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Abstract: 

Food borne ailments are the result of consuming contaminated food or water that contains pathogens. 
These remain a chief public health issue around the globe that substantially impacts the economy. Suitable 
health catastrophe management is principally reliant on the early exposure of probable public health 
hazards that is laden by constantly changing tendencies in illness outbreaks. A cohesive multidisciplinary 
method that is a union of sustained pathogen syndrome and diagnostic surveillance, genomics-based, and 
standardized global analytical networks gathering clinical, epidemiological and genetic data alike is 
needed to comprehend the dynamic forces of food borne illness and to alleviate budding effects of 
imminent threats. In this paper, we review various sequencing techniques used for surveillance of food 
borne diseases. 

.Keywords —Food borne diseases, whole genome sequencing, outbreak and surveillance, next-

generation sequencing, high-throughput sequencing 
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I.     INTRODUCTION 

In the recent years, numerous genome sequencing 
methods have dominated the public health labs and 
food regulatory agencies, replacing the traditional 
methods of diagnosis.  In 1995, the first ever 
complete sequence of any bacterial organism was 
generated. Haemophilus influenzae was used to 
reveal the entire set of genetic information used to 
encode a free-living organism. This project also is 
notable for making the genome sequence data and 
the bioinformatics software used to assemble it 
freely available to the scientific community. Such 
sharing aimed to be (and was) consistent with the 
policies initially set out by the ongoing Human 
Genome Project [46] later codified in the 1996 
Bermuda Principles [47]. The policies of open 

sharing of genomic data and open source release of 
bioinformatics software tools set out by these 
seminal sequencing efforts were instrumental in 
cementing openness into the scientific culture [48]. 

There has been a continuous rise in vector-borne 
diseases over decades, with some ending in a 
pandemic and others in small outbreaks. While the 
most common and deadly vector-borne diseases 
Āhave been associated with virus carrying 
mosquitoes such as Aedes aegypti, also known as 
“yellow fever mosquito”, which can carry a number 
of disease agents along with dengue fever virus 
(DENV) [49]. Similar to dengue, malaria is also 
considered as one of the most common and fatal 
vector-borne disease which is caused by bite of an 
infected Anopheles mosquito. While these diseases 
have been widely covered in the global news media 
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to monitor their respective outbreaks there is 
another category that has been escalating every 
year, it is the food-borne disease [49]. According to 
the WHO, food-borne diseases (FBD) are caused by 
‘unsafe’ food which carries harmful ba
viruses, parasites or chemical substances that 
culminate in hundreds of diseases. Almost 1 in 
every 10 people in the world falls ill because of 
FBD, which estimates to around 600 million lives 
and about 420,000 lives are lost.  Food 
contamination can occur at any stage of production 
[50]. 

Based on recent studies conducted across the world, 
the four main species involved in food
diseases are : Salmonella spp, Campylobacter

Listeria monocytogenes and Shiga toxin
Escherichia coli [54]. According to surveys 
conducted across various countries of the world, 
82% of all hospitalisation for food borne diseases 
was caused by theses four species in the United 
States [51]. In Iran though, this rate was as low as 
16.5% [52] and about 15% in China, where the 
main spot for food poisoning is occupied by
strains of V. vulnificus [53]. 

The evolution of genome sequencing started in 
1975 with the first generation sequencing by Sanger 
and Coulson. This method used radioactive isotope 
labelling as its base, followed by gel electrophoresis 
and autoradiography [1]. 

2005 saw the commercial availability of a new, 
high throughput sequencing technology, commonly 
known as Next-Generation Sequencing (NGS). 
Various sequencing techniques like real
sequencing technology (real-time PCR, 
microarray), parallel sequencing, 
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and Coulson. This method used radioactive isotope 

its base, followed by gel electrophoresis 

2005 saw the commercial availability of a new, 
high throughput sequencing technology, commonly 

Generation Sequencing (NGS). 
Various sequencing techniques like real-time 

time PCR, 
microarray), parallel sequencing, Real-Time 

Whole-Genome Sequencing (in silico and in vitro 
end-point PCR, multiplex PCR), etc. have been 
mapped into second generation sequencing. This 
review paper has shed light on these g
sequencing methods in association with food
illnesses, after accessing the accomplishments 
achieved by the first generation.

