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Abstract
PurposeObjectives: The detection of anaerobic bacteria from blood cultures may be a challenginge. BACTEC™® Anaerobic Lytic/F bottles (BALB) were developed to optimize the detection of obligate and facultative anaerobic organisms. This study compared the performance of BALB to resin-supplemented BACTEC™ Anaerobic/F bottles (BAB). Methods: The time-to-detection (TTD) and detection rate (DR) of BALB andgainst BAB were compared in two study stages:  first, a laboratory evaluation, including bottles spiked with human blood and 20 facultative and obligate anaerobic bacterial strains; and second, data collected from real patients from in the emergency room (ER) fover two a period of one- year in two periods: 2015–-2016 with BAB and 2017–-2018 with BALB. Results: A total of 160 bottles (80 of each type) were included in the first part of the study. The DR of all species in BALB was significantly higher than that in BAB (92.25% vs. 82.50%). The TTD was shorter in BALB than in BAB by 18.9 hours and 1.4 hours for obligate and facultative anaerobic organisms, respectively.  Data from real patients in two periods of one -year periods showed no significant differences inthat the rate numbers of positive anaerobic bottles growing any bacteria was not significantly different (9.29% and 9.52% with BAB and BALB, respectively, p > 0.05). However, the growthrate of obligate anaerobic bacteria was higher with BALB than with BAB (0.73% vs 0.46%, p = 0.018). Conclusions: The performance of BALB in terms of DR and TTD was significantly superior to BAB for obligate anaerobic species, suggesting that the use of these bottles can improve the detection of these bacteria from blood samples.	Comment by Author: Revised for conformity to the headings specified in the author guidelines	Comment by Author: Do you wish to refer instead to “real time data from patients in the emergency room?” Otherwise, the original phrase “real patients” is not entirely clear. Please check all relevant instances throughout the entire manuscript.
	Comment by Author: This was revised for consistency. The term was defined more often than it was abbreviated. Thus, the defintion alone was used	Comment by Author: Please ensure the revised phrase conveys your meaning, and check further occurrences of this phrase.
Keywords:  	Comment by Author: Author guidelines state as follows: 
Please provide 4 to 6 keywords which can be used for indexing purposes. Please consider the following suggestions: anaerobic bacteria, blood culture, BACTEC™ bottle, bacteremia, sepsis
BackgroundIntroduction
Blood cultures (BCs) arepresent an invaluable diagnostic tool for the detection of potentially life-threatening infections [1, 2, 3]. The results of BCs can provide a definitive diagnosis that can guideing the course of therapyeutic course and offering key prognostic information. Achieving this goal may be problematic, asince the detection and identification of anaerobic bacteria in BCs is a well-recognized challenge in clinical microbiology, andsince some these microorganisms are typically fastidious, slow growing, and difficult to culture [4]. Laboratories should try to overcome these difficulties, asince early recognition and appropriate treatment of anaerobic bloodstream infections are of great clinical importance [5]. 
Automated continuous-monitoring BCs systems together with anaerobic BCs bottles have improved the detection of these microorganisms [6, 7]. Furthermore, BCs bottles that are able to reduecrease the time to positivity and increase the detection rate (DR) could potentially lead to a considerablesignificant advantage in decreasing morbidity and mortality rates [8]. According to the manufacturer, BD BACTEC™ Lytic/10 Anaerobic/F BCs bottles (BALB) (Becton, Dickinson and Co, Sparks, MD, USA) contain 0.26% saponin as a lysing agent and provide faster time-to-detection (TTD) for facultative and obligate anaerobic organisms as compared to BD BACTEC™ Anaerobic Plus/F BCs bottles (BAB) from the same manufacturer. The lytic medium optimizes the detection of obligate anaerobic and facultative organisms by lysing the phagocytes. Phagocytized organisms are then released into the culture medium, thereby enabling more to be recovered. In addition, decreased metabolic activity from lysed blood cells increases the detection sensitivity and reduces false positives. 
