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Abstract
Rapid isolation, characterization, and identification are prerequisites of any successful medical intervention to infectious 
disease treatment. This is a real challenge to the scientific as well as a medical community to find out a proper and robust 
method of pathogen detection. Classical cultural, as well as biochemical test-based identification, has its own limitations to 
their time-consuming and ineffectiveness for closely related pathovars. Molecular diagnostics became a popular alternative to 
classical techniques for the past couple of decades but it required some prior information to detect the pathogen successfully. 
Recently, with the advent of next-generation sequencing (NGS) technology identification, and characterization of almost 
all the pathogenic bacteria become possible without any information a priori. Metagenomic next generation sequencing is 
another specialized type of NGS that is profoundly utilized in medical biotechnology and diagnostics now a days. Therefore, 
the present review is focused on a brief introduction to NGS technology, its application in medical microbiology, and pos-
sible future aspects for the development of medical sciences.

Keywords Next generation sequencing · Pathogen identification · Whole genome sequencing · Medical microbiology · 
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Introduction

Medical microbiology is an important field of research 
since the past, which deals with the identification, charac-
terization, and prevention of any disease-causing microor-
ganisms. The infectious disease can be caused by a virus, 
bacteria, fungi, algae as well as many other eukaryotic 
microscopic organisms too (Daszak et al. 2000). Initial 
diagnosis of any infectious disease largely depends upon 
successful, proper as well as quick detection of the patho-
gen (Stafford et al. 2020). The identification of the patho-
gen is solely dependent on culture methods in diagnostic 
laboratories. These culture methods are time-consuming 
as different disease-causing microorganisms demand 
varied incubation times for their required growth. Many 
molecular and biochemical test kits are also available in 
the market for the quick identification of the pathogen. 

Although kit-based methods are quick, it demands more 
accuracy in many cases. The pathogenic variability and co-
evolutionary modifications of the microorganisms evade 
many pathogens from successful identification in many 
cases (Deurenberg et al. 2017). For this problem, molecu-
lar diagnostics become increasingly popular day by day 
(Taylor et al. 2015). During the last two decades, molecu-
lar characterization of the pathogen is customarily done 
through ribosomal DNA (rDNA) sequencing methods. The 
prokaryotic microorganisms are characterized through 
16 s rDNA sequencing and characterization of eukaryotic 
microorganisms are done through 18 s rDNA sequencing 
technology (Deurenberg et al. 2017). The sequence data 
is then matched with available rDNA sequence data using 
a different molecular analysis tool for the accurate detec-
tion of the pathogen (John et al. 2021). This technique can 
identify the pathogen (both culturable and non-culturable) 
correctly but it needs some specific background informa-
tion to perform the experiment. Any novel pathogenic spe-
cies is not only very much difficult to identify through this 
technique but characterization, as well as probable preven-
tion strategy determination, also become a big problem. 
The repetition of sequence experiment with each sample 
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and performing molecular analyses every time also needs 
some expertise from the laboratory personnel. On the other 
hand, generation of molecular signatures for the pathogens 
will probably be the answer for every problem. The pro-
duction of molecular signature tools can only be possible 
after quick and complete molecular characterization of any 
pathogen. Next-generation sequencing technology brings 
the opportunity for robust and efficient characterization of 
the whole genome of any pathogenic organism at any point 
in time (Deurenberg et al. 2017). NGS can allow the rapid 
characterization of any unknown pathogenic microorgan-
isms too (Li et al. 2020). This information will not only be 
utilized for the identification of the pathogen but the flood 
of sequence information can also help to study detailed 
molecular host–pathogen interaction dynamics for a par-
ticular pathosystem (Leekitcharoenphon et al. 2014). This 
technology will solve many complex puzzles in medical 
sciences to promote prevention and drug design attempts 
to the new direction in the future. The rapid and accurate 
detection of pathogens by NGS help to identify widespread 
pathogen during any disease outbreak and help to provide 
“point of care” to the individual patients (Gwinn et al., 
2019). In this view, the present review focuses on a brief 
introduction to next-generation sequencing techniques and 
the application of the same in the identification of different 
pathogenic microorganisms. The possibility of this revo-
lutionary molecular biological technique in future diag-
nostics has also discussed with its challenges and many 
pertinent questions.