Bioinformatics has come a long way in the 
diagnosis and surveillance of food
programs. In the wake of the 
sequencing, it was proposed that there should be 
four mechanisms to a well-designed surveillance 
system. First, early alert of the disease should result 
in a swift action for preclusion of any further spread 
by the concerned agencies. Second, test conducted 
on affected individuals can help isolate and 
characterize the magnitude and intensity of the 
disease. Third, immediately after attaining the 
results, it should be reported to provisional or 
national levels for record and awareness. F
case-control studies and lab examination of stool 
and food trials may be carried out to attain detailed 
statistics on the link between the food and the 
disease [55]. The current genome sequencing 
technologies, encompassing both short and long 
read sequencing techniques have ensured the 
implementation of these programs.

II. FIRST GENERATION 

The first generation of genome sequencing follows 
the principles of chain termination method 
developed by Sanger and Coulson in 1975, also 
called Sanger Chain Termination Method. The first 
bacterial genome sequence, for Haemophilus 
influenza, was done by this method in 1995. The 
sequencing method was named as “random 
shotgun” sequencing as it was done from both ends.

The core idea of Sanger method is that 
dideoxyribonucleotide (ddNTP) cannot form 
phosphodiester bond during the synthesis of the 
DNA due to lack of hydroxyl group, so adding a 
certain proportion of ddNTP with radioactive 
isotope label into four DNA synthesis reaction to 
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inhibit the process. This process is followed by gel 
electrophoresis and autoradiography which leads to 
the determination of DNA sequence according to 
the position of electrophoretic bands [1]. 

This has been being used and studied for over 30 
years now, but its limitations have made it a 
secondary tool to sequencing. Sanger sequencing 
technique was able to sequence only a limited 
number of nucleotides, generally fewer than 1000 
base pairs and this consumed time and hefty 
amount of money along with specific skilled 
expertise.  

III. MOLECULAR CHARACTERIZATION 

During the time of modification and development 
of new genome sequencing methods, scientists 
started merging Sanger’s method with Next 
Generation Sequencing for molecular 
characterization to acquire more efficiency in 
getting desired results. 

By this time, more emphasis was given upon 
closing or finishing genomes and the first assembly 
programs such as Allora, Celera Assembler, and 
TIGR Assembler were used as genome assembly 
algorithm [2]. 

The first H. Influenza bacterial genome was closed 
after initial assembly with TIGR Assembler and 
various algoritms were used to map and fill 
physical gaps, while sequence gaps were closed by 
primer walking [2]. 

3.1.Viruses 

3.1.1.Norovirus (NoV) 

NoVis is one of the human pathogens 
associated with non-bacterial 
gastroenteritis outbreaks. 
Epidemiological surveys have shown 
that this is mostly transmitted by 
contaminated food and water and affects 
noth adults and children [3]. Norovirus 

isolated from clinical samples were 
genotyped using RT-PCR with primers 
to amplify specific region. Purified 
products underwent Sanger’s 
sequencing, which was done by using 
ABI Prism Genetic Analyzer [4]. 

3.1.2.Hepatitis A (HAV) 

HAV associated foodbourne outbreaks 
are frequently reported worldwide and 
has been classified into six genotypes 
[5]. Viral WGS was used to link the 
relationship between different sources 
followed by PCR and Sanger’s 
sequencing approaches [6]. HCV 
genotype patient was first determined by 
NS5B Sanger sequencing [7]. 

