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PREFACE 
Animal husbandry, fisheries and dairy development has a great contribution in India’s 

economy. The sustained quality supply of commodities like milk, meat, eggs, manure, wool, 
hides etc. to consumers can only be ensured by maintaining healthy animals by accurate and 
timely diagnosis of the infectious diseases. The purposes of the diagnostic tests are rapid 
identification of pathogens for confirming the health status of animals, management & control of 
animal diseases and facilitation in the safe trade in animals and animal products. The focus 
should be multiple pathogen detection technologies that are rapid, accurate, cost effective, 
sensitive, and specific, have potential for automation and can be used under field conditions. 
Instead of having a plethora of tests being used in individual labs, the need of the hour is to have 
validated diagnostic tests that will have broad recognition and value in different diagnostic 
settings.  
 The strategic planning and effective implementation of national animal health policy will 
define the types of laboratory tests required. The governance, management and quality assurance 
of veterinary laboratories is of utmost importance for maintaining the effective delivery of 
diagnostic services. The OIE Office International des Epizooties (OIE) now renamed as World 
Organization for Animal Health is a global reference organisation that sets and documents 
standards that ensure worldwide safe trading in animals and animal products as outlined under 
the WTO SPS Agreement. Besides these, the OIE also prescribes standards for animal disease 
surveillance, laboratory diagnostic, vaccine quality and prevention and control strategies for 
diseases of terrestrial and aquatic Animals.Accreditation of the laboratories will ensure the 
reliability and acceptability of the results and help in increasing the confidence of the service 
provider as well as the customer, as this involves a third party audit. Formal recognition of 
competence of a laboratory by an Accreditation body in accordance with international criteria 
provides a ready means for customers to identify and select reliable testing, measurement and 
calibration services.  

The training is targeted to build the capacity of the trainees and their institutions in one of 
the important challenges faced by the country related to validation of diagnostic assays and 
accreditation of laboratories.  During this training course, the interactions with participants will 
enable them to understand the concept and need for accreditation, its benefits for government 
and non-government organizations, to differentiate between ISO certifications and 
accreditations, importance of SOPs for various labs of veterinary importance like microbiology, 
public health and epidemiology, biotechnology, biochemistry, physiology lab, etc. Therefore, 
participants will be exposed to theoretical lectures as well as practicals on various techniques 
(ELISA, PCR, Real time PCR, Sequencing, Chromatography, etc.) during this training 
programme. The participants will be exposed to all the factors essentially required in a laboratory 
that affect the production of test or calibration data including the accreditation criteria based on 
the international standards called ISO/IEC 17025 or ISO 15189, which are used for evaluating 
laboratories throughout the world.  

I would place on record my appreciation for Dr. Swati Dahiya who has worked untiringly 
and supported me right from beginning to bring out the Course Compendium of the training. I 
believe the Compendium will be a good reference resource of the participants not only during the 
training but also later on in their academic career. 
                           Dr. Sanjay Kapoor 
Dated: 1 February 2016     Prof. & Head-cum- Director 

CAFT in Veterinary Microbiology 
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Trends in the Development of Diagnostics: an Overview 

Sanjay Kapoor 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 
 The objectives of the diagnostic tests are rapid identification of pathogens (including 
zoonotic) for confirming the health status of animals; thereby helping in the management & 
control of animal diseases and facilitation in the safe trade in animals and animal products. The 
intended use(s), proposed diagnostic setting(s), and commercial potential will greatly influence 
the design, function and development of new diagnostics. The aim or purpose of the new 
diagnostic can be in the diagnosis, predict response to therapy, monitor response to therapy, or to 
know about the pathogenesis and progression of disease in the patient. The ‘Manual of 
Diagnostic Tests and Vaccines for Terrestrial Animals (Terrestrial Manual)’ and the ‘Manual of 
Diagnostic Tests for Aquatic Animals (Aquatic Manual)’ contains the OIE standards, guidelines 
and recommendations applying to diagnostic tests which are regularly updated based upon latest 
scientific findings and technological developments. These two Manuals specifically document 
the internationally agreed upon diagnostic test methods not only for all the OIE listed diseases 
but also many other important diseases. From 2005 OIE Member Countries can obtain a list of 
OIE registered and certified diagnostic kits  for specific purpose(s). There is also the OIE Quality 
Standard and Guidelines for Veterinary Laboratories, which provides a specific interpretation of 
the generally stated requirements of ISO/IEC 17025 for veterinary laboratories, as well as 
guidelines, which are practical texts that complement these Manuals. 

Characteristics of newly developed diagnostics: 
 Rapid: Test results could be obtained within minutes to a few hours. 
 Sensitive: Sensitivity must be equivalent to or exceed that of the Food and Drug 

Administration (FDA)-cleared/ OIE-cleared or internationally accepted diagnostic tests 
for the proposed pathogen, toxin, and/or biomarker. In the absence of FDA-cleared/ OIE-
cleared or internationally accepted test for these entities, a clinically relevant level of 
sensitivity has to be established. 

 Specific: Specificity must be equivalent to or exceed specificity of FDA-cleared/ OIE-
cleared or internationally accepted diagnostic tests for proposed pathogen, toxin, and/or 
biomarker(s). In the absence of FDA-cleared/ OIE-cleared or internationally accepted 
test, a clinically relevant level of specificity has to be established. 

 User-friendly: The diagnostic test should be an integrated, closed sample-to-answer 
system with automated data analyses, and output should require minimal operator 
training and expertise in the interpretation of test results. 

http://www.oie.int/our-scientific-expertise/certification-of-diagnostic-tests/the-register-of-diagnostic-tests/
http://www.oie.int/our-scientific-expertise/certification-of-diagnostic-tests/the-register-of-diagnostic-tests/
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 Random Access: The diagnostic should be able to run a sample or multiple samples as 
needed. 

 Portable: It should have inherent potential to be used at the Point-of Care (POC) 
 Adaptable: As per need, the diagnostic should be capable of integrating new diagnostic 

tests for entities. 
 Cheap: The diagnostic should be cost-effective. 

Types of Diagnostic tests 

Agglutination Tests 
Latex agglutination test: This test employs polystyrene beads of <1.0 µm diameter for non-
specific adsorption of antibodies or antigens which can then be used for detection of antigens or 
antibodies in laboratory and clinical samples. Like other agglutination based tests, it is simple in 
operation and rapid in providing results. In addition, its sensitivity is more than other tests such 
as slide agglutination, coagglutination, counter-immunoelectrophoresis and other precipitation 
tests. This test finds excellent use where much sensitivity is not required. However, this test is 
very prone to non specific agglutination reactions. It has been used for diagnosis of rotaviral 
diarrhea, gumboro disease, salmonellosis, etc. 
Coagglutination test: It is a form of agglutination reaction in which soluble antigen in the test 
sample gets complexed with specific antibody that is bound by its Fc region to protein A- 
bearing S. aureus Cowan strain. The test can be used for the detection of soluble antigens such 
as viruses and bacterial, fungal and parasitic products. Staph. Protein A present on the bacterial 
cell surface can bind various sub classes of IgG from various animal species with moderate 
affinity. However, like latex agglutination test it suffers from serious drawbacks of non specific 
agglutination and is much less sensitive than latex agglutination.  
Haeagglutination test (HA test): Haemagglutination is the agglutination of erythrocytes by 
various substances such as anti-erythrocyte antibodies, lectins, viruses and bacterial components. 
This test is used for diagnosis of various viral diseases possessing haemagglutinin e.g. Myxo, 
paramyxo, toga, adeno, enteroviruses, poxviruses, etc. causing agglutination of RBCs of chicken, 
sheep and human.  The RBC clumps settle on the entire bottom of round bottom HA plate to give 
a shield-like or mat-like appearance in a positive reaction. The setting of RBCs in a button like 
appearance at the bottom of the wells is indication of negative reaction. It has been used for 
diagnosis of: avian influenza, NCD, equine encephalitis, adenoviruses, parvovirus infections. 
Haemagglutination inhibition test (HI test): In HI, specific serum is added with a known virus 
dilution which neutralizes the haemagglutinin in the viruses and does not permit the 
agglutination of RBCs. Agglutination of RBCs is inhibited by premixed antibodies. The test is 
sensitive, specific, simple, inexpensive and rapid. In positive cases, no agglutination of RBCs 
takes place. It has been used for diagnosis of: avian influenza, NCD, equine encephalitis, 
adenoviruses, parvovirus infections. 
Slide agglutination test: The reaction of particulate antigens with their specific antibodies 
resulting in the clumping / aggregation is called agglutination. When this test is done on a slide, 
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it is called slide agglutination test. It is simple, quick and less amount of antigen is required. It is 
used for diagnosis of fowl typhoid, HS. The highest dilution of the antiserum giving a positive 
reaction on the slide is the end point of SAT. e.g. RBPT test  
Tube agglutination test: Agglutination reaction on a glass slide does not differ in principle from 
that in a test tube. It is used for diagnosis of brucellosis. Standard tube agglutination test (SAT): 
widely used for measurement of anti-brucella antibodies. 
 
Precipitation tests 
Agar gel immunodiffusion test (AGID): Agar gel precipitation test (AGPT) or AGID is based on 
the ability of antibodies that can form precipitation line with its specific antigen in gel system. 
Antigen (Ag) and antibody (Ab) are allowed to migrate towards each other in gel and a line of 
ppt. is formed at the zone of equivalence where Ag-Ab complexes are found and is visible with 
naked eyes. Development of precipitation line depends on the conc. and diffusion constants of 
antigens and antibodies in the solutions and the conc. of agarose in the gel, incubation 
temperature, inter well distances etc. Used for diagnosis of BTV, AI, MD, EIA, EVA, PPR, IBD, 
HS and pox virus. 
Counter-immunoelectrophoresis: Electrophoretic migration of antigen and antibody towards each 
other in an agarose gel using a suitable buffer system results in a precipitation reaction that is 
quicker than that achieved by double-diffusion in gels. Agarose used for the purpose is of high 
electro-endosmosis that allows cathodic drifting of Igs due to their low net negative charge that 
is less than that of most antigens in a buffer system of pH > 8.0. The test can therefore be used as 
a rapid test for detection of antigens in clinical samples. Used for diagnosis of PPR, swine fever, 
HS. 

Enzyme linked immunosorbent assay (ELISA):  ELISA is one of the most commonly used 
tests. Various formats of the ELISA are used such as antigen capture ELISA, competitive 
ELISA, liquid phase blocking ELISA, NSP ELISA for DIVA. The Dip-stick ELISA or the Dot-
binding assay is a form of ELISA that can be used in POC settings.  

Polymerase Chain Reaction (PCR): The PCR is an in vitro method for enzymatic synthesis and 
amplification of specific target DNA sequences using two oligonucleotide primers that hybridize 
to opposite strands and flank the region of interest in target DNA. The reaction is carried out 
under controlled conditions of ionic strength, temperature, primer concentration and nucleotide 
concentration in a thermocycler. The specificity of the reaction is indicated by yielding a reaction 
product of expected size and confirmed more specifically by restriction enzyme digestion, 
Southern blotting and by use of a specific probe or direct sequencing of the fragment. 

Nested PCR, multiplex PCR, RT-PCR for RNA genome and quantitative PCR are 
various modifications of the original PCR. The advantage of PCR besides being very sensitive is 
that these techniques can detect viral template directly in clinical samples and particularly in 
those cases where virus cannot be cultivated and presence of viral nucleic acid may be the only 
evidence of infection. It is also useful for detecting latent virus genome sequences, 
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characterization/ identification of viral genomes of deletion mutants or marker vaccines and wild 
type viruses.  
 