Next‑generation sequencing (NGS) 
technology, an introduction

Next-generation sequencing is named as it is the genera-
tion next to the universal Sanger sequencing techniques. 
Although the basic principle of sequencing is the same, 
NGS provides wide possibilities concerning time, size of 
information, and accuracy. Most importantly NGS doesn’t 
require any previous genetic information to sequence a 
genome (Behjati and Tarpey 2013). A reference genome 
sequence can be generated from the de novo sequencing 
data of any genome of interest and the gene sequences are 
aligned over that reference sequence (Serwecińska 2020). 
Many sequencing platforms are available recently to per-
form the analysis according to the requirement (Table 1). 
The NGS sequencing can be applied to the genome (DNA 
Seq) or transcriptome (RNA Seq) to decipher the sequence 
information of the nucleotides (Ansorge 2009; Wilson et al. 
2014). The DNA and/or RNA are sheared at first into smaller 
fragments then universal adaptor primers are ligated and 
polymerase chain reaction (PCR) based multiplication is 
performed, which is termed as clonal amplification (Behjati 
and Tarpey 2013). The sequencing of each of these frag-
ments is then performed i.e., multiple sequence informa-
tion is obtained for a single fragment of nucleotide (deep 
sequencing techniques). This method increases the chance 
of gaining insight into the low abundance as well as rare 
transcripts in the sample (Serwecińska 2020). The informa-
tion is quantified in terms of fluorescence value for each 

Table 1  Principle NGS platforms used in medical microbiology

Next generation sequencing platform Sequencing chemistry Read length Relevant URL

Roche 454-titanium FLX Pyrosequencing 400 bp https:// www. roche. com/ media/ relea 
ses/ med- cor- 2011- 06- 28t. htm

Roche 454-GS Junior Pyrosequencing 400 bp, 50 MB per run https:// www. roche. com/ media/ relea 
ses/ med- cor- 2011- 06- 28t. htm

Illumina/Solexa HiSeq 2000 Reverse Terminator Chemistry 600 bp per run https:// www. illum ina. com/ docum ents/ 
produ cts/ datas heets/ datas heet_ hiseq 
2000. pdf

Illumina/Solexa MiSeq Reverse Terminator Chemistry 2 × 150 bp 300 bp https:// www. illum ina. com/ syste ms/ 
seque ncing- platf orms/ miseq. html

Helicos Biotechnologies Reverse Terminator Chemistry 25–55 bp, 28 GB per run www. helic osbio. com
http:// seqll. com/

ABI/ Life Technology SOLiD 
5550XL

Ligation chemistry 2 × 60 bp, 15 GB per day http:// www. colum bia. edu/ cu/ biolo 
gy/ cours es/ w3034/ Dan/ readi ngs/ 
SOLiD_ System_ Broch ure. pdf

ABI/ Life technology/Ion torrent H + ion sensitive transistor 320 MB per run https:// www. therm ofish er. com/ in/ en/ 
home/ brands/ ion- torre nt. html

Oxford Nanopore MinION Flow cells with nanopores on electro-
resistant membrane. Electropho-
retic movement of nucleic acids 
generates characteristic ‘squiggle’, 
decoded by base call algorithms

 ~ 10 KB to 150 KB
1D read length 300 KB; 

