
Trough 11.2 = 1.2 Not done NG Not done 143 = 1.5 Not done NG Not done
Cefazolin Peak 106 £ 0.6 119 = 0.1 NG NG 129 £ 0.7 129 £ 03 NG NG
Midpoint 9.5 10.5 = 0.5 216 13.5 125 123 = 04 15.3 24.8
Trough 9.5 10.5 = 0.1 9.7 10.1 12.2 119 = 04 1.5 11.2
Cefepime Peak NG NG NG NG NG NG NG NG
Midpoint NG NG NG NG NG NG NG NG
Trough NG NG NG NG NG NG NG NG
Piperacillin-tazobactam  Peak 9.5 10.5 = 0.1 NG NG 12.0 136 = 1.5 NG NG
Midpoint 9.8 10.8 NG NG 12.2 12.2 = 0.1 NG NG
Trough 9.5 10.6 NG 25.5 12.0 12.3 20.8 11.7

aData are provided as mean TTD (h) =+ standard deviations (SD) for those with multiple observations; NG, no growth; NA, not applicable.

bBacT/Alert SN and Bactec standard bottles containing no antibiotic binding resin were assumed to have no growth if the same concentration-organism combination
demonstrated no growth in the antibiotic binding resin bottle. If growth was demonstrated in the binding resin bottle, SN and standard bottles were tested, and the
observed results reported.

(0%), 4/16 (25%), and 8/16 (50%) of the bottles (Table 4). Both systems recovered
isolates in the same antibiotic conditions, cefazolin midpoint and trough, as well as
piperacillin-tazobactam trough concentrations.

DISCUSSION

Certain common bloodstream pathogens, including, E. coli and K. pneumoniae, are
facultative anaerobes and can grow in both aerobic and anaerobic bottles, but little
research is available documenting their recovery from anaerobic bottles after exposure
to antibiotics. In this study, recovery of these susceptible E. coli and K. pneumoniae
isolates in anaerobic bottles was affected by clinically meaningful antibiotic concen-
trations, even in the presence of antibiotic binding resins.

For the E. coli experiments, antibiotic midpoint and trough concentrations permitted
significantly greater recovery compared with peaks, whereas for K. pneumoniae, the
rates of recovery were similar across concentrations but were still only observed in 50
to 63% of the bottles. These data suggest that the greatest likelihood of recovery
overall will be in the presence of trough concentrations. Our observations are largely
similar to past studies, with a few notable exceptions (9, 11-13, 23). In a recent study,
Menchinelli and colleagues observed sterilization of all E. coli-inoculated anaerobic
bottles exposed to meropenem (23), whereas we detected recovery at the midpoint
and trough concentrations in the BacT/Alert bottles. The targeted plasma concentra-
tions used in their study were higher than the ones used herein. In contrast, against K.
pneumoniae, all meropenem bottles alarmed positive, whereas we observed growth in
only the midpoint and trough concentrations of BacT/Alert bottles; we hypothesize this
discordance to be due to the much higher starting inoculum used by Menchinelli and
colleagues (50 to 100 versus 7 to 30 CFU per bottle). As such, recovery of bacteria
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depends not only on the actual plasma concentration at the time of culture collection
relative to the MIC, but also the specific antibiotic itself, the inoculum in the blood-
stream, the type of bottle used (i.e., media composition), and other factors such as
blood volume collected, temperature stability, and length of time prior to incubation.

Our lab has also assessed recovery of these same E. coli and K. pneumoniae
strains in BacT/Alert FA Plus and Bactec aerobic/F blood culture bottles, both
aerobic resin-containing bottles (10). Certain antibiotic concentration-bacteria com-
binations, notably with the carbapenems, resulted in improved recovery in the
anaerobic bottles. Meropenem midpoint and trough concentrations permitted
recovery in BacT/Alert FN Plus anaerobic bottles, whereas no recovery was observed
in meropenem-containing aerobic bottles. All of the BacT/Alert FN Plus anaerobic
bottles inoculated with E. coli alarmed positive when exposed to all imipenem
concentrations; their aerobic counterparts showed recovery only up to the mid-
point concentration. This pattern also occurs between the two types of Bactec
bottles. For levofloxacin, aerobic Bactec bottles inoculated with E. coli alarmed
positive only at the trough concentration, whereas growth was detected in the
anaerobic bottles injected with both the midpoint and trough concentration. In
short, the combinations that alarmed positive in the anaerobic bottles include all of
their positive aerobic bottle counterparts, as well as a few additional concentra-
tions. These comparative observations support the practice of obtaining blood
cultures with both aerobic and anaerobic blood culture bottles.

The results by specific antimicrobials are also informational. Cefepime, for example,
resulted in in vitro sterilization of all bottles at all concentrations. Its concentration
reductions were insignificant, and concentrations remained above the MICs of these
isolates throughout the initial 12 hours (Fig. 1C). Similar observations have been made
for cefepime in aerobic bottles containing proprietary resins with other organisms as
well (10, 11). In the aerobic bottles, these same isolates were not recovered in the
presence of any clinically relevant cefepime concentrations (10). In contrast, the anti-
biotic binding resins were able to bind and reduce concentrations of cefazolin and
piperacillin/tazobactam sufficiently (Fig. 1B and D, Table 4) to result in complete
recovery at all tested concentrations. This also held true for their aerobic counterparts
(10). Finally, Bactec Plus anaerobic bottles had difficulty recovering these isolates in the
presence of any meropenem concentrations, whereas the BacT/Alert FN Plus bottles
successfully identified bacteria after exposure to meropenem midpoint and trough
concentrations.

Anaerobic bottles without binding resins were also included in this study. Not
unexpectedly, recovery was significantly reduced compared with resin-containing bot-
tles. Only cefazolin midpoint, cefazolin trough, and piperacillin-tazobactam concentra-
tions reliably produced recovery of these organisms. These observations stress the
importance of using binding resin bottles.

While the most important difference between manufacturer bottles was the ability
for BacT/Alert FN Plus bottles to recover E. coli and K. pneumoniae in the presence of
certain meropenem and imipenem concentrations, these bottles also had significantly
shorter TTD. This was observed in both drug-free control isolates and bottles containing
antibiotics. For E. coli, TTD was 10.1 *= 0.8 versus 13.7 *= 1.6 hours (P =0.001) for
BacT/Alert FN Plus and Bactec Plus anaerobic bottles, respectively. For K. pneumoniae,
TTD was 10.8 = 0.5 versus 12.5 = 0.6 hours (P = 0.001), respectively. Reduced TTD may
lead to more rapid identification of bloodstream pathogens.

The strengths of this study include the use of clinically relevant antibiotic concen-
trations across the dosing interval, which allows interpretation of when blood cultures
might best be collected while patients are on antibiotics. Limitations of this study
include its use of two ATCC organisms that were susceptible to the majority of
antibiotic tested; therefore, results may not be applicable to other Enterobacterales or
bacteria with higher MICs. Indeed, meropenem-resistant P. aeruginosa has been recov-
ered in antibiotic binding resin bottles when exposed to meropenem peak concentra-
tions (9).
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In summary, clinically relevant antibiotic concentrations may decrease bacterial
recovery in resin-containing blood culture bottles inoculated with susceptible strains of
E. coli or K. pneumoniae, particularly at simulated peak concentrations. When clinically
feasible, bacterial recovery should be maximized by collecting blood cultures just prior
to the next scheduled antibiotic dose. The absence of antibiotic binding resins further
decreases the likelihood of detection. The improved recovery of facultative anaerobes
demonstrates the clinical benefit of using both aerobic and anaerobic bottles that
contain antibiotic binding resins.
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