3.1.3.Human adenoviruses (HAdVs) 

They are of major public health 
importance with a variety of clinical 
manifestations, including gastroenteritis 
[8]. This may vary from absence of 
symptoms in healthy carriers to death in 
immune-compromised individuals [9]. 
In the past PCR and Sanger sequencing 
approaches were employed to detect 
HAdV contamination in food and water. 
However these methods identified only a 
limited number of predominant species 
[10]. In an experiment conducted over a 
period of one year in 2013, fifty-nine 
samples, out of 141, were characterized 
by conventional Sanger sequencing as 
belonging to four HAdV species and 
four types: A, B C, and F. The 
remaining samples could not be 
characterized [8]. 

IV. SEQUENCING TECHNIQUES 

Fast and accurate identification and typing of 
pathogens are essential for operative surveillance 
and outbreak detection. The current routine 
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procedure is based on a variety of techniques, 
making the procedure laborious, time-consuming, 
and expensive .For proper surveillance and 
outbreak detection, it is important to detect and 
estimate pathogen pathogenicity on food items to 
understand different food borne diseases. 
Traditional techniques which were used for 
detection of pathogenicity facilitate detection of 
pathogensof low concentration in produce, in 
theory. It is a fact that culture based techniques 
although offer valuable information, they can only 
detect organisms that are culturable, and therefore, 
many others are left out. This type of conventional 
approach is very time consuming and labour 
intensive and allows identification of single species 
at a time wherein large commercial research is the 
requirement. 

4.1 Next generation sequencing (NGS) 

NGS approaches have become popular in the recent 
times due to their advantages over conventional 
methods of detection. 

NGS theoretically allows for the non-targeted 
detection of multiple spoilage agents and pathogens 
and enables both culturable and non-culturable taxa 
to be characterized. Although methods such as 
liquid chromatography–mass spectrometry (LC-
MS) also allow for the non-targeted detection of 
bacterial species[12],  they suffer from a lack of 
standardisation and data on public databases. 
Additionally, these methods do not give 
information on the strains and genomes of the 
bacteria detected as NGS does[12].NGS is 
increasingly being utilised in research in food 
microbiology, with most studies focusing on whole 
genome sequencing (WGS) of bacterial isolates and 
the exploration of the micro biome associated with 
specific commodities [12].These studies highlight 
the diversity of microbes associated with foodstuffs, 
but few studies have, as yet, explored the use of 
NGS to screen fresh produce for the presence of 
human pathogens, while also delivering information 
about the associated micro biome [16]. 

4.2 Real-time sequencing technology 

(Evaluation of bacterial contamination in raw milk, 
ultra-high temperature milk and infant   formula 
using single molecule) 

Several studies have been performed by 
incorporating various molecular techniques, such as 
pulsed-field gel electrophoresis, real-time PCR, and 
microarray, to investigate the prevalence of 
contaminated bacteria and the level of the 
contamination in dairy products [15].Though a few 
upgrades have been indicated utilizing these atomic 
based discovery strategies, one regular constraint 
shared by these procedures is the disappointment in 
giving a general microbial profile in the examples, 
as a large portion of these methodologies require 
the recognition of  specific target microorganisms. 

Their study reports for the first time the feasibility 
of using the latest PacBio SMRT sequencing 
technology to define the bacterial contamination 
profile of dairy products based on the full-length 
16S rRNA gene[15]. The PacBio SMRT technology 
is beneficial over other sequencing approaches as it 
has previously been shown to offer a higher 
taxonomical resolution in profiling the bacterial 
communities in the environmental samples due to 
its high capacity in producing long sequence reads 
[15]. 