Future Directions 
 Diagnostic tools are critical to the delivery of effective healthcare treatment, yet 
current in vitro diagnostic (IVD) devices have not kept pace with the rapidly increasing 
information content related to disease diagnosis and progression generated with advanced 
“omics” methods such as genomics, proteomics, metabolomics, etc. Only 1.5 protein biomarkers 
per year on average have received US FDA approval during the past 15 years, although 
thousands of papers have been published reporting new biomarker discovery. It is common 
observation that clinical analyzers are bulky, expensive, laboratory-confined instrumentation that 
can detect single classes of analytes that prevents broad access to these assays at the POC. 
Presently, compared to remote laboratory counterparts, the POC devices in general are more 
expensive and give inferior performance. The need of large sample volume and lack of standard 
instrumentation responsive to a broad range of analytes, further complicate clinical validation 
studies that must follow the initial discoveries and proof of principle phases. 

 The two buzz words in the development of diagnostics are the i) multiplexing, and ii) 
Point-of-care (POC). The POC testing represents the analytical testing performed outside the 
central laboratory using portable devices in the vicinity of the patient. Timely therapeutic 
interventions can be undertaken with improved patient’s clinical outcomes due to real-time POC 
test results. Decentralizing diagnostic testing closer to frontline clinical settings will also be 
helpful in diminishing the threat of accelerated epidemic-to-pandemic transitions of new or re-
emerging infectious disease outbreaks by taking early appropriate preventive control measures. 
The POC testing would be quite useful in the developing countries where high infectious disease 
burden is further affected by diagnostic challenges due to poor clinical laboratory infrastructure 
and cost constraints. In fact, development of POC technologies for diagnosing infectious diseases 
has been identified as a priority area under by the Bill and Melinda Gates Foundation and the 
NIH under ‘Grand Challenges for Global Health’. 

 PCR and ELISA, two of the most widely used diagnostic technologies in well-equipped 
laboratories, have limited use in resource-limited settings due to high cost as well as the lack of 
basic infrastructure and/or trained operators. In resource-limited conditions the paper-based 
diagnostic technologies like dipstick assays, lateral flow assays, and microfluidic paper-based 
analytical devices (μPADs), promise great potential to deliver POC diagnostics because of their 
affordability, user-friendliness, robustness, compactness, portability scalability for 
manufacturing and getting rapid test results and its interpretation without external 
instrumentation. In the previous three decades, the key area of commercial rapid diagnostics was 
dominated by dipstick and lateral-flow formats. In future the paper-based microfluidics POC 
diagnostic devices are envisioned to become real world products and lead this space. However, 
the issues of fabrication of paper-based microfluidic devices, functionalisation of microfluidic 
components for better performance, and obtaining quantitative readouts via handheld devices and 
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camera phones, must be resolved. The diagnosis and monitoring of treatment at the POC can be 
achieved economically by miniaturized and integrated paper-based diagnostic devices with the 
sample-in-answer-out capability. Efforts should also be made for detection of multiple suspected 
pathogens without compromising on sensitivity and specificity (Hu et al., 2014; Yetisen et al., 
2013). PCR-based amplifications require expensive, high-precision instruments to perform 
thermal cycling reactions. The molecular isothermal diagnostic technique (such as LAMP) is 
seen as a suitable alternative to PCR based techniques in the POC scenario. However, more work 
is required for increasing the sensitivity and specificity (de Paz et al., 2014). 

 Molecular approaches based on PCR methods have made significant inroads by 
improving detection time and accuracy but are still largely hampered by resource-intensive 
processing in centralized laboratories, thereby precluding their routine bedside- or field-use. 
While commercial development of PCR-based diagnostics has progressed significantly in recent 
years, all FDA-cleared PCR test kits to-date are still categorized as high or moderate complexity 
under Clinical Laboratory Improvement Amendments (CLIA). Microfluidic technologies have 
enabled miniaturization of PCR processes onto a chip device with potential benefits including 
speed, cost, portability, throughput, and automation (Park et al., 2011). 

 ELISA is commonly used for quantitative measurement of the presence of protein, for 
single-analyte testing, in a sample. The presence and/or concentrations of numerous proteins in 
multiplex testing can be simultaneously measured in a small drop of test fluid with ELISA in a 
microarray format. Microspot microarray technology, in combination with protein biomarkers 
and nucleic acid diagnostics, has the potential to become high-performance analytical platform 
of choice. Multiplex assays have become a reality due to validation of a large number of disease 
markers in both molecular and protein diagnostics. In the early stages, simple low-throughput 
multiplex assays were tested using the immunoassay format, which were followed by low-level 
multiplexing and high-throughput array-based immunoassays. Recently, the successful 
development of high-level multiplexing and high-throughput diagnostic methods using 
microspot arrays and bead arrays has complemented single-analyte assays. The high-throughput 
multiplex, diagnostic test systems will be of great value if proper care is given to data screening, 
normalization and statistical evaluation of possible concentration measurement, data errors and 
automated operation. Multiplex array platforms will be beneficial due to improved-quality 
patient care, as well as cost effectiveness and time saving. Ultimately, these multiplex assays are 
expected to pave the way for protein/nucleic acid co-detection (Ling et al., 2007). 

 Multiplexing ELISAs is difficult because cross-reactions among mismatched pairs of 
antibodies and target proteins can produce false-positive readouts, resulting in the improper 
diagnosis and treatment of patients. This issue becomes more problematic as the number of 
antibody pairs in the assay increases, as the likelihood of nonspecific interactions will increase 
exponentially. Co-localizing antibody-bead pairs in an aqueous two-phase system (ATPS), which 
form between the phase-separating polymers, polyethylene glycol and dextran, enables 
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multiplexing of sensitive, no-wash, homogeneous assays, while preventing nonspecific antibody 
cross-reactions (Frampton et al., 2014; Simon et al., 2014).  

 Multiplex immunoassays not only have the potential to provide quantitative data via 
parallel analyses but also require substantially less sample and reagents than the traditional 
ELISA. In spite of the fact that there are many advantages of multiplex immunoassays over 
commonly used singleplex immunoassays such as: increased efficiency at a reduced expense, 
greater output per sample volume ratios and higher throughput predicating more purposeful 
diagnostics thereby facilitating personalised medicine. The number of validated protein 
multiplex immunoassays for in vitro diagnostics in clinical/POC settings is very limited. There 
are many issues that must be addressed before increased use of multiplex immunoassays in 
clinical settings is visible. These issues are: (i) biomarker validation; (ii) standardisation of 
immunoassay design and quality control (calibration and quantification); (iii) availability, 
stability, specificity and cross-reactivity of reagents; (iv) assay automation and the use of 
validated algorithms for transformation of raw data into diagnostic results (Tighe et al., 2015).  

 One of the limitations of multiplexed immunoassays is occurrence of high Cross-
reactivity (CR), which acts as an obstacle in scaling up of multiplexing, limits the assay 
performance, and results in inaccurate and even false results, and consequent wrong 
interpretations.  It is important to differentiate between sample-driven and reagent-driven CR and 
their consequences in single and dual antibody single-plex and multiplex assays. Various 
platforms including SOMAmers and protein fractionation-bead assays, as well as dual Ab 
methods including (i) conventional multiplex assays, (ii) proximity ligation assays, (iii) immuno-
mass spectrometry, (iv) sequential multiplex analyte capture, (v) antibody colocalization 
microarrays and (vi) force discrimination assays for mitigating CR have been evaluated (Juncker 
et al., 2014). 

 Multiplexed immunoassays use traditional immunoassay principles in which high-affinity 
capture ligands are immobilized in parallel arrays in either planar format or on microspheres in 
suspension. Development of multiplexed immunoassays requires rigorous validation of assay 
configuration and analytical performance to minimize assay imprecision and inaccuracy. 
Challenges associated with multiplex configuration include selection and immobilization of 
capture ligands, calibration, interference between antibodies and proteins and assay diluents, and 
compatibility of assay limits of quantification. Presently, assay platforms MULTI-ARRAY 
(Meso Scale Discovery), Bio-Plex (Bio-Rad Laboratories), A(2) (Beckman Coulter), FAST 
Quant (Whatman Schleicher & Schuell BioScience), and FlowCytomix (Bender MedSystems) 
represent technologies used for high-throughput immunoanalysis. 

 The development of multiplexed immunoassay platforms requires fabrication of 
individual functional reaction chambers to achieve a heterogeneous reacting substrate 
composition, which increases the overall manufacturing time and cost. Cotton threads have been 
used to fabricate low-cost scalable multiplexed immunoassay platform (Zhou et al., 2012). The 
immunochromatographic assay on thread (ICAT) in a cartridge format is a sandwich assay 
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performed on a cotton thread knotted to a nylon fiber bundle, both of which are precoated with 
recognition antibodies against one target analyte. The assay results become visible to the eye 
within a few minutes after addition of sample and are quantified using a flatbed scanner. 
Functionalized fibers were fabricated and arranged into a bundle which was then sectioned to 
make microarray-like particles with a predefined surface architecture. These sections made up of 
heterogeneous thread fragments with different types of antibodies were successfully used in 
quantitative 7-plex immunoassays (Kim et al., 2015).  

 Homogeneous multiplex systems (such as fluorescent polarization, fluorescent resonance 
energy transfer with quantum dots or graphene, luminescent oxygen-channelling immunoassay 
coupled with aqueous two-phase systems and DNA proximity assays) have been reported that 
have the advantage of short assay run times and cost-effective reagent consumptions but are 
limited in their utility due to signal cross talk and biochemical cross-reactivity (Yamanishi et al., 
2015).  

 A biosensor is an analytical device that converts molecular recognition of a target analyte 
into a measurable signal via a transducer. Recent advances in biosensor technologies have 
potential to deliver POC diagnostics that match or surpass conventional standards in regards to 
time, accuracy and cost. They are broadly classified as either label-free or labelled. Modern 
biosensors exploit micro- and nanofabrication technologies and diverse sensing strategies 
including optical, electrical and mechanical transducers. 

 The role of smartphone in the area of diagnostics in the era of digital health is becoming 
more evident. In coming times the testing of the samples locally at the POC will complement the 
conventional model of samples being analyzed in central labs by skilled professionals using 
specialized instrumentation. The smartphone’s camera has been used (by Alfa Scientific’s Smart 
Mobile Reader and Holomic’s Rapid Test Reader) to capture images of a variety of colorimetric 
and rapid diagnostic test strips. It provides an ultra-portable and cheap technology that eliminates 
human error interpreting test strips and enables a cloud-based record of results. Diagnostic 
devices such as Cepheid’s GeneXpert Omni, Samsung’s LabGeo analyzers, Thermo Fisher’s 
QuantStudio instruments and Siemen’s Xprecia Stride Coagulation Analyzer are available in the 
market which display the information clear and uncluttered, menu structures are easily navigated 
via touchscreen and product housings are simple and clean.   

 Technical and operational challenges have hindered implementation of multiplexed 
assays in clinical settings. Formal procedures that guide multiplex assay configuration, analytical 
validation, and quality control are needed before broad application of multiplexed arrays can 
occur in the in vitro diagnostic markets. 

Further Reading 
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Animal husbandry, fisheries and dairy development has a great contribution in India’s 
economy as it provides livelihood to farmers and labourers.  In addition, this sector provides a 
continuous flow of essential food products like milk, meat, eggs besides draught power, raw 
materials like wool and hides for industries, and manure. To ensure the persistent and quality 
supply of these commodities to consumers, animal health should be maintained by timely 
diagnosing the infectious diseases. In the present times, the responsibilities of the microbiology 
laboratories have increased and veterinary microbiologists are expected to provide quality 
services for animal husbandry management as well as surveillance and monitoring of infections. 
A step in this direction is the accreditation of the laboratories, which will ensure the reliability 
and acceptability of the results and help in increasing the confidence of the service provider as 
well as the customer, as this involves a third party audit (Kapil, 2013). 

9th June is marked as the World Accreditation Day as a global initiative, jointly by the 
International Accreditation Forum (IAF) and the International Laboratory Accreditation 
Cooperation (ILAC), to raise awareness on the importance of accreditation. Accreditation is an 
approved procedure by which regulatory authorities or authorized body accord formal 
recognition, authorization and registration of a laboratory to undertake a specific task as per the 
pre-defined standards (Kumara and Bhatia, 2003). It involves re-assessment and surveillance at 
regular intervals so as to ensure that commitment to quality is a continuous process.  

