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ABSTRACT 

 Fast and accurate detection of polymyxins resistance has become necessary as they remain 

one of the few last resources to treat infections caused by Carbapenem-resistant 

Enterobacterales in many regions. We described NP macroelution and established the 

miniaturized version, NP microelution, aiming to detect polymyxins resistance quickly, 

accurately and at low cost among Enterobacterales. The methodologies consist of exposing 

bacterial populations of 10⁸ CFU/mL in NP solution where polymyxin B disks were previously 

eluted, reaching concentrations of 2μg/mL for macro and 3μg/mL for NP microelution. Eighty-

four Enterobacterales isolates were evaluated, 39 (46.4%) resistant to polymyxin B. When 

compared to broth microdilution (BMD), the NP macroelution obtained 2.4% major error (ME), 

with specificity of 95.6%, while its miniaturized version presented a slightly lower a ME (1.2%) 

and higher specificity (97.8%). Both methodologies presented sensitivity of 100.0%, and 

needed 3 hours incubation to identify over 90% of truly resistant isolates. NP macro and 

microelution proved to be excellent alternatives to determine polymyxin B susceptibility in 

routine of microbiology laboratories, presenting low cost, being easy to perform, and 

demanding short incubation time. 

 

INTRODUCTION 

 Antimicrobial resistance is currently one of the greatest threats to public health worldwide. 

Carbapenem-resistant Enterobacterales (CRE) are categorized as “priority 1: critical” in the list 

of most threatening pathogens to human health, established by the World Health Organization 

(WHO).1 Infections caused by CRE present, in general, limited therapeutic options and are 

associated with prolonged length of hospital stays, and high mortality rates .2–4 

 Drugs such as polymyxins and the new combinations of β-lactams and β-lactamase 

inhibitors, such as ceftazidime-avibactam, are part of the limited therapeutic arsenal available 



 
 

to treat infections caused by CRE.3 However, due to the high cost of these combinations, their 

unavailability in some countries and the inefficiency of avibactam against metallo-β-

lactamases, polymyxins-centered therapeutic regimens remain the last resort in many regions.5,6 

 Historically, the clinical use of polymyxins (colistin and polymyxin B) had been abandoned 

in the 1970s due to their toxic potential. However, about 20 years later, with the emergence of 

multidrug-resistant Gram-negative bacilli (MDR), their use were re-evaluated, placing them 

back in the therapeutic pipeline.7,8 

 With this widespread use of polymyxins in human medicine in recent years, associated with 

the practically uninterrupted use in animal production, the emergence and dissemination of 

resistance to these drugs have been observed in several countries around the world. Although 

resistance rates remain low in some countries, there is a steady increase in others, coinciding 

with the increase in frequency of isolation of CRE.9,11,13,15 In Brazil, Sampaio & Gales (2016) 

demonstrated an increase in polymyxin B resistance among  KPC-producing K. pneumoniae of 

27.1% over  a period of 4 years.17 

 In this context, rapid and accurate detection of polymyxins resistance is essential for both 

epidemiological monitoring and therapeutic management.10 However, because of 

physicochemical characteristics of polymyxins molecules, such as their size and cationic nature, 

determining susceptibility “in vitro” is challenging. Conventional techniques routinely used in 

microbiology laboratories, such as disk-diffusion and concentration gradient strips, are not 

recommended for this purpose due to high rates of false susceptibility.7,12,14,16 Indeed, the 

Clinical and Laboratory Standards Institute (CLSI) and the European Committee on 

Antimicrobial Susceptibility Testing (EUCAST) established broth microdilution (BMD) as the 

reference methodology to determine polymyxins resistance.18,19 Despite the reliability of results 

generated by BMD, there are important disadvantages, such as high cost (because of the need 



 
 

for powdered antibiotics), a relative complexity of execution and, mainly, the requirement for 

a prolonged incubation (16-20h).16 

 Thus, new methodologies that can be better adapted to clinical microbiology laboratories 

have been developed. In 2016, Nordmann, Jayol & Poirel20 described a rapid phenotypic test 

(Rapid Polymyxin NP, RPNP), able to detect polymyxins resistance in up to 4 hours, based on 

glucose metabolism by microorganisms in the presence of a defined concentration of antibiotic. 

The test was broadly and globally evaluated, with sensitivity and specificity ranging from 90 to 

100% and 70 to 100%, respectively.21–30 However, despite its advantages, RPNP is not endorsed 

by CLSI or EUCAST, and also requires the use of powder antibiotic, increasing costs. 

 In 2019, Simner and colleagues31 developed the Colistin Broth Disk Elution (CBDE), which 

became recommended by CLSI19 for the detection of colistin resistance, based on data 

generated by a multicenter study performed by Humphries et al. (2019).32 The methodology is 

based on the elution of the antibiotic disk content into a broth culture medium, where a 

standardized bacterial inoculum is added. Growth is indicated by the turbidity of the medium 

after 16 to 20h of incubation. So far, few publications evaluated this technique, but studies 

demonstrate good results.31–33 It should be noted that only our research group (Cielo et al., 

2020)33 have tested this methodology using polymyxin B instead of colistin so far. 