The aim of the present study was to compare the TTD and detection rate (DR) of BALB andto BAB Blood Culture bottles for all bacteria in a laboratory evaluation with simulated positive bottles, and the Detection Rate for obligate anaerobic bacteria between two one-year periods, using during one year of ……………. In addition, the performance of both typekinds of bottles infor direct identification with the Sepsityper™® kit (Bruker Daltonics, Bremen, Germany) was also evaluated.	Comment by Author: Please verify this deletion
Materials and Methods
Study design 
This study was performed at the Microbiology Laboratory of Emek Medical Center between January and November 2017 and compared the performance of BALB with that ofto BAB bottles for the detection of anaerobic bacteria. The study comprised two stages, a laboratory evaluation with spiked bottles simulating positive BCsblood cultures and a comparison of DRdetection rate in two one-yearannual periods, one with BAB (2015/6) and the othner with BALB (2017/8) using samples fromwith real patients presenting with suspected bacteremia in the emergency room. 	Comment by Author: This was abbreviated for consistency with other instances throughout the manuscript
Simulated blood cultures 
In the first stage, in order to simulate positive BCsblood cultures, 5 mL of sterile human blood and the tested organisms were injected to the BALB and BAB bottles. Following the detection of positivity detection, the TTD and DR were calculated for each set of both bottle types. The TTD was defined as the elapsed time elapsed from entrance of bottles to the BACTEC™ FX unit until flagging of positivity by the instrument. The DR was defined as the percentage of positive bottles among all inoculated bottles with the same inoculum concentration for each species. Overall, nine obligate anaerobic bacterial species and 11 facultative anaerobic species were cultured on anaerobic Centers for Disease Control (CDC) Anaerobe Blood Agar (Hy Laboratories Ltd, Rehovot, Israel) and 5% defibrinated sheep blood supplemented Tryptic Soy Agar (TSA) (Novamed Ltd, Jerusalem, Israel), respectively. Haemophilus influenzae was cultured on supplemented Chocolate Agar from the same manufacturer. 	Comment by Author: Do you wish to state instead “the placement of the bottles in the ….unit”?
The anaerobic agar medium was incubated under anaerobic conditions for 48 hours and the TSA and chocolate plate were incubated under a 5% CO2 atmosphere for 24 hours. Colonies from agar plates were then suspended in saline to match a 1.0 McFarland (1 × x108 CFU/mL) standard, and diluted to final concentrations of 1 × x102 CFU/mL and 1 × x101 CFU/mL. A volume of 100 µL from each suspension wasere inoculated into BCs bottles in duplicates ofor each bottle type. Inoculum densities were verified by culturing 100 µL from the final suspensions into relevant agar plates and then incubatinged under both anaerobic andor aerobic conditions respectively. 	Comment by Author: Please ensure the revised phrase reflects your intended meaning
Following inoculation, all bottles were placed in a BACTEC™ FX continuous-monitoring system (Becton, Dickinson and Co, Sparks, MD, USA) for a total of six days or until positivity. The positive BCs were Ggram stained, directly identified using the Sepsityper™® kit and a MALDI-TOF Microflex system (both from Bruker Daltonics, Bremen, Germany) according to manufacturer recommendations, and sub-cultured on agar plates depending onaccording to the organism, as previouslyalready described. 
In order to rule-out any interference betweenof lytic bottles andwith the Sepsityper™® kit, identification score categories were compared for both types of bottles. According to the Microflex manufacturer, the following categorical interpretation of scores was applieddefined: score ≥ 2.0 (high confidence identification for genus and species level), score 1.7–-1.99 (low confidence identification usually, only genus level reported), and score ≤ 1.699 (no organism identification possible). Final identification was confirmed from colonies after 24 hours using the same technology. 	Comment by Author: The letter "h" is the standard SI unit for hours