2D read length 60 KB
Realtime extended reads

https:// nanop orete ch. com/ produ cts/ 
minion

https://www.roche.com/media/releases/med-cor-2011-06-28t.htm
https://www.roche.com/media/releases/med-cor-2011-06-28t.htm
https://www.roche.com/media/releases/med-cor-2011-06-28t.htm
https://www.roche.com/media/releases/med-cor-2011-06-28t.htm
https://www.illumina.com/documents/products/datasheets/datasheet_hiseq2000.pdf
https://www.illumina.com/documents/products/datasheets/datasheet_hiseq2000.pdf
https://www.illumina.com/documents/products/datasheets/datasheet_hiseq2000.pdf
https://www.illumina.com/systems/sequencing-platforms/miseq.html
https://www.illumina.com/systems/sequencing-platforms/miseq.html
http://www.helicosbio.com
http://seqll.com/
http://www.columbia.edu/cu/biology/courses/w3034/Dan/readings/SOLiD_System_Brochure.pdf
http://www.columbia.edu/cu/biology/courses/w3034/Dan/readings/SOLiD_System_Brochure.pdf
http://www.columbia.edu/cu/biology/courses/w3034/Dan/readings/SOLiD_System_Brochure.pdf
https://www.thermofisher.com/in/en/home/brands/ion-torrent.html
https://www.thermofisher.com/in/en/home/brands/ion-torrent.html
https://nanoporetech.com/products/minion
https://nanoporetech.com/products/minion
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base and the intensity calculation will ultimately determine 
the abundance of the nucleotide fragment. In the case of 
transcriptome sequencing, differential expression of genes 
(DEGs) can also be deduced from the base mean values of 
each transcript (Gupta et al. 2017). In the case of DNA seq, 
the different fragments are aligned and mapped against the 
published genomic sequence or de novo reference sequence 
of the genome (Ansorge 2009). This analysis required state 
of art bioinformatics, statistical as well as computation 
facilities. The huge data generated through this NGS is very 
much difficult to handle and required expertise to extract 
valuable information out of that flood of information. The 
storage of the raw data for future analyses is another chal-
lenge but this information, if properly managed, has huge 
possibilities in pathogen detection as well as drug target 
determination in clinical microbiology.

Metagenomic next‑generation sequencing 
(mNGS)

The NGS technology gradually replaces other molecular 
techniques to identify pathogenic microorganisms due to 
its rapid and flexible analytical capabilities. This technique 
can simultaneously and continuously sequence billions of 
nucleotide fragments. The transcripts originated due to indi-
vidual sequencing events then overlapped to generate con-
tigs. Finally, these contigs are mapped against a reference 
genome as discussed earlier. Metagenomic NGS (mNGS) 
is a specialized form of NGS technology, where a mixed 
population of nucleotides can be successfully sequenced 
and matched with the cognate genome to identify the types 
and approximate numbers of the microorganisms present 
in a given sample. So, mNGS can able to identify nucleo-
tides from microorganisms that belong to diverse taxonomic 
groups. This method has tremendous application in the 
identification of poly pathogenic organisms, cause of any 
outbreak, mutation analysis, disease tracking, etc. Different 
clinal samples e.g., blood, body fluids, ocular fluid, respira-
tory samples, cerebrospinal fluid, alveolar fluids, etc. can be 
used as samples for mNGS analysis (https:// asm. org/ Artic 
les/ 2019/ Novem ber/ Metag enomic- Next- Gener ation- Seque 
ncing- How- Does- It accessed on 1st January 2022). Targeted 
PCR-based identification of polymicrobial infection has been 
performed using specific primers designed from conserved 
16S ribosomal RNA (16S rRNA) and internal transcribed 
spacer (ITS) sequences. Although, this broad PCR technique 
has long been used to identify pathogens, due to the use 
of specific primers set they are considered to be biased as 
compared to mNGS. Multiple base calls originated from 16S 
rRNA sequencing of polymicrobial samples develop mixed 
nucleotide chromatogram is very common to constrain in 
microbial identification (Lecuit and Eloit 2014). Sometimes 

deconvolutional computation methods are used to counteract 
this problem, mNGS can efficiently minimize such limita-
tions to rapidly identify mixed microbial clinical pathogens 
(Han et al. 2019).