 The main advantage of CBDE is the use of antibiotic disk instead of powder, which 

considerably reduces costs. On the other hand, the required incubation is as long as BMD, which 

is a notable disadvantage. 

 In 2021, Ngudsuntia et al.34 proposed a modification in RPNP, presenting a methodology 

that determines colistin resistance after elution of a colistin disk in 2.7 mL of NP solution, the 

rapid colistin disk elution (RCDE), providing results in 4h. RCDE had satisfactory results, 

encouraging other studies. 



 
 

 Indeed, an alternative methodology that could combine the advantages of RPNP and CBDE 

would be valuable for clinical microbiology laboratories. Here, we describe the NP 

macroelution, which is based on RCDE with modifications aiming to improve this 

methodology. Also, we established the miniaturized version, NP microelution, to detect 

resistance to polymyxins quickly, accurately and in a low-cost manner. 

MATERIALS AND METHODS 

Bacterial strains 

 Eighty-four carbapenem-resistant Enterobacterales (74 Klebsiella pneumoniae, 3 

Escherichia coli, 3 Enterobacter cloacae, 3 Klebsiella oxytoca and 1 Serratia marcescens) 

recovered from clinical specimens of patients attended in three hospitals of Porto Alegre city, 

Southern Brazil, were used. The study was approved by the local Research Ethics Committee. 

E. coli ATCC 25922 and Morganella morganii (intrinsically resistant to polymyxins, MIC >64 

μg/mL) were used as negative (sensitive) and positive (resistant) controls, respectively, for all 

tests that were performed. 

Determination of Minimum Inhibitory Concentration (MIC) 

 To determine polymyxin B MIC, all isolates were submitted to BMD, and results were 

interpreted according to CLSI19 guidelines: MIC ≥4 μg/mL indicated resistance. 

Polymyxin B Disk Elution (PBDE) and Rapid Polymyxin NP Test (RPNP) 

 All isolates were submitted to PBDE and RPNP. PBDE was performed as described by 

Simner et al. (2019)31, with only one modification: the use of polymyxin B instead of colistin. 

Briefly, each isolate was evaluated in two tubes (the growth control and the test tube) containing 

15 mL of cation-adjusted Mueller-Hinton broth (Sigma-Aldrich, USA). In the test tube, it was 

added a 300 IU polymyxin B (Oxoid, United Kingdom) disk, reaching an antibiotic 

concentration of 2 μg/mL after elution. This tube was kept at room temperature for 30 minutes 

to allow elution of polymyxin B from the disk into the broth, before inoculation of a 



 
 

standardized bacterial suspension (0.5 McFarland). After incubation at 35°C for 16-20h, the 

isolate was considered positive if turbidity was observed in both tubes. 

 RPNP was performed according to Nordmann, Jayol & Poirel (2016)20, in 96-well plates, in 

which 50 µL of standardized inoculum (3.0 - 3.5 McFarland) were added to 150 µL of NP 

solution containing 3.75 µg/ml of polymyxin B. The inspection of plates was made visually 

after every 1 hour of incubation (35C), for up to 4 hours. Color change from orange to yellow 

indicated resistance to polymyxin B. 

Polymyxin B NP Elution 

 NP macroelution. The test was performed based on Ngudsuntia et al. (2021)34, with 

modifications. For each isolate, we used two tubes, containing 14 mL of NP solution in each: 

10% anhydrous glucose, cation-adjusted Mueller-Hinton broth (Sigma-Aldrich, USA) and 

phenol red (Sigma-Aldrich, USA).20 In one tube, a 300 IU polymyxin B disk (Oxoid, United 

Kingdom) was added to elute in order to reach a final concentration of 2 μg/mL. The tube was 

kept at room temperature for 30 minutes for elution. Then, 1 mL of standardized bacterial 

suspension (5.0McFarland) was added to each tube, to obtain a final bacterial concentration of 

±10⁸ CFU/mL. 

Results were read by visual inspections after every 1 hour of incubation (35C), for up to 4 

hours. Isolates were considered resistant to polymyxin B when color change (orange to yellow) 

was evidenced in both tubes (Figure 1). 

 NP microelution. The miniaturized version, the NP microelution, consisted of two steps, 

the antibiotic elution, and the test itself. In the elution step, the antibiotic solution was prepared: 

2 disks of polymyxin B 300 IU (Oxoid) were added in 15 mL of NP solution, kept at room 

temperature for 30 minutes, and at 35°C for another 4 hours, in order to complete the antibiotic 

elution from the disk to the broth, reproducing the full incubation period of PBDE. 