The following 20 bacterial species were included in the study: Bacteroides fragilis, Porphyromonas sp., Clostridium septicum, Fusobacterium necrophorum, Actinomyces odontolyticus, Clostridium perfringens, Veillonella atypica,  Peptoniphilus harei, Prevotella bivia, Escherichia coli ATCC 25922, Klebsiella pneumoniae  ATCC 13883, Proteus mirabilis, Citrobacter koseri , Enterobacter cloacae, H.aemophilus influenzae, Staphylococcus . aureus, Streptococcus pyogenes ATCC 195615,  Enterococcus faecalis ATCC 219212, Streptococcus pneumoniae, and Staphylococcus epidermidis.
Clinical evaluation
In the second stage of the study, instead of BAB, the BALB were introduced to routine use in the emergency room instead of BAB for a period of nine months, between March and November 2017.  
 By the end of the trial, we were able to compare the performance of BALB to that ofe BAB in terms of the DR in blood samples drawn from adult patients admitted to the emergency room ER with suspected sepsis. Positive BCs were processed according to standard routine procedures: 3 mL of fluid extracted from the bottles were Gram stained and sub-cultured on four agar plates: 5% defibrinated Sheep Blood supplemented TSAryptic Soy Agar , supplemented Chocolate Agar, gentamicin -supplemented anaerobic Blood Agar (all from Novamed Ltd, Jerusalem, Israel), and MacConkey Agar (Hy Laboratories Ltd, Rehovot, Israel). Following overnight incubation at 37 °C, identification of the bacterial colonies was performeddone using a MALDI- TOF Microflex system, and antimicrobial susceptibility testing was performed usingwith routine techniques.
For the clinical stage of the study, the DR was defined as the percentage of positive BCs among all anaerobic bottles, BALB or BAB, during each period of time, respectively. The DR for the period between March and November 2017 with BALB was compared to the DR of BAB forat the same period in the previous year (2016). The DR of obligatory anaerobic bacteria was also calculated and compared between both periods of time.
Statistical methods
The positivity rates for the four bottle types were compared using the Chi-squared test. Values of p < 0.05 were considered to be statistically significant.
Results
The first stage of the study included a total of 160 anaerobic BCs, comprising of two sets of different bottles (BALB and BAB) inoculated with the same suspension of 20 facultative and obligatory anaerobic bacterial species in two different concentrations. As shown in Table 1, compared with BAB, the detection rate (DR) was higher and the average time-to-detection (TTD) was shorter in BALB for both concentrations of facultative and obligate anaerobic bacteria with BALB in both concentrations compared to BAB. AtIn the higher inoculum concentration, the TTD was shorter with BALB than with BAB by 18.9 hours and 1.4 hours for obligate and facultative anaerobic bacteria, respectively (Table 1). AtIn the lower concentration, the average TTD with BALB for facultative anaerobic bacteria was shorter by only by 0.7 hours. The TTD for obligate anaerobic bacteria could not have been calculated owingdue to the small number of bottles showing any growth. 	Comment by Author: As this abbreviation has already been defined in the main text, the definition alone is adequate at this point
All but two species (63 from BALB and 52 from BAB) were correctly identified using the Sepsityper™® and matrix assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS). The two missed identifications were an H. influenzae, which showedid not growth in BALB bottles and a Porphyromonas sp., which could not have been directly identified by the MALDI-TOF MS because it wais not included in the database, and that was eventually identifiedy by sequencing of the 16S rRNA gene (Table 3). High confidence identification (scores 2–-3) was achieved in 73% of the BAB bottles vs. 59% in BALB bottles, and in overall identification (scores 1.7–-3), ithese values wereas 90% vs. 74%, respectively. Differences were not statistically significant.	Comment by Author: Author guidelines specify that tables should always be cited in the text in consecutive numberical order. Please note that table 3 has been cited before table 2 in the main text.
	Comment by Author: Please verify this revision