Application of next‑generation sequencing 
technology in medical microbiology

NGS technology has an enormous application on medi-
cal microbiology and the prognosis of infectious diseases. 
In 2014, the Centers for Disease Control and Prevention 
(CDC) established Advanced Molecular Detection (AMD) 
program that integrates pathogen genome sequencing by 
NGS with disease surveillance mechanisms in US public 
health system (Gwinn et al. 2019). NGS is proved to be an 
expedient approach for whole-genome sequencing of many 
microorganisms which helps the scientist to find out many 
questions regarding pathogens e.g., genome information, the 
virulence of the pathogen, antibiotic sensitivity, etc. (Didelot 
et al. 2012). Not only restricted to the bacteriology virus 
identification and viral transcriptomics is also revolution-
ized on the advent of next-generation sequencing platforms 
(Sabapathypillai et al. 2021). Many infectious viral particles 
e.g., influenza virus, human immunodeficiency virus (HIV), 
human hepatitis C virus quasi-species, etc. are characterized 
and host modifications are identified through this technique 
(Barzon et al. 2011). The NGS-based diagnostics has now 
widely been used to identify different pathogenic microor-
ganisms from critical clinical samples (Table 2).

NGS in molecular diagnostics

Molecular diagnostic is an emerging field in medical micro-
biology and gaining continuous popularity with the advent of 
NGS technology. Molecular diagnostic is a wide subject and 
recent developments generate huge numbers of examples. 
With the limited scope of this article, some of the recent 
interesting findings in molecular diagnostics which are 
related to NGS technology are discussed here. The microbi-
ome present in bronchoalveolar lavage (BAL) samples col-
lected from the patients with Clinical Pulmonary Infection 
Score (CPIS) ≥ 6 points admitted in a surgical intensive care 
unit (SICU) were analyzed through NGS (Janda and Abbott 
2007). Recently, an interesting finding was observed in BAL 
fluid (BALF) diagnostics performed with 35 critically ill 
immunocompromised or non-immunocompromised patients. 
It had been observed that metagenomic next-generation 
sequencing (mNGS) is more sensitive and specific in path-
ogenic detection than PCR-based techniques. Nonetheless, 
13 samples were found positive by mNGS based diagnostics 
which were previously found negative by culture/smear and 
PCR-based technique (Liu et al. 2021). Besides, microbial 

https://asm.org/Articles/2019/November/Metagenomic-Next-Generation-Sequencing-How-Does-It
https://asm.org/Articles/2019/November/Metagenomic-Next-Generation-Sequencing-How-Does-It
https://asm.org/Articles/2019/November/Metagenomic-Next-Generation-Sequencing-How-Does-It
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detection NGS also has tremendous application in cancer 
biology and diagnostics. Recently, The European Society for 
Medical Oncology (ESMO) has approved the application of 
NGS in some oncogenic detection e.g., advanced non-squa-
mous non-small-cell lung cancer (NSCLC), prostate cancers, 
ovarian cancers, and cholangiocarcinoma (Naccache et al. 
2014). Besides, primary immunodeficiency diseases (PID) 
could also be detected early and molecular diagnostics pro-
vide immense opportunity in the determination of medical 
strategies (Tang et al. 1997).

