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Abstract 

Urinary tract infection (UTI) is a very common infection in humans and a majority is 

caused by Escherichia coli. UTI are commonly treated empirically. However, empiric 

treatment has become more problematic due to increased antibiotic resistance to commonly 

used antibiotic agents. It is therefore desirable with short turnover times for antimicrobial 

susceptibility testing and species identification to improve antibiotic treatment at an early 

stage. Matrix Assisted Laser Desorption/Ionisation Time of Flight (MALDI-TOF) can 

provide species identification faster than former routine methods. This study compared 

direct and standard susceptibility testing using disk diffusion on Enterobacteriaceae (EB) 

from urine samples. The possibility to standardise the inoculum for direct susceptibility 

testing via a pellet obtained by a series of centrifugations was also evaluated, as well as 

direct species identification with MALDI-TOF from the pellet. 

Results from direct susceptibility testing from urine samples with EB, performed either 

directly from the urine or with a standardised inoculum, correlated well to those obtained 

with standardised susceptibility testing using EUCAST disk diffusion methodology with 

few errors, of which most were associated with Proteus mirabilis. The concept of 

standardising the inoculum for direct susceptibility testing to 0.5 McFarland was labour 

intensive and did not improve the results further. However, direct species identification 

from the urine pellet using MALDI-TOF showed good correlation to routine identification. 

Of 238 samples, an EB was correctly identified in 148 samples using MALDI-TOF.  



SAMMANFATTNING 

Urinvägsinfektion (UVI) är en vanligt förekommande infektion hos människor där majoriteten orsakas av 

Escherichia coli. Vanligen behandlas UVI empiriskt men denna behandling har börjat bli problematisk på 

grund av att resistens mot förstahandsantibiotika har blivit allt vanligare. Det finns således ett behov av att 

utveckla metoder med kortare svarstid för att ändra till ett effektivt behandlingsalternativ vid ett tidigare 

skede under infektionen. Genom att använda Matrix Assisted Laser Desorption/Ionisation Time of Flight 

(MALDI-TOF) kan artidentifikation erhållas snabbare än med tidigare använda rutinmetoder. Den här 

studien jämförde direkt- och standardresistensbestämning med lappdiffusion på Enterobacteriaceae (EB) 

från urin. Att standardisera suspensionen för direkt resistensbestämning från en pellet, som erhålls efter 

en serie centrifugeringar, utvärderades också, likaså direkt artidentifiering med MALDI-TOF från pellet. 

Resultat de båda metoderna för direkt resistensbestämning, från urin samt från standardiserad suspension, 

korrelerade väl till de från standardresistensbestämning enligt EUCAST disk-diffusionsmetod med få fel, 

varav majoriteten var associerade med Proteus mirabilis. Att standardisera en suspension till 0,5 

McFarland från pellet för direktresistensbestämning var tidskrävande och gav resultat likvärdiga de vid 

direktresistensbestämning från urin, som var mindre tidskrävande. Artidentifiering med MALDI-TOF 

direkt från pelleten korrelerade väl med rutinidentifieringen. Av 238 prover blev 148 korrekt 

artidentifierade med MALDI-TOF med avseende på EB.  
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INTRODUCTION 

 

Urinary tract infections 

In both hospital and community acquired bacterial infections, urinary tract infections (UTI) are among the 

most common and one out of three women will develop UTI before the age of 25. A vast majority of 

UTIs are caused by Enterobacteriaceae (EB) species, mainly Escherichia coli, Klebsiella pneumoniae and 

Proteus mirabilis. E. coli is the cause of ~80 % of uncomplicated UTI in Europe, with some regional 

differences. Other more uncommon uropathogens include Staphylococcus saprophyticus, Pseudomonas 

aeruginosa and enterococci (1, 2). 