The teaching and training of a veterinary microbiologist in India does not introduce them 
to these concepts and it is the right time to get familiar with such processes. Therefore, all 
veterinary microbiologists should undergo an orientation training to understand the concept of 
accreditation of laboratories and validation of tests. 

Selection of an accreditation body 

To facilitate the acceptance of the laboratory’s test results for trade, the accreditation 
standard used must be recognized by the international community and the accreditation body 
recognized as competent to accredit laboratories. Information on recognized accreditation bodies 
may be obtained from the organizations that recognize them, such as the Asia-Pacific Laboratory 
Accreditation Cooperation (APLAC), the Inter American Accreditation Cooperation (IAAC), 
and the European Co-operation for Accreditation (EA). International Laboratory Accreditation 
Cooperation (ILAC), formed in 1996, has published specific requirements and guidelines for 
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laboratories and accreditation bodies. Under the ILAC system, ISO/IEC 17025 is to be used for 
laboratory accreditation of testing and/or calibration activities.  

The organization providing accreditation to the laboratories in India is the National 
Accreditation Board for Testing and Calibration Laboratories (NABL) which is an autonomous 
body under the aegis of Department of Science and Technology, Govt. of India. NABL has its 
accreditation with ILAC, which has imparted international recognition to NABL accredited 
laboratories. NABL is the sole accreditation body in India that provides third party assessment 
and has been authorized by Government of India.  

Definitions regarding laboratory accreditation may be found in ISO/IEC International 
Standard 17000: Conformity Assessment –Vocabulary and Principles (ISO/IEC, 2004). 
Accreditation is tied to competence, which is significantly more than having and following 
documented procedures. Having competence also means that the laboratory: 

 Has technically valid and validated test methods, procedures and specifications that are 
documented in accordance with the requirements of the applicable standard or guidelines; 

 Has appropriately qualified and trained personnel with a depth of technical knowledge 
commensurate with appropriate levels of authority; 

 Has appropriate equipment with planned maintenance/calibration schedules; 
 Has adequate facilities and environmental control; 
 Has procedures and specifications that ensure accurate and reliable results; 
 Implements continual improvements in testing and quality management; 
 Can assess the need for and implement appropriate corrective or preventive actions; 
 Accurately assesses and controls uncertainty in testing; 
 Demonstrates proficiency in the test methods used (e.g. by participation in proficiency 

tests on a regular basis); 
 Has demonstrated competence to generate technically valid results. 

Why Laboratory accreditation?   

Laboratory accreditation uses criteria and procedures specifically developed to determine 
technical competence. Specialist technical assessors conduct a thorough evaluation of all factors 
in a laboratory that affect the production of test or calibration data. The criteria are based on the 
international standards called ISO/IEC 17025 or ISO 15189, which are used for evaluating 
laboratories throughout the world (http://www.nabl-india.org/). 

Valid laboratory results are achieved by the use of good management practices, valid test 
and calibration methods, proper technique, quality control and quality assurance, all working 
together within a quality management system. The general requirements for accreditation are laid 
down in the International Standard General requirements for the competence of testing and 
calibration laboratories (ISO/IEC 17025 1st Ed., 1999), hereafter referred to as ISO 17025. 
ISO/IEC 17025:2005 specifies the general requirements for the competence to carry out tests 
and/or calibrations, including sampling. It covers testing and calibration performed using 

http://www.nabl-india.org/
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standard methods, non-standard methods, and laboratory-developed methods. ISO/IEC 
17025:2005 is for use by laboratories in developing their management system for quality, 
administrative and technical operations. Compliance with regulatory and safety requirements on 
the operation of laboratories is not covered by ISO/IEC 17025:2005. The process of accreditation 
takes into account all the parameters as per ISO 15189, which is an International Standard 
(International Organization for Standardization, ISO 15189:2007 (E)). 

Microbiological testing includes sterility testing, detection, isolation, enumeration, 
identification and characterization of micro-organisms (viruses, bacteria, fungi and protozoa) and 
their metabolites in different materials and products, or any kind of assay using micro-organisms 
as part of a detection system as well as the use of micro-organisms for ecological testing. The 
document published by European Co-operation for Accreditation (EA) regarding accreditation of 
microbiological laboratories provides guidance to laboratories using techniques in areas related 
to microbiology, such as biochemistry, molecular biology, biotechnology and cell culture (EA-
4/10 G: 2002). 

Difference between NABL accreditation and ISO 9000 certification 

ISO 9000 Certification deals with Quality System Management only while NABL 
accreditation provides formal recognition, authorization and registration of technical competence 
of the laboratories. This provides a ready means for customers to find reliable testing and 
calibration services to meet their demands as well as the quality system. Accreditation is a higher 
level activity than system certification. ISO 9000 involves the auditing of an organization’s 
quality management system but it tells you nothing about its technical competence or its ability 
to provide reliable and accurate test data that will be accepted by your customers and trading 
partners. 

Proper technical evaluation requires the use of technical experts who can assess the 
laboratory against internationally accepted criteria. These criteria are embraced globally in a 
document called ISO/IEC 17025. Accreditation bodies may also apply additional technical 
requirements for evaluating a laboratory, as per requirements of different technical fields. 
Laboratory accreditation against the standard ISO/IEC 17025 does, however also covers the 
quality management elements of ISO 9000. So laboratory accreditation, which is based on 
ISO/IEC 17025 is a measure of both technical competence and quality management and is the 
most appropriate process rather than quality ISO-9000 certification. 

Concept and Process 

General Information Brochure NABL 100 is published by NABL to guide you about 
NABL accreditation and its procedure. As a concept, the standard accreditation has 
management and technical requirements. The management requirements include organization, 
management system, document control, review of requests, tenders and contracts, subcontracting 
of tests and calibrations, purchasing services and supplies, service to customer, complaints, 
control of non-conforming testing/ calibration, improvement, corrective actions, preventive 
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actions, control of records, internal audits and management reviews. So the process involves a lot 
of documentation of almost all activities, which get scrutinized during the process of audit in 
order to look for any non-conformity to the policy and procedures laid down in the quality 
systems. 

The technical parameters required for accreditation include personnel, accommodation 
and environmental conditions, test and calibration methods and method validation, equipment, 
measurement traceability, sampling, handling of test and calibration items, assuring quality of 
test and calibration results and reporting the results. The manpower has to be qualified and 
competent. For maintaining the accreditation status, regular in-house training of technical staff 
and veterinary microbiologists in the laboratory is a requirement. The staff should be familiar 
with the standard and participate in undertaking activities related to the quality system. 

Accommodation for laboratory must be sufficient to avoid any unsafe procedures or 
incompatible activities. The placement of equipment and working benches should be such that 
hand washing and surfaces of floors and walls should be possible to clean. The combustible 
items should be placed safely. Microbiologist should be aware of biosafety recommendations 
and waste handling rules in the country. The measuring equipment should be calibrated at 
regular intervals by an accredited laboratory. All the materials and reagents have to be procured 
through a system, which ensures purchase of quality reagents. 

All these processes involve use of standard operating procedures (SOPs) and periodic 
evaluation of these procedures so as to update them with changing technology and knowledge. 
Daily internal quality control should be in place besides also addressing the pre-examination and 
the post-examination procedures, turnaround time of reports and release of reports by authorized 
personnel. The SOPs and work instructions should be available to all staff but in a manner that 
they cannot be changed or modified by any unauthorized person (document control).  

One of the important requirement of the accredited laboratories is to conduct internal 
audit regularly in which all components of the laboratory are audited by a trained internal auditor 
and the non-conformities (i.e. not following the standard or deviation from protocols or errors in 
reports) are presented to the authorities so as to have their commitment for a corrective action on 
time. Internal audit should be done honestly avoiding any conflict of interest with an aim to 
identify any non-conformity at an early stage. Immediate step must be taken to follow corrective 
measures and to undertake the root cause analysis, take preventive action so as to ensure that 
there will be no recurrence. That is actually the bottom line of the accreditation process ensuring 
commitment to ongoing adherence to quality systems and continual improvement. 

At the end of the day the performance of a laboratory is judged by reliability of its test 
reports. We know that in microbiology, the pre-examination procedures like collection, transport 
and time of collection of samples, history of treatment, etc., are important variables, which 
determine the uncertainty of results affecting the test results and their interpretation. Unlike 
biochemistry or haematological parameters, these are not quantifiable. This is a challenge to 
monitor these and correct them by regular interaction and education of the veterinary clinicians 
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and assistants. Here authorities have a role to play in motivating the veterinary clinicians to 
follow proper collection and transportation methods (Kapil, 2013). 

Validity of accreditation 

Accreditation to a laboratory shall be valid for a period of 2 years and NABL shall conduct 
periodical surveillance of the laboratory at intervals of one year. Laboratory shall apply for 
renewal of accreditation to it at least 6 months before the expiry of the validity of accreditation. 

Benefits of Accreditation (http://www.nabl-india.org/) 

1. National and international recognition: Formal recognition of competence of a laboratory by 
an Accreditation body in accordance with international criteria provides a ready means for 
customers to identify and select reliable testing, measurement and calibration services. 

2. Time and money savings due to reduction or elimination of the need for re-testing of 
products. The uniform approach encourages laboratories to adopt internationally accepted 
testing and measurement practices. This effectively reduces costs for both the manufacturer 
and the importer, as it reduces or eliminates the need for products to be retested in another 
country. 

3. Better control of laboratory operations by incorporating systematic approach. 

4. Marketing advantage and ease of operation: Customers can search and identify the 
laboratories accredited by NABL for their specific requirements from the Directory of 
Accredited Laboratories. 

5. Enhanced customer confidence and satisfaction: Users of accredited laboratories will 
enjoy greater access for their products, in both domestic and international markets, when the 
products are tested by accredited laboratories as the test data is accepted in the national and 
international markets.  

6. Mutual recognition agreements (MRAs) among the countries enable test and calibration data 
produced by accredited laboratories to be accepted between these countries 

Accreditation of microbiology laboratories will be a great step to gain international 
recognition. Not only it will give confidence to veterinarians regarding the reliability of the 
report to diagnose an individual animal, but it will also build evidence to manage patients 
empirically by generating reliable epidemiological data. For the surveillance and monitoring of 
infections for national and international networking let us hope that the Indian Veterinary 
Microbiologists take the laboratory services to internationally recognized standards in the 
coming times, despite all constraints. It needs the firm commitment of the top authorities for 
making available sufficient funds and manpower to implement these quality principles in 
veterinary diagnostic laboratories, veterinary biologicals institutes, veterinary/ agricultural 
universities and ICAR research institutes. 
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Further readings: 

1. Assessment criterion and process of accreditation (http://www.nabl-
india.org/index.php?option=com_content&view=article&id=100&Itemid=73) 

2. Information and documents on laboratory accreditation can be found on the ILAC 
(International Laboratory Accreditation Cooperation): www.ilac.org 

3. ISO/IEC Guide 58:1993, Calibration and testing laboratory accreditation systems — 
General requirements for operation and recognition 

4. NABL documents under Publications on website: http://www.nabl-india.org/  
i. NABL 102, Specific Criteria for Biological Testing Laboratories 

ii. NABL 112, Specific Criteria for Accreditation of Medical Laboratories 
iii. NABL 153, Application form for Medical Testing Laboratories 
iv. Terms & Conditions for obtaining and maintain NABL Accreditation 
v. NABL 209, Pre-Assessment Guidelines and Forms 

vi. NABL 215, Assessment Forms and Checklist (Based on ISO/IEC 17025: 2005) 
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. 

Background 

Animal health is under constant threat from various dreaded infectious diseases, which 
result in significant economic losses to livestock owners. Maintenance of good health status of 
animals by effective control and treatment of diseases relies on access to diagnostic tests that are 
rapid, reliable, precise and highly sensitive. The conventional diagnostic methods are time 
consuming and labour intensive. Recent advances in the molecular biology and biotechnology 
has opened new avenues in disease diagnosis and therapeutics but these technologies need to be 
explored to their full potentials to safeguard health of humans as well as their companion 
animals.  