Application of NGS in the identification of bacterial 
pathogens

In May 2011 O104:H4 strain of Escherichia coli caused 
an outbreak and many deaths in Germany due to hemo-
lytic uremic syndrome (HUS). The cause of the outbreak 
remained unidentified as the particular serotype was rarely 
detected within animals. The whole-genome sequencing 
and the characterization of E. coli O104:H4 strain were 
performed using NGS technology in a record minimum 
time (Mosele et al. 2020). Later on, an outbreak of methi-
cillin-resistant Staphylococcus aureus (MRSA) in a neona-
tal intensive care unit has been detected through NGS and 
prevented promptly after determination (Boheemen et al. 
2020). NGS-based mutagenicity assay has been performed 
to identify genome-wide chemically induced mutations in 
Salmonella typhimurium LA 2 strains (TA98 and TA100) 

(McInerney et al. 2017). The multidrug-resistant Salmo-
nella typhimurium ST313 strain is an emerging threat to 
mankind and it necessitates the whole genome analysis of 
all the typhoidal as well as non-typhoidal Salmonella sp. 
in detail (Wang et al. 2009). Salmonella enterica has dif-
ferent close serovars that cause gastrointestinal infections 
in massive ways. The closely related serovars are very 
much hard to detect properly because of their genomic 
similarities. Recently, WG-NGS associated with single 
nucleotide polymorphism (SNP) can able to detect Sal-
monella enterica serovar Enteritidis outbreak rapidly in 
an efficient fashion (Tettelin et al. 2005). Another detailed 
analysis has been performed to compare the whole genome 
of Salmonella typhimurium, S. enteric, and S. derby to 
determine the SNP tree for Salmonella (Lefterova et al. 
2015). Adult respiratory distress syndrome caused by 
Chlamydia psittaci is a severe but rare disease and is very 
difficult to identify in its early stage of infection. It causes 
advanced infection associated with non-responsiveness of 
antibiotics and septic shock to the patients. A very efficient 
mNGS based detection tool has been developed recently 
to diagnose psittacosis pneumonia that reduces the time 
between infection and detection and hence the severity of 
the disease (Chen et al. 2020). Thus, NGS technology has 
an immense impact on medical microbiology and infec-
tious disease control. Presently this technology is well 
tested and waiting for the widespread application for the 
betterment of the society globally.

Table 2  Application of next generation sequencing (NGS) technology in identifying pathogenic microorganisms

Platform Sample Pathogen Reference

NGS (Sequence-based ultra-
rapid pathogen identification, 
SUPI)

Clinical samples Mixed population Naccache et al. (2014)

NGS Cerebrospinal fluid Streptococcus pneumoniae Guo et al. (2019)
NGS (BGISEQ-50 platform) Cerebrospinal fluid Toxoplasma gondii Hu et al. (2018)
NGS (Illumina, Nanopore) Body fluids Mixed population Gu et al. (2020)
NGS (Nanopore, MinION) Blood Bacteremia (Sepsis) Grumaz et al. (2020)
NGS Blood serum Murine typhus (Rickettsia typhi) Stafford et al. (2020)
mNGS Ophthalmic fluid Corneal disease, Conjuctivitis e.g., Vittaforma

Corneae, Capnocytophaga keratitis etc
Sabapathypillai et al. (2021)

NGS along with pan fungal PCR BALF Scedosporium apiospermum, Fusarium spp., Aspergil-
lus spp., Candida spp., Fusarium spp.

Kidd et al. (2020)

NGS (Nanopore sequencing) Respiratory samples Fungal and Bacterial pathogens Chan et al. (2020)
NGS Blood samples Mixed population Geng et al. (2021)
mNGS BALF Mycobacterium tuberculosis Liu et al. (2021)
mNGS Clinical sample from 

transplant recipients
cytomegalovirus, Epstein–Barr virus, BK virus, human 

adenovirus, JC virus, herpes simplex virus 1 and 2, 
varicella zoster virus, human herpesvirus 6A and 6B, 
and parvovirus B19 et

Sam et al. (2021)

NGS (Poly-dynamic modelling) Clinical blood samples COVID 19 John et al. (2021)
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Application of NGS in the identification 
of pathogenic virus