Clear bacterial structural differences were revealed 
across 16 samples of raw milk, UHT milk, and 
infant formula, by employing the SMRT 
sequencing technology. Their results have for 
starters shown this sequencing method can give an 
exact taxonomic grouping to the accuracy of the 
variety and species levels, and consequently 
generally increment our ability in separating 
between bacterial contaminants. However, because 
of the low number of tests utilized in this 
investigation, further top to bottom work will be 
expected to set up a more complete arrangement of 
rules for its future application in the dairy quality 
control during modern creation. 
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4.3 Parallel sequencing 

The short read technologies currently in use are 
collectively known as massively parallel 
sequencing and are often also referred to as second
generation sequencing billions of nucleotide 
sequences are produced during each run, where 
each genome is sequenced multiple times in small 
random pieces to generate very large data sets. [12]

Even though platforms have different biochemistry 
and arrays, the workflows include similar steps: (i) 
DNA extraction; (ii) library preparation, which 
usually includes shearing the DNA either 
mechanically or enzymatically, adding adaptors and 
barcodes/indexes and amplification; (iii) template 
preparation, either by bridge amplification or 
emulsion PCR; and (iv) automated sequencing .The 
short read sequencing platforms differ substantially 
in terms of their engineering, sequencing chemistry, 
output (length of reads, number of sequences), 
accuracy and cost .[12] 

4.4 Real-Time Whole-Genome Sequencing
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Genome Sequencing 

(Study conducted for Routine Typing, Surveillance, 
and Outbreak Detection of Verotoxigenic 
Escherichia coli) 

In the current study we developed a novel method 
for FBP detection based on parallel sequencing of 
multiple amplicons, an approach which is clearly 
different from the 16S rRNA
profiling method as the latter relies on sequencing 
of a single gene. [14].This novel FBP detection 
approach is based on a primer
“foodborne pathogen-panel” (FPP), which 
generates species- specific amplicons designed for 
sequencing on an Illumina platform. FPP was 
evaluated by means of in silico and in vitro end
point PCR using DNA from selected FBPs, while 
specificity, sensitivity and the use of multiplex PCR 
were validated and optimized employing single
mixed- DNA template experiments.[14]

In total, sequence reads ranging in number from 
95,059 to 422,836 were generated by Illumina 
MiSeq DNA sequencing. Primer 
FBPs yielded specific PCR products, as displayed 
by the presence of sequencing reads that mapped 
onto FBPs ,reaching more than 66.1 % of mapped 
reads of the total sequencing output in the cheese 
sample and perfectly aligned with the targ
sequences. These findings corroborate the high 
specificity of the primer pairs selected for the FBPs 
used in this experiment. [14] 

An advantage of the FPP method is the 
simultaneous identification of multiple FBPs, thus 
allowing direct detection in complex matrices 
without enrichment steps. Moreover, assessment of 
the sensitivity and specificity of FPP indicate that it 
is an accurate method, which can be compared with 
other DNA-based techniques such as qPCR and 
multiplex qPCR (Velusamy et al., 201
Villamizar-Rodriguez et al., 2015).

4.5 Limit of detection using ScriptSeq

In the study conducted the most sensitive NGS 
approach employed ScriptSeq (in conjunction with 
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enrichment by ribosomal depletion), with bioin- 
formatic analysis using Kraken in conjunction with 
the mini database [12]there were huge contrasts in 
the LoD saw between bioinformatics strategies for 
task of Salmonella, featuring the importance of 
normalizing pipelines and information bases. 

When NGS is compared to both culturing and rapid 
methods, it can give us a bounty of additional in- 
formation, such as that regarding other members of 
the microbiome, allowing for potential source 
tracking of contamination, and changes in the 
microbiome associated with contamination or 
spoilage[12]. 

4.6 UltraStrain for sensitive strain typing 

UltraStrain is a highly sensitive, rapid and efficient 
method for metagenomic taxonomic classification 
at strain level. In UltraStrain pipeline, the reads 
filtering step uses a synthetic reference genome 
consisting of differentiating regions from known S. 
enterica strains to filter out the reads that are not 
specific to S. enterica species, greatly improving the 
efficacy as well as efficiency of the process. Strain 
identification through the proposed statistical 
learning provides a fast and accurate solution for 
metagenome sample data analysis[20]. 

