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Abstract
Antimicrobial drug resistance is a current public health problem, which is compounded by the misuse of 

antibiotics in medical practice and the emergence of Multidrug-Resistant (MDR) microorganisms. Therefore it is 
necessary to develop new anti-infective drugs and implement new methodologies able to establish the Antimicrobial 
Susceptibility (AST) in field and the point-of-care. In this sense biosensors is a promising technology that can detect 
MDR strains and small molecules in various samples, these devices have the advantages that can be miniaturized 
for obtain portability, rapidity, and cost-effectiveness. The aim of this work is to present the applications of biosensors 
technology in antimicrobial drug discovery, since cell based biosensors and cell culture on chips, considering 
metabolic interactions of the microbial world and the pharmacological response to be inhibited by compounds with 
promising activity with the end of design antimicrobial drug screening platforms robust, automatable and reproducible 
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Introduction
Antimicrobial resistance is a public health threat, which is being 

caused by inappropriate use of anti-infective drugs in human and animal 
health as well as food production, together with inadequate measures 
to control the spread of infections [1]. Because the use of an antibiotic 
inevitably selects for resistant microbes, there is a continuing need for 
new drugs to combat the current generation of resistant pathogens 
[2]. Frequent misuse of antibiotics leads to bacterial evolution to 
Multidrug-Resistant Strains (MDR), spreading in human populations. 
The most commonly identified MDR bacteria are Methicillin-Resistant 
Staphylococcus aureus (MRSA) and Vancomycin-Resistant Enterococci 
(VRE), Escherichia coli and Pseudomonas aeruginosa resistant to 
flouroquinolones, Klebsiella pneumoniae resistant to ceftazidime, 
MDR Acinetobacter baumannii, and Mycobacterium tuberculosis [3].

This public health problem is compounded because there are a 
few candidate drugs useful for the treatment of infections caused for 
MDR microorganisms. For that reason in 2010 Infectious Disease 
Society of America (IDSA) propose that the current antibiotic pipeline 
problem can be solved by bringing together global leaders to develop 
creative incentives that will stimulate new antibacterial research and 
development (R&D), consigned in the 10×20 initiative, that support 
the developing of 10 new antibacterial drugs for 2020 year [3-6]. 

In this way, biosensors defined as an analytical device that 
incorporates biological detecting elements known as bioreceptors 
integrated with a physical transducer are an important approach 
to measure microbial cell reporters that can be compatible with 
High-Throughput Screening (HTS) techniques (Figure 1) [7]. Being 
classified by bioreceptors in enzymes, microorganisms, antibodies, 
tissue, organelles and chemoreceptors. Also by transducer types 
in amperometric, potentiometric, semiconductors, thermometric, 
photometric and piezoelectric. The combination of these factors 
(bioreceptor and transducer) composing the fundamental mechanism 
of development of a biosensor device. The progress in biosensor 
development is a promising field of application in the antimicrobial 
research, as useful tool in the discovery of new antimicrobial compounds 
[8]. Also, biosensors can also be used to develop new diagnostic 
techniques more specific to detect the emergence of antimicrobial 

resistance in hospital environment and clinical samples [8-11]. As well 
as the analysis and detection of microbial food contaminants [12].

The aim of this work is to present the applications of biosensors 
technology in antimicrobial drug discovery, since cell based biosensors 
and cell culture on chips, considering metabolic interactions of the 
microbial world and the pharmacological response to be inhibited by 
compounds with promising activity with the end of design antimicrobial 
drug screening platforms robust, automatable and reproducible.

Biosensor Definition and Types
Biosensors are devices for industrial, medical and environmental 

applications that detect different analytes using biological and 
biochemical reactions. A biosensor device consists of a biocatalyst 
(bioreceptor) that can be a cell, tissue, enzyme or an oligonucleotide 
and a transducer (amperometric, potentiometric, semiconductors, 
thermometric, photometric and piezoelectric) [13]. Biosensors can be 
classified by their bioreceptor, their transducer type and the recognition 
event. Depending of bioreceptor can be classified in [14]:

• Antibody

• Enzyme

• Cell-based

• DNA

• Biomimetic

• Phage

Depending of their transducers in:
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▪ Optical

◦ Surface plasmon resonance

◦ Raman spectroscopy

◦ Fibre optic

▪ Mass based

◦ Piezoelectric

          ▪ Quartz crystal microbalance

          ▪ Surface acoustic wave

◦ Magnetoelastic

▪ Electrochemical

◦ Amperometric

◦ Potentiometric

◦ Impedimetric

◦ Conductiometric

In this review will classify the biosensors described in two categories 
as are Antimicrobial Susceptibility Testing (AST) and antimicrobial 
drug bioprospecting, looking for devices and methods necessary for 
antimicrobial drug discovery.

