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Abstract 
Introduction. A variety of nucleic acid methods are currently utilized for detection/identification of organisms 

and their virulence factors/resistance determinants. Since the advent of the PCR, numerous applications in 

infectious diseases diagnostics have been developed. Real-time PCR allowed this transition of the scientific 

technology from basic research and reference into the mainstream clinical laboratories having the efficiency of 

detecting group B Streptococcus (GBS) and influenza virus within no time. 

Methods. Nucleic acid testing can be separated into amplified and non-amplified methods. Among the No 

amplified most common methods used are DNA-labeled or RNA-labeled probes that has target binding sites in 

the nucleic acid sequence and then accordingly form a signal in the attached reporter molecule. By the method 

of Target amplification different types of post amplification technologies can characterize the amplified targets 
nucleic acids. 
 Discussion. In recent decades’ different modalities and techniques have been revolutionized in diagnostic 

microbiology. Nuicleic acid tests are one among them, these tests are wholly and solely dependent on the 

detection of DNA or RNA of pathogenic microorganisms. 

Conclusion. By concluding the molecular diagnostics of infectious diseases will be focusing to extract the 

increased amount of information with markedly simple, rapid techniques were complex software analysis are 

required so as   to resolve the data for use in clinical decision-making. 
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I. Introduction 
The introduction of nucleic acid based tests that lead to the multiplication of a few target molecules to a 

detectable level are gradually replacing or complementing culture based,biochemical, and immunological assays 

in routine microbiology laboratories. Moreover, testing of the drug susceptibility for proper treatment decision is 

also made by these advanced techniques. Not only at the individual level but these tests have an important role 

at the community level through epidemiological typing of the isolated and identified bacterial species. PCR is a 

Revolution in Science that relies on, cycles of repeated heating and cooling of the reaction for DNA melting and 

enzymatic replication of the DNA. Great mind behind this PCR was Kary Banks Mullis who Developed PCR 
in 1985 and was awarded nobel prize in 19931. Modification of PCR the real-time PCR which is based on phase 

hybridization methods in which fluorescent-labeled probes are used for amplification. There are various probe 

technologies using the different real-time thermocycling instruments2,3. On the literature review various home-

brew PCR assays are described based on species specific DNA fragments, genes encoding for toxins as well as 

virulence factors4. In the beginning main focus of these in vitro diagnostic companies was development methods 

for virological applications. But now these assays are designed mainly for identification of slow-growing or 

uncultivable organisms. Other than DNA or RNA amplification ligase chain reaction (LCR) and nucleic acid 

sequence-based amplification (NASBA) for bacterial diagnostics are used respectively. Because of the large 

scale research on the microbial genetics new methodologies based on nucleic acid have been developed that 

results in the extensive use of these molecular assays in the microbiology5.  

This review provides a brief overview of molecular diagnostic methods used for detection, 
identification, and bacterial typing as well as discuss the comparison of these new diagnostic methods with the 

conventional this microbiology.   
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II. Methods 
Nucleic acid testing can be separated into amplified and unamplified methods. These methods mainly detect the 

DNA or RNA sequences specific for the specific organisms. These sequences can be amplified or not amplified, 

on that basis classification of nucleic acid tests are done. Because of the specificity and highly sensitivity of 

these tests all types of microorganisms can be detected.  

Unamplified testing 

The methods in which there is no needs of amplification for example where culture of the organisms has been 

done and sufficient concentration of specimen is present 

Nucleic acid amplification 

 The amplification procedures are required where neither culture of the organism can be done nor they can be 

identified by other methods for example mycobacteria, viruses and fungi etc. By the amplification methods 

these nucleic acids DNA or RNA can be replicated several times so that the sufficient amount of specimen is 
available for the identification. 

There are various tests in which amplification is done:  

 One is Target amplification which includes PCR, reverse transcriptase–PCR (RT-PCR), strand 

displacement amplification, transcription amplification 

 Second method is Signal amplification which includes branched DNA assays, hybrid capture 

 Third method is Probe amplification which includes ligase chain reaction, cleavase-invader, cycling 

probes 

 In PCR many copies of specific DNA sequence is formed. By this method pictograms of nucleic acids can be 

amplified to micrograms in a very short period of time. The reason of  the specificity and rapidity of PCR  it has 

replaced every other NA procedure in clinical labs.various types of PCR are: Colony PCR ,Nested PCR, 

Multiplex PCR,Hot Start PCR ,Inverse PCR,Asymmetric PCR,Long PCR,Reverse Transcriptase PCR,Real time 
PCR,Touchdown PCR . 

 Steps in PCR are: 

 

DENATURATION: At the temperature ≥95°C target DNA is denatured (melted). Denaturation sustains until 

the temperature remains ≥95°C and strands remain melted 

 , at this temperature base pairs can be recovered. 

 

 ANNEALLING: In this step addition of primers is done for binding to their    respective complementary target 

regions. These primers are synthetic oligonucleotides made for annealing with the known target nucleic acid 

sequence. The temperature required for this step vary greatly from 40°C to 70°C. 