 

It is common to treat UTI empirically, guided by knowledge of the local spectrum of pathogens and the 

prevalence of antimicrobial resistance (3). Empiric treatment has become more problematic due to 

increased antibiotic resistance to commonly used oral agents, which no longer have a guaranteed effect on 

the pathogen (2, 3, 4). It is therefore important to develop laboratory procedures with short turnover times 

for antimicrobial susceptibility testing to optimise antibiotic treatment and to avoid the use of broad-

spectrum antibiotics (4).  

 

Routine analysis of urinary samples 

Urine samples are usually cultured overnight on a chromogenic agar plate which enables visual 

differentiation between species within the Enterobacteriaceae, streptococci and staphylococci groups 

through colour differentiation. Some laboratories also include a blood agar plate to detect bacteria that do 

not grow on chromogenic agar (5). The overnight culture has to meet certain criteria to be regarded as 

clinically significant such as a sufficient amount of colony forming units (CFU) and a limited number of 

different colony morphologies that is present on the plate. Samples with less than 1000 CFU/mL and/or 

three or more different bacterial colony morphologies are usually judged as non-significant, since it is not 

possible to estimate the clinical significance of such samples. Species identification (ID) is thereafter 

performed on clinically significant samples/isolates, either through a combination of biochemical tests or 

using Matrix Assisted Laser Desorption/Ionisation Time of Flight (MALDI-TOF).  Antimicrobial 

susceptibility testing is usually performed using disk diffusion or automated systems (1). 

 

The most commonly used antimicrobial susceptibility testing method used for routine laboratory work in 

Scandinavia is disk diffusion testing according to EUCAST guidelines (6). A Mueller-Hinton (MH) agar 

plate is evenly inoculated with a standardised bacterial suspension, approximately corresponding to 1-2 

x10
8
 CFU/mL for Escherichia coli. Thereafter small paper disks containing standard amounts of 

antimicrobial agents are applied on the surface of the plate and the plates are incubated in favourable 

conditions for the bacteria. If the bacterial growth is inhibited by the antimicrobial agent, a zone free from 

growth (inhibition zone) will be formed around the antimicrobial disk. The diameter of the inhibition 

zone is recorded and interpreted according to interpretative criteria, so called clinical breakpoints. These 

are set and maintained by the European Committee on Antimicrobial Susceptibility Testing (EUCAST),  

and make it possible to categorise bacteria as susceptible (S), intermediate (I) or resistant (R) to the 

antimicrobial agent (7). EUCAST zone diameter breakpoints are calibrated to the gold standard MIC 

(Minimum Inhibitory Concentration) breakpoints (6). 
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Figure 2. A spectrum matched against the data base.   

Green = perfect match, yellow = close match and red = no 

match. Figure created via Biotyper 3.1 (Bruker Daltonics, 

Germany) software by J. Olafsson.  

Figure 1. Illustration of how the MALDI-TOF operates.  

Picture based on www.accugenix.commediaMALDI-TOF-

Method.jpg. 

Rapid analysis of urinary samples 

With standard cultivation and antimicrobial susceptibility testing of urinary samples, the full result is 

available for the clinician two days after arrival of the sample. With direct antimicrobial susceptibility 

testing (DST), the agar plate is inoculated directly with urine and the ID and susceptibility result can be 

available one day after arrival of the sample (2). Direct susceptibility testing has several advantages, 

including the possibility of more accurate and effective antibiotic treatment for the patient and ideally a 

decreased workload per sample for the laboratory. Despite these advantages, the clinical use of DST 

remains controversial due to multiple factors. The inoculum cannot be measured and standardised to a 

certain McFarland standard, which is important for correct categorisation of the results according to the 

breakpoints. Furthermore, the sample may contain no bacteria or multiple bacterial species which will 

lead to an inefficient workflow and higher costs. Also, additional substances in the urine may affect the 

results and the interpretation of the zones will be highly insecure (2, 6, 8). Recently, rapid species 

identification using MALDI-TOF has been tested directly from a pellet that is acquired by centrifugation 

of the sample (1, 9, 10). However, no studies have tried to utilise this pellet to create a standardised 

inoculum and proceed with antimicrobial susceptibility testing. 