Laboratory diagnostics for veterinary pathogens have traditionally relied on methods of 
detecting the pathogen by culture isolation or using serology, using a variety of techniques such 
as neutralization, enzyme-linked immunosorbent assay, agar gel immunodiffusion and 
complement fixation. In the last 10 to 15 years there has been a move to enhance diagnostic 
capability by using molecular diagnostics as an adjunct to these conventional tests rather than 
replacing them.  

This write up focuses on recent advancements in molecular diagnostic tools which can 
help clinicians in promoting human and animal health. 

Nucleic acid diagnostics 

The use of nucleic acid-based diagnostics in veterinary medicine has increased 
exponentially in recent years. These techniques have redefined the level of information available 
for animal disease control programmes. In addition, modifications of nucleic acid detection 
techniques based on polymerase chain reaction (PCR) have lead to the development of a variety 
of rapid, reliable and specific assays with the wide applications in veterinary diagnostics.  

The sensitivity of a DNA based method can be enhanced by manipulating any of the three 
reagents, the target, the signal, and the probe. The three amplification techniques are: 

1. Target amplification: Polymerase chain reaction (PCR), Transcription based 
amplification (TBA)/ Nucleic Acid Sequence Based amplification (NASBA)/ Self-
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Sustaining Sequence Replication (SSSR/3SR), Loop-mediated isothermal amplification 
(LAMP). 

2. Signal amplification 

3. Probe amplification: Ligase Chain Reaction (LCR) 

Target amplification: 

Polymerase chain reaction:  

PCR is a relatively simple technique that can detect a nucleic acid fragment and amplify 
this sequence. This technique offers sensitivity because small amounts of genetic material can be 
detected in a sample. Also this offers specificity due to a specific sequence of DNA is amplified 
through strict conditions. The specificity of the assay relies on the hybridization of short 
stretches of synthetic DNA (oligonucleotides/primers) complementary to the target sequence and 
amplification of the sequences between these oligonucleotides using the enzymatic activity of 
thermostable DNA dependent DNA polymerase. It is considered a fast technique compared with 
other methods to detect microorganisms such as bacteria, fungi or viruses, which require 
isolation and culture using culture media or cell lines.  

Initial use of PCR in veterinary diagnostics was for specific genomic detection e.g. bovine 
viral diarrhoea virus, foot and mouth disease virus, Infectious bovine rhinotracheitis, Buffalopox, 
Ephemeral Fever virus, etc. Following are the list of the different types of PCR being used in 
diagnosis of animal disease:  

1. Reverse transcription PCR (RT-PCR)  

2. Nested/semi-nested PCR (nPCR) 

3. Real-time PCR/ quantitative PCR (qPCR) 

4. Multiplex PCR  

Reverse transcription PCR 

This assay initially makes a complementary DNA copy of the original viral RNA before 
final amplification and is more sensitive than the traditional Northern blot method of RNA 
detection. Most of the diseases caused by RNA viruses are diagnosed now a days using reverse 
transcriptase PCR converting their fragile RNA genome into stable cDNA.  

This PCR was designed to amplify RNA sequences (especially mRNA) through synthesis 
of cDNA by reverse transcriptase (RT). Subsequently, this cDNA is amplified using PCR. This 
type of PCR has been useful for diagnosis of RNA viruses, as well as for evaluation of 
antimicrobial therapy. It has also been used to study gene expression in vitro, due to the obtained 
cDNA retains the original RNA sequence. The main challenge of using this technique is the 
sample of mRNA, because this is considered difficult to handle by low level and concentration of 
mRNA of interest and low stability at room temperature together with sensitivity to action of 
ribonucleases and pH change. 
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Nested PCR 

This PCR increases the sensitivity as well as specificity by using two sets of primer 
involving a double process of amplification. The product of first set of primers (outer primer) 
subjected to a second PCR using the second set of primers (inner primer). These primers used in 
the second PCR are specific to an internal amplified sequence in the first PCR. Therefore, 
specificity of the first PCR product is verified with the second one. The disadvantage of this 
technique is the probability of contamination during transfer from the first amplified product into 
the tube in which the second amplification will be performed. Contamination can be controlled 
using primers designed to anneal at different temperatures. Contamination can also be controlled 
by adding ultra-pure oil to make a physical separation of two mixtures of amplification. 

Real-time PCR  

Real-time PCR is the latest improvement in the standard PCR technique to be 
implemented in veterinary laboratories. This technique is a single-tube, closed assay that greatly 
decreases the problem of cross-contamination between samples. This PCR is other adaptation of 
the conventional PCR method to quantify the number of copies of nucleic acids during PCR. 
Thus, qPCR is used to quantify cDNA, determining gene or transcript numbers present within 
different samples. qPCR offers advantages such as speed in the result, the reduced risk of 
contamination and the ease in handling technology .This PCR uses fluorescence detection 
systems which are generally of two types: intercalating agents and labeled probes with 
fluorophores. The fluorescence readings are plotted by computer software and results can be 
transmitted electronically, eliminating the need for post-PCR reaction analysis by 
electrophoresis. The development of extraction methods such as the magnetic bead technique has 
made it possible to use real-time PCR to test large numbers of samples in a matter of hours 
during disease outbreaks. In addition, real-time PCR has been adapted for use in the field 
through the use of portable thermocyclers and lyophilized reagents. This approach may allow for 
more rapid decision-making during potential disease outbreaks. The PCR is also used 
extensively for the genotyping and phylogenetic analysis (relatedness) of veterinary pathogens. 

Multiplex Polymerase Chain Reaction (mPCR)  

Multiplex PCR is an adaptation of PCR which allows simultaneous amplification of 
many sequences. This technique is used for diagnosis of different diseases in the same sample. 
Multiplex PCR can detect different pathogens in a single sample. Also it can be used to identify 
exonic and intronic sequences in specific genes. This is achieved when in a single tube include 
sets of specific primers for different targets. In this PCR the design of primers is important 
because they must be characterized by adherence to specific DNA sequences at similar 
temperatures. However, it may require several trials to achieve the standardization of the 
procedure. 
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Non-PCR methods of nucleic acid detection: New methods of nucleic acid amplification have 
been developed and may eventually be used for veterinary diagnostics. Examples of these 
methods include the rolling circle amplification technique and direct signal amplification 
systems. These techniques are currently being used in human diagnostics for the detection of 
human cytomegalovirus and human immunodeficiency viruses; veterinary applications are 
currently being developed.  

Signal amplification:  

Nucleic acid sequence-based amplification (NASBA):  

“Nucleic acid sequence-based amplification” (NASBA), also known as “self-sustained 
sequence replication” (3SR), is a sensitive transcription-based amplification system (TAS) for 
the specific replication of nucleic acids in vitro. NASBA is an isothermal, transcription-based 
amplification method specifically designed for the amplification of single-stranded RNA or 
DNA sequence. It was first introduced by Compton in 1991 and is performed at 41 °C. This 
method is especially suited for RNAs such as mRNA, rRNA, tmRNA or genomic RNA. NASBA 
utilizes two RNA target-specific primers and three enzymes (i.e., avian myeloblastosis virus 
reverse transcriptase, T7 DNA-dependent RNA polymerase (DdRp) and RNase H). However, 
NASBA cannot amplify double-stranded DNAs not subjected to a denaturation step. A major 
advantage of NASBA is the production of single-stranded RNA amplicons that can be used 
directly in another round of amplification or can be probed for detection without denaturation or 
strand separation. In addition, the T7 DdRp reuses the cDNA, resulting in an exponential 
increase in RNA amplicons, exceeding the concentration of the primers by at least 10-fold.  

In the future, NASBA could be used to identify and subsequently quantify 
microorganisms (even those which cannot be readily cultured) and would be very efficient as 
routine diagnostic procedures. 

Loop-mediated isothermal amplification (LAMP): 

SDA is another non-PCR nucleic acid amplification technique, developed in 1991. In this 
system, DNA polymerase initiates DNA syntheses at a single-stranded nick and displaces the 
nicked strand during DNA synthesis. The displaced single-stranded molecule then serves as a 
substrate for additional simultaneous nicking and displacement reactions. This isothermal DNA 
amplification procedure uses specific primers, a DNA polymerase, and a restriction 
endonuclease to achieve exponential amplification of target. The key technology behind SDA is 
the generation of site-specific nicks by the restriction endonuclease. Although complicated, SDA 
has two important advantages. Except for the initial denaturation step, SDA is isothermal and 
requires no specialized thermocycler. In addition, SDA can be applied to either single- or double-
stranded DNA.  

Loop mediated isothermal amplification (LAMP) is a simple, rapid, highly specific and 
cost-effective single tube technique for the amplification of DNA. LAMP has the potential to be 
used as a simple screening assay in the field or at the point of disease outbreak by clinicians. It 
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may be a useful method for infectious disease diagnosis particularly in developing countries. 
This technology has been developed into commercially available detection kits for a variety of 
pathogens including bacteria and viruses. LAMP stands out to be a good and effective diagnostic 
test for empowering in developing countries as it does not require sophisticated equipments and 
skilled personnel and proves to be cost-effective. Performance of LAMP mainly relies on 
crafting of six primers (including 2 loop primers) ultimately accelerating the reaction. LAMP 
amplifies DNA in the process pyrophosphates are formed causing turbidity that facilitates 
visualization in a more effective way than PCR. The Bst and Bsm polymerase are the required 
enzymes for LAMP that does not possess 5'-3' exonuclease activity. Results can be visualized by 
adding DNA binding dye, SYBR green. LAMP is more stable than PCR and real-time PCR. 
Non-involvement of template DNA preparation and ability to generate 109 copies of DNA are 
added benefits that make it more effective than NASBA or 3SR and SDA. LAMP is more stable 
compared to PCR and real time PCR. It is secure at a range of temperature, pH and a wide range 
of elongation time. This stability is helpful in case of incompletely processed or non processed 
samples where some components try to hinder the reaction. Trace quantities of whole-blood, 
hemin, blood culture media, N-acetyl cystein, NaCl and anticoagulant or anti-complement 
compounds can inhibit Taq polymerase and hence the PCR cannot detect the DNA of subject. 
But LAMP can tolerate these components. 

Probe amplification:  

Ligase Chain Reaction (LCR): 

LCR is a probe amplification technique first described in 1989. Successful ligation relies 
on the contiguous positioning and correct base-pairing of the 3’ and 5’ ends of oligonucleotide 
probes on a target DNA molecule. In the process, oligonucleotide probes are annealed to 
template molecules in a head-to-tail fashion, with the 3’ end of one probe abutting the 5’ end of 
the second. DNA ligase then joins the adjacent 3’ and 5’ ends to form a duplicate of one strand 
of the target. A second primer set, complementary to the first, then uses this duplicated strand (as 
well as the original target) as a template for ligation. Repeating the process results in a 
logarithmic accumulation of ligation products, which can be detected by means of the functional 
groups attached to the oligonucleotides. The recently developed thermostable DNA ligase greatly 
simplifies this technique and has increased the specificity by helping avoid problems of blunt-
end ligation at low annealing temperature. When used after a target amplification method, such 
as PCR, this technique can be sensitive and is useful for the detection of point mutations. 
Although convenient and readily automated, one potential drawback of LCR is the difficult 
inactivation of the post amplification products. The nature of the technique does not allow the 
most widely used contamination control methods to be applied. The inclusion of a detection 
system within the same reaction tube would greatly decrease the possibility of contamination, 
which is associated with the opening of reaction tubes. A combination LCR kit for detection of 
both Chlamydia trachomatis and Neisseria gonorrhea is now commercially available from 
Abbott Labs.  