 

 EXTENSION: On addition of DNA Pol at the temperature of 72°C replication of DNA occurs just like the 
natural replication and formation of DNA copies occurs adjacent to the template DNA and extend across the 

areas between the primers. The temperature varies according to the DNA Pol used. 

 

CYCLE: In programmed thermocycler most commonly 30-35 cycles are performed by alternate heating and 

cooling. Approximately 235 copies are required for one template of DNA. . 

Gel electrophoresis with or without hybridization can be used for identification of Amplified DNA (amplicons)1.  

 

Reverse Transcriptase (RT) PCR 

To detect the RNA virus an enzyme namely reverse transcriptase (RT), is used for reverse transcription of RNA 

into cDNA. Hence it can be used for detection of various infectious diseases caused due to RNA virus. Besides 

that various expression studies are conducted for determination of difference between normal and diseased 
tissues6 . 

Real-Time (rt) PCR and/or Quantitative PCR (qPCR) 

One of the fastest growing PCR technology is real time PCR. Fluorescent dye, SYBR Green is used for the 

detection of DNA amplicons. Specific oligonucleotides are used for detection of target DNA. But the limitation 

of the syber Green is that it can bind to double stranded DNA and upon excitation emits light and can result an 

overestimation of the target concentration2.   

Signal amplification with branched DNA assays 

This method is based on the signal  amplification of branched DNA probe that binds with the 

specific nucleotide sequence. Between the target-specific oligonucleotides sequence of interest is captured hence 

this method is also called sandwich nucleic acid hybridization method. This method was initially used for viral 

loads (HIV-1 and HCV) detection. But now this method is used for microarray validations well as biomarker 

discovery to predictive toxicology7.    
 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nucleotide
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/nucleic-acid


A review of nucleic acid tests in diagnostic microbiology 

DOI: 10.9790/0853-2009025457                                www.iosrjournal.org                                                56 | Page 

Probe amplification by ligase chain reaction  

The Ligation of adjacent oligonucleotides was first investigated by Besmer et al. in 1972. This method was 

initially used for identification of specific genetic disorders like sickle cell animia but now it is used for 
detection of various infectious diseases.It is now method of choice for urogenital infections caused because of 

Chlamydia trachomatis .Four types of  thermostable ligases used in LCR reactions are Taq ligase, Pfu, Tth, 

Amplicase8. 

 Loop Mediated Isothermal Amplification (LAMP) 
At the temperature of 630c both the Amplification and detection of gense is possible in a single step, by 

incubating all the constituents like primers DNA polymerase and substrates. By this method both DNA as well 

RNA of the pathogenic microorganisms can be detected earlier than PCR. There is no need of thermocycler for 

this method. In a modification that is real time accelerated reverse transcription loop mediated isothermal 

amplification (RT-LAMP) assays in a very short interval detection of the organisms like West Nile, Dengue, 

Japanese encephalitis H5N1- highly pathogenic avian influenza is possible9. 

 Random Amplified Polymorphic DNA (RAPD) PCR  
This methods is used for the study purpose at the individual level as well as to the species by genetic 

identity,moreover that it has an application in the gene mapping.But the popularity of this method is very poor 

because of its inappropriate inferences resulted due to week reproducibility, faint or fuzzy products as well as 

difficulty in scoring bands10,11. 

Restriction Fragment Length Polymorphism (RFLP) 
This method is based on the enzyme Restriction Endonucleases. Differentiation of organisms is done by 

analyzing the patterns which is derived from cleavage of their DNA. RELP can be scored either by Southern 

hybridization or by PCR. Initially this method was used for genetic map construction, but now it has an 

application in the phylogenetic studies12. 

 

III. Discussion 
 In recent decades’ different modalities and techniques have been revolutionized   in diagnostic 

microbiology. Nuicleic acid tests are one among them,these tests are wholly and solely dependent on the 

detection of DNA or RNA of pathogenic microorganisms.A vast number of nucleic acid tests have been 

developed like Colony PCR ,Nested PCR, Multiplex PCR,Hot Start PCR ,Inverse PCR,Asymmetric PCR,Long 

PCR,Reverse Transcriptase PCR,Real time PCR,Touchdown PCR .These tests have been  implemented into 

routine usage in many laboratories worldwide13.Not only in laboratory setup but these test are developed in such 

a manner that they can be used in house also. Introduction of these tests replaced a number of traditional 

bacteriology tests. By the rapidity of these tests an effective and prompt treatment can be given to the patients 

 

IV. Conclusion 
By concluding the molecular diagnostics of infectious diseases will be focusing to extract the increased 

amount of information with markedly simple, rapid techniques were complex software analysis are required so 

as to resolve the data for use in clinical decision-making. By the introduction of these new technologies vast 

number of viral and other microbial diseases have been diagnosed in a very short period of time. Although 

Conventional microbiology will not be replaced by these methods but multiparameter identification of various 

pathogens using techniques like, rapid realtime PCR are incorporated in the routine laboratories. Furthermore, 

this is not an end more and more molecular research as well as development of more sophisticated technologies 

are required for investigation of the diversity and pathogenicity of microbes and the relationship with their host.  
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