 

MALDI-TOF 

A rapid species ID is a prerequisite for rapid antimicrobial susceptibility testing as categorisation as 

susceptible, intermediate or resistant is dependent on species ID. MALDI-TOF is now widely used in 

routine identification analysis of pure cultures at microbiological laboratories as it has proven to be a 

reliable, fast and economical method (11). 

 

MALDI-TOF is based on excitation of the sample molecules from the energy of a laser transferred via an 

UV light-absorbing matrix, followed by separation of the ions in a flight tube. Analysis of bacterial 

samples is usually performed by application of a small amount of a single colony onto a MALDI target 

plate, which is overlaid with matrix and dried before analysis. A rapid bombardment of laser pulses 

causes excitation and vaporisation of the crystallised mixture of matrix and sample, which ionises and 

accelerates the sample proteins through the flight tube (Figure 1). The ions will separate according to their 

mass-to-charge ratio (m/z) and the obtained 

spectrum is compared against a data base and the 

result reported as a logarithmical score value 

(Figure 2) (12).  
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Several studies have been performed to evaluate the use of MALDI-TOF as a primary identification 

method even without cultivation to bacterial colonies. This has mostly been tested on broth cultures of 

blood from patients with suspected bacteraemia to improve empirical treatment at an early stage of 

infection (13). Good results have been obtained when a few millilitres of the positive blood culture was 

lysed, washed and the bacteria spun down to a pellet followed by MALDI-TOF analysis (9, 10, 13). 

Previous studies have also shown good results of identification of bacteria from a pellet from 4 mL of 

urine using MALDI-TOF, even with the presence of interfering factors that do not disappear in the 

preparation process (1, 14, 15).   

 

Objectives 

This study compared direct susceptibility testing of urine samples to EUCAST disk diffusion 

methodology for Enterobacteriaceae. Furthermore the concept of standardising the inoculum for direct 

susceptibility testing through centrifugation of the urine sample followed by suspension of the remaining 

pellet to 0.5 McFarland, in parallel with direct species identification with MALDI-TOF from the pellet, 

was evaluated. 

 

MATERIALS & METHODS 

 

Clinical samples 

Clinical urine samples (4 mL vacutainer tubes with boric acid as preservative; Becton, Dickinson, USA) 

sent to Dept. of Clinical Microbiology, Central Hospital, Växjö were analysed. A total of 238 urine 

samples with Enterobacteriaceae (EB) were selected for direct antimicrobial susceptibility testing (DST) 

and species identification with MALDI-TOF. The samples had been selected, and blinded to the primary 

investigator, after cultivation on chromogenic agar. A majority of the samples (n=213) contained ≥ 10
5
 

CFU/mL of bacteria. To further test the method, a number of samples with 10
4
 – 10

5
 CFU/mL of bacteria 

were also included in the study (n=25). 

 

Centrifugation of the urine samples was performed for species identification with MALDI-TOF and for 

inoculum preparation for direct antimicrobial susceptibility testing. Urine (2 mL) was transferred into a 2 

mL SafeSeal micro centrifuge tube (Sarstedt, Nümbrecht, Germany) followed by centrifugation at 2000 g 

for 30 s to remove epithelial cells and blood cells such as leucocytes. The supernatant was transferred to a 

new SafeSeal micro centrifuge tube (Sarstedt, Nümbrecht, Germany) and centrifuged at 15 500 g for 5 

min. The supernatant was discarded and the pellet was washed with 600 µL deionised water before a final 

centrifugation at 15 500 g for 5 min. This is a modified version of the method that was used by Fierra et 

al. (1).  