In the second stage of the study, the positivity rates of both, the totaall anaerobic and obligate anaerobic bacteria in anaerobic blood culture bottles were significantly higher in 2017 with BALB than in 2016 with BAB (Table 2). The numbers of bottles thatwhich grew obligate anaerobic bacteria wereas 37 (13 different species) and 61 (23 different species) infor 2016 and 2017, respectively (Table 4).
Discussion
[bookmark: _Hlk21449527]Sepsis and bacteremia are life-threatening conditions for patients. The most sensitive and effective method to detect and identify the causativeing microorganism(s) is by blood culture. It is of crucial importance that the time that has elapsvolved between the point at which BCsblood cultures are drawn and the identification of bacterial species identification and delivery of antimicrobial susceptibility testingAST results are delivered should be as shorter as possible, in order to guide the most appropriate antimicrobial therapy, especially when the causativeing organism is an obligate anaerobeic [9, 10, 11].	Comment by Author: The word “crucial” implies importance; thus this phrase was amended for conciseness and to eliminate redundancy.

The detection/recovery rate of obligateory anaerobic bacteria from anaerobic BCsblood cultures is usually low. This can be explained due toby the fact that most of these bacteriam groware slowly, grower and are difficulthard to culture, and may require very strict conditions to befor growthn [12]. Therefore, the goal of this study was to evaluate the detection rate (DR), time to detection (TTD), and the clinical performance of BALB, as compared with to BAB blood culture bottles.
As shown in Table 1, in the first stage of the study, the differences in DR in spiked bottles with both concentrations were not statistically significant; however, but still lytic bottles still showed the more favorablea tendency to be better. There was a 10% improvement in performance atin the higher concentration that became stronger atin the lower concentration (20%) with a p- value of 0.06. We can note that atin this stage of the study, the lower concentration resembleds the low levelsnumber of bacteria in the blood of most adult patients presenting with sepsis. In addition,Also in the second stage of the study performed on, in samples from real patients with suspected bacteremia in the emergency room, a significant improvement was observed in the positivity rate between 20162017 and 20172016 was observed. The differences between positivity rates for both, the totall bacteria growing in anaerobic bottles and for the obligate anaerobic bacteria between both periods were statistically significant. In addition, the number of different obligate anaerobic species was also considerably higher (23 versus. 13). These findings, all these suggesting that the performance of BALB may be superior to that of BAB in the a clinical scettingnario.	Comment by Author: Please confirm this revision, made for greater clarity	Comment by Author: Please sensure the revised sentence conveys your intended meaning
The use of MALDI-TOF technology to shorten the time to identification directly for direct identification from positive BCsblood cultures in order to shorten the time to identification hwas already been described in previous studies [13]. Rapid identification oin the same day, instead of 24–-48 hours after sampling, can improve the antimicrobial stewardship process, especially when a dedicated infectious diseases consultant team is present [14, 15], and support more favorablecontributing to a better antibiotic treatment, better outcomes, and preventavoiding the development of multi-resistant organisms. The results of this study show that the use of BALB, instead of BAB, could contribute to all  thoese objectives in patients presenting with anaerobic bacteremia.
Overall, very few previous studies have beenwere published on the performance of the BACTEC™ Lytic anaerobic bottles. In a previous evaluation of BALB by Rocchetti et al [16], the growth of H.aemophilus influenzae in these bottles was not tested [16]. One surprising finding of the presentour study was the fact that BALB does not seems not to support the growth of this species. In the first stage of our study, we found that we were unot able to detect three different strains (two ATCC and one wild type) of H. influenzae , with which the BALB bottlesthat were spiked into BALB bottles at two concentrations. Consequently, we can conclude that the detection of H. influenzae can be missed within BALB. This could be a minor problem, asince BCsblood cultures are always performed using both anaerobic and aerobic bottles. According to our results, the number of strictly anaerobic bacteria detected by BALB, which weare missed by BAB, and wouldill not grow in the aerobic bottle of the same set, is more important than the lower sensitivity for H. influenzae, which wouldill stillanyhow grow in the aerobic bottle of the same set.	Comment by Author: The full scientific name for this species has been defined previously in the Materials and Methods section. Thus, the abbreviated form is acceptable at this instance
This study has some limitations. The It could be better to inclusion ofde a greater number ofmore obligate anaerobic bacteria in the first stage of the study would have been more favorable. In addition, theoretically, a more accurate comparison between lytic and anaerobic blood culture bottles in athe clinical setting could be done by drawing the blood culture sample in both anaerobic bottles BALB and BAB at the same time together aswith the aerobic bottlesone. This was not done, because we were concerned about the relatively large volume of blood requiredneeded.
Overall, the findings of this study show a higher DRdetection rate for strictly anaerobic bacteria, and ion average, a shorter TTDtime-to-detection. These findings are similar to those already published in a previous evaluation, which was performed only in strictly anaerobic species [17]. In the present studyour work, we also included also facultative bacteria, which that showed a similar performance.	Comment by Author: Please enure the revised phrase conveys your intended meaning
In conclusion, the use of BACTEC™ Anaerobic Lytic/F bottles, instead of BACTEC™ Plus Anaerobic/F bottles, seems to be a better choice for the detection of anaerobic bacteremia. 
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Table 1: Detection rate and time- to- detection of facultative and obligatory anaerobic bacteria fromin BALB andto BAB blood culture bottles	Comment by Author: Please ensure the revised phrase retains your intended meaning