 Experiments on both computer-generated data sets 
and real sample demonstrate that UltraStrain 
achieves high accuracy even at very low abundance 
level. It can achieve both shorter run time and 
higher sensitivity, which indicates its usability as a 
standalone pathogen identification pipeline[20]. In 
addition, their trials showed that the sensitivity of 
UltraStrain can be improved by using deeper 
sequencing of the sample, which could be 
particularly useful when it is necessary to perform 
strain typing on sample with extremely low 
abundance of target strains[20]. 

The proposed algorithm can be further improved in 
many characteristics. For example, although it is 
established with the target of high-sensitivity S. 
enterica in mind, the proposed agenda can be easily 

extended to taxonomic profiling and analyze other 
bacteria strains by adapting its filter and reference 
library designs. Furthermore, the capacity of current 
calculation in managing test with more than one 
target strains from similar species actually needs 
further examination. Significantly, the current 
methodology, as its essential objective is for ultra 
sensitive strain typing, comes up short on the 
capacity to precisely recognize the relative 
abundance of numerous microscopic organisms 
species/strains present in an example as given by 
other comparable devices. In this way, it is foreseen 
that it could be utilized related to other 
metagenomic pipelines when essential. 

4.7 Information portability between WGS 
platforms. 

Henceforth, WGS-based genotype information 
portability between various NGS platforms and 
logical pipelines seems feasible temporarily. 
Distinctive computational methodologies can be 
utilized to foresee antibiotic resistance from WGS 
information, the least complex by mapping of the 
sequence peruses against a reference data set of 
resistance genes or mutations, scoring the absence 
or presence of these elements, and anticipating an 
opposition profile in like manner. Nonetheless, the 
foundation of curated information bases on drug 
resistance genes will be important to defeat the 
quality gaps in distributed pheno genotype 
connections that are right now hampering the 
precision of susceptibility phenotype expectations 
from WGS information. 

V. INVESTIGATING OUTBREAKS, 

SURVEILLANCE SYSTEM AND 

MODERNIZING FOOD SAFETY WITH 

GENOMICS, BIOINFORMATICS, AND 

OPEN DATA ACCESS 

With rapid population growth we are 
witnessing several changes in life style, diets, 
import and export system, modifications of food 



International Journal of Scientific Research and Engineering Development-– Volume 3 Issue 6, Nov-Dec 2020 

        Available at www.ijsred.com 

ISSN : 2581-7175                             ©IJSRED: All Rights are Reserved Page 1149 

and drinks and frequency of emergence of diseases. 
To keep a record of these changes in different fields 
of work, a single surveillance system will not be 
enough. This necessity of monitoring billions of 
people spread over hundreds of places has called 
for experimenting with new tools and combination 
of systems. This has resulted in different types of 
surveillance like, active surveillance system, 
passive surveillance system and integrated system. 
While different governments of different countries 
might not have the same approach towards 
surveilling FDS but their approaches have the 
foundational base of the above mentioned 
surveillance systems. 

A few enormous scope pilot ventures have been 
implemented that apply WGS and current 
bioinformatics examinations to existing foodborne 
diseases reconnaissance programs. All the more 
explicitly, these projects are pointed toward 
supplanting current subtyping approaches that 
support a great part of the advanced sanitation lab 
tasks, with WGS information for ongoing molecular 
observation. These modernization endeavours speak 
to one of the most urgent changes throughout the 
entire existence of sanitation, with advantages and 
in general effect just beginning to be figured it out. 
To get a sense of the scale required for this move, it 
is critical to survey the part of sub-atomic subtyping 
in irresistible infection observation and control. 

4.1 WGS as a swap for current subtyping 
techniques 

At its most basic level, subtyping is used to 
discriminate strains from the same species and to 
infer genetic relatedness, linking clinical cases 
representing a possible outbreak and further linking 
them to potential sources of infection [22]. More 
often, this goal is challenging to achieve amongst a 
background of sporadic cases in the absence of 
clear epidemiological links [23]. Use of 
standardized laboratory protocols, standardized 
approaches for analysis and interpretation of data, 
and a common convention for naming molecular 

subtypes, collectively have been critical to large-
scale deployment of subtyping for routine 
surveillance. 