Antimicrobial Susceptibility Testing
Currently, the methods for Antimicrobial Susceptibility Testing 

(AST) have some limitations as are the requirement of viable organisms 
from clinical sample and their processing prior to testing; as well as 
the few amount of microorganisms standardized, the reproducibility 
of the results obtained, time to results, and cost. Although new 
methodologies have been developed, the disk diffusion method 
and broth microdilution test continue being the standard reference 
methods with than others AST methodologies should be validated both 
in vitro assays and clinical studies. An ideal AST have to predict quickly 
and reproducible success of anti-infective therapy and determine the 

antimicrobial activity of new drugs by obtaining of MIC (Minimum 
Inhibitory Concentration) value [15]. For this reason the use of 
biosensors in AST development is a highly sensitive tool for detection 
of microbial growth that can reduce the time of a diagnostic procedure 
and can be used in field (Table 1) [16].

Magnetoelastic elastic biosensor

In magnetic sensors for bioassays, the use of beads and 
nanoparticles with surfaces functionalized for biomedical interactions 
make them an indispensable tool for develop quantitative experiments 
(Figure 2) [17]. In this way Asynchronous Magnetic Bead Rotation 
(AMBR) biosensors have been used in AST platforms for their ability 
of detect the growth of individual bacterial cells at an approximate 
concentration of 50 cells per drop with 80-nm sensitivity to the 
cell length and determinate MIC of streptomycin and gentamicin 
against E. coli. The basis of this system is a viscometer that measure 
bacterial growth on self-assembling magnetic microbeads that rotate 
in a magnetic field in which the rotational period of magnetic sensor 
is indirectly proportional to the resistance of the object in the fluid 
(drag coefficient), as are broth medium with bacteria and alone, as 
well as antimicrobial drugs in several dilutions, but increases with the 
cell volume, can also be adapted in a microfluidic platform (Figure 
2) [18-21]. Also with respect to other sensors, magnetoelastic elastic 
sensor has the advantages of to be inexpensive, simple and easy to 
manufacture. Equally, the magnetic field that uses this device can be 
evaluated remotely and wirelessly, which is useful for screening both 
liquid culture media as air environments [22].

Electrochemical biosensor

Electrochemical sensors measure the changes of electrical 
parameters in relation to modifications of chemical properties. 
Basically, a chemical reaction produces an electrical signal at the 
electrode by a modification in current, potential or conductivity that 
is detected by transducer [23]. These biosensors can be used for detect 
enzymes, nucleic acids, antibodies, whole cells, and receptors, being 
the enzymes the most common analyte [24]. The major advantages of 
these techniques include simplicity, low cost and possibility of on-site 

Figure 1: Biosensor principle.
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analysis [25]. Also a great advantage is the possibility of interaction 
between the electrodes and the material to be tested without causing 
damage to biological systems involved [26].

Using this technology, various AST methods have been developed, 
between them graphene FET device that is a novel graphene sensor 
array, which use a material with unique electric properties which allows 
it to handle much higher frequencies than the silicon, this ultrasensitive 
recognition element detect the modification of device in front of the 
changing composition of nutritional components of a culture medium 
and permits measure the bacterial growth of E. coli. Graphene FET 
device shows to be a promising approach for the development of 
diagnostic and evaluation of new drugs methods faster and effective 
drugs [27]. 