Viral diseases are always challenging due to the unavail-
ability of effective anti-viral drugs and generally high rate of 
transmission of the disease. On the other hand, the virus is 
capable of frequent mutations, which exhibit altered symp-
toms, transmissibility and make existing medication strate-
gies ineffective. The development of a proper identification 
strategy of the virus, as well as mutant variants, would pro-
vide the opportunity to contain the spread of the disease as 
well as antiviral therapy. Meningoencephalitis is very much 
difficult to identify by routine laboratory tests as many causal 
organisms are producing similar types of symptoms but the 
NGS technique can identify the causal organism from dif-
ferent source samples easily (Gwinn et al. 2019). In another 
case, unbiased metagenomic next-generation sequencing has 
revealed Astrovirus infection in an immunosuppressed adult 
due to allelogenic bone marrow transplantation with acute 
encephalitis (Radford et al. 2012). Recently, metagenomic 
next-generation sequencing (mNGS) has been standardized 
to identify viral meningoencephalitis in a cost-effective and 
resource-limited situation (Hong et al. 2020). Among many 
other viral diseases, flu caused by the influenza virus is the 
reason for many deaths across the world. Despite routine 
vaccination, several mutant strains are generated which can 
easily be detected using NGS techniques (Wain et al. 2013). 
Most respiratory infections are caused by viral infections. 
Sometimes mixed population of virus make the situation 
complicated to detect through a classical mode of detection. 
Such kind of “pan-pathogenic” detection e.g., simultane-
ous detection of DNA and RNA virus is possible by mNGS 
technique (Poelvoorde et al. 2020). Blood and BALF are 
the common sampling method for most NGS-based diag-
nostics of virus. In a study with 109 patient groups different 
other samples were also used e.g., tissue, sputum, pleural 
effusion, cerebrospinal fluid (CSF), pus, bone marrow, and 
nasal swab, etc. above-mentioned samples were analyzed 
using classical as well as mNGS based detection tools in 
different groups. In all the cases mNGS was found to be 
more effective in detection efficiency as sensitivity (Duan 
et al. 2021). The recent pandemic outbreak caused by severe 
acute respiratory syndrome coronavirus 2 (SARS CoV 2) 
costs huge loss across the globe. Human civilization has 
faced continuous challenges due to the rapid mutation of this 
virus and subsequent waves of infections (Bhar 2021). Dif-
ferent platforms of NGS had been tested to detect mutational 
variations and to decipher genomic complexities (Chiara 
et al. 2021). This rapid sequencing capacity, generation of 
huge data, and greater sensitivity towards single nucleotide 
polymorphism (SNP) detection capacitate generation of a 
huge genomic information repository in a record minimum 
time. This data can be utilized in anti-viral drug discovery 

as well as effective vaccine hunts. Besides detection, NGS 
can also be used as a tool for surveying epidemiology of the 
infectious disease like COVID 19. The huge data originating 
using this technology may also be utilized to evaluate the 
possible evolutionary origin of this new pathogenic virus. 
Several “poly-dynamic modeling” based approaches in mon-
itoring SARS CoV 2 had been proposed recently (Kidd et al. 
2020). Although NGS has enormous possibilities in molecu-
lar diagnostics particularly monitoring pandemic situations, 
massive operational cost per sample and specialized skill to 
perform and analysis are the key constraints.

“Pan‑genome analysis”, the future 
of molecular diagnostics?