In considering WGS as a swap for current 
subtyping techniques, it is important that in atomic 
the study of disease transmission the key 
supposition that will be that subtyping information 
is an intermediary for the fundamental genomic 
data from which it is inferred. Existing composing 
strategies would thus be able to be seen as 
transitory arrangements in a period when fast and 
modest WGS was impractical; rise of NGS and 
appropriation of WGS are settling this constraint for 
general wellbeing and sanitation examinations. 
Despite the fact that WGS information can be 
dissected utilizing a conventional phylogenetic 
structure, the use of NGS in epidemiological 
observation requires approaches for WGS-based 
subtyping and furthermore for relating WGS 
information to a subtype through a classification 
plot. WGS-subtyping encourages effective 
examination of WGS information and is 
fundamental given the exponential increment in 
accessible information. A terminology is 
indispensable to the correspondence of results to 
general wellbeing or sanitation experts, permitting 
the observing of epidemiological patterns and 
encouraging a quick reaction focused on sickness 
anticipation and control. 

Of the two main strategies proposed for WGS-
based subtyping, the first is based on the analysis of 
single nucleotide variant [SNV; also called single 
nucleotide polymorphism (SNP)] and small 
insertions/deletions (indels) between strains. 
Although this type of analysis can be performed on 
draft genome assemblies, several tools have been 
developed that directly compare raw sequence reads 
to a related reference genome sequence [24]. 

This process, which is referred to as variant 
detection by reference mapping, relies on 
algorithms that align each read to a reference 
genome and index the variation between them, also 
assigning confidence levels to each variant position 
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based upon the sequence coverage and level of 
agreement between reads supporting the SNV [25]. 
Reference mapping methodology has been used 
extensively in studies that have successfully used 
WGS in outbreak investigations [26]. Reference 
mapping also is the approach that has been 
employed in analyzing S. enterica data within the 
large-scale, international GenomeTrakr project 
[27]. 

The second major strategy for WGS-based 
subtyping is the ‘gene-by-gene’ approach, based on 
the original MLST concept [28] but extended to the 
whole-genome level (wgMLST) [29]. MLST is 
based on indexing variation where each locus, a 
gene or gene fragment, is used as the basic unit of 
comparison. 53 ribosomal protein subunit genes 
suitable for resolving bacterial isolates at all 
taxonomic levels; and core genome MLST 
(cgMLST) [30], which targets the genes shared by 
all or most members of a species (i.e., core genes). 
Genome-wide approaches to MLST have been 
applied to Campylobacter jejuni [31] and several 
other pathogens [32]. The approach recently has 
been validated in a PulseNet International pilot 
project performing real-time NGS-based typing of 
L. monocytogenes. PulseNet International also 
recently has committed to the wgMLST approach 
for their routine surveillance of foodborne disease 
[33]. 

A drawback of cgMLST is that the numbers of 
genes in the core for any group of strains are 
dramatically lower than the total number available 
in a species ‘pan-genome,’ which is comprised of 
both the core and any accessory genes present in 
only some strains [34]. It is possible, however, to 
design ad hoc MLST schemes based on the 
expanded number of genes shared by a smaller 
subset of genomes, thus providing additional 
discriminatory power when a low level of genetic 
variability is expected, as is the case in a rapidly 
expanding outbreak [35]. 