Equally, is necessary the development of robust portable biosensors 
for the detection of pathogenic bacteria in field, these devices could 
impact several areas since water quality monitoring until drug testing 

[28]. In this order of ideas, the use of antimicrobial peptides that 
exhibit activity against pathogenic bacteria can be a model of detection 
for new diagnostics methods and AST protocols, also synthetic biology 
discipline allows design specific proteins for these biosensors [29]. 
In the electronic detection of infectious agents have been developed 
a electrode based on antimicrobial peptide magainin I, in this device 
magainin was immobilized on gold microelectrodes and exposed 
to various concentrations of E. coli showing a detection limit of one 
bacterium per μL that has clinical utility and adapted in a microfluidic 
flow cell can be an on-chip with monitoring in real time of bacterial 
growth, this opens a door for future medical and environmental 
applications [30].

Other interesting approach have been developed by Mach et al., 
which combinates 16S rRNA probes, that uses as biomarker of bacterial 
growth precursor rRNA (pre-rRNA), due to the ratio of maturation 
of pre-rRNA to rRNA is low during stationary phase and high during 
log phase, this process is possible to adapt it in an electrochemical 

Biosensors in antimicrobial susceptibility testing Biosensors in 
antimicrobial 

drug 
prospecting

Magnetoelastic 
biosensor

Electrochemical 
biosensor

Optical 
biosensor

Acoustical 
biosensor

Immunosensor PCR-
electrospray 

ionization 
mass 

spectrometry

Bacteriophage 
biosensor

Whole-cell 
biosensor

Biofilm 
biosensor

Fluorescent
biosensor

Nanosensor Microfluidic

Asynchronous 
magnetic bead 

rotation (AMBR) 
biosensors

Graphene FET 
device

Surface 
plasmon 

resonance 
(SPR) 

biosensor

Bulk 
acoustic 

wave 
(BAW) 
sensor

Cell phone–based 
microphotometric 

system

Ibis T5000™ 
Biosensor 

System

FASTPlaque-
TBTM

Bacteria 
expressing 
the luciferase 

operon

Electro-
active 
biofilm 
(EAB)

Green 
fluorescent 

protein 
(GFP)

Superparamagnetic 
iron oxide 

nanoparticles

AC 
electrokinetic 
technique

RNA-aptasensor

Antimicrobial 
peptide 

magainin I

Fiber-optic 
biosensors

Surface 
acoustic 

wave 
(SAW) 
sensor

Gold nanoparticle 
(AuNP) 

colorimetric 
probes

PLEX-ID 
BAC™ 

detection 
assay

PhageTek 
MBTM

Vibrating 
cantilevers 
with bacteria 

fixed

Microbial 
fuel cell 
(MFC) 
biofilm 

biosensor

Cecropin P1  
fluorescently 
labeled with 

Cy5

Dextran-coated 
gold nanoparticles

Microfluidic 
agarose 
channel 
(MAC) 
system

Bacillus subtilis 
with luciferase 
reporter gene

16S rRNA 
probes

AHL 
biosensor 

strains

Optofluidic 
biosensors

AptaVISens-B

AptaVISens-V

Dielectrophoresis 
(DEP)-AST

Table 1: Biosensors used in antimicrobial drug discovery.

Figure 2: Asynchronous Magnetic Bead Rotation (AMBR) biosensors.
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sensor and the rRNA probes can be captured on electrode surfaces 
in a biosensor-based AST (b-AST) as device for diagnostic and 
treatment of urinary tract infections. In this case 16S rRNA works as 
a bacterial growth marker [10,31]. In field this biosensor was tested in 
pathogen detection on 109 urine samples with specificity and positive 
predictive value of 100%, likewise pathogen detection sensitivity was 
89%, with a 76% of negative predictive value [32]. Subsequently this 
research group developed a biosensor with integrated pathogen 16S 
rRNA as oligonucleotides detector and host lactoferrin in antibody 
sensor, which achieved for pathogen detection a specificity of 97% and 
a sensitivity of 89% on 113 clinical urine samples [33]. Also, a Self-
Assembled Monolayer based electrochemical sensor (SAM) has been 
proven as a new platform for diagnostics of infectious diseases in 
point of care. This electrochemical sensor have the ability of increase 
of sensitivity of pathogen 16S rRNA hybridization assay and reduce 
incubation time using electrokinetic enhancement with a constant 
flow from anode to cathode [34], equally was able to establish the MIC 
value of rifampin, ciprofloxacin and chloramphenicol and could be a 
promising AST method [35]. 