The word “pan” originated from a Greek word that means 
“whole” or “entire”. The term “pan-genome” was first used 
by Tettelin et al., 2005 while describing genome analyses of 
different isolates of Streptococcus agalactiae (Ugolotti et al. 
2017). Identification of polymicrobial samples is a chal-
lenging task. Besides microbial identification, pan-genome 
analysis has wide application in therapeutic strategies, 
gene manipulative techniques, development of antiphase 
defense, analysis of antimicrobial resistance response, etc. 
(Kommedal et al. 2008). The uncontrolled and non-specific 
use of many antimicrobials especially, antibiotics tend to 
generate many antibiotic-resistant bacteria (Socransky and 
Haffajee 1992). These concerning pathogens have been cat-
egorized as “priority pathogens for R&D of new antibiot-
ics” by World Health Organizations (WHO, http:// www. 
who. int/ media centre/ news/ relea ses/ 2017/ bacte ria- antib 
iotics- needed/ en/). On the other hand, different “emerging 
infectious pathogens” have been categorized by the National 
Institute of Allergy and Infectious Diseases (NIAID, https:// 
www. niaid. nih. gov/ resea rch/ emerg ing- infec tious- disea ses- 
patho gens), which may consider being threats of many future 
outbreaks (Kommedal et al. 2008). The pan-genome analysis 
develops the “core genome” and “accessory genome” of a 
given clade of microorganisms. Core genomes are conserved 
and common among the members of that particular clade, 
hence, constituting essential genes for the growth, develop-
ment, and vitality of that particular clade. Whereas, acces-
sory genomes are the assemblage of genes that are present 
in a single or some members of that clade (Mellmann et al. 
2011). This data is not only been used for the identifica-
tion of pathogenic microorganisms but entails evolutionary 
trajectories of those pathogens (Kommedal et al. 2008). 
Besides, this pan-genomic data can be successfully used to 
develop antimicrobial drugs targeting a group of pathogenic 
organisms belonging to a particular clade. Antibiotic resist-
ance response can also be analyzed easily with this data and 
possible strategies will be adopted to counteract the same.

http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/
http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/
http://www.who.int/mediacentre/news/releases/2017/bacteria-antibiotics-needed/en/
https://www.niaid.nih.gov/research/emerging-infectious-diseases-pathogens
https://www.niaid.nih.gov/research/emerging-infectious-diseases-pathogens
https://www.niaid.nih.gov/research/emerging-infectious-diseases-pathogens
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Conclusion and future questions

The utmost priority is always given to the medical sciences 
and allied research globally. The application of cutting-edge 
technologies in the identification of pathogenic microorgan-
isms is always necessary for proper diagnostics. Culture-
based identification of the pathogen is widely used but 
demands huge time and is not applicable for non-culturable 
microorganisms. Molecular diagnostics is presently appreci-
ated for its efficiency as well as rapid identification of the 
pathogen. Presently many molecular diagnostics tool/ kit is 
available in the market for pathological screening but lack 
of sensitivity to discriminate two closely related serovars is 
a major problem. Polymerase chain reaction (PCR) based 
methods are found to be efficient in many cases but lack 
of genome information for many pathogenic organisms 
restricts its full utilization in laboratories. Recently, next-
generation sequencing technology revolutionize medical 
microbiology dramatically. Although, NGS-based whole 

genome sequencing and characterization of many known as 
well as unknown microorganisms have already been started, 
a huge database is required to address the future challenge 
in this field. The storage of huge data and specific scientific 
expertise is a big challenge for its application in medical 
sciences. On the other hand, the ability to detection of patho-
gens from metagenomic samples largely depends on sample 
quality, complexity, and range of pathogen diversity of the 
said sample. Less complex samples have a higher chance of 
detection of pathogens, even organism-specific microorgan-
isms can be detected faster. Besides, intrinsic characteristics 
of the pathogen e.g., excessively small genome size may 
interfere with proper identification by NGS methods; in such 
cases, PCR-based methods are best suited (Frey and Bishop-
Lilly 2015). Judicial utilization and an organized scientific 
approach can meet the target without any difficulties. Along 
with the sequencing identification of proper markers for the 
pathogen and the development of sequence-based biosen-
sors will resolve the crisis in the future (Fig. 1). Besides, the 

Fig. 1  The schematic representation of different approaches for the identification of pathogenic microorganisms from clinical samples
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cost of NGS as compared to the other classical diagnostics 
is another constraint for its utilization in full potential in 
developing countries. Although a long way to go but NGS 
based techniques will occupy the position of an important 
molecular diagnostics tool in near future (Fig. 2).
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