4.2 Quality control measures for WGS usage 

To allow rigid utilization of WGS information as 
standard general wellbeing practice, quality control 
measurements, (for example, arrangement 
inclusion) and understanding rules are required. 
Remorsefully, such measurements and standards 
are as yet being characterized for the field and stay 
a "moving objective." Additionally they do shift 
with bacterial species, the time period of an 
examination, and the philosophy attempted for the 
investigations; consequently, no simple "one size 
fits all" approach exists. In spite of the fact that it 
stays untimely to depict quality measurements and 
understanding models in explicit terms, key 
variables affecting grouping information age have 
been uncovered (in any event for the develop 
sequencing advancements) and there are continuous 
worldwide endeavours to formalize how to produce 
solid information and how to vigorously decipher 
the information with certainty. The undertaking is a 
troublesome one since the sequencing boundaries, 
time span of examination, and transformative 
elements of the creature all impact the connection 
of genomic variety and epidemiological 
understanding in a perplexing manner. Attributable 
to the significance of information age and 
understanding in foodborne episode examinations, 
they stay high needs and will get impressive 
consideration for years to come. 

 

VI. CURRENT BIOINFORMATICS TOOLS 

Several large-scale pilot projects have been 
implemented that apply NGS and modern 
bioinformatics analyses to existing foodborne 
disease surveillance programs. Whole genome 
sequencing (WGS) is now making it feasible to 
sequence food-borne isolates in real-time, such 
as during food-borne illness outbreak 
investigations [36] 

The utilization of bioinformatics in the 
microbiological risk examination is conveying clear 
advantages both for the examination of food borne 
microorganisms and for decision making on 
clinically significant treatments. 
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4.1Regulatory bioinformatics 

“Regulatory bioinformatics” strives to develop 
and implement a standardized and transparent 
bioinformatic framework to support the 
implementation of existing and emerging 
technologies in regulatory decision-making. For 
example, GSRS2015 explored a range of 
applications of regulatory bioinformatics in the 
development and use of medical products and as 
tools to manage the safety of the food supply 
[37]. 

4.1.1Current WGS technologies can be 
subdivided into two categories based on the 
length of the sequence reads they produce; 
(i) short read sequencing technologies, 
producing reads up to 600 base-pairs long 
(e.g., Illumina, Ion Torrent), and (ii) long 
read technologies, capable of producing 
reads longer than 1000 base-pairs and often 
longer than 70,000 base-pairs (e.g., Pacific 
Biosciences, Oxford Nanopore).  

5.2 Short read sequencing technologies: 

5.2.Illumina sequencing 

It is currently the prevailing HTS technology and 
also offers the highest fidelity.[40] The HiSeq2000 
and MiSeqIllumina platforms to community 
amplicon sequencing generates the information that 
on comparison, these differ in scale and thus 
support totally different applications. The HiSeq 
platform permits massively parallel sequencing at 
the lowest cost. Comparable information will be 
generated on the MiSeq for smaller projects where 
it's vital to process samples quickly.[45] 

5.2.2 Ion Torrent sequencing 

It generates comparable number of sequence reads 
and displays similar microbial community structure 
to that obtained in a pyrosequencing pilot study. Ion 
Torrent sequencing also proves to be accurate based 
on sequences generated in controls. [39] 

5.3 Long read technologies: 

PacBio and ONT are similar: long read length, high 
error rate and relatively low throughput. However, 
they have distinct aspects, such as homopolymer 
error in PacBio and context-specific mismatches in 
ONT. PacBio sequences a molecule multiple times 
to generate high-quality consensus data, while ONT 
can only sequence a molecule twice. Together with 
the higher quality of the raw data, PacBio can 
generate extremely-low-error-rate data for high-
resolution studies, which is not feasible for ONT. 
However, ONT has a few advantages: in addition to 
slightly longer mappable length, ONT MinION 
provides very high throughput as the nanopores can 
sequence multiple molecules.  [38] 

5.4 Metagenomics: 

Microbial community analysis of metagenomic 
samples using 16S rRNA sequencing has been 
applied to diverse studies like the study of bacterial 
communities associated with fresh vegetables etc. It 
has also been used for determining the sensitivity of 
metagenomic shotgun sequencing for detection of a 
pathogen contaminant associated with the 
spinach.[41] and Salmonella contamination among 
cilantro samples[43] The database-based approach 
for the strain-level analysis of metagenomic data 
permits to achieve bioinformatic separation of 
individual bacterial strains present in an enriched 
food sample.[42] Metagenomics identifies the 
entire gene content and when coupled to 
transcriptomics or proteomics, allows the 
identification of functional capacity and 
biochemical activity of microbial populations.[44] 