	
	
	10^2 CFU/mL
	10^1 CFU/mL

	
	
	BALB
	BAB
	BALB
	BAB

	
	
	Growth
(n/n)
	TTD in hours (SD)
	Growth
 (n/n)
	TTD in hours (SD)
	Growth 
(n/n)
	TTD in hours (SD)
	Growth
 (n/n)
	TTD in hours (SD)

	Facultative anaerobic
	Escherichia coli
	ATCC25922
	2/2
	12.9 (5.2)
	2/2
	14.3 (13.9)
	2/2
	12.7 (5.6)
	1/2
	13.4 (4.9)

	
	Klebsiella pneumoniae
	ATCC13883
	2/2
	
	2/2
	
	2/2
	
	2/2
	

	
	Proteus mirabilis 
	Wild
	2/2
	
	2/2
	
	2/2
	
	2/2
	

	
	Citrobacter koseri
	Wild
	2/2
	
	2/2
	
	2/2
	
	2/2
	

	
	Enterobacter cloacae 
	Wild
	2/2
	
	2/2
	
	2/2
	
	1/2
	

	
	Haemophilus influenzae 
	Wild
	0/2
	
	2/2
	
	0/2
	
	2/2
	

	
	Staphylococcus aureus
	Wild
	2/2
	
	2/2
	
	1/2
	
	2/2
	

	
	Streptococcus  pyogenes 
	ATCC195615
	2/2
	
	2/2
	
	2/2
	
	2/2
	

	
	Enterococcus faecalis
	Wild
	2/2
	
	2/2
	
	1/2
	
	2/2
	

	
	Streptococcus pneumoniae 
	Wild
	2/2
	
	2/2
	
	1/2
	
	2/2
	

	
	Staphylococcus epidermidis 
	Wild
	2/2
	
	2/2
	
	2/2
	
	0/2
	

	Strict anaerobic
	Bacteroides fragilis
	Wild
	2/2
	19.4 (8.0)
	1/2
	38.3 (19.3)
	2/2
	N/A
	0/2
	N/A

	
	Porphyromonas spp.
	Wild
	2/2
	
	0/2
	
	2/2
	
	0/2
	

	
	Clostridium septicum
	Wild
	2/2
	
	1/2
	
	0/2
	
	0/2
	

	
	Fusobacterium necrophorum 
	Wild
	2/2
	
	2/2
	
	2/2
	
	1/2
	

	
	Actinomyces odontolyticus 
	Wild
	2/2
	
	2/2
	
	2/2
	
	2/2
	

	
	Clostridium perfringens 
	Wild
	1/2
	
	2/2
	
	1/2
	
	0/2
	

	
	Veillonella atypica
	Wild
	2/2
	
	1/2
	
	0/2
	
	1/2
	

	
	Peptoniphilus harei
	Wild
	2/2
	
	2/2
	
	2/2
	
	0/2
	

	
	Prevotella bivia
	Wild
	2/2
	
	0/2
	
	2/2
	
	0/2
	

	Total (n/N)
Detection rate (%)
	