 

Species identification with MALDI-TOF analysis 

A small amount of the pellet was applied in duplicate onto a MALDI  steel target plate (Bruker Daltonics, 

Germany) with a toothpick and overlaid with 1 µL matrix solution (saturated solution of HCCA [α-cyano-

4-hydroxy cinnamic acid] in organic solvent [50 % acetonitrile and 2.5 % trifluoroacetic acid]) and was 

left to air dry before analysis on a Microflex LT instrument (Bruker Daltonics, Germany), with the 

Biotyper 3.1 (Bruker Daltonics, Germany) software using the mixed culture algorithm. This allows the 

software to detect more than one species (of different genera) in the same sample and alert of possible 

mixed culture. The software was updated in September 2012 and contained 4613 mass spectra at the time 
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of this study. The spectra were recorded within the mass range from 1960 – 20137 Da. The accuracy of 

the species identification is presented as a score value with a corresponding colour, as shown in Table 1 

(1). 

 

Table 1: Interpretation of MALDI-TOF score values. 

Log score 
value 

Confidence of score value 
Colour 
code  

2.300 - 3.000 highly probable species identification green 

2.000 - 2.299 
secure genus identification, probable 

species identification 
green 

1.700 - 1.999 probable genus identification yellow 

0.000 - 1.699 not reliable identification red 

 

Analysis by the Biotyper 3.1 software resulted in two suggested species, ranked as most probable and 

second most probable ID. All test results with score values ≥ 1.700 were accepted as correct (Direct ID) if 

the suggested species (rating 1 and 2) from each duplicate were identical. Results with an ID ≥ 1.700 in 

combination with “No peaks found” were also accepted as correct. 

 

Comparison between direct and routine species identification 

Direct ID results were compared with routine species identification using overnight culture on 

chromogenic agar (Bio-Rad, USA) as material for MALDI-TOF analysis. In routine analysis at Dept. of 

Microbiology, score values ≥ 2.000 were accepted as correct species ID. Escherichia coli were identified 

through its distinct colour on the chromogenic agar in combination with a positive reaction in a spot 

indole test according to the laboratory standard methodology. 

 

Direct antimicrobial susceptibility testing 

Antimicrobial susceptibility testing was, except for the inoculum preparation, performed according to 

EUCAST disk diffusion methodology  for the following clinically important antimicrobial agents: 

mecillinam 10 µg (MEC10), cefadroxil 30 µg (CDR30), trimethoprim 5 µg (TRI5), nitrofurantoin 100 µg 

(NIT100) and ciprofloxacin 5 µg (CIP5) (6), Susceptibility testing was either performed directly using 

urine sample (DST-U) or by suspending the urine pellet in saline 0.85 % to a density corresponding to 

McFarland 0.5 (DST-P). For DST-U, a sterile cotton swab was dipped in undiluted, well-mixed urine and 

excess fluid was removed before inoculation. For DST-P, the remaining pellet after MALDI-TOF 

identification was suspended in 1 mL 0.85 % saline solution. The inoculum suspensions were 

standardised to McFarland 0.5±0.1 using densiCHEK plus (bioMérieux). For both DST-U and DST-P, the 

inoculum was spread evenly over a Mueller-Hinton (MH) agar plate using an automatic plate rotator and 

the plate incubated at 35±1C in ambient air for 16 – 20 hours. The MH plates were investigated after 

incubation and inhibition zone diameters were recorded for samples with confluent growth. The zone 

diameters were measured with a slide calliper according to EUCAST methodology (6) and interpreted 

according to the EUCAST breakpoint table v 2.0 (16). 

 

Quality control 

Quality control (QC) was performed on each day of testing according to EUCAST disk diffusion 

methodology (6) using Escherichia coli ATCC 25922 to assure that the agar and the antimicrobial disks 

were functional.   
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Comparison between direct and standardised antimicrobial susceptibility testing 

Inhibition zone diameters obtained with direct susceptibility testing, DST-U and DST-P, were compared 

with zones obtained from the routine testing at Clinical Microbiology, Central Hospital, using 

standardised disk diffusion testing (SST) according to EUCAST methodology (6). The discrepancies 

between the methods were categorised as; very major errors (VME), major errors (ME) and minor errors 

(mE), see Table 2. 