 
 

 For the test step, isolates were evaluated in microtiter plates, where 150 μL of antibiotic-free 

NP solution was pipetted in one well of the plate, and in another well, 150 μL of NP solution 

containing the previously eluted antibiotic. Then, 50 μL of a standardized bacterial suspension 

(3.0 McFarland) was inoculated into each well, reaching a final bacterial concentration of ±10⁸ 

CFU/mL. After adding the suspension, the well containing the antibiotic had a final 

concentration of 3 μg/mL of polymyxin B. Plates were incubated at 35°C and read visually 

every 1 hour for up to 4 hours. Color change of both wells (growth control and test) from orange 

to yellow indicated resistance to polymyxin B (Figure 2). Whenever color change was unclear, 

the isolate was considered undetermined. 

RESULTS 

 According the BMD results BMD, 46.4% (39/84) of Enterobacterales were resistant to 

polymyxin B, including 1 isolate of S. marcescens, intrinsically resistant, while 53.6% (45/84) 

were susceptible to polymyxin B. MICs ranged from ≤0.125 µg/mL to >64 µg/mL, with 9.5% 

(8/84) of isolates presenting borderline MICs (2 or 4 µg/mL), as shown in Table 1. 

 Compared to BMD, PBDE correctly identified 41 out of 45 isolates susceptible to polymyxin 

B, with a specificity of 91.1%, positive predictive value (PPV) of 90.7% and major error (ME) 

of 4.8%. Indeed, it was observed 4 false-positive K. pneumoniae (MICs of 0.5 (n=2), 1 (n=1) 

and 2 (n=1) µg/mL). All 39 resistant isolates were positive in PBDE, presenting 100% 

sensitivity and negative predictive value (NPV), and no very major errors (VME). Overall, 

PBDE presented a categorical agreement (CA) of 95.2% among our bacterial population. 

 Of the 45 isolates susceptible to polymyxins, 43 were negative in RPNP: specificity, PPV 

and ME were 95.6%, 95.1% and 2.4%, respectively. False-positive results occurred for 2 

isolates of K. pneumoniae (MICs of 0.25 and 1 µg/mL). We did not observe VME, and 

sensitivity and NPV were 100%. RPNP identified 97.4% (38/39) of the truly positive (resistant) 



 
 

isolates within 2h of incubation, with 3h of incubation being necessary only for the S. 

marcescens (MIC = >64 µg/mL). 

 When NP macroelution was compared to BMD, 100% of sensitivity, 100% of NPV and no 

VME were observed. However, one false-positive (MIC = 1 µg/mL) and another with an 

undetermined (considered positive for data analysis) result (MIC = ≤0.125 µg/mL), both for K. 

pneumoniae, were observed: specificity, PPV and ME values of 95.6%, 95.1% and 2.4%, 

respectively. Among resistant isolates, 92.3% (36/39) expressed positive results within 3h of 

incubation. 

 Results of NP microelution were very similar to NP macroelution, with sensitivity and NPV 

of 100%, and no VME. The methodology presented only 1 false-positive result, for a K. 

pneumoniae (MIC = 1 µg/mL), which was the same isolate presenting a false-positive result in 

NP macroelution (Table 1): 97.8% specificity, PPV of 97.5% and ME of 1.2%. As with the 

RPNP methodology, 97.4% (38/39) of true positive results were observed within 2h, except for 

one K. pneumoniae isolate (MIC = 8 µg/mL). 

DISCUSSION 

 The occurrence of polymyxins resistance among carbapenem-resistant Gram-negative 

bacilli, especially Enterobacterales, is increasing in many regions worldwide.  In this context, 

the rapid and accurate detection of this resistance became more necessary, as polymyxins-

centered therapeutical schemes are, still, one of the restricted options to adequately treat 

infections caused by CRE, mainly in countries where ceftazidime-avibactam or other β-lactams 

and β-lactamase inhibitors combinations  are not widely used.35–39,43  

 However, as previously mentioned, this determination is not an easy task for microbiology 

laboratories.10,40,41 BMD has recognized disadvantages, highlighting the need for alternative 

methodologies to determine susceptibility to polymyxins. Among them, CBDE proved to be 



 
 

simple, easy to adopt in routine, and cheap. Although limited, different studies present 

satisfactory results,31–33,42 with CA ranging from 91.18 to 99.5% compared to BMD, VME from 

1.1 to 8% and ME from 0 to 12% when Enterobacterales were evaluated. In our study, we 

found a CA of 95.2%, VME of 0% and ME of 4.8%. Interestingly, our study was the only one 

to reach 100% sensitivity. The reduced number of isolates presenting borderline MICs (n = 8) 

may justify, at least partially, those results. 

 Since its first publication in 2016, the RPNP test has been extensively evaluated in several 

locations, exhibiting sensitivity of 91.0 to 100% and specificity of 70.0 to 100%21–30, and our 

results corroborate this good performance (100% sensitivity and 95.6% specificity). It is 

recognized  that certain genera are responsible for drastically influencing the sensitivity and 

specificity of RPNP, as shown by Simar et al. (2017)44 when evaluating exclusively 

Enterobacter spp., reaching only 25% of sensitivity.  Belda-Orlowski et al. (2019)24 observed 

the influence of this species over test performance as they stratified bacterial population: the 

specificity of 70% for Enterobacterales overall was reduced to 30% when evaluating only 

Enterobacter spp. It is well recognized that heteroresistance to polymyxins, frequently 

expressed by Enterobacter spp. may justify, at least partially, these findings. As our population 

included only 3 E. cloacae, the impact of this species could not be observed. Individually, both 

PBDE and RPNP presented excellent performances among our bacterial population. 