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=developing+countries
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Rapid whole genome sequencing technologies 
In recent decades, genomics has been used extensively in a research capacity to study 

infectious agents, with the development of high throughput ‘next-generation’ sequencing 
technologies allowing detailed large scale analyses of entire pathogen genomes. Rapid whole 
genome sequencing platform such as Illumina, 454, Ion torrent has led to a revolution in our 
ability to rapidly screen through complex mixtures of genomes and compare diseased and 
apparently normal/healthy states. This has the distinct advantage over microarrays in that no 
prior know ledge is required in order to identify new and emerging pathogens. This technology 
holds great promise for enhancing diagnostic and public health microbiology. Its  great  value  in  
describing  and  improving  our understanding of bacterial evolution, outbreaks, and transmission 
events has been shown in a number of recent studies, including studies of Staphylococcus 
aureus, Vibrio cholera, Escherichia coli, and Mycobacterium tuberculosis and surveillance of 
antimicrobial resistance. At present this technique particularly next generation sequencing (NGS) 
is very costly and it is expected that this technology will become cheaper to use in future. 

Microarray technology  
The collective term “microarray” describes a state-of-the-art technology in molecular 

biology which allows high-throughput and highly parallel analyses of up to several thousand 
points of interest (e.g. genes, mRNA, proteins). Microarrays are variously referred to as 
microchips, biochips, DNA chips, or gene chips and have emerged as a widely accepted 
functional genomics technology for large-scale genomic analysis. Microarray originally 
developed for the mapping of genes, it is being used to detect a wide variety of veterinary 
pathogens. DNA microarrays are becoming increasingly useful for the analysis of gene 
expression and single nucleotide polymorphisms (SNPs). The application to discriminate among 
variants is added to a number of microarray procedures used in virology to analyze multiple viral 
pathogens that belong to different virus families, to detect specific viruses or to define genetic 
variations undergone by viruses. Microarrays are extensions of conventional membrane-based 
Southern and Northern hybridization blots, which have been used for decades to detect and 
characterize nucleic acids in diverse biological samples. Microarray hybridization is based on the 
association of a single stranded molecule labeled with a fluorescent tag, or fluorescein.  This 
technology has the potential to identify the presence of agents of interest at the serotype or 
subspecies level, or to differentiate agents that cause similar clinical signs, for example, vesicular 
lesions. 

Nanotechnology  
The term ‘nanotechnology‘ is broadly defined as systems or devices related to the 

features of nanometre scale (one billionth of a meter). This scale of technology as it applies to 
diagnostics would include the detection of molecular interactions. The small dimensions of this 
technology have led to the use of nanoarrays and nanochips as test platforms. One advantage of 
this technology is the potential to analyze a sample for an array of infectious agents on a single 
chip. Applications include the identification of specific strains or serotypes of disease agents, 
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such as the identification of specific influenza strains, or the differentiation of diseases caused by 
different viruses but with similar clinical signs, such as vesicular viral diseases. Many research 
groups are considering the use of chip assays that detect a number of agroterrorism agents in 
each sample. Small, portable platforms are being designed to allow pen-side testing of animals 
for diseases of concern. Another facet of nanotechnology is the use of nanoparticles to label 
antibodies. These labeled antibodies can then be used in various assays to identify specific 
pathogens, molecules or structures. Examples of nanoparticle technology include the use of gold 
nanoparticles, nanobarcodes, quantum dots (cadmium selenide) and nanoparticle probes. Several 
nanoparticles have been used for diagnostics, of these, the most frequently used are gold 
nanoparticles, QDs, and magnetic nanoparticles. 

Proteomics  
Proteomics gives a much better understanding of an organism than genomics. Genomics 

can give a rough estimation of expression of a protein. Most of the proteins function in 
collaboration with other proteins, and the main goal of proteomics are to identify which proteins 
interact. After genomics, proteomics is often considered as the advanced step in the study of 
biological systems. It is much more complicated than genomics, mostly because while an 
organism’s genome is more or less constant, the total protein expression profile always changes 
with time, micro and macro environmental conditions. Proteomics is the large scale of study of 
proteins, particularly their function and structure. Proteomics is an excellent approach for 
studying changes in metabolism in response to different stress conditions. Different types of 
techniques for the analysis of expressed proteins that include 2-D gel electrophoresis, MALDI-
TOF/MS etc., play a vital role for the analysis of novel proteins and their role in disease 
maintenance and treatment.  

Conclusions and future applications 
Molecular diagnostic assays are becoming more popular including in field based 

diagnosis of livestock diseases. Molecular screening of particular at-risk populations for a group 
of possible pathogens is an exciting area of development in molecular microbiology.  

Source information: 

1. Lew-Tabor Ala E. Molecular biotechnology: Applications in livestock systems. 
Biotechnology – Vol II. 

2. Soetan and Abatan (2008). Biotechnology a key tool to breakthrough in medical and 
veterinary research. Biotechnology and Molecular Biology Review Vol. 3(4), pp. 088-094. 

3. Tang, Gary Procop, and Persing (1997). Molecular diagnostics of infectious diseases. Clinical 
Chemistry 43:11. Pp. 2021–2038. 
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Introduction  

The term "chromatography" is derived from the original use of this method for separation 
of yellow and green coloured pigments of plant origin that was discovered at the very beginning 
of the twentieth century by Russian–Italian botanist M. S. Tswett. Since then chromatography 
has evolved into a science of separation method for many types of mixtures. Major applications 
of chromatographic methods are devoted to the purification of reaction mixtures in chemical 
synthesis, purification of bio-molecules such as proteins for pharmaceutical research, analysis of 
complex sample mixtures of forensic and environmental sciences. 

Theory of chromatography 

In chromatography, separation of sample components is based on their different 
distribution between two non-miscible phases i.e. stationary and mobile phases. The stationary 
phase, either liquid or solid, is fixed in the system, whereas, mobile phase flows through the 
chromatographic system. In gas chromatography the mobile phase is a gas, in liquid 
chromatography it is a liquid.  

 
Figure 1. Schematic presentation of a chromatographic system with partition of analyte A 

between the stationary phase ‘s’ and mobile phase ‘m’ flowing with velocity ‘v’. 

The molecules being analyzed are distributed between the mobile and the stationary 
phases. When present in the stationary phase, they are retained, and are not moving through the 
system. But when present in mobile phase, they move with the same velocity as that of mobile 
phase. The distribution equilibrium of each analyte determines its effective migration velocity. 
Due to this difference amongst analytes in the sample, the mean residence time in the stationary 
phase remain unique for each analyte. During chromatographic separation, several factors affect 
the process. Therefore, when all such influencing factors are kept constant, the mean residence 
time (also called as retention time) remains constant for each of the analyte in the sample 

Stationary Phase, s 

Mobile Phase, m with Velocity, v 

Stationary Phase, s 
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mixture. The separation process leads to formation of broadened analyte peaks, leading to a 
chromatogram as schematically depicted in Fig. 2. 

 
Figure 2. Depiction of a chromatogram of analytes A, B and C, in the time (t) or space (z) 

ordinate. 
 

Classification of chromatographic techniques 

Chromatographic methods can be differentiated based on the physical means of bringing 
the stationary and mobile phases into contact. 

Column Chromatography - The stationary phase is held in a narrow tube through which the 
mobile phase is forced either by pressure or by gravity. Examples include: 

 Simple column chromatography 

 High pressure liquid chromatography (HPLC) 

 Gas chromatography (GC). 

Planar Chromatography - The stationary phase is supported on a flat plate or in the fibers of a 
paper. Here the mobile phase moves through the stationary phase by capillary action or by 
gravity. Examples include: 

 Paper chromatography 

 Thin layer chromatography (TLC). 

Column chromatography can be further differentiated based on the types of stationary and 
mobile phases and the kinds of equilibria involved in solute transfer between the phases. Table 1 
provide this classification in the simplest form and is neither inclusive nor exhaustive.  

Applications of chromatography 

Purification of biomolecules 

Purification of biomolecules such as specific proteins from a crude mixture is challenging 
owing to differences in physical and/or chemical properties of the individual protein. There is no 
single or simple way to purify all kinds of proteins. Procedures and conditions used in the 
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purification process of one protein may result in the inactivation of another. The aim of a 
purification process is not only removal of unwanted contaminants, but also the concentration of 
the desired protein and the transfer to an environment where it is stable and in a form ready for 
the intended application.  

Table 1. Classification of chromatographic methods 

General 
Classification 

Specific Method 
Name 

Stationary Phase Type of Equilibrium 

Liquid 
Chromatography 
(LC) 

Liquid-liquid or 
partition 

Liquid adsorbed on a 
solid 

Partition between 
immiscible liquids 

Liquid-bonded phase Organic species bonded 
to a solid surface 

Partition between liquid 
and a bonded surface 

Liquid-solid or 
adsorption 

Solid Adsorption 

Ion exchange Ion-exchange resin Ion exchange 
Size exclusion Liquid in interstices of 

a polymeric solid 
Partition/sieving 

Gas 
Chromatography 
(GC) 

Gas-liquid Liquid adsorbed on a 
solid 

Partition between gas and 
liquid 

Gas-bonded phase Organic species bonded 
to a solid surface 

Partition between liquid 
and bonded surface 

Gas-solid Solid Adsorption 
(Source: Skoog and Leary, 1992) 

General properties of proteins are used to isolate them from other, non-protein 
contaminants. Minor differences between various proteins, such as size, charge, hydrophobicity 
and biospecific interaction are used to purify one protein from another. In general, following 
chromatographic methods are available for purification/isolation of biomolecules. Table 2 
depicts few examples of these methods for purification of various proteins. 

 Ion Exchange Chromatography 
 Chromatographic Methods Based on Hydrophobicity 
 Affinity Chromatography 
 Immobilized Metal Affinity Chromatography 
 Size Exclusion Chromatography 

Detection of chemicals 

Numerous chemical substances, such as medicinal drugs, toxins, pesticides and industrial 
contaminants make their entry into tissues of organisms due to intentional or unintentional 
exposure. Their detection in biological samples is required for pharmacokinetic studies, food 
safety analysis and forensic investigations. Chromatographic methods are widely used for 
detection of such chemical substances in tissue matrices. Such methods essentially involve 
laboratory method of extraction and cleanup followed by chromatographic instrumental methods.  
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Table 2. Methods of purification of bimolecules  

Biomolecule  Description of purification method Reference 

Globin Messenger RNA Oligo (dt)-cellulose chromatography. Aviv and 
Leader, 1972 

Pediocin AcH antimicrobial 
peptide from Pediococcus 
acidilactici  

 Ion exchange chromatography Bhunia et al., 
1988 

Plasmid DNA Chromatography on hydrophobic 
methacrylate monolithic supports 

Cordoso et al., 
2015 

Inactivated foot-and-mouth 
disease virus 

Hydrophobic interaction chromatography Li et al., 2015 

Lysozyme, α-chymotrypsin, 
and trypsin 

Chromatographic dye-ligand affinity support 
bearing an immobilized aminosquarylium 
cyanine dye on an agarose-based matrix  

Graca et al., 
2015 

Bovine serum albumin from 
whey 

Affinity chromatography on chromatography 
resin with immobilized llama antibody 
fragments as affinity ligands 

Besselink et 
al., 2015 

FMD virus Immobilized metal affinity chromatography 
via metal affinity tag such as hexa-histidine 
(His6) sequence 

Biswal et al., 
2015 

Human Serum 
Immunoglobulins 

Using immobilized metal affinity 
chromatography with ethylenediamine 
triacetic acid as chelating agent 

González-
Ortega and 
Guzmán, 2015 

Adenoviral dodecahedron 
(Dd) is a virus-like particle  

Size exclusion chromatography  Szurgot et al., 
2015 

 

List of such methods is given below:  

Extraction and Cleanup methods 

 Liquid-liquid extraction 

 Elimination of water: Freezing, lyophilisation, use of anhydrous salt   

 Elimination of fat: open column chromatography with alumina, gel permeation 
chromatography, liquid partitioning, chilling 

 Elimination of proteins: precipitation in the presence of strong acids and ammonium 
sulphate, enzymic digestion using proteases,  

 Solvent removal: rotary vacuum evaporation 

 Use of sorbents: alumina, florisil, silica, silica gel, activated charcoal, C18  

 Matrix solid phase dispersion: blending of solid phase extraction sorbents directly with 
solid samples 
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Instrumental methods 

 High performance thin layer chromatography (HPTLC) 
 Gas chromatography with electron captures detector, nitrogen-phosphorous (thermionic) 

detector, thermal Conductivity detector, flame ionisation detector, flame photometric 
detector and mass spectrometer etc. 