Table 2. Categorisation of discrepancies when comparing the results  

of Direct Susceptibility testing (DST) from urine (U) and pellet (P) with 

Standard Susceptibility Testing (SST). 

RESULTS 

Clinical samples 

When the results of DST-U, DST-P and the species identification were obtained a comparison with 

routine laboratory results was made. Of 238 samples, 91% (n=217) contained one species of EB, but 

samples with ≥ 2 species were also found (Table 3). MALDI-TOF analysis was performed on all samples 

and the results are shown in Table 4, 5 and Appendix 1. 

Table 3: Distribution of samples with pure cultures or ≥ 2 species, respectively, 

according to routine species identification. 

Bacterial 
concentrations 

Pure 
EB 

EB + 
enterococci 

≥2 EB Mixed flora Total 

≥ 10
5
 CFU/mL 192 7 8 6 213 

10
4 
- 10

5
 CFU/mL 25  -  - - 25 

Total 217 7 8 6 238 

EB = Enterobacteriaceae. CFU = Colony forming units. 

MALDI-TOF 

The results from MALDI-TOF analysis using the mixed culture algorithm are shown in Table 4. Routine 

species identification with MALDI-TOF from pure colonies was used as gold standard. The distribution 

of score values of correctly identified samples is shown in Table 5. Of 238 samples there were 8 

identified samples with a score value below 1.699 with one as low as 1.301 (K. oxytoca) that correlated 

with routine species identification. Also, of 61 samples with score values between 1.700 and 1.999 

(Wrong ID and Not reliable ID columns from table 4), 28 samples were correctly identified using 

MALDI-TOF when using the Direct ID method (Table 5). 

* mE: minor error. ME: major error. VME: very major error.

S: Susceptible. I: Intermediate. R: Resistant.
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Table 4. MALDI-TOF results for all analysed samples using the direct ID algorithm compared with routine identification. 

Species Correct ID Wrong ID Not reliable ID
1
 

No Peaks 
Found 

Total 

Escherichia coli 103
2,3

 4 29 15 151 

Klebsiella pneumoniae 18
4
 4 5 4 31 

Klebsiella oxytoca 5
5,6

 - 1 - 6 

Proteus mirabilis 12 1 6 5 24 

Proteus vulgaris - 1 - - 1 

Morganella morganii 1 - - 1 2 

Citrobacter freundii 3 - - - 3 

Citrobacter koseri - - 2 - 2 

Citrobacter braakii - 1
4
 - - 1 

Enterobacter aerogenes 3 - 1 1 5 

Enterobacter asburiae - - - 1 1 

Enterobacter cloacae 3 - 1 1 5 

Serratia marcescens - - - 1 1 

Mixed flora (>2 species) - 3 2 - 5 

Total 148 14 47 29 238 
1
 of which 8 are included in column 4 in Table 5    

2
 Enterococci not reported in two samples     

3
 One additional Gram-negative organism not reported in 

four samples    
4
 Enterococci not reported in one sample     

5
 Enterococci not reported in two samples     

6
 One additional Gram-negative organism not reported in 

one sample    

     

 

Table 5. Score value of the samples that were correctly identified with the Direct ID method, and samples with “not reliable 

ID” were the Direct ID result correlated with that from routine identification.    

Direct ID ≥2.000 1.700 - 1.999 1.301 - 1.699 Total 

Escherichia coli 73 20 4 97 

Klebsiella pneumoniae 14 2 1 17 

Klebsiella oxytoca 2  - 1 3 

Proteus mirabilis 5 5 2 12 

Morganella morganii -  1  - 1 

Citrobacter freundii 3  - -  3 

Enterobacter aerogenes 3 -  -  3 

Enterobacter cloacae 3 -  -  3 

Total 103 28 8 139 

 

 

Direct antimicrobial susceptibility testing  

Of the 196 samples with ≥ 10
5
 CFU/mL of EB (including four samples with EB and enterococci), zone 

interpretations were made for 189 samples with DST-U and for 138 samples with DST-P. For DST-U, 

AST results were not recorded for seven isolates due to non-confluent growth. For DST-P, antimicrobial 

susceptibility results could not be determined for 58 of 196 isolates because there was either not sufficient 

amount of material in the pellet to make a suspension of McFarland 0.5 or non-confluent growth. 