Likewise is possible use specific DNA aptamers in an impedimetric 
sensor for bacteria as AptaVISens-B. This impedimetric sensor is 
integrated to gold nanoparticle (GNP-SPCE) and can detect Salmonella 
typhimurium in a limit of 18 live cells in 30 μL, which can useful for 
infectious disease diagnostic. This technology can also be used for 
viruses (AptaVISens-V) with the ability of detect 60 virions viable of 
vaccinia virus in one microliter [36,37].

On the other hand, the use of Dielectrophoresis (DEP), which 
measure dielectric properties of bacteria and their changes under 
antibiotic treatment, have the ability of establish the number of viable 
microorganisms by determining of the crossover frequency (cof) 
(point in where in electric field DEP force totally turned into positive 
DEP force). A DEP- AST method with E. coli and the antimicrobial 
drug cephalexin was carried out, showing that cof value reduced while 
increasing the concentration of antibiotic. This platform was able to 
distinguish between treated and untreated cells at time of 60 minutes, 
being a methodology that can be promising for the development of new 
AST devices [38].

But is very important take in consideration that is possible 
determines MIC values employing impedance (electrical resistance) 
AST methods, that measures the effects of bacterial metabolic process 
on the conductance/impedance of the microbial suspension at a certain 
frequency, this method have the potential of to provide results in 4 hrs. 
about MIC of bacterial strains and the mode of action (static/cidal) of 
the antimicrobial agents [39]. This effect of bacterial growth in electrical 
signal as well as the effect of electromagnetism in microorganisms 
is factors to be considered in the design and development of these 
platforms [40]. Although it is necessary to consider the following 
disadvantages of these techniques as are low sensitivity under 106/mL 
cell concentration and presence of non-specific binding [41].

Optical biosensor

The use of optical biosensors has been described to over 3,000 
scientific communications in pharmaceutical and diagnostic research. 
Covering all kind of biochemical reactions [42]. An amount of analytes 
can be detected using optical signal transduction as are cells, cell 
receptors, carbohydrates, antimicrobial peptides, and siderophores 
[43]. Between them Surface Plasmon Resonance (SPR) biosensor is 
an optical system where plasmons are excited and transmitted across 
a coating with ligand that interacts with an analyte in a fluid [44]. This 

method can be useful for study interactions compound-microbial 
membrane cell that can establish antimicrobial action of bioactive 
molecules [45,46]. Also can be adapted with antibodies for develop 
immunosensors for detection of virus, bacterial and fungal cells [47]. 
Chiang et al., have reported the development of an innovative AST 
method utilizing SPR, in where susceptible and resistant strains of E. 
coli were evaluated against ampicillin, the results have shown that SPR 
biosensor can perform a more faster AST method for obtain quantitative 
data of antimicrobial drug resistance [48]. The greatest advantage with 
the use of this type of sensor is their ability of nanomolar detection 
[49]. But has the disadvantage of non-specific binding on the surface 
when biological molecules are collected on the sensor, particularly in 
metallic surfaces [50].

Other kind of optical biosensors are fiber-optic biosensors that 
employs an optical fiber for develop the biological detection and offer 
advantages as are: not be affected by electromagnetic interference, small 
size that allows taking measurements under various conditions, stable 
calibration and ability to simultaneously analyze multiple analytes 
[51,52]. However, they have presented drawbacks as are: only works 
with appropriate reagents developed for this purpose, the light may 
interfere with the results obtained and present slow response time [51]. 
In this way, a tapered fiber optic sensing device for in situ real-time 
monitoring of bacterial growth of E. coli have been developed, with a 
detection limit of 10 bacterial cells and can measure microbial growth 
in 1.6 hours, making it an alternative to other methods such as colony 
counting and optical density [41].

