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ABSTRACT  24 

This study evaluated the MBT-ASTRA for antimicrobial susceptibility testing of Bacteroides fragilis 25 

with different classes of antibiotics. MALDI-TOF MS peak AUCs from suspensions with B. fragilis 26 

with and without an antibiotic were used to calculate the relative growth (AUC “with antibiotic” 27 

divided by “without antibiotic”). Antimicrobial susceptibility testing of B. fragilis ATCC 25285 28 

(susceptible) and B. fragilis O18 (resistant) was demonstrated with a clear difference of the 29 

relative growth between susceptible and resistant. The MBT-ASTRA needs further development 30 

and assessment but could be a relatively easy and inexpensive method for rapid antimicrobial 31 

susceptibility testing in specific cases of infection with B. fragilis. 32 

 33 

 34 
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1. Introduction 47 

Matrix assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS) has 48 

revolutionized the identification of bacteria and fungi. However, other applications, such as 49 

antimicrobial susceptibility testing, have also been investigated. Lange et al. and Sparbier et al. 50 

have published two papers in 2014 and 2016 describing a new assay for rapid resistance detection 51 

[1,2]. The assay is referred to as the MALDI-Biotyper-antibiotic-susceptibility-test-rapid-assay or 52 

MBT-ASTRA. Samples for the assay are spiked with an internal protein standard (RNase B). A 53 

prototype online software tool is used to analyze the spectra. The software normalizes the sample 54 

peaks to the standard peak from the internal protein standard so that peaks can be compared 55 

directly. Then, the software performs peak picking and determines the area under the curve (AUC) 56 

of each spectrum, which correlates to bacterial growth [1,2]. The peak AUCs are compared, e.g. 57 

from a suspension with the same bacterial test strain with and without an antibiotic. With a 58 

susceptible strain the AUC will be reduced in the suspension with the antibiotic, which is not the 59 

case with a resistant strain. The assay can in principle be used for all classes of antibiotics and not 60 

only β-lactam antibiotics, as is the case with the MALDI-TOF MS hydrolysis assay [3]. In the paper 61 

by Lange et al. the MBT-ASTRA is described as a growth assay and the assay works by comparing 62 

growth rates (i.e. peak AUCs). Studies with the method applied on Enterobacteriaceae and 63 

Mycobacterium spp. have already been published [4,5]. Antimicrobial susceptibility testing of 64 

anaerobic bacteria is notoriously difficult and/or expensive. In a proof-of-concept study, we 65 

sought to investigate if the MBT-ASTRA could be used for anaerobic bacteria, exemplified by 66 

Bacteroides fragilis. B. fragilis is the most common anaerobic bacteria in blood cultures and also 67 

one of the most frequent anaerobic species with acquired resistance towards many anti-anaerobic 68 

antibiotics.        69 
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 70 

So, the purpose of this study was to 1) develop the MBT-ASTRA and test whether the assay could 71 

be used for B. fragilis with different classes of antibiotics, and 2) investigate the growth aspects of 72 

the assay, i.e. what is actually occurring in the suspensions with different antibiotics. 73 

 74 

Preliminary results were presented at the 25th European Conference on Clinical Microbiology and 75 

Infectious Diseases (ECCMID), Copenhagen, 2015 (abstract P1236). 76 

 77 

2. Material and methods 78 

Experiments were performed in 12 ml tubes with supplemented Brucella broth (Thermo Fisher 79 

Scientific, Basingstoke, UK) to support anaerobic growth and incubated in an anaerobic 80 

atmosphere at 37°C (Anoxomat, MARTmicrobiology B.V., Drachten, the Netherlands with 80% O2, 81 