Inhibition zone diameters from DST-U and DST-P were compared with those from the routine 

susceptibility testing (standardised antimicrobial susceptibility testing, SST), (Figure 3A-E, 4A-E). The 

categorical agreements between direct and standardised susceptibility testing are shown in Table 6. 



 

7 

 

Overall, discrepancies were low, both for DST-U and DST-P. Most deviations appeared in species other 

than Escherichia coli, with the highest error rates for Proteus mirabilis and trimethoprim. (Figure 3C, 4C, 

Table 6).    
 

Table 6. Errors for direct antimicrobial susceptibility testing of Enterobacteriaceae vs. EUCAST standardised disk diffusion 

method. Values for Escherichia coli only are shown in parenthesis. 

Antimicrobial 
agent 

Test 
method 

mE
* 

ME VME 
No of 

isolates 

Mecillinam 
DST-U - 2 (2) 1 (1) 172 (120) 

DST-P - 1 (1) 0 (0) 127 (92) 

Cefadroxil 
DST-U - 1 (0) 0 (0) 189 (120) 

DST-P - 0 (0) 1 (1) 138 (92) 

Trimethoprim 
DST-U 7 (1) 0 (0) 2 (0) 189 (119) 

DST-P 7 (2) 0 (0) 1 (0) 138 (92) 

Nitrofurantoin 
DST-U - 0 (0) 0 (0) 120 (120) 

DST-P - 0 (0) 0 (0) 92 (92) 

Ciprofloxacin 
DST-U 0 (0) 2 (1) 0 (0) 189 (120) 

DST-P 0 (0) 0 (0) 0 (0) 136 (91) 

* mE are only available for trimethoprim and ciprofloxacin. 

 

When performing DST-U on samples with 10
4
-10

5 
CFU/mL EB (n=25), 24 of the samples did not result 

in confluent growth and these samples were therefore not analysed further. One had no growth. For DST-

P, 10
4
-10

5 
CFU/mL of EB was not sufficient to result in a 0.5 McFarland suspension. There were only 6 

samples with colony growth, 19 had no growth at all. 

 

 

 
Figure 3A. Correlation between DST-U and routine disk diffusion (SST) for mecillinam 10 µg vs. E. coli, Klebsiella spp. and 

P. mirabilis (n=172). EUCAST breakpoints are shown as lines. VME and MEs are highlighted in red and orange, respectively. 
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Figure 3B. Correlation between DST-U and routine disk diffusion (SST) for cefadroxil 30 µg vs. EB (n=189). EUCAST 

breakpoints are shown as lines. One ME is highlighted in orange. 

Figure 3C. Correlation between DST-U and routine disk diffusion (SST) for trimethoprim 5 µg vs. EB (n=189). EUCAST 

breakpoints are shown as lines. VMEs and mEs are highlighted in red and yellow, respectively. Errors for P. mirabilis are 

shown as black boxes. 
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Figure 3D. Correlation between DST-U and routine disk diffusion (SST) for nitrofurantoin 100 µg vs. Escherichia coli 

(n=120). EUCAST breakpoints are shown as lines.  

Figure 3E. Correlation between DST-U and routine disk diffusion (SST) for ciprofloxacin 5 µg vs. EB (n=189). EUCAST 

breakpoints are shown as lines. MEs are highlighted in orange. 
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Figure 4A. Correlation between DST-P and routine disk diffusion (SST) for mecillinam 30 µg vs. E. coli, Klebsiella spp. and 

P. mirabilis (n=127). EUCAST breakpoints are shown as lines. One ME is highlighted in orange.  

 

 

 
Figure 4B. Correlation between DST-P and routine disk diffusion (SST) for cefadroxil 30 µg vs. EB (n=138). EUCAST 

breakpoints are shown as lines. One VME is highlighted in red. 