	
	37/40
	
	33/40
	
	30/40
	
	22/40
	

	
	
	
	92.25*
	
	82.50*
	
	75.00**
	
	55.00**
	


* p = 0.17 (n.s.)    ** p = 0.06 (n.s.). BALB, BACTEC™ Anaerobic Lytic/F bottles; BAB, BACTEC™ anaerobic/F bottles. 

Table 2: Comparison of positivity rates of anaerobic bottles between two annual periods, 2015/6- and 2017/8, with BAB and BALB, respectively 
	
	2015/6
	2017/8
	p- value

	Total anaerobic bottles
	9058
	9586
	

	Positive anaerobic bottles (all bacteria) 
	842 
	913 
	

	Positive anaerobic bottles (strictly anaerobic bacteria)
	42
	70
	

	Positive rate in  anaerobic bottles (all bacteria)
	9.29 %
	9.52 %
	n.s.

	Positive rate of strictly anaerobic bottles amoing all anaerobic bottles
	0.46 %
	0.73 %
	0.018


[bookmark: _Hlk21337036]BAB, BACTEC™ anaerobic/F bottles; BALB, BACTEC™ Anaerobic Lytic/F bottles.
Table 3:  Direct identification of facultative and obligatory anaerobic bacteria from positive bottles of blood culture by MALDI-TOF Sepsityper™®
	MALDI-TOF score
	BALB
n (%)
	BAB
n (%)
	p- value

	≥ 2a*	Comment by Author: Author guidelines state that footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values and other statistical data). As this indication did not refer specifically to significance values, it was revised from an asterisk to a lower-case letter 
	31 (59%)
	46 (73%)
	ns

	1.70–-1.99a*
	13 (25%)
	11 (17%)
	ns

	≤ 1.69
	8 (15%)
	6 (9%)
	ns


*aScore > 1.7 was considered as acceptable for species level identification. 
MALDI-TOF, matrix-assisted laser desorption ionization-time of flight; BALB, BACTEC™ Anaerobic Lytic/F bottles; BAB, BACTEC™ anaerobic/F bottles.

Table 4: Obligate anaerobic species isolated in 2015/6 and 2017/8	
	
	2015/6
	2017/8

	Actinomyces odontolyticus
	0
	1

	Actinomyces sp.
	0
	1

	Anaerobic Ggram pos bacilli
	0
	2

	Anaerobic Ggram pos cocci
	1
	4

	Bacteroides distasonis
	1
	1

	Bacteroides fragilis
	11
	12

	Bacteroides ovatus
	2
	0

	Bacteroides sp.
	2
	1

	Bacteroides vulgatus
	2
	0

	Bacteroides thetaiotaomicron
	1
	2

	Bifidobacterium sp.
	1
	1

	Clostridium paraputrificum
	3
	1

	Clostridium.clostridioforme
	0
	1

	Clostridium perfringens
	5
	2

	Clostridium ramosum
	1
	1

	Clostridium sordellii
	0
	1

	Clostridium sp.
	0
	1

	Fusobacterium varium 
	1
	0

	Fusobacterium nucleatum
	1
	2

	Peptostreptococcus sp.
	1
	0

	Peptostreptococcus anaerobius
	0
	1

	Peptostreptococcus parvulus
	0
	1

	Peptostreptococcus prevotii
	0
	1

	Prevotella bivia
	0
	1

	Prevotella buccae 
	1
	1

	Cutibacterium acnes
	7
	26

	Propionibacterium avidum
	0
	1

	Propionibacterium granulosum
	0
	1

	Veillonella sp.
	1
	0

	Staphylococcus saccharolyticus
	0
	3

	Total
	42
	70