Although the application of NGS has brought great 
advances to epidemiological research over 
traditional methodologies for strain 
characterization, the whole process from the sample 
processing to sequencing and data analysis is more 
complex, leading to new challenges: multiple 
protocols for sample and library preparations are 
available and each sequencing run can use different 
versions of sequencing units and consumable 
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reagents; moreover, in terms of data analysis, there 
are potentially hundreds of different software and 
respective versions that can be used and need to be 
tracked. Therefore, to facilitate comparative 
analyses the entire process from sample to analysis 
of results should be annotated.[36] 

 

VII. FUTURE PROSPECTS AND 

DISCUSSION 

The first generation of genomic sequencing 
methods and analysis pipelines are now in the final 
stages of translation into routine application in 
modern food safety labs, and may soon replace 
many conventional laboratory tests. These 
advanced genomic and bioinformatics systems have 
proven their worth in reducing response times to 
emerging foodborne disease outbreaks, with 
substantial socioeconomic benefits in terms of 
improved public health, reduced health care costs, 
and avoidance of lost productivity due to illness 
(Scharff et al., 2016). The ongoing global efforts to 
modernize our food safety systems with genomics 
and bioinformatics have been impressive, but there 
remain many challenges and opportunities.[56] 

Our present investigative limit actually requires the 
refined of bacterial disengages, which can take a 
few days. Culture-autonomous indicative testing 
utilizing metagenomic advancements vows to get 
rid of essential refined of detaches, hence 
shortening our reaction times significantly more. 

Culture free metagenomics procedures have their 
own issues, notwithstanding, for example, the huge 
measure of non-target information produced, 
tainting from ecological sources, and a current 
failure to recognize arrangements got from live or 
dead microorganisms. The immense and ever-
developing size of the microbe genome information 
bases requires considerable superior processing 
assets and novel algorithmic ways to deal with 
investigate such huge informational collections on a 
valuable timescale.. Metadata normalization is 

gaining acceptable ground, however will require 
extensive continued exertion over several years to 
arrive at development. 

VIII. CONCLUSION 

While the developed countries have 
undertaken to use WGS for better surveillance and 
have already started sharing the data in different 
open-to-all databases, it is the low- and middle-
income countries that are short on enthusiasm of 
taking up new tools and technologies for the 
betterment of public health. This is a result of lack 
of human resources, communication and limited 
surveying.  

There are many ways for reaching out to these 
countries and different fields of research so that 
there will be a significant boost in the use of this 
new technology and also, monitoring and 
controlling of outbreaks of FBD would become 
uncomplicated when it comes to working together 
on a global scale. Writing and accessing substantial 
amount of literatures has been proven to show a 
positive shift in the willing nature of organizations 
to work towards it. Peer-reviewed literatures hold 
importance in this aspect. A surge of attention 
through press and commercial media platform is 
needed to support this system for its efficient 
working. Implementing various policies and 
regulations, such as asking people to contribute in 
sequencing studies, along with giving then the 
guarantee of confidentiality and ethical rights. 

More online databases should be available for free 
to reach out organizations that work towards this 
issue and also, to educational institutes so that the 
students can get an insight on the current progress 
of this system and its future aspects. There are 
several of these online platforms under 
development and many already available. 

Working with new technologies along with the 
traditional methods will give them a more 
transparent outlook on it. Translating this system 
globally would require the involvement of everyone 
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from clinicians to health experts, laboratories 
workers, researchers and the staff of assessment of 
these outbreaks. Workshops, collaborations, honest 
exchange of information, and response can lead to a 
acquiring major benefits for local, national and 
global public health. 
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