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Abstract  

Pathogen detection and its analysis are critical in clinical medicine, food safety, agriculture, public health and bio-

security etc. Conventional diagnostic approaches are based on century-old culturing methods which are reliable but slow 

which provide relatively little information about the pathogens and are not adaptable to high throughput operations. Despite 

of the availability of many instruments, procedures and techniques such as spectrophotometer, calorimeter, ELISA, and mass 

spectrometry etc., these techniques do not measure up to very minimal levels or restricted multiplexing for pathogens such as 

bacteria which creates a demand to develop a new diagnostic tool with very high sensitivity and specificity. This review will 

focus on the recent advancement in the field of nanotechnology towards pathogen detection.  
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Introduction 

The rapid detection and identification of 

microorganisms is a pressing issue in the field of clinical 

diagnostics and monitoring the food-borne pathogens are 

necessity for the detection of biological warfare agents. 

The development of new, advanced and novel technology 

for pathogen detection has become a concern because 

infectious disease, commonly caused by bacterial 

pathogens, is now the world’s leading cause of premature 

death and third overall cause behind cardiovascular disease 

and cancer. Organisms such as, Dengue and Norwalk virus 

are important clinical analytes related to human health, 

especially in countries of the developing world. It is 

important to screen our food supply for food borne 

pathogens which are the foremost cause of sickness and 

deaths in less developed countries, killing approximately 

1.8 million people annually. There are various pathogenic 

organisms such as coliforms, Escherichia coli such as,     

E. coli O157:H7 (Bavaro, 2012) E. coli K-12, 

Staphylococcus aureus (Schelin et al., 2011; Hennekinne  

et al., 2012) Salmonella (Di et al., 2012), Bacillus spores, 

fungi and Clostridium perfringens, L. innocua, Salmonella 

typhimurium and L. monocytogenes (Kanayeva et al., 2012; 

Kouamé et al., 2013). 

There are growing concerns that terrorists could use 

pathogens to contaminate food and water supplies in 

attempts to debilitate thousands of people and disrupt 

economic growth. Organisms such as B. Anthracis (Roffey 

et al., 2001) and Y. pestis (Zhou et al., 2006) are serious 

threats for our safety and security because they can be used 
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as bio-weapon material. Early detection of these life 

threatening pathogens/microbes is critical to prevent 

disease outbreaks and therefore preserve public health. It is 

well known that healthcare systems would greatly benefit 

from faster, more accurate diagnosis to significantly reduce 

healthcare costs, while simultaneously providing better 

epidemiological data that can be used for infectious disease 

modelling. 

Despite substantial progress made in the diagnostic 

field, there is still a need for faster, portable and more 

accurate diagnostic method. The ongoing search for 

improved methodologies is particularly important since 

conventional identification methods of pathogenic 

microorganisms usually require large cell numbers of a 

pure cell culture, involving time and labour consuming 

enrichment and pre-selection steps. For instance, the 

developed world standards for target pathogen diagnosis, 

including culture, enzyme immunoassay and polymerase 

chain reaction (PCR), often takes between 2 to 4 days. 

Furthermore, since most centralized laboratories are 

limited to large cities, near-patient testing using point of 

care (POC) devices has become increasingly important. 

Therefore, robust and portable diagnostic devices capable 

of rapidly providing information on pathogens will also 

help reduce mortality rates, hospitalization and timely 

isolation in case of infectious pathogens (Fig. 1). 

Application of Nanotechnology in Bacterial Detection 

Bacteria are our invisible friends or invisible enemies. 

Some bacteria help us whereas some make us sick. The 

ones which make us sick need attention as they can be 

fatal. Bacterial pathogens often occur in food, water, feces, 

blood and other body fluids or tissues. There is various 

food borne pathogens like E. coli, Salmonella 

typhimurium, Bacillus cereus, Campylobacter jejuni, 

Clostridium botulinum etc. identified by FDA which are 

responsible for various infectious diseases such as typhoid, 

gaostroenteritis, diarrhoea, food poisoning etc. For 

example, there are 16 million annual cases of typhoid 

fever, 1.3 billion cases of gastroenteritis and 3 million 

deaths worldwide due to Salmonella only. Recent study in 

2011 by Centre for Disease Control and Prevention, USA 

(CDC) showed that roughly 1 in 6 Americans 

(approximately 48 million people) get sick by food borne 

bacteria, viruses, microbes and considered to be the most 

common cause for illness in the United States while the 

known cause for number of foodborne illnesses is not 

known. CDC estimated the total number of food borne 

illnesses, hospitalizations and deaths due to various food 

borne pathogens in the year 2011. 