 

 



 

11 

 

 
Figure 4C. Correlation between DST-P and routine disk diffusion (SST) for trimethoprim 5 µg vs. EB (n=138) EUCAST 

breakpoints are shown as lines. One VME and mEs are highlighted in red and yellow, respectively. Errors for P. mirabilis are 

shown as black boxes. 

 

 

 
Figure 4D. Correlation between DSP-P and routine disk diffusion (SST) for nitrofurantoin 100 µg vs. Escherichia coli (n=92). 

EUCAST breakpoints are shown as lines.  
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Figure 4E. Correlation between DST-P and routine disk diffusion (SST) for ciprofloxacin 5 µg vs. EB (n=136). EUCAST 

breakpoints are shown as lines.  

 

 

DISCUSSION 

 

In a time of increasing antimicrobial resistance, DST offers an opportunity to achieve faster results and 

the possibility to optimise antibiotic treatment at an early stage. However, DST is also associated with 

several methodological problems, of which some have been evaluated in this study. 

 

A rapid and correct species ID is crucial for rapid antimicrobial susceptibility testing as clinical 

breakpoints are species related. According to previous studies, correct identification from both blood and 

urine samples using MALDI-TOF can be obtained with as little as 5 x 10
3
 CFU/mL (1). It has also been 

demonstrated that correct ID can be obtained with low score values from MALDI-TOF, e.g. for a urine 

sample with E. coli (>10
5
 CFU/mL), a correct ID was obtained with a score of 1.295 (1, 10). In our study, 

eight of 238 samples that were identified with a score value below 1.699 with one as low as 1.301 

(K. oxytoca) gave the same results as the reference method. Also, of 61 samples with score values 

between 1.700 and 1.999, 28 samples were correctly identified using MALDI-TOF correlated to routine 

identification. The remaining samples were misidentified, which suggests that it is possible to diverge 

from the standard score value system when performing species ID directly from the sample material. 

However, the additional number of correctly identified samples with score values 1.301 – 1.699 was low, 

and the risks with interpreting results with such low score values might exceed the benefits. 
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A reoccurring observation in the spectral data was a triplet of peaks located around 3367, 3438 and 3485 

m/z that were very intense compared to the other peaks from the sample (data not shown). These probably 

lowered the score value. Those peaks were not identified by  the Biotyper 3.1 (Bruker Daltonics, 

Germany) software, but have been shown to correspond to human α-defensins 1 – 3 which have a m/z 

around 3440 (14).  

 

Species ID using MALDI-TOF was obtained for 139 of 238 samples, however, there was a considerable 

amount of samples with no reliable results. It might be possible to improve the MALDI-TOF results by an 

alteration of the preparation process such as optimising the centrifugation steps to maintain a satisfactory 

pellet size throughout the process and through software optimization reducing the influence of defensins 

on the species ID.  

 

When comparing DST to SST, most errors were related to Enterobacteriaceae other than E. coli. The 

errors can be due to a number of factors. Errors for mecillinam can possibly be due to typographical 

errors (12 vs. 21 mm) or that single colonies within the inhibition zone were taken or not taken into 

account when the zone diameter was recorded. According to EUCAST disk diffusion method, the zone 

should be read at the point of complete inhibition, but isolated colonies within the inhibition zone for 

mecillinam should be disregarded for E. coli (6). For cefadroxil, the errors are reported for samples with 

zone diameters close to the breakpoints and are within the normal variation when reading inhibition 

zones. For trimethoprim, most errors were related to P. mirabilis, and it is possible that the swarming 

effect has been taken into account when the zone diameters were recorded which should not be done 

according to EUCAST disk diffusion method. It is also possible that the swarming is expressed 

differently when using pure isolates and urine, respectively, as inoculum. There were two errors for 

ciprofloxacin. One was close to the breakpoint and within the normal variation and the other could be a 

possible typographical error. 