 The RCDE, proposed elsewhere34, assess bacterial populations by exposing them to a 

colistin concentration of 3.7 µg/ml, after elution from a 10 µg colistin disk into 2.7 ml of NP 

solution. The inoculum used by the authors was a 1µL loop (±108 CFU/mL). On the other hand, 

NP macroelution described here uses 300 IU polymyxin B disks to obtain a concentration of 2 

µg/ml (1 disk in 15 mL of NP solution), in order to maintain antibiotic concentration of the 

methodology approved by CLSI (CBDE). Besides, instead of using 1µL loop, we chose 1 mL 



 
 

of an adjusted bacterial suspension (5.0 McFarland) as bacterial inoculum, aiming to improve 

standardization and reproducibility. 

 In her study, Ngudsuntia et al. (2021)34 found a sensitivity of 94.6%, with a VME of 5.4%, 

referring to 2 K. pneumoniae and 1 E. cloacae with false-negative results, all with MIC of 4 

µg/mL. Among our population all resistant isolates were correctly identified (100% sensitivity, 

no VME). On the other hand, the authors found a false-positive result (K. pneumoniae, MIC= 

2 µg/mL), reaching specificity of 99.4% and ME of 0.6%, which was slightly different from 

ours (specificity of 95.6% and ME of 2.4%). Our reduced bacterial population may have 

influenced those findings. The methodologies performed similarly when time needed to identify 

truly positive results was taken into consideration: 36/39 (92.3%) needed 3h-incubation for NP 

macroelution and 53/56 (94.6%) for RCDE. 

NP macroelution presented higher specificity than PBDE (95.6 vs 91.1%) with same sensitivity. 

Moreover, NP macroelution had the enormous advantage of generating results in a shorter time: 

up to 4h vs 16-20h.  

 Besides, the miniaturized version of the methodology, the NP microelution performed better, 

with only one false-resistant isolate (ME of 1.2%) the same isolate that was not correctly 

evaluated in the NP macroelution. Comparing NP microelution results to those of RPNP, we 

observed a greater specificity in the newly proposed methodology (97.8 vs 95.6%), with no 

clear reasons for that. Both methodologies were able to provide 97.4% of positive results within 

2 hours. 

 One could mention that a disadvantage of NP microelution would be the need of preparing 

NP solution with the antibiotic eluted when performing the test. To exclude this step from the 

methodology, we evaluated the test using a solution previously prepared and stored (4-8°C) for 



 
 

30 days. The pre-eluted stored and the freshly prepared solution were evaluated at the same 

time, in the same plate, with a subset of 7 clinical isolates. The results were fully concordant. 

 Our study has some limitations. The reduced number of bacterial isolates evaluated, mainly 

those with borderline MICs, strongly recognized by its interference in test accuracies, is 

probably the most important one. 

CONCLUSION 

 The NP macro and microelution tests proved to be excellent alternatives for determining the 

susceptibility to polymyxin B when compared to the reference BMD and the original 

methodologies (RPNP and PBDE). Due to their lower cost, easy execution, and faster release 

of results, both methodologies can be routinely implemented in clinical laboratories, even with 

the possibility of store the eluted solution from the antibiotic for long periods. Because of the 

reduced volumes, NP microelution seems to adapt better to the routine of microbiology 

laboratories. However, studies evaluating isolates with borderline MICs and a greater number 

of species, including species recognized by its influence on the test accuracy, such as 

Enterobacter spp., are still needed.  
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TABLES 

Table 1: Results of PBDE, RPNP, Macroelution NP and Microelution NP for the detection of 

susceptibility to polymyxin B among Enterobacterales. 

Isolates MICa 

Polymyxin B 

(µg/mL) 

PBDE RPNP Positivity 

time (h) 

Macroelution Positivity 

time (h) 

Microelution Positivity 

time (h) 

K. pneumoniae >64 P P 2 P 3 P 2 

K. pneumoniae >64 P P 2 P 3 P 1 

K. pneumoniae >64 P P 2 P 3 P 1 

K. pneumoniae 64 P P 2 P 2 P 1 

K. pneumoniae 64 P P 2 P 3 P 2 

K. pneumoniae 64 P P 2 P 3 P 2 

K. pneumoniae 64 P P 2 P 4 P 2 

K. pneumoniae 64 P P 2 P 3 P 2 

K. pneumoniae 64 P P 2 P 3 P 2 

K. pneumoniae 64 P P 2 P 3 P 2 

K. pneumoniae 64 P P 2 P 3 P 2 

K. pneumoniae 64 P P 2 P 3 P 1 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 1 

K. pneumoniae 32 P P 2 P 3 P 1 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 1 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 32 P P 2 P 3 P 2 