 High performance liquid chromatography with ultraviolet and visible detector, 
photodiode detector, fluorescence detector, electrochemical detector, mass spectrometer 
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A. Introduction 

 Since the dawn of Immunology during 1880s, antibodies (Abs) against diverse antigens 
(Ags) have been produced by immunizing vertebrate animals. Antisera and antibodies purified 
from the antisera have been traditionally used for diagnosis, prevention, treatment and 
epidemiology of animal and human diseases, and research in life sciences. Historically, advent of 
in vitro hybridoma technology by G. Kohler and C. Milstein during 1975 marked the beginning 
of modern era in antibody production. In the years to come in 1980s were developed novel 
rDNA-based technologies, including heterologous antibody expression systems, such as bacteria, 
yeast, insect, plant and mammalian cell culture, and plants. Murine monoclonal antibodies 
(mAbs) produced by hybridoma cultures were modified (chimerized or humanized) using rDNA 
techniques for in vivo applications in humans. In the following decades, Ab display systems were 
developed, viz., phage, bacteria, yeast and ribosome display systems to construct Ab libraries 
from which antigen-specific Ab clones could be selected. In the past decade, prokaryotic and 
eukaryotic cell-free systems have also been developed as alternatives to cellular expression 
systems for production of antibody fragments. Milestones in antibody production technologies 
are shown in Fig. 1 and important technologies developed so far are shown in Fig. 2. 

 New technologies have enabled production of bio-engineered Abs for applications in 
modern science and medicine such as diagnostics, theranostics, therapeutics, proteomics, 
biosensors, etc. Desirable features can be introduced in the recombinant Ab (rAb) formats and 
various rAbs against several clinically and biotechnologically important antigens have already 
been produced. In fact, the engineered Abs are making possible solution to problems that have 
defied traditional approaches. In the present era, antibodies produced by traditional 
immunization protocols are therefore increasingly being replaced by bio-engineered Abs/Ab 
fragments produced by rDNA technology.  

 With annual turnover of US$>30 billion, the mAbs market is the fastest growing of all 
therapeutic proteins. The bio-engineered Abs have been projected as the ‘Abs of the future’, 
which are going to replace antisera and most, if not all mAbs in coming decades. In addition, 
synthetic antibody mimetics as alternatives to antibodies are currently being developed for 
several advantages they offer over their natural counterparts. This article aims to present an 
overview the modern technologies for antibodies production for various applications in 
improvement of animal health.  
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B. Antibody: Molecular features 

 Antibodies are produced by B lymphocyte clones in vertebrate animals, as a result of 
specific adaptive immune response to foreign antigens. Biochemically, Abs are globular proteins 
of large size (150- 970 kDa), varying in charge, amino acid composition and antigenic nature. 
Abs are also called immunoglobulins (Igs) and can be grouped into various classes, designated as 
IgM, IgG, IgA, IgE, IgD, etc. in different animal species and subclasses within some classes, 
particularly IgG. Structurally, each Ab has two identical polypeptide chains of about 25-30 kDa 
size, designated as light (L) chain, and two identical polypeptide chains of 50-70 kDa size, 
designated as heavy (H) chain. L and H chains are composed of about 220 and 440/550 amino 
acids (AAs) and the H chains are glycosylated. The L and H chains are joined together by 
interchain C-C disulphide bonds to make a structure: [L-H-H-L] (Fig. 1).  

 Variable (V) sequence and constant (C) sequence regions of L and H chains are folded 
into distinct domain structures, called ‘Ig domain’ (Fig. 1). L chain has two ‘Ig domains’, i.e., 
one N-terminal VL (110 AAs) and one C-terminal CL (110 AAs), whereas H chain into 4 or 5 ‘Ig 
domains’, i.e., one N-terminal VH (110 AAs) and three or four CH (CH1- CH3 or CH4). Each Ig 
domain contains a loop (‘Ig fold’) of about 60-70 AAs enclosed by intrachain –S-S- bonds. 
Three ‘hypervariable’ (HV1-HV3) regions, also called complementarity determining regions 
(CDR1-CDR3), interspersed within four less-variable ‘framework’ regions (FR1-FR4) exist 
within each VL and VH (Fig. 1). The six CDRs, three each from VL and VH segments, fold to 
make the antigen binding site or ‘paratope’. Each bivalent Ab has thus two identical paratopes 
that can bind two identical epitopes on multivalent antigens. Each paratope has a unique shape 
and chemical complementary to that of epitope in order for the best fit. 

 The strength of binding of a paratope with an epitope is known as Ab affinity. Small 
changes in the paratope structure affect the Ab affinity. Affinities of different Abs range between 
105/M to 1011/M. Ab specificity is the ability of Ab molecules to discriminate between the 
binding of the inducing Ag and that of the antigens chemically related to the inducing one. Ab 
specificity is determined by the structural (geometrical shape) and chemical (bonding) 
complementarities between the Ab paratope and the epitope. 

 The Ig genes are segmented on germline DNA and rearranged in developing B 
lymphocyte clones. There are several V gene segments, a few D gene segments and 4-6 J gene 
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segments on H locus, several V and 4-6 J gene segments on Igκ, and a few V and 3-4 J gene 
segments on Igλ locus in mammals, which encode for VH and VL domains, respectively. Several 
molecular mechanisms operate to generate millions of B lymphocyte clones, each producing 
unique antibody specificity.  

C. Recombinant DNA-based methods for antibody production 

I. Antibody production in heterologous expression systems 

1. In mammalian cell culture 
 Full-length Ab, F(ab)2′, Fab or scFv have been produced in mammalian cell culture 
systems, employing rDNA methods. Both transient and stable modes of Ab expression in 
mammalian cell culture have been used. For transient expression, COS-1 monkey cells 
transformed by an ori- defective SV40 can yield between 0.1- 4 µg/ ml of the culture medium. 
For stable expression, integration of the genes of interest into an actively transcribed region of 
host chromosome is achieved by chemical or electric transfection, with selection under 
Neo/GU418 system for research scale and DNFR (methotrexate selection)/ glutamine synthetase 
(methionine sulphoximine selection) for commercial scale expression. Myeloma cell lines (e.g. 
NS0 & Sp2/0) and COS cells have been employed, with yield of humanized mAbs about 30 
µg/106 cells/24 hrs. However, CHO cells are currently the most widely used expression system. 
Several chimeric and humanized Abs produced in mammalian cell culture systems for in vivo 
human applications have already been licensed.  

2. In bacteria 
 Prokaryotic expression systems are well-established and unrivaled for very rapid 
production and purification of proteins. For ease of transformation and manipulation, E. coli is 
the choice for production of the functional derivatives of Abs [Ab fragments such as F(ab′)2, Fab, 
Fv, scFv, scAb, dAb, etc.]. Several different expression vectors are in current use, many of which 
are based on the pUC family for expression in of Ab fragments in cytoplasm, periplasmic space 
or secreted out in culture supernatants. Correct folding of large fragments may be problematic to 
achieve in bacterial expression systems. Codon differences may affect expression of eukaryotic 
proteins in prokaryotes and absence of glycosylation system is a limitation for full-length Abs.  

3. In yeast and filamentous fungi 
 Saccharomyces cerevisiae, Pichia pastoris, Aspergillus niger and Trichoderma reesi 
have all been developed for expression of full-length Abs and functional Ab fragments. Yields 
upto 1 g/l of intact Ab in A. niger system, and about 40 mg/l in P. pastoris have been obtained. 
Expression of scFv in Pichia pastoris using appropriate vectors have however been achieved at 
yields upto a few gm/l. This system is preferred over E. coli to reduce folding problems or for 
glycosylation, though non-human type. The yeasts and fungi secrete large amounts of 
recombinant proteins and are easily scaled-up to make possible economic production of 
industrially useful proteins. Non-glycosylated proteins are typically produced in either E. coli or 
S. cerevisiae, constituting about 40% of the therapeutic protein market with annual growth rate 
of about 12%.  
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4. In insect cell culture 

 Biologically active human Abs can be reliably produced by insect cell culture systems, 
employing either baculovirus expression system- well-established for production of large 
quantities of functional Abs, or stably transformed insect cell lines for continuous expression of 
Abs. Lepidopteran cell lines e.g., Spodoptera frugiperda (Sf9) and Trichoplusia ni (TN cell line 
BTI-TN-5B1-4) are used with baculovirus Autographa californica nuclear polyhedrosis virus 
(AcNPV). Insect cell expression system is better than E. coli and yeast for correct folding and 
processing of proteins. It is simpler and more cost-effective than mammalian expression system. 

5. In transgenic plants and plant cell cultures 

 Ab fragments such as scFv and dAbs have been produced in transgenic plants. Tobacco is 
a favorite plant for good biomass and simple transformation protocols, but rice and wheat lack 
toxic alkaloids in them and Abs can be expressed in seeds for stability at ambient temperature for 
years. Production costs mainly arise from downstream processing. ‘Plantibodies’ could be a 
cheap and plentiful source of Abs. Scale-up is very easy and cheap. Plantibodies are very similar 
to those produced by mammalian cells. Most have been designed only for topical applications, 
but those useful in plant science research such as biofilteration/ trapping of pesticides, 
herbicides, environmental pollutants by intrabodies, endogenously expressed anti-hormone Abs, 
‘intrabodies’ for neutralization of pathogen-associated toxins and other biomolecules. 

 Problems encountered in the transgenic plants can be avoided by plant cell culture as an 
expression system for recombinant proteins. Moreover, plant cells are maintained in simple 
synthetic media, and can synthesize complex glycoproteins, including Abs. Suspension cultures 
from Arabidopsis thaliana, Taxus cuspidate, Catharansus roseus, and domestic crops such as 
tobacco, alfalfa, rice, tomato, soyabean, etc. have been developed for large scale production in 
bioreactors. Various formats of Abs (scFv, dAb, bi-scFv, full size IgGs, etc.) have been produced 
in such cultures.  

6. In transgenic animals 

 Transgenic Abs can be produced in mammary glands of domestic ruminants. Goats are 
more suitable than cattle and sheep for such purpose. However, these expression systems are 
expensive to produce. 
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II. Ab display technologies to create Ab libraries in vitro 

 Ab display technologies employ a set of rDNA techniques to construct Ab fragments 
(scFv or dAb) as fusion products displayed on surface of phage, bacteria, yeast, etc. The vast 
number of Ab clones, of the extent of entire available repertoire (millions or more) of the animal, 
can thus be constructed in vitro and are collectively also called Ab library. The library size often 
exceeds 106 and may reach upto 1012. Sufficient volume of the peripheral blood containing B 
cells is sampled from the immunized or un-immunized animal/human, the VH and VL genes are 
PCR-amplified, linked and cloned into a suitable vector, and expressed as fusion products in 
order to be displayed on phage or host cells. The Ag-specific clones can be selected from the 
library by panning or other techniques, and then expressed as soluble products.   

 The display systems offer several advantages over the hybridoma technology for 
monoclonal antibodies. This method does not require B cell fusion as done in hybridoma and is 
relatively straightforward to construct and select Ag-binders in less amount of time. Since the 
phage or host cells that display the Ab on surface also carry gene segments (encoding for the Ab 
fragment) within them, affinity improvement or other modifications of Abs is possible by easy 
manipulation of these genes. Moreover, libraries can be constructed using a sample of the 
peripheral blood- without killing animals. Scale-up of production by display systems is feasible 
in order to make them cost-effective. Ag-binders selected in vitro are particularly useful for rare, 
poorly immunogenic, toxic and conserved epitopes. Several products for applications in industry, 
medicine and research have already been produced using these technologies. 
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1. Phage display system 

 Of various display systems, phage display system is the most popular and well-
established. In this display system, Ab fragments are expressed on filamentous phages (fd, fl or 
M13) as fusion product with phage coat proteins, particularly minor coat protein III. A number 
of phagemid vectors are available for the purpose. The VH-linker-VL gene/ VHH gene inserted 
in the phagemid vector is transformed into an amber-suppressor E. coli host and the phage 
library is rescued by super-infecting the transformants with a helper phage. The Ag-binders are 
selected from the phage library by panning or other techniques. Soluble scFv or dAb clones can 
then be expressed in amber non-suppressor E. coli strain, purified and characterized. Numerous 
immune and non-immune libraries of Ab fragments from human and all important domestic 
animal species have been prepared using the phage display system.  