Acoustical biosensor

Acoustic wave biosensors use mechanical acoustic waves for 
signal transduction. Currently, are classified in Bulk Acoustic Wave 
(BAW) sensor, Surface Acoustic Wave (SAW) sensor and Acoustic 
Plate Mode (APM) sensor [53]. For development of new AST methods 
have been used a BAW sensor for bacterial growth with the end of 
obtain MIC values as well as time kill curves for establish static/cidal 
activity of antimicrobial agents against E. coli, S. aureus, Proteus 
vulgaris, Pr. morganii and Pr. mirabilis, presenting greater accuracy 
than broth micro-dilution method [54]. For the study of interactions 
between biomolecules and microbial cell membrane, that can predict 
antimicrobial activity and action mechanisms, SAW biosensors show 
the ability of measure mass and viscoelastic properties of microbial 
monolayer on sensor surface, by determining of impedance changes 
determined by microbial metabolism [55], in that way interactions on 
bacterial membranes of gallidermin and vancomycin was studied with 
SAW biosensors for identify the binding of antimicrobial peptides in 
bacterial cells [56,57]. Also, SAW biosensors have achieved to measure 
the growth in 7 hours of E. coli, providing the ability to perform 
monitoring of microbial growth in real time and can be adapted to a 
remote query wireless for use in dangerous environments [58]. The 
major disadvantage of this device is the joint use of both monoclonal 
and polyclonal antibodies as bioreceptor due to its high cost, low 
availability and laboriousness in the immobilization on the sensor [22].

Immunosensors

Immunosensors are based in interaction between antibodies and 
antigens using polyclonal, monoclonal and recombinant antibodies 
for recognition of foreign molecules, being used in immunoassays 
development with high specificity and sensitivity [59,60]. These 
biosensors can be used for monitoring microbial growth, using a 
surface coated with anti-Aspergillus niger polyclonal antibodies was 
possible quantify immobilized fungal spores of Aspergillus niger in a 
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biosensor on silicon micro fabricated cantilever arrays in real time, 
which permits measure spores in environments [61]. On the other 
hand, microchip enzyme-linked immunosorbent assays with specific 
anti-bacteria antibodies and antibiotics concentrations, can be adapted 
to cell phones with camera integrated for perform rapid AST in the field. 
Showing a low cost and portable diagnostic device. This cell phone–
based micro photometric system is of great applicability in high-burden 
infection areas to control infections caused by MDR microorganisms 
[62]. Equally gold nanoparticle (AuNP) colorimetric probes are other 
another adaptation to develop low-cost immunosensors on paper 
substrates, which are thermostable and useful in pathogen detection 
[63]. Also, this strategy can be employed in bacteria mass quantification, 
attaching the enzyme β-galactosidase to gold nanoparticles, with which 
can be detected 1×102 bacteria/mL in solution and at 1×104 bacteria/
mL in a strip format [64]. The major drawback of this method is that 
requires specific antibodies for each microbial species tested, this 
includes the use of a large number of reagents of low stability under 
extreme conditions, increasing costs [65].

PCR-electrospray ionization mass spectrometry

Microbial identification and genotyping are necessary in public 
health for infections diagnosis and surveillance of antimicrobial drug 
resistance. In this sense multiplex biosensing provides screening 
platforms with high-performance, as the coupling of nucleic acid 
amplification to electrospray ionization mass spectrometry and 
base-composition analysis in a PCR–Electrospray Ionization Mass 
Spectrometry (PCR-ESI/MS), which has the ability to obtain a rapid 
diagnosis of clinical samples [66], the technique is marketed under the 
name of Ibis T5000TM  Biosensor System, this technology is capable 
of performing 1500 PCRs in 24 h and identify around all known 
human pathogens as well as detect genes involved in antimicrobial 
drug resistance [67,68]. PCR-ESI/MS require initial extraction 
and amplification of nucleic acids for analysis, subsequently mass 
spectrometry determines the mass and base composition of samples, 
being more faster and robust that traditional cloning and sequencing, 
the major disadvantage of this method is sample preparation because 
for each organism should establish a proper protocol analysis and 
extraction of nucleic acids [69]. 

Equally, using the same principle was developed PLEX-ID BACTM 
detection assay that employs 18 primer pairs into multiwell plate 
for detection of bacteria and Candida species. Also, can detect genes 
associated with resistance to vancomycin, carbapenems and β-lactams. 
Their biggest advantage is the ability to diagnose polymicrobial 
infection [70,71].

Currently, (PCR-ESI/MS) has become more robust platform with 
the ability of detect bacteria, fungi, viruses, and protozoa making 
it a promising tool in the clinical laboratory and to the attention of 
outbreaks and public health threats [66].