10% CO2 and 10 H2). All tests were performed with a McFarland 0.5 suspension (named the growth 82 

control if the suspension was without an antibiotic). The following antibiotics; clindamycin, 83 

meropenem and metronidazole were chosen because they represent bacteriostatic, bactericidal 84 

and β-lactam and non-β-lactam antibiotics. Clindamycin 2 µg, meropenem 10 µg and 85 

metronidazole 5 µg disks (Oxoid, Basingstoke, UK) were used to obtain the tested antibiotic 86 

concentrations.    87 

 88 

Initially, the antibiotic concentration for the assay was determined by titration as the lowest 89 

concentration to produce a relative growth (AUC “with antibiotic” divided by “without antibiotic”) 90 

just below the 0.4 cut-off value set by Lange et al., which gives the best separation between 91 

susceptible and resistant strains [1]. An example of titration of metronidazole with Bacteroides 92 
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fragilis ATCC 25285 (susceptible, Table 1) is shown in Fig. 1. This was repeated with clindamycin 93 

and meropenem. Following the same approach, an optimal incubation time of 4 hours had been 94 

established, i.e. in the study all the suspensions without and with the antibiotics were incubated 95 

for 4 hours before the MALDI-TOF MS analysis was performed. The MALDI-TOF MS analysis was 96 

performed on material from the suspensions as described previously [1]. AUC calculations were 97 

done using the online software tool based on four spots of each suspension [1]. Also, 10 µl of the 98 

suspension from the original suspension (the growth control) at time point 0 hours and at time 99 

point 4 hours, with clindamycin, meropenem and metronidazole (also at time point 4 hours) were 100 

cultured on Brucella agar for 24 hours in an anaerobic atmosphere at 37°C. This was done to 101 

produce a semi-quantitative estimate of growth and/or kill in the suspensions, to learn more 102 

about the fundamental aspects of the assay and to understand how the different antibiotics 103 

affected a susceptible strain (B. fragilis ATCC 25285) in the suspension. Finally the assay was tested 104 

with a resistant strain of B. fragilis (O18) (Table 1) [6]. 105 

 106 

3. Results 107 

The following concentrations; clindamycin 16 mg/L, meropenem 64 mg/L and metronidazole 32 108 

mg/L, were the lowest concentrations to produce a relative growth (AUC “with antibiotic” divided 109 

by “without antibiotic”) just below the 0.4 cut-off value (metronidazole titration is shown in Fig. 1). 110 

 111 

From Fig. 2 an increase in the AUC from the original suspension with B. fragilis ATCC 25285 (the 112 

growth control) at time point 0 hours to 4 hours is demonstrated. Also, the AUCs from the 113 

suspensions with antibiotics (clindamycin 16 mg/L, meropenem 64 mg/L and metronidazole 32 114 

mg/L) are the same as the growth control at 0 hours. However, the cultures from the suspensions 115 
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demonstrated differences. At time point 0 all suspensions had confluent growth on the Brucella 116 

agar. After 4 hours the growth control was heavy-confluent whereas the culture from the 117 

clindamycin 16 mg/L suspension was confluent, meropenem 64 mg/L was semi-confluent and 118 

there was no growth with metronidazole 32 mg/L. 119 

 120 

In Fig. 3 antimicrobial susceptibility testing of B. fragilis ATCC 25285 (susceptible) and B. fragilis 121 

O18 (resistant) is demonstrated with a clear difference of the relative growth between susceptible 122 

and resistant (above and below the 0.4 cut-off value).  123 

 124 

4. Discussion 125 

In this simple proof-of-concept study we were able to quite easily calibrate concentrations of 126 

different classes of antibiotics and clearly demonstrate decreases in the relative growth of a 127 

susceptible B. fragilis strain and also no decrease in a resistant strain. Furthermore, although the 128 

assay is described as a growth assay comparing growth rates, we discovered from culturing, that 129 

what is actually happening in the suspensions is variable and is probably depending on the 130 

antibiotic, the concentration and the incubation-time. As seen from Fig. 2, the AUCs for 131 

clindamycin, meropenem and metronidazole are identical after 4 hours in this experiment 132 

indicating that growth rates have been identical. However, the cultures from the suspensions 133 

indicate something else. Growth is suppressed in the clindamycin suspension but bacteria are not 134 

killed. In the meropenem and metronidazole suspension bacteria are killed but at different rates, 135 

with the fastest kill in the metronidazole suspension. This indicates that the calculated peak AUCs 136 

are based on both living, but inhibited, and dead bacteria depending on the antibiotic. 137 