2. Bacterial and yeast display systems: 

 Bacteria and yeast represent the microbial display systems. Bacterial display libraries are 
suitable for affinity maturation, whereas yeast display system is for affinity maturation, 
improvement in Ab expression and folding, and also circumvents need for endotoxin removal 
during purification. However, the merits and demerits of this system vis-à-vis the phage display 
system is yet to be fully understood.  

3. In vitro display systems: 

 In this type of display systems, genes are linked to the in vitro translated proteins 
encoded. Two in vitro display systems have been developed: i). The ribosome display system 
comprises of in vitro translation of Ab mRNAs on ribosomes that serve as non-covalent linker 
between the mRNA and the encoded protein, and ii). RNA display system has Ab mRNAs is 
covalently linked to the respective encoded Ab product by puromycin. Theoretical library sizes 
are much larger than those of the phage display and the affinities of scFVs selected from these 
libraries are comparable to those selected from the phage display libraries. Advantage of in vitro 
display systems is that affinity maturation can be achieved by error-prone PCR or DNA shuffling 
between selection rounds. 

III.  Cell-free expression systems: 

 Cell-free translation of proteins has been established since 1960s. However, antibodies 
and antibody fragments such as IgG, Fab and scFv have been expressed in E. coli lysates since 
1997. Rabbit reticulocyte lysate, wheat germ lysate, insect cell lysate (Sf21 cells) and recently 
CHO and human cell lysates have been developed for expression of scFV and Fab. In vitro 
display systems (mRNA and ribosome displays) have also employed cell-free E. coli lysates. 
Protein translation in cell-free systems is less time-consuming and efficient. Modifications in the 
translation products can be introduced conveniently.  
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D. Chemical synthesis of antibody mimetics 
 Ab mimetics are non-immunoglobulin structures, made up of nucleic acid or peptide 
(aptamers), engineered protein scaffolds (affimers, affibodies, etc.) or synthetic polymers 
(‘plastibodies’) that specifically bind in an Ab-like manner with their cognate ligands in vitro and 
in vivo. The aptamers are RNA or ssDNA molecules of about 40-120 bases or peptides of about 
10-30 amino acids of 3-D conformations that provide complementary binding sites to their 
respective ligands with high affinity. Aptamers have promising applications in biomarkers 
search, in vivo imaging, therapeutics and research.  

 Various scaffolds for constructing various Ab mimetics in the size range of 6-20 kDa 
have been used:  cystatin (for affimers), Z domain of protein A (for affibody), triple helix coiled 
coil (for alfabodies), lipocalins (for anticalins), type III domain of fibronectin (for monobody), 
etc. Like-wise, the synthetic polymer constructs, also called ‘Syam’ (synthetic antibody 
mimetics) or ‘plastibodies’, possess diagnostic and therapeutic potential. The so-called 
‘molecularly imprinted sorbent assays’ with Syams have been developed to detect haptens. The 
reasons the artificial antibody constructs are being increasingly developed are: low cost of 
production, high affinity and specificity, product reproducibility by chemical synthesis, total 
replacement of animals, non-immunogenic to the host, good tissue penetrance due to small size, 
binding to epitopes that are inaccessible to conventional antibodies, etc. 

E. Various antibody formats produced by rDNA technologies 

I. Chimeric and humanized murine mAbs 
 Monoclonal antibodies are most often produced by murine hybridoma technology. For 
therapeutic applications in humans, murine mAbs need to be modified by rDNA techniques in 
order to reduce/alleviate three major problems associated with them, i.e., immunogenicity, poor 
penetrance in tissues and rapid clearance by their binding to FcRs on various leukocytes. First 
attempts were to address the problem of immunogenicity and resulted in construction of : i). 
Chimeric Abs i.e., murine mAbs in which the entire murine C regions were replaced with those 
of human by genetic engineering technique, leaving only V regions of murine origin, ii). 
Humanized mAb are constructed by replacement of entire murine IgH and IgL sequences, except 
CDRs, by corresponding human sequences. Such Abs are non-immunogenic in humans and can 
be safely used for therapeutic purposes. 

II. Multivalent Ab formats: 
 Single-chain Fv (scFv) or single-domain antibodies (dAbs) serve as building blocks for 
bio-engineered functional Ab formats. The scFvs are single chain products encoded by the gene 
segment assembled from the VH and VL gene segments linked by a sequence for ≥18 amino acid 
linker peptide, and fold to make a functional paratope. They are 25-30 kDa size, which show 
rapid renal clearance and good tissue penetrance for in vivo applications. In addition, scFvs have 
potential applications in diagnostics and research. ScFvs have been modified in order to increase 
their therapeutic potential. In fact, scFvs with various desired functional/effector domains can be 
bio-engineered using rDNA techniques and such products are also called ‘designer Abs’.  
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For example, bispecific Abs (BsAb) comprised of two different Ag specificities, one for 

binding to the target (e.g., tumor cell) and other to the effector cell (NK cell) have been produced 
in order to improve target selectivity and reduce undesirable reactions resulting from activation 
of complement. Bispecific Abs can be produced by modifying in various ways: i). Folding of 
two different scFvs (diabodies, sc diabodies or tandem diabodies), ii). Chemical cross-linking of 
Fab or F(ab’)2 fragments of parental Abs to construct F(ab’)2 heterodimer, and iii). Fusion of two 
hybridomas to make a quadroma that produces full-length BsAbs.  

 BsAbs produced from scFvs are of 50-60 kDa size, have good tissue penetrance and rapid 
clearance from the body. Diabodies are producing by folding together of scFvs of two different 
specificities and are expressed at high yields in bacteria. Sc diabodies are formed by linking of 
two different scFvs through an additional middle linker of 15 amino acids. Tandem diabodies are 
produced by linking of two scFvs through a short middle linker of 2-6 amino acids. Eukaryotic 
system is more suitable for their expression. Reduction in the size of linkers to 0-2 amino acids 
results in formation of trimers, tetramers or higher order Ab species, which have high avidity but 
poor penetrance and clearance. Tetravalent BsAbs (Ab-scFv, dimeric minibodies and dimeric 
diabody-Fc molecules) have also been produced to bind to four epitopes. Immunoconjugates, 
that is, Abs conjugated to radio-isotopes, toxins, enzymes or even whole effector cells, can be 
used to bring the conjugates to the target cells for therapeutic purposes. Some Ab formats are 
shown in Fig. 3.  

III.  Single-domain antibodies or ‘Nanobodies®’ 

 Single-domain antibodies (dAb) are encoded by VHH gene segment derived from ‘heavy 
chain antibodies’ (HCAbs) of camelids or sharks. The dAbs are 12-15 kDa in size and the 



ICAR 28th CAFT Course in Veterinary Microbiology on 
“Development of Validated Diagnostic Assays and Accreditation of Diagnostic Laboratories” (3-23 Feb., 2016) 

Sanjay Kapoor and Swati Dahiya (Editors), Dept. of Vety. Microbiology, LUVAS, Hisar      50 

 

smallest Ag-binder Ab fragments produced to-date. They have excellent stability, solubility and 
high affinity binding. Phage display libraries of dAbs derived from camelid and sharks have been 
constructed and several dAbs specific to biotechnological and clinically useful Ags have already 
been selected from these libraries. Some of the products based on the dAb formats are 
undergoing clinical trials and several are in the drug development pipeline.  

F. Prospects: 

 Antibodies have been exploited for their exquisite antigen-specificity and the associated 
effector functions since their discovery during 1880s. A plethora of modern methods involving in 
vitro cell fusion, rDNA techniques, cell-free translation systems and synthetic chemistry have 
evolved since 1970s for production of antibodies, functional antibody fragments and synthetic 
antibody mimetics. The aims were to produce Abs or Ab mimetics that are suitable for 
applications in therapy, diagnosis, biosensors, proteomics, novel drug development, biocatalysis 
and other areas of modern science. Applications of Abs in these areas are increasing 
exponentially and technologies to produce them are evolving rapidly. In particular, bio-
engineered Abs and synthetic Ab mimetics are promising to make great contributions to the field 
of therapeutics, theranostics and modern biosensor-based diagnostics in the 21st century 
medicine. 
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INTRODUCTION 

Validation is a process that determines the fitness of an assay, which has been properly 
developed, optimized and standardized, for an intended purpose. All diagnostic assays should be 
validated for the species in which they will be used. Validation means estimates of the analytical 
and diagnostic performance characteristics of a test. An assay that has completed the first three 
stages of validation i.e. analytical characterization, diagnostic characterization and 
reproducibility can be called as a validated assay. To maintain a validated assay status, it is 
necessary to carefully monitor the assay’s performance under conditions of routine use. This can 
be done by checking the controls of assay over time. This ensures that the validated assay, 
consistently maintains its performance. If the assay does not produce results as shown earlier, 
then the assay can be said unfit for the intended purpose. Thus, a validated assay is constantly 
monitored to assure it maintains its fitness for purpose. 

Assays are designed for many purposes, such as: to document freedom from disease in a 
country or region, to prevent spread of disease through trade, to contribute in eradication of an 
infection from a region or country, to confirm the diagnosis of a clinical case, to estimate 
infection prevalence to facilitate risk analysis, to identify infected animals to implement control 
measures, and to classify animals for herd health or immune status post-vaccination. A single 
assay can be validated for one or more intended purposes by optimizing its methodology for each 
purpose. This can be done by setting diagnostic sensitivity (DSe) high, with associated lower 
diagnostic specificity (DSp) for a screening assay, or vise versa, setting DSp high with associated 
lower DSe for a confirmatory assay. In the earlier days the immunologic assays based on Ag-Ab 
reactions, needed less validation procedures but now due to many nucleic acid based diagnostic 
procedures, it becomes more important to validate the assay for its intended purpose, 
optimization and standardization of the assay. 
 
DIRECT AND INDIRECT METHODS THAT REQUIRE VALIDATION  

The diagnosis of infectious diseases is performed by direct and/or indirect detection of 
infectious agents. By direct methods, the particles of the agents and/or their components, such as 
nucleic acids, structural or non-structural proteins, enzymes, etc., are detected. The indirect 
methods demonstrate antibodies or cell-mediated immune responses induced by exposure to 
infectious agents or their components. The most common indirect methods of infectious agent 
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detection are antibody assays such as classical virus neutralization, antibody enzyme-linked 
immunosorbent assay (ELISA), haemagglutination inhibition, complement fixation, and the 
recently appearing novel methods, such as biosensors, bioluminometry, fluorescence 
polarization, and chemoluminescence. The most common direct detection methods are isolation 
or in-vitro cultivation of viable organisms, electron microscopy, immunofluorescence, 
immunohistochemistry, antigen-ELISA, Western immunoblotting, and nucleic acid detection 
systems (NAD). The NAD systems include nucleic-acid hybridization (NAH), macro- and 
microarrays and the various techniques of nucleic acid amplification, such as the polymerase 
chain reaction (PCR), or the isothermal amplification methods, such as nucleic acid sequence-
based amplification (NASBA), and invader or loop-mediated isothermal amplification (LAMP). 
NAD assays are rapidly becoming commonplace and in many cases replacing virus isolation and 
bacteria cultivation, particularly for the detection of agents that are difficult or impossible to 
culture. NAD tools are also used as a secondary means for highly specific identification of 
strains, groups, or lineages of organisms following isolation or culture of viruses, bacteria and 
parasites. Molecular diagnostics, such as PCR, do not require: a) the presence of replicating 
organisms, b) expensive viral isolation infrastructure, c) up to several weeks to achieve a 
diagnosis, or d) special expertise, which is often unavailable in many laboratories – all practical 
advantages. These methods have become relatively inexpensive, safe and user-friendly. 
 