Bacteriophage biosensor

Phage technology has been used in abstention of antigen-specific 
peptides with high specificity and affinity for development of bioassays 
for the identification of various biomarkers [72]. Phage-based assays 
have been developed for detect M. tuberculosis in clinical samples and 
culture, as well as for to identify resistance to anti-tubercular drug 
rifampicin. Currently these assays are commercially available as FAST 
Plaque-TBTM  and Phage Tek MBTM  kits [73-76]. Until now, these 
assays require more development for to enhance the interpretation of 
the results and minimize errors [77]. In this way has been proposed 

a phage-based bioassay that involves magnetoelastic elastic biosensors 
with the end to obtain a miniaturized device capable of detecting 
multiple agents [78].

Whole-cell biosensor

Contrary to sensors that use purified cellular components. 
Whole cell biosensor are a choice for avoid the purification costs, 
in addition these sensors are easier to handle and are more stable in 
environments and can increase their sensitivity by the use of reporter 
genes [79]. Between them luciferase, which produces a light emitting 
reaction, is as commonly used enzyme for whole-cell biosensors, 
that can be employed for detect bacterial contamination. In this case 
bacteria expressing the luciferase operon have been used to detect 
antimicrobials that affect the transcriptional/translational machinery 
[80,81]. In addition microbes have the ability of metabolize a large 
number of chemical compounds in different conditions making them 
an important alternative for field data [82,83]. Also, these technologies 
in combination with micro cantilever arrays using Ink-jet device can 
be useful for perform microbial monitoring [84]. Equally a biosensor 
consisting of vibrating cantilevers with bacteria fixed have shown 
the ability of calculate microbial mass within 1 h, as well as to assess 
antimicrobial activity on P. aeruginosa of antibiotics vancomycin and 
colistin [85]. 

Otherwise, whole cell biosensors can be useful in discover new 
drugs with diverse mechanisms of action, in that way a Bacillus 
subtilis biosensors have been used for study antibacterial activity 
of anti-infective, looking for RNA polymerase inhibitors and DNA 
intercalators [86].

Biofilm biosensor

Biofilm biosensors are an approach of whole-cell living biosensors 
for the development of bioreporters useful in environments monitoring 
and drug discovery [87]. In this order of ideas biofilm biosensors with 
oxygen electrode have been developed for to measure the respiration 
rate of microorganisms present in a water purification system. But 
is important to know that these biosensors need the constant care of 
viable cells and the expense of nutrients if prolonged storage is required 
[88]. This Electro-Active Biofilm (EAB) has the quality of conductance 
to a direct electrochemical connection without mediators. Is necessary 
to study this electrical capability of microorganisms under this form 
and their applications as electrochemical biosensors to monitor the 
development of biofilms and compounds [89]. Other interesting 
approach is the development of Microbial Fuel Cell (MFC) biofilm 
biosensor, designed for the monitoring and control of anaerobic 
digestion, with the capability of offer results about microbial growth 
in anaerobic systems [90]. Bacterial communication known as 
Quorum Sensing (QS) is mediated by N-Acyl-Homoserine Lactones 
(AHL) under regulation of LuxR-OHHL gene transcription [91]. In 
this way is possible to develop bacterial biosensors with the ability to 
detect the production of AHLs. These biosensors contain a functional 
LuxR-family protein, which positively regulates the transcription of 
a reporter gene. AHL biosensor strains can be used for establish the 
behavior of microbial cell in different conditions and the possibility of 
biofilm formation [92,93].

Fluorescent biosensor

In the development of fluorescent microbial biosensors Green 
Fluorescent Protein (GFP) is most commonly used due to their 
stability [94,95]. In this sense, recombinant E. coli that express 
GFP was used as a screening platform to analyze antimicrobial 
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activity of silver nanoparticles (AgNPs), in where cell lysis in AgNp 
treated microorganisms was demonstrated by the increase of GFP 
fluorescence [96]. Equally GFP fluorescence is useful in antifungal 
drug discovery employing a transformed strain of Aureobasidium 
pullulans whose results are liable to be quantified by using 
fluorescence spectrophotometry measuring the direct relationship 
between fluorescence and the number of viable spores [97]. The 
advantage of GFP based biosensors are their ease of construction with 
conventional molecular biology techniques [98]. But is important 
take in consideration that the transformation with GFP can affect the 
physiology of bacterial cells and this can affect the accuracy of data 
obtained under this method [99]. On the other hand antimicrobial 
peptides as cecropin P1 can be fluorescently labeled with Cy5 dye for 
replacement of labeled antibodies, the basis of this protocol is to use 
the affinity of the peptides to the lipopolysaccharide component of 
bacterial cell walls, and the strength of this binding can increase the 
optical signal and the sensitivity. Being 10 times more sensitive in 
detecting E. coli that an antibody biosensor [100].