K. pneumoniae 16 P P 1 P 3 P 2 

K. pneumoniae 16 P P 2 P 3 P 2 

K. pneumoniae 16 P P 2 P 3 P 2 

K. pneumoniae 16 P P 2 P 3 P 2 

K. pneumoniae 16 P P 2 P 3 P 2 

K. pneumoniae 16 P P 2 P 2 P 2 

K. pneumoniae 16 P P 2 P 3 P 2 

K. pneumoniae 16 P P 2 P 3 P 2 

K. pneumoniae 8 P P 2 P 2 P 4 

K. pneumoniae 4 P P 2 P 4 P 2 

K. pneumoniae 4 P P 2 P 3 P 1 

K. pneumoniae 2 P N - N - N - 

K. pneumoniae 2 N N - N - N - 

K. pneumoniae 2 N N - N - N - 

K. pneumoniae 2 N N - N - N - 

K. pneumoniae 2 N N - N - N - 

K. pneumoniae 1 N N - P 4 P 2 

K. pneumoniae 1 N N - N - N - 

K. pneumoniae 1 P N - N - N - 

K. pneumoniae 1 N N - N - N - 

K. pneumoniae 1 N P 2 N - N - 

K. pneumoniae 1 N N - N - N - 



 
 

K. pneumoniae 1 N N - N - N - 

K. pneumoniae 0.5 N N - N - N - 

K. pneumoniae 0.5 N N - N - N - 

K. pneumoniae 0.5 N N - N - N - 

K. pneumoniae 0.5 P N - N - N - 

K. pneumoniae 0.5 N N - N - N - 

K. pneumoniae 0.5 P N - N - N - 

K. pneumoniae 0.5 N N - N - N - 

K. pneumoniae 0.5 N N - N - N - 

K. pneumoniae 0.5 N N - N - N - 

K. pneumoniae 0.5 N N - N - N - 

K. pneumoniae 0.25 N N - N - N - 

K. pneumoniae 0.25 N N - N - N - 

K. pneumoniae 0.25 N N - N - N - 

K. pneumoniae 0.25 N N - N - N - 

K. pneumoniae 0.25 N P 3 N - N - 

K. pneumoniae 0.25 N N - N - N - 

K. pneumoniae 0.25 N N - N - N - 

K. pneumoniae 0.25 N N - N - N - 

K. pneumoniae 0.25 N N - N - N - 

K. pneumoniae ≤0.125 N N - I - N - 

K. pneumoniae ≤0.125 N N - N - N - 

K. pneumoniae ≤0.125 N N - N - N - 

K. pneumoniae ≤0.125 N N - N - N - 

K. pneumoniae ≤0.125 N N - N - N - 

K. oxytoca 2 N N - N - N - 

K. oxytoca ≤0.125 N N - N - N - 

K. oxytoca ≤0.125 N N - N - N - 

E. cloacae 0.5 N N - N - N - 

E. cloacae 0.25 N N - N - N - 

E. cloacae ≤0.125 N N - N - N - 

E. coli 0.5 N N - N - N - 

E. coli 0.5 N N - N - N - 

E. coli ≤0.125 N N - N - N - 

S. marcescens >64 P P 3 P 4 P 2 

E. coli ATCC 

25922b 

0,5 N N - N - N - 

M. morganiic >64 P P 2 P 3 P 2 
a MIC determined by BMD; b Negative control; c Positive control. 

MIC, minimum inhibitory concentration; PBDE, polymyxin B broth disk elution; RPNP, rapid 

polymyxin NP test; P, positive growth (resistant); N, negative growth (susceptible); I, indefinite growth. 

 

Table 2: Performance of methods among Enterobacterales compared to broth microdilution. 

Parameter PBDE RPNP Macroelution NP Microelution NP 

CA 95.2% 97.6% 97.6% 98.8% 

Sensitivity 100.0% 100.0% 100.0% 100.0% 

Specificity 91.1% 95.6% 95.6% 97.8% 

PPV 90.7% 95.1% 95.1% 97.5% 

NPV 100.0% 100.0% 100.0% 100.0% 

ME 4.8% 2.4% 2.4% 1.2% 

VME 0.0% 0.0% 0.0% 0.0% 

PBDE, polymyxin B broth disk elution; RPNP, rapid polymyxin NP test; CA, categorical agreement; 

PPV, positive predictive value; NPV, negative predictive value; ME, major error; VME, very major 

error. 



 
 

FIGURES LEGENDS 

Figure 1: Representative results of the NP macroelution test at every hour of reading, for up to 4h, with 

growth being evidenced from color change (orange to yellow). For each image of two tubes, the tube on 

the right contains the eluted polymyxin B disk, reaching a concentration of 2 µg/mL. A: Susceptible 

isolate due to permanence of orange color in tube containing antibiotic disk. B: Resistant isolate due to 

color change of tube containing antibiotic disk. 

Figure 2: NP microelution test results at each hour of reading for up to 4h. The color change of the wells 

from orange to yellow indicates bacterial growth. A: Antibiotic-free column of wells (growth control). 