 

Different techniques were used to suspend the pellet in saline for DST-P, at first an attempt to dip a sterile 

cotton swab in the remaining pellet after MALDI-TOF identification and suspending the material in 1 mL 

0.85 % saline solution. This procedure probably resulted in loss of material as a higher turbidity was 

achieved when the pellet was suspended directly in 1 mL saline. However, standardisation of the 

inoculum for DST did not result in a more reliable susceptibility result in this study. It was labour 

intensive to produce the pellet; the time to obtain 12 pellets was approximately 50 minutes. Furthermore, 

at least 10
5
 CFU/mL of bacteria in the sample was needed to result in confluent growth. A sufficient 

amount of bacteria could be verified by the use of a flow cytometry. When correctly calibrated, flow 

cytometry can be used to quantify the total number of bacteria and to identify negative samples, resulting 

in a reduced sample set relevant for DST (17). We used 2 mL urine for centrifugation in this study, but 

increasing the sample volume would improve the outcome significantly, the problem then is an extra cost 

to purchase a centrifuge that is able to centrifuge such quantities or the extra time required for repeated 

centrifugations. However, as mentioned above, it is possible that further development of the 

centrifugation method will result in more bacteria in the pellet. At this point, the main advantage of 

centrifugation of the urine samples was the possibility to perform species ID directly from the pellet. 
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DST showed a good correlation to SST. DST results can be regarded highly reliable if the following 

criteria are followed. Results from DST must be evaluated in parallel with the primary culture of the 

sample on a chromogenic agar plate. Inhibition zones shall not be recorded for samples with suspected 

multiple coliform bacteria or on DST agar plates with non-confluent growth. Also, one must be aware of 

that it might be difficult to differentiate between growth and swarming for Proteus species. When 

following these criteria, DST can result in reliable susceptibility results and species identification 24 

hours earlier than SST. 

Conclusion 

In conclusion, direct susceptibility testing from urine (DST-U) samples with Enterobacteriaceae 

correlated well to EUCAST disk diffusion methodology and can be used in routine laboratories without 

any modifications. The concept of standardising the inoculum for direct susceptibility testing (DST-P) 

was labour intensive and did not improve the result further which leads to the conclusion that DST-P 

needs further development before utilisation. However, it was possible to perform direct species 

identification from the urine pellet using MALDI-TOF. 
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Appendix 

Routine ID vs. Direct ID E. coli
K. 

pneumoniae
K. oxytoca P.mirabilis

Proteus 

spp.
M. morganii C. freundii

Citrobacter 

spp.
E. aerogenes E. cloacae A. schaalii

Aerococcus 

spp.
A. urinae >1 species

Not 

reliable 

ID

No peaks 

found
Total

E. coli 97 1 1 1 1 25 15 141

E. coli/Enterococci 2 1 3 
E. coli/E. cloacae 1 1 
E. coli/K. pneumoniae 1 2 3 
E. coli/P. mirabilis 1 1 2 
E. coli/P. vulgaris 1 1 
K. pneumoniae 17 4 5 4 30

K. oxytoca 3 1 4 
K. oxytoca/P. aeruginosa 1 1 
K. oxytoca/Enterococci 1 1 
K. pneumoniae/Enterococci 1 1 
P. mirabilis 1 12 6 5 24

P. vulgaris 1 1 
M. morganii 1 1 
M. morganii/Enterococci 1 1 
C. freundii 3 3 
C. koseri 2 2 
C. braakii/Enteterococci 1 1 
E. aerogenes 3 1 1 5 
E. asburiae 1 1 
E. cloacae 3 1 1 5 
S. marcescens 1 1 
Mixed flora (>2 species) 2 1 2 5 
Total 106 19 5 12 1 1 3 1 3 3 1 1 1 5 47 29 238

Table 1. Correlations between routine ID and direct ID. 
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