Nanosensor
One interesting application of nanotechnology is in the 

development of biosensors, the use of nanosensors is an important tool 
with the ability of obtain the information from nanoparticles, being 
classified in physical, chemical and biological nanosensors [101]. These 
nanosensors have the great advantage of can be inserted in nanowires, 
which are nanostructures with important properties (mechanical, 
electrical, thermal and multifunctional), providing a greatly increased 
sensitivity and specificity of electrochemical sensors [26]. Due to the 
emergence of MDR bacteria, are necessary design platforms that use 
this technology to improve the accuracy and sensitivity of AST methods. 
An approach in this area is the use of super-paramagnetic iron oxide 
nanoparticles as AST nanosensors through magnetic relaxation. This 
method has the ability of quantify polysaccharides, as well as measure 
the metabolic activity and obtain MIC values in blood [102]. Equally 
dextran-coated gold nanoparticles can be used in AST assays based 
on the concanavalin A-induced clustering in presence or absence of 
microbial growth. This gold AST nanoparticle-based method offer 
results within 3 hours and can be adapted in HTS platforms [103,104].

In addition, using nanotechnological cantilever assays is possible 

study the interaction between MDR bacteria and antibiotics (Figure 3) 
[105]. The cantilever sensor acts as a transducer between bacterial cell 
wall and antibiotic, this method present high sensitivity and specificity. 
Also, have the capability to detect the drug target interactions using a 
laser, due to the disruptions of wall can be measured in real time with 
nano-scale precision [106].

Microfluidics Biosensing
The use of microfluidics platforms for AST methods has been 

evidenced in models employing bacteria with standard susceptibility 
patterns. Wherein this method was able to provide a result within two 
hours, which facilitates the diagnosis at the point of care [107]. In this 
way an AST assay using gas permeable micro channels with similar 
dimensions to that of a microbial cell has been developed, determining 
cellular lysis by AC electrokinetic technique, this protocol in an 
antimicrobial model with urinary pathogens was able to determinate 
susceptibility patterns in less than one hour [108]. Other methods use 
a Microfluidic Agarose Channel (MAC) system, determining MICs by 
evaluation of cell growth under microscopic observation in 3-4 hours 
[109]. Equally the micro channels in a microfluidic platform can be 
revealed using measurements of fluorescence intensity [110], or can 
be used for study of antimicrobial resistance induced by mechanical 
stress [111], which are advantages of the versatility of this platform 
including the decrease in evaluation time, the increased sensitivity of 
detection, the decrease in the number of reagents to be used [110], and 
the possibility to be included in a chip-based system [112].

On the other hand the combination of microfluidics with optical 
systems in optofluidic biosensors has been used in the detection of 
viruses and bacteria, with the advantage to differentiate in multiplex 
platform virus particles including Vaccinia and Ebola, as well as 
MRSA in a fast and automated technique useful in epidemiological 
surveillance [113,114].

Antimicrobial Drug Prospecting
Other important use of biosensors is in the implementation of 

bioprospecting devices for detection of antibacterial (Table 1). In 
this mode have been used two main methods for the recognition 
of antimicrobials. The first one employs immobilized aptamers 

Figure 3: Cantilever array for biosensor development.
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(aptasensors) that are oligonucleic acids that interacts with the analyte 
of interest (protein, toxin) producing detectable signals. The second 
way for antimicrobial identification is the use of antibody biosensors 
[8,115]. Aptamers biosensors can be produced by SELEX process that 
select nucleic acid ligands specific of protein target [116]. In this sense 
RNA-aptasensor for detection of neomycin B with high selectivity 
has been developed, making it an interesting platform to identify 
aminoglycosides [117]. In addition, this aptamer-based biosensor can 
be adapted in a cantilever array which increases the sensitivity and 
specificity of the device for detects the antibiotic oxytetracycline [118]. 
Also, the use of aptamers presents various advantages in comparison 
with antibodies as their small size, chemical stability and cost; as well as 
structural versatility, thus may develop many different new biosensors 
with higher sensitivity and specificity [119,120].