 138 
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Compared to the original protocol developed by Lange et al. we did not use agitation during 139 

incubation [1]. Agitation of suspensions is quite a difficult task with anaerobes. However, initially 140 

in the development phase, we did investigate agitation with anaerobic jars, but there was no 141 

significant difference in the results compared to no-agitation (results not shown). Another 142 

difference is the incubation time which had to be prolonged to 4 hours compared to 1 hour with 143 

Enterobacteriaceae [1]. This was expected because of differences in growth rates between 144 

anaerobic bacteria and Enterobacteriaceae. However, 4 hours is still very fast for anaerobic 145 

bacteria. Antibiotic concentrations were determined by titration but the optimal concentration of 146 

meropenem for the assay was the same as in the published protocol by Lange et al., i.e. 64 mg/L 147 

[1]. We also used the same 0.4 cut-off value for the relative growth and the assay was titrated to 148 

produce this cut-off as a maximum with the susceptible strain. However, this cut-off might not 149 

work for all drug-bug combinations.  150 

 151 

The limitations of this study is obvious as only two strains were investigated, which limits the 152 

applicability of the assay to highly susceptible and highly resistant strains. To further develop and 153 

assess the assay more strains must be tested, especially strains with MICs closer to the 154 

breakpoints of the different antibiotics, to investigate whether separation is still possible. If this 155 

can be demonstrated, the MBT-ASTRA is certainly a relatively easy and inexpensive method for 156 

rapid antimicrobial susceptibility testing in specific cases of infection with B. fragilis.  157 

 158 
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Figure legends 206 

Fig. 1. Titration of the concentration of metronidazole with Bacteroides fragilis ATCC 25285. The AUCs are shown. The relative growth is 207 

the AUC of the suspension with metronidazole divided by the AUC of the suspension without metronidazole (broth only, i.e. the growth 208 

control). At 8 mg/L the relative growth is ≈ 0.5 (0.16/0.32) and at 32 mg/L it is ≈ 0.28 (0.09/0.32), just below the 0.4 cut-off value set by 209 

Lange et al. [1]. Medians are indicated by bold lines, minima and maxima are indicated by boxes. BB: Brucella broth (the growth control). 210 

MTZ: metronidazole. 211 

 212 
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Fig. 2. Bacteroides fragilis ATCC 25285: The calculated AUCs from the original suspension (the growth control) at time point 0 hours (A), 213 

at time point 4 hours (B), with clindamycin 16 mg/L (C), meropenem 64 mg/L (D) and metronidazole 32 mg/L (E) (also at time point 4 214 

hours). Medians are indicated by bold lines, minima and maxima are indicated by whiskers, and the 25th and 75th percentile are 215 

indicated by boxes. 216 

 217 
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Fig. 3. Antimicrobial susceptibility testing of Bacteroides fragilis ATCC 25285 (susceptible) and Bacteroides fragilis O18 (resistant) after 4 218 

hours of incubation. The relative growth is the AUC of the suspension with antibiotic divided by the AUC of the suspension without 219 

antibiotic (the growth control). A value of 1 would reflect no relative difference. The horizontal line indicates the susceptibility/resistance 220 

threshold of 0.4 [1]. Medians are indicated by bold lines, minima and maxima are indicated by whiskers, and the 25th and 75th percentile 221 

are indicated by boxes. 222 

 223 
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Table 1 

The MICs of the two Bacteroides fragilis strains used to test the MBT-ASTRA. 

Strain Clindamycin MIC (mg/L) Meropenem MIC (mg/L) Metronidazole MIC (mg/L) 

B. fragilis ATCC 25285 1 0.06-0.12 0.5 

B. fragilis (O18) 8 >32 16 
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Antimicrobial susceptibility testing of Bacteroides fragilis using the 

MALDI Biotyper Antibiotic Susceptibility Test Rapid Assay (MBT-ASTRA) 

 

Highlights 

• We evaluated the MBT-ASTRA for antimicrobial susceptibility testing of B. fragilis 

 

• Different classes of antibiotics were tested with a susceptible and a resistant strain of B. 

fragilis 

 

• The MBT-ASTRA demonstrated a clear difference of the relative growth between the 

susceptible and the resistant strain of B. fragilis 

 

• The MBT-ASTRA  could be a relatively easy and inexpensive method for rapid antimicrobial 

susceptibility testing of B. fragilis 