Fig. 1. Importance of pathogen detection and its field of 

interest 

 Due to the increased mortality rate, these infectious 

diseases continue to be a major public health problem 

worldwide. It also contributes to negative economic 

impacts due to the cost of surveillance investigation, 

treatment and prevention of illness. This creates an urgent 

need for an early detection of these pathogens. The 

upcoming technology of biosensors will change the speed 

with which the pathogens are detected as detection limit 

will be increased remarkably and will form the basis of 
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presence of minor contamination and presence of 

pathogens/microbes in various food products, biological 

fluids etc. (Fig. 2). 

Applications of Nanotechnology in diagnostics  

There are many potential applications of 

nanotechnology in various fields like bio-defence, animal 

health care, food safety, diagnostics, pathology, clinical 

research, forensics, drug discovery out of which some of 

the relevant applications are listed below: Cancer 

diagnostics, Detection of pathogens, Detection of 

environmental pollution and toxicity, Agricultural 

monitoring, Ground water screening, Ocean monitoring, 

Drug discovery and evaluation of biological activity of 

new compounds, Determination of drug residues in food 

such as antibiotics, Glucose monitoring in diabetes 

patients, Biosensor Systems for pathogen detection etc. 

These systems allow the immediate detection of these 

pathogens in the field, and a very rapid response by first-

aid providers, consumers, manufacturers and others, in 

contrast to current technology that often requires days or 

weeks to provide results.  

Nanotechnology and food industry 

Salmonella detection 

A hetero-structured silicon/gold nanorod array is 

fabricated by the glancing angle deposition (or GLAD) thin 

film method and functionalized it with anti-Salmonella 

antibodies and organic dye molecules. Due to the high 

aspect ratio nature of the silicon nanorods, dye molecules 

attached to the silicon nanorods produce an enhanced 

fluorescence upon capture and detection of Salmonella. 

This novel nanobiosensor could have broad appeal to the 

food industry, food safety inspection agencies, government 

agencies overseeing food safety, and researchers focused 

on safety and biosecurity research. In addition to above 

mentioned nanobiosensors, QCM based 

nanoimmunosensors can also be developed and modified 

with Gold/Silver nanoparticles for the detection of 

Salmonella using piezoelectric quartz crystal microbalance 

(Fig. 3).  

E.coli detection: A porous silicon-based biosensor is 

developed and functionalized to detect E. coli and has 

potential applications in food and environmental testing. 

Listeria monocytogenes detection 

A cell-based sensor is developed to detect viable 

pathogenic Listeria monocytogenes from food. An adherent 

macrophage cell line, RAW is used for cell based sensor. 

Interdigitated electrode chips are fabricated and cell growth 

chambers are created by using PDMS. Fibronectin 

adhesion promoting peptides and a tripeptide (Arg-Gly-

Asp) are successfully used to promote the attachment of 

this cell line to interdigitated electrode chip. Data showed 

that this cell line is sensitive to L. monocytogenes and the 

cytopathic effect could be assayed in 2-4 hrs depending 

upon the initial L. monocytogenes concentrations off chip 

or on chip. An Optical biosensor for food pathogen is also 

developed for L. monocytogenes that can detect about 

4.3×103 to 4x104 CFU/ml after 2.5 hrs of sampling even in 

the presence of common food contaminants or stress 

conditions. This sensor is able to detect L. monocytogenes 

from hotdogs or bologna that is naturally contaminated or 

artificially inoculated with 10 to 1000 CFU/g after 

enrichment in buffered Listeria enrichment broth in less 

than 24 hrs. This is an important advancement for detection 

of L. monocytogenes in real world ready-to-eat foods since 

this sensor is capable of detecting cells in less than 24 hrs 

(Ohk et al., 2010). 



 
Fig. 2. Food borne illness in USA, estimated by CDC (Centers for Disease Control and Prevention) in 2011 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nanotechnology in Clinical and Medical Industry: 

Biological Fluids 

An Electrochemical DNA Biosensor is developed for 

bacterial pathogen detection. Electrochemical sensors have  

 

 

the capacity for rapid and accurate detection of a wide 

variety of target molecules in biological fluids (Liao et al., 

2007). 
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Pathogenic Organisms and Viruses 

A microfluidic biosensor module with fluorescence 

detection for the identification of pathogenic organisms 

and viruses has been fabricated. The biosensor recognition 

principle is based on DNA/RNA hybridization and 

liposome signal amplification. 