Cells containing reporters have been used in screening for novel 
drug candidates and in the detection of bioactive compounds in 
environmental samples. Bacillus subtilis with luciferase reporter gene 
is useful in detects compounds that inhibit biosynthetic pathways of 
bacteria and are compatible with high-throughput screening. This anti-
Bacillus subtilis platform was evaluated against 14,000 natural products 
with the capability of detects a new action mechanism of the antibiotic 
ferrimycin A1 [7]. Also this method can monitor metabolite production, 
as mevalonate that is present in the isoprenoid biosynthesis and can be 
identified using GFP as reporter, with the end of detect environmental 
strains with potential of metabolite synthesis [121,122].

On the other hand lipid A-based affinity biosensor technology 
is a tool developed for to assess natural products with the ability of 
neutralizes or destroy LPS (lipopolysaccharide), a component of Gram-
negative bacteria. This method was proved with 78 plant extracts from 
Chinese herbs, identifying to the medicinal plant Paeonia suffruticosa 
as the more potent anti-LPS extract. These results showed the potential 
of biosensors in bioprospecting programs looking for antimicrobial 
drugs from natural sources [123].

Conclusions
Biosensors, are an important tool in drug discovery, and can be 

useful both in the screening process as in bioprospecting evaluation 
[124]. For apply a biosensor screening platform is necessary take in 
account the following parameters: specificity, kinetics, affinity and 
concentration of analyte for detect [125]. Also is very important the 
selection of transducer (optical, electrochemical, acoustic) depending of 
their applications (portable device in field, research laboratory, clinical 
practice), for develop a biosensor for clinical area is of importance 
to comply with these characteristics: portability, rapidity, and cost-
effectiveness [10,28]. In this way the development of portable devices 
that use smaller sample volume is necessary to carry out field tests 
with greater agility and speed, in where electrochemical devices have 
the ability in a low cost of to be miniaturized to increase portability 
with high sensitivity and specificity [126]. Equally, biosensors as 
powerful bioanalytical technology require before implementation for 
in vitro diagnostics to be evaluated in two components as are analytical 
verification and clinical validation. With the end to determinate 
their accuracy, precision, analytical sensitivity, analytical specificity, 
cross-reactivity, interference, sample matrix effects, clinical accuracy, 
and predictive positive/negative values with prevalence; in order to 
establish the advantages and disadvantages of using this technology 
in field. This evaluation necessitates a multidisciplinary approach for 
to be developed of analytical scientists, test developers, clinicians, and 
regulatory agencies [127].

Equally, nanomaterials have a promising impact in biosensors 
development by their broad possibilities in manufacturing for obtain 
electrochemical bioassays [128,129], as well as built nanostructures 
that detect a particular pathogen and determine if drug-resistant 
[130]. On the other hand, the combinations of biosensors with 
microfluidics technology have the capability of development of new 
AST methods at the point of care [131]. Due to microfluidic possess 
the ability to integrate biosensor with microscopical visualization for 
obtain automated images. Also, microfluidic devices can perform 
isolation, purification and manipulation of clinical samples, as well 
as fix nanoparticles, biomolecules, bacteriophages, and cells in drug 
discovery and diagnostic models [132,133]. Likewise, AST development 
using microfluidics devices is possible, because have the ability of 
quantify antibiotic effects, enhancing sensitivity and specificity [110]. 
In this way an interesting approach uses microbead-based microfluidic 
devices for to improve detection efficiency due to the increased volume 
of surface immobilization [134].

Finally, the major problem in implementation of biosensors 
in point of care is the sample preparation; many technologies have 
been evaluated using isolated microorganisms without determining 
the matrix effect of clinical samples on device [135]. For that reason, 
the development of new multiplexing biosensors with multi-array 
in screening platforms as optofluidics and various biomarkers may 
constitute an advance in solving this problem [136,137]. 
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