B: Column of wells with NP solution where antibiotic disks were previously eluted, resulting in a final 

concentration of 3 µg/mL of polymyxin B. C: Resistant isolate due to color change in the well containing 

the antibiotic. D: Sensitive isolate due to continuity of orange staining of antibiotic-containing well. 
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Corresponding Authors

One author should be designated as the corresponding author who will be responsible for communication between the authors and the journal editorial
office and publisher. This individual will be responsible for ensuring all authors submit copyright forms, coordinating and responding to page proofs, and
managing any other necessary contact during the peer review and production processes.

The submission system permits only one author to be identified as the corresponding author of record. However, we recognize that some submissions call
for more than one corresponding author to be noted. In such cases, select one author to be the main point of contact for all communications regarding the
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Written approval of all authors named on the manuscript, as well as any individual(s) being added to the author list must be provided. The
Publisher can provide a form for this, if needed.

Upon receipt of the request and all written approvals of all involved parties, the Editor-in-Chief will consider the request, render a decision, and
notify the corresponding author.

Post-publication changes or alterations to conference abstracts are prohibited.
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Permissions

When reproducing copyrighted material such as figures, tables, or excerpted text, the author(s) of the submitted paper must obtain permission from the
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Ethics

Institutional Review Board Approvals/Waivers

When reporting research involving human data, authors should indicate whether the procedures followed have been assessed by the responsible
institutional and national review committee. If no formal ethics committee is available; authors should indicate if research was completed in accordance
with the Declaration of Helsinki as revised in 2013. If doubt exists whether the research was conducted in accordance with the Helsinki Declaration, the
authors must explain the rationale for their approach and demonstrate that the institutional review body explicitly approved the doubtful aspects of the
study. Approval by a responsible review committee does not preclude editors from forming their own judgment whether the conduct of the research was
appropriate.

If the study is judged exempt from review, a statement from the committee is required. Informed consent by participants should always be secured. If not
possible, an institutional review board must decide if this is ethically acceptable. This information should be outlined in the cover letter accompanying the
submission, and a sentence declaring adherence should be included in the Materials and Methods section of the main text.

Ethics of Experimentation

See the following resources for studies involving human fetuses, fetal tissue, embryos, and embryonic cells:

NIH Grants Policy Statement

National Conference of State Legislatures Embryonic and Fetal Research Laws

Ethical Treatment of Animals

All peer-reviewed submissions containing animal experiments must comply with local and national regulatory principles and contain a statement in
the Materials and Methods section of the main text stating whether national and institutional guidelines for the care and use of laboratory animals were
followed.

Human Subjects: Patient Consent and Release

If applicable, it is incumbent upon the author(s) to obtain permission to reproduce any identifiable images of patients. Any identifying information should not
be published in descriptions or photographs unless the information is essential for scientific purposes and the patient (or patients’ parent/guardian) gives
written informed consent for publication. Informed consent for this purpose requires that an identifiable patient be shown the manuscript to be submitted.
Authors should disclose to these patients whether any potential identifiable material might be available via the Internet as well as in print after publication.
Nonessential identifying details should be omitted. Informed consent should be obtained if there is any doubt that anonymity cannot be maintained. For
example, masking the eye region in photographs of patients is inadequate protection of anonymity. If identifying characteristics are de-identified, the
manuscript should contain assurances/statements that such changes do not distort scientific meaning.

In keeping with patients' rights of privacy, the Journal does not require the submission of patient consent forms, but instead requires the author(s) to retain
and archive all patient consent documentation. Upon submission of a manuscript for review, the authors must make a statement in the cover letter to the
Editor/Journal which attests that they have received and archived written patient consent in addition to providing the requisite statement in the manuscript.
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We recommend, but do not require, the sharing and archiving of data and any other artifacts that define and support the results stated in a manuscript in a
suitable public repository (in accordance with valid privacy, legal, and ethical guidelines). We recommend that a data availability statement be included in
the manuscript in the Methods section or as a separate section at the end of the main text file. Describe the location of the data, details on how it can be
accessed and any licensing information. If the data is not publicly available or accessible, that information should also be provided.

Datasets should be cited in the reference list.

Important: Please check with your funding agencies to ensure that are you following their data sharing polices. If your funding agency has additional
requirements exceeding our policy, you must follow the requirements of your funder.
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Post-Publication Policies
Copyright 
Published manuscripts for non-Open Access journals become the sole property of the Journal and will be copyrighted by Mary Ann Liebert, Inc. The
author(s) explicitly assign(s) any copyrighted ownership in such manuscript to the Journal unless alternate arrangements are made prior to publication,
including CC-BY licensing or if the Journal publishes under an Open Access model.

Upon acceptance, authors will receive a link to sign and complete the copyright transfer form (subject to exceptions listed above). Authors not permitted to
release copyright must still return the form acknowledging the statement for not releasing the copyright.