Fig. 3. Schematic diagram of modified QCM device coated 

with nanoparticles (Au/Ag) for bacterial detection with 

increased sensitivity 

 

 

 

 

E.Coli 0157: H7 detection 

 Among hundreds of strains the bacteria, E. coli 

0157:H7 is emerging as the most aggressive one because 

of its capability to produce a toxin causing hemolytic 

uremic syndrome (HUS) resulting in death, especially in 

children. Experiments have been designed for the 

development of biosensors using nano-fabricated structures 

coated with elements such as gold that have affinity for 

biomolecules. Anti-E. coli antibody-bound Gold Nanowire 

Arrays (GNWA) prepared on anodized porous alumina 

template is used for the primary step followed by binding 

of the bacteria containing specimen. An alkaline 

phosphatase-conjugated second antibody is then added to 

the system and the resultant binding determined by both 

electrochemical and optical measurements (Basu et al., 

2004).  Recently a Fourier transform infrared spectrometry 

(FITR) has been developed by using titania thin-film 

substrates as sensors for the detection of E. coli 

contamination in water and food (Mura et al., 2012) 

C. parvum detection 

C. parvum biosensor, which can detect as few as five 

oocysts in only four hours. Current technology requires 

about seven days of detection time, since water treatment 

plants have to send their sample to a testing lab and pay 

about $400 per analysis. This can be compared to an 

estimated $25 per analysis with the biosensor if carried out 

in the water treatment plant (Thiruppathiraja et al., 2011). 

Dengue virus detection 

A biosensor for Dengue virus has been developed 

that can distinguish between all four serotypes (Huang      

et al., 2013). Current efforts move the sensor into the 

microbiosensor area in order to decrease the detection time 

from currently 4 hrs to 1 hr (or less) and to move it to 

complete portability. In addition to above all, a biosensor 

for the detection of B. anthracis which can be used as a 

bioweapon material has also been developed (Rao et al., 

2010). 

Nanotechnology: A Prospective Future and Clinical 

Diagnostics 

The main goal of today’s research is to prevent the 

disease and reduce the mortality. From biotechnology to 

chemistry and from physics to software engineering, every 

field is increasing the resources to overcome the biological 

diseases. Early diagnosis of the disease can reduce the 

severity of its impact on patient’s life and in most of the 

cases early diagnosis can increase the chance to be cured. 

The discovery and development of a cheaper, smaller, 

faster, and smarter point of care testing (POCT) devices is 

a challenge for the investigators. An interdisciplinary 

approach in the field of diagnostics where scientists can 
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take advantage of different fields is the main area of focus. 

Recent advancement in the field of biomarker discovery 

and its application with nanobiosensors will together play a 

vital role in the field of clinical diagnostics and have 

increased the use of POCT approaches by making it cost-

effective for many diseases, such as diabetes, carpal tunnel 

syndrome (CTS) (Tolonen et al., 2007). Nanobiosensors 

would enable clinicians to monitor diseases frequently and 

easily and would have impact on the future medical 

research and therapy. At present, the promising preliminary 

results of the research show that nanobiosensors can be 

used to detect diseases at a very early and curable stage. 

The developed methodologies are effective, selective, 

inexpensive and reproducible for the detection of bacteria. 

These results are very useful for pharmacologists, 

clinicians, academicians and chemsits. The developed 

methodologies may be used for the analyses of the 

pathogens in various laboratories nationally and 

internationally. The produced data may be of high use for 

regulatory authorities along with other concerned scientists 

and organizations. These studies are ongoing and will 

undoubtedly remain a major focus of investigation in the 

future. Based on the abundance of promising research 

efforts and the fact that research into nanobiosensors in 

clinical diagnostics is currently a priority due to its 

advantages (inexpensive, rapid, portable), nanobiosensors 

based clinical diagnostics present unparalleled 

opportunities for research and commercialization. It can 

become a key player in routine health monitoring in the 

near future and enable the early detection of disease using 

a simple and effective assay. Thus, nanobiosensors will not 

only save lives, but also preserve the quality of lives that 

have been saved. 
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