Post Acceptance/Publication
All accepted manuscripts will go through copyediting, typesetting, figure sizing and placement, author proofing, corrections, revisions (from corrected
proofs), online-ahead-of-print release, and lastly, issue assignment. Changes or alterations to a submission are not permitted after acceptance but should
be addressed in page proofs.

Instant Online Publication (Just Accepted Program)
Journals in the Just Accepted program (formerly known as Instant Online) publish all accepted papers within 72 hours of receipt of all authors' signed
copyright agreement forms in their unedited, uncorrected format on our Just Accepted platform.

The information that is published online, and in all indexing services, is pulled directly from the data that is populated into the fields in ScholarOne
Manuscripts™ – NOT from the main text file – when the paper is originally uploaded to the system for peer review. Consequently, any errors contained in the
system will remain on our website and all indexing services, including Medline, until the next revision* of the article is published. As such, it is critical that
authors enter all authors’ names correctly into the system at the time of submission. Any omissions or errors will remain on our website and in indexing
services until the subsequent online version is published.

*The next revision will take place after the corresponding author reviews page proofs, makes any necessary corrections, and returns the changes to the
Publisher. Once the alterations are completed, the revised version will be published on our website, and the newly corrected information will then be
released to Medline/PubMed, in addition to any other indexing services in which the Journal is included.

Please note that the typical time between acceptance of a paper and page proof distribution is approximately 3-6 weeks depending on the length and
complexity of the paper.

Journals participating in the Just Accepted program do not post any supplemental files/information until post acceptance steps are completed on the
submission.

Page Proofs

Page proofs will be sent to the corresponding author as designated in ScholarOne™ when the manuscript was submitted. It is the corresponding author's



responsibility to share the page proofs with co-authors, if desired, and to coordinate all authors' corrections into one proof. The Publisher will not accept
corrections from multiple authors/sources.

Author Response to the Galley Proof

The corresponding author is responsible for returning corrected galley proofs. Only corrections directly related to errors in typesetting and/or layout will be
allowed. Any requested changes related to content, or that alter the outcome of a study, will require the approval of the Editor, and may require further peer
review. If the corresponding author does not respond to page proofs, the manuscript may be delayed in the publication schedule, or published as-is, at the
discretion of the Editor. If the corresponding author expects to be unavailable during the time the manuscript is in production, the publisher should be
provided with an alternate contact. 

Post Publication Corrections
In the event an error is discovered after publication of an article, the corresponding author should submit the correction in writing to the Journal Editorial
Office for consideration. After Editor approval, alterations will be made to the online version of the article, and if the errors are significant, an official
correction statement will be issued.

Changes to author affiliations or contact details due to relocation after publication are not permitted.

Corrections to meeting abstracts will be made only to the online version. The Journal does not issue formal correction statements to meeting
abstracts, regardless of the nature of the correction.

Correction Statements/Errata to published articles that require the reproduction of color figure(s) and/or table(s) may incur additional costs to
the author(s).

Requests for post-publication corrections to funding information will require institutional documentation showing that the funds were to be used
for the published work. 

Reprints
Reprints may be ordered by following the special instructions that will accompany the proofs and should be ordered at the time the corresponding author
returns the corrected page proofs to the Publisher. Reprints ordered after the issue is printed will be charged at a substantially higher rate.

Misconduct
Mary Ann Liebert, Inc., follows the guidelines and rules regarding scientific misconduct put forth by the Committee on Publication Ethics (COPE), the
International Committee of Medical Journal Editors (ICMJE), and the Office of Research Integrity (ORI).

Scientific misconduct and violation of publishing ethics vary and can be intentionally or unintentionally perpetrated. Some examples of misconduct and
violations include, but are not limited to, the following

Scientific misconduct: Fabrication, falsification, concealment, deceptive reporting, or misrepresentation of any data constitutes misconduct
and/or fraud.

Authorship disputes: Deliberate misrepresentation of a scientist's contribution to the published work, or purposefully omitting the contributions
of a scientist.

Misappropriation of the ideas of others: Improper use of scholarly exchange and activity may constitute fraud. Wholesale appropriation of such
material constitutes misconduct.

Violation of generally accepted research practices: Serious deviation from accepted practices in proposing or carrying out research, improper
manipulation of experiments to obtain biased results, deceptive statistical or analytical manipulations, or improper reporting of results
constitutes misconduct and/or fraud.

Material failure to comply with legislative and regulatory requirements affecting research: Including but not limited to serious or substantial,
repeated, willful violations of applicable local regulations and law involving the use of funds, care of animals, human subjects, investigational
drugs, recombinant products, new devices, or radioactive, biologic, or chemical materials constitutes misconduct.

Conflict of Interest: Nondisclosure of any direct or indirect conflicts to the Journal, which prevents you from being unbiased, constitutes
misconduct.

Misrepresentation: Deliberate misrepresentation of qualifications, experience, or research accomplishments to advance a research program, to
obtain external funding, or for other professional advancement constitutes misconduct and/or fraud.

Plagiarism: Purposely claiming another's work or idea as your own constitutes misconduct and/or fraud.

Simultaneous Submission: Submitting a paper to more than one publication at the same time constitutes misconduct.

Peer Review Fraud: Individuals who knowingly commit peer review fraud or violate the standard accepted practices of peer review will be
reported to their institutions. 



Publisher’s Response to Allegations of Scientific Misconduct

The Publisher is committed to helping protect the integrity of the public scientific record by sharing reasonable concerns with authorities who are in the
position to conduct an appropriate investigation into any allegation. As such, all allegations of misconduct will be referred to the Editor-In-Chief of the
Journal who in turn will review the circumstances, possibly in consultation with Associate Editors and/or members of the Editorial Board. Initial fact-finding
will usually include a request to all the involved parties to state their case and explain the circumstances in writing. In questions of research misconduct
centering on methods or technical issues, the Editor-In-Chief may confidentially consult experts who are blinded to the identity of the individuals, or an
outside expert. The Editor-In-Chief will determine if there is enough reasonable evidence that misconduct possibly occurred. Some instances may require
the Editor and/or Publisher to report the instance to the authors’ institution for arbitration and/or investigation. The Editor and Publisher will follow the
institutions’ findings for resolution.

When allegations concern conflict between authors, the peer review or publication process for the manuscript in question will cease while the process
described herein is researched. In the case of allegations against reviewers or editors, they will be substituted in the review process while the matter is
investigated.

Editors or reviewers who are found to have engaged in scientific misconduct will be removed from further association with the Journal and reported to their
institution(s).

If an inquiry concludes there is a reasonable possibility of misconduct, the Editor-in-Chief will retract the paper from the Journal and the scientific record. If
the paper is still under peer review, the Editor-in-Chief will withdraw the paper from consideration to the Journal. If the inquiry leads to a lengthy
investigation, the Journal will issue an interim Expression of Concern which will identify the concern for readers until a resolution is reached.

Every attempt will be made to keep all allegations confidential.

Retractions**
The journal and its publisher are committed to upholding the proper protocols and established standards of peer review. Published papers found to be in
violation of the accepted standard principles of peer review and scientific publishing will be officially retracted from the literature. An official retraction
notice explaining in full detail the need for a retraction will be published.

**Any fees collected for an article that is subsequently retracted are non-refundable.

Press Embargo
Mary Ann Liebert, Inc., permits the use of accepted pre-published manuscripts for the sole purpose of pitching to news organizations under strict embargo,
and with the approval of and expressed collaboration with the publisher. A watermarked PDF version of the article (not a Word document or any other
editable version) may be shared only with named, personal contacts at trusted news sources upon request. News sources must be informed upon delivery
of the PDF that the manuscript is for reference-only purposes and can be used only in preparation of their news coverage of the article. It is strictly
prohibited to publicly share, post, or otherwise distribute the PDF in any media format. Upon official publication of the article, news organizations must link
directly to the published article on the Publisher’s Journal website. To coordinate publication timing and press efforts, please contact the Director of
Marketing.
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Three versions of the article format are referenced in the policy guidelines below:

Original Submission: The article version that is submitted by the author for consideration, before peer review.

Accepted Version: The article version that has been formally accepted after peer review, prior to any typesetting for the journal. This is the
version accepted by the Editor, before proofs, corrections, and typesetting. Also known as the “raw” accepted version of a manuscript.

Article of Record: This article version is the “version of record” that has been formally copyedited, typeset, and published online ahead of print
and/or in a journal issue. It is the same version published in the “Online Now” section of the Journal website.

Self-Archiving Policy
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Open Access under any of the Creative Commons Licenses available through the Publisher. If you are interested in publishing your work Open Access,
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The self-archived submitted and accepted versions may only be used in non-commercial capacities. Individual users may view, print, download, and copy
self-archived articles, as well as text and data mine the content conditions for non-commercial and non-promotional research and private study purposes,
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Any reuse complies with the copyright policies of the owner of that content.

Self-archived content may never be republished verbatim in whole or in part in print or online formats.

U.S. Sanctioned Countries
The Office of Foreign Assets Control (OFAC) of the US Department of the Treasury administers and enforces economic and trade sanctions based on US
foreign policy and national security goals against targeted foreign countries and regimes, terrorists, international narcotics traffickers, those engaged in
activities related to the proliferation of weapons of mass destruction, and other threats to the national security, foreign policy or economy of the United
States. (Source: Office of Foreign Assets Control – Sanctions Program and Information)

Our journal Editors welcome contributions from researchers around the world; however, they are also required to follow sanction laws and regulations. As of
August 2020, sanction measures imposed by the United States, United Nations, European Union, and Australia are currently in place against the following
countries: Cuba, Crimea, Iran, North Korea, and Syria. Journal editors will treat with caution any submission from a sanctioned country regarding the
subject matter and will seek appropriate legal advice from the publisher if necessary.

Papers from sanctioned countries that are submitted to any Mary Ann Liebert, Inc., journal MUST contain a confirmation statement after the conclusion
section of the manuscript which indicates that EACH listed author confirms that their research is supported by an institution that is primarily involved in
education or research.
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