PRELIMINARY CONSIDERATIONS IN ASSAY DEVELOPMENT AND VALIDATION 
All laboratories should fulfill the requirements given by OIE laboratory standards so as to 

minimize the error. The factors that do not depend on the test itself are instrumentation, operator 
error, reagent choice and calibration, reaction vessels and platforms, water quality, pH and ionic 
concentration of buffers and diluents, incubation temperatures and durations, and errors in the 
technical performance of the assay. 
  The first thing in assay development is to know the purpose of the assay. Once the 
objective of the test development is decided, it becomes convenient to standardize the subsequent 
steps in the validation process. Assay validation criteria are the characteristic properties of an 
assay that represent decision making factors and standards upon which results of the test is 
dependent. For doing this, we have to consider different types of variables involved in the assay. 
The variables can be grouped into categories such as:  

A. The sample – Individual or pooled, matrix composition, and host/organism interactions 
affecting the target analyte quantitatively or qualitatively. 

B. The assay system – physical, chemical, biological and operator-related factors affecting 
the capacity of the assay to detect a specific analyte in the sample. 

C. The test result interpretation – the capacity of a test result, to predict accurately the status 
of the individual or population for which the assay is applied. 
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THE CRITERIA OF ASSAY DEVELOPMENT AND VALIDATION 
The assay should answer the following criterion to be called as a validated assay: 

1) Definition of the intended purpose 
2) Standardization 
3) Repeatability 
4) Analytical sensitivity 
5) Analytical specificity 
6) Thresholds 
7) Diagnostic sensitivity 
8) Diagnostic specificity 
9) Reproducibility 
10) Fitness for intended purpose 
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A. ASSAY DEVELOPMENT PATHWAY 

1. Definition of the intended purpose(s) for an assay 
The OIE Standard for Management and Technical Requirements for Laboratories Conducting 
Tests for Infectious Diseases states that test methods and related procedures must be appropriate 
for specific diagnostic applications in order for the test results to be of relevance. In other words, 
the assay must be ‘fit for purpose’. The ultimate aim of validation of an assay is to check if the 
assay can effectively differentiate between a positive or negative sample. 
The first step of assay development is selection of an assay type that is appropriate and also it 
can be validated for a particular use e.g.  a molecular test for detection of infectious agent in an 
area. The most common purposes are to: 

1. To demonstrate a defined population is free from an infection.  
1a) ‘Free’ with and/or without vaccination 
1b) Re-establishment of freedom after outbreaks 

2. To certify the individual animal is free from an infection or presence of the agent in 
individual animals or products for trade/movement purposes. 

3. To eradicate a disease or to eliminate an infection from defined populations. 
4. To confirm diagnosis of suspect or clinical cases. 
5. To estimate prevalence of infection or exposure to facilitate risk analysis.  
6. To determine immune status of individual animals or populations (post-vaccination). 

 
These purposes include many narrower and more specific applications of a molecular diagnostic 
assay. Such specific applications and their unique purposes should be clearly defined before 
doing validation of the assay. Also, the assay should be defined in terms of target animal species, 
target pathogen(s) or condition, and sampling matrix. 

2. Assay development — the experimental studies 

2.1. Test method design and proof of concept 
Prior knowledge, smart thinking and proper plan of work should be applied while designing the 
molecular assay. Development of any assay depends on positive reference samples that can act 
as the target analyte, the matrix in which the analyte is found, and the population for which the 
assay is supposed to be used. The reference samples may be serum, fluids (including meat juices) 
or tissues that contain the analyte of interest or an artificial genetic construct of analyte. These 
reference materials are used in experiments conducted throughout the development process and 
carried over into the validation of the assay. 

2.2. Operating range of the assay 
The operating range of a molecular assay is the interval of analyte concentrations or titers over 
which the method provides suitable accuracy and precision.  
Accuracy is the closeness of a test value to the expected (true) value for a reference standard 
reagent of known concentration or titer. Precision is the degree of dispersion variance, standard 
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deviation or coefficient of variation within a series of measurements of the same sample tested 
under specified conditions. During development of the molecular assay, the lower and upper 
limits of the operating range are determined. To formally determine this range, a high positive 
reference sample is selected. This high positive sample is serially diluted to extinction of the 
assay’s response in an analyte-negative matrix of the same constitution as the sample matrix 
from animals in the population targeted by the assay. The results are plotted as a ‘response-
curve’, with the response (e.g. optical density, cycle threshold, counts, etc.) a function of analyte 
concentration/amount. The curve establishes the working range of the assay. If the range is found 
to be unacceptable for the intended purpose, additional optimization may be needed. The typical 
calibration curve for most assays is sigmoid in shape. The data are transformed to approximate a 
linear relationship between response and concentration using a suitable algorithm. 

2.3. Standardization and optimization 
 Optimization is the process by which the most important physical, chemical and biological 
parameters of an assay are evaluated and adjusted to ensure that the performance characteristics 
of the assay are best suited to the intended application. It is useful if we select at least three well-
defined reference samples, representing the analyte ranging from high positive to negative. These 
samples should represent known infected and uninfected animals from the population that will 
become the target of the assay. It is very difficult to get these reference samples as such, 
especially for the nucleic acid based or antigen based assays. The alternate methods of preparing 
reference samples spiked with cultured agents or positive sera are not good, because these 
samples do not show the naturally occurring matrix-agent interaction. When there is no other 
alternative exists, spiking a sample with a known amount of the analyte or agent derived from 
culture, or diluting a high positive serum in negative serum of the same species can be done. The 
samples thus produced, resembles as closely as possible the samples that ultimately will be tested 
in the assay. Ideally, reference samples have been well characterized by one or preferably at least 
two alternate methodologies. These samples can be used in experiments to determine if the assay 
is able to distinguish between varying quantities of analyte, distinguish the target from closely 
related analytes, and for optimizing the reagent concentrations and perfecting the protocol. 
 

Generally, assays are developed using reagents and equipment available in the laboratory. 
But, if the assay is intended for routine diagnostic use in multiple laboratories, standardization 
becomes critical. Every chemical and buffer formulation must be fully described. All reagents 
must be defined with respect to purity and grade. Acceptable working ranges must be 
established. The parameters such as pH, molarities, etc, standards for quality, purity, 
concentration and reactivity of biologicals must be written. Shelf lives and storage conditions 
must also be mentioned for both chemicals and biologicals. Acceptable ranges for reaction times 
and temperatures also should be given. Essential equipment critical to assay performance should 
be described in detail. Process quality control should also be included in the assay.    
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In addition to the above, downstream aspects such as data collection, data manipulation 
and interpretation should also be standardized and optimized. Finally, all of these parameters, 
once optimized, must be fully described in the test method protocol. During optimization of an 
assay, it is very important to note the reagents or the steps which are very critical for getting 
optimum results. For some assay types, specific steps in the procedure may have more impact 
than other steps on the final assay performance.  

2.4. Inhibitory factors in sample matrix 

Different types of matrix to be used in an assay should be used in the validation process. 
There are some inhibitory factors encountered in the sample matrix. These inhibitory substances 
will interfere with the results produced by the assay. Haemolyzed serum may contain factors 
toxic to the cells used in viral neutralization assays, while endogenous substances found in some 
tissues and fluids can interfere with or inhibit ligand-binding and enzymatic-based assays such as 
ELISAs. Autolyzed feces, tissues and semen samples contain more interfering substances and are 
therefore more problematic for assay performance than is serum, blood or fresh tissues. 

2.5. Robustness 

Robustness means an assay’s ability to remain unaffected by little variations in test 
conditions that may occur during performance of test in a single laboratory. Measurement of 
robustness should begin during assay development and optimization stages. To measure the 
robustness of the test, some variations should be done in the material & method parameters and 
conditions. If slight differences in conditions or reagent concentrations cause unacceptable 
variability, the assay most likely will not be robust. 

2.6. Calibration of the assay to standard reagents 

2.6.1. International and national reference standards 

Generally, by using OIE or other international reference standards the molecular 
diagnostic assays are standardized. These standards contain a known concentration or 
titer/concentration of analyte. These standards are prepared and distributed by OIE Reference 
Laboratories or other international reference laboratories. National reference standards are 
calibrated by comparing the national standards with an international reference standard. They are 
prepared and distributed by a national reference laboratory. If for a particular disease, an 
international reference standard is not available, a national reference standard becomes the 
standard of comparison for the particular assay. These standards are highly characterized by 
doing extensive analysis. The methods for their characterization, preparation, and storage are 
published in peer-reviewed publications. 
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2.6.2. In-house standard 

An in-house reference standard generally should be calibrated against an international or 
national standard. In the absence of either of these calibrators and to the extent possible, the in-
house standard is highly characterized in the same manner as international and national 
standards. 

2.6.3. Working standard 
One or more working standards, commonly known as analyte or process controls, are 

calibrated to an international, national, or in-house standard, and are prepared in large quantities; 
aliquots are prepared and stored for routine use in each diagnostic run of the assay. 

2.7. “Normalizing” test results to a working standard 
It is very common that during performance of an assay, the results may vary from within 

lab and between labs. Therefore the comparison of the data is not possible. Hence, to improve 
the comparability of test results both within and between laboratories, one or more working 
standard reagent(s) are included in each run of an assay. Then, the raw test values for each 
sample can then be converted to units of activity such as PFU, CFU viral particle numbers, virus 
concentration or antigen concentration etc. This process is called as ‘normalization’. The 
‘normalized’ values may be expressed in many ways, such as a per cent of a positive control (e.g. 
in an ELISA), or as the estimated concentration or titer of an analyte derived from a standard 
curve. It is good practice to include working standards in all runs of the assay. This allows 
‘normalization’ of the data. This provides a valid means for direct comparison of results between 
runs of an assay.  

2.8. Preliminary study of the repeatability 
Assessment of repeatability should begin during assay development and optimization 

stages. It is very important to detect the repeatability of the assay during earlier days of 
development of an assay. If the repeatability of the assay is very less, then it is not worth to 
develop such assay further. 

B. ASSAY VALIDATION PATHWAY 
“Validation” is a process that determines the fitness of an assay that has been properly 

developed, optimized and standardized for an intended purpose(s). Validation includes estimates 
of the analytical and diagnostic performance characteristics of a test. 

1. Stage 1 — Analytical performance characteristics 
Generally, the design of analytical studies should be done with the help of a statistician and a 
disease expert. This is to ensure that the sample size and experimental approach are valid. It is 
important to design the experiment which can detect the variation that can be within laboratory 
and between laboratories and thus further can be used to access the precision of the assay. This 
can define performance characteristics of an assay. The choice of organisms, strains or serotypes 
to assess analytical sensitivity and specificity should be selected from current knowledge. 
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1.1. Repeatability 
Repeatability is the level of agreement between results of replicates of a sample both 

within and between runs of the same test method in a given laboratory. Repeatability is measured 
by removing variation in results of replicates. The number of replicates should be determined by 
consulting with a statistician. Generally as suggested, minimum three replicates of each sample 
should be taken. Each replicate is then run through all steps of the assay.  
                        

 Between-run variation is determined by using the same samples in multiple runs 
involving two or more workers, done on multiple days. The variation in replicate results can be 
expressed as standard deviations, coefficients of variation (standard deviation ÷ mean of 
replicates), or other different options.  

1.2. Analytical specificity 
Analytical specificity (ASp) is the ability of the assay to distinguish the target analyte 

from non-target analytes, including matrix components. The assessment is done qualitative basis. 
It depends upon the choice and sources of sample types, organisms. ASp is documented during 
Stage 1 validation, and cross-reactions identified. Cross-reactivity may be acceptable depending 
on the proposed use of the assay. The impact of cross-reactivity is further documented during 
Stage 2 (establishment of setting diagnostic sensitivity (DSe) and assessed in Stage 4 
implementation. 

1.2.1. Selectivity 
Selectivity refers to the extent to which a method can accurately quantify the targeted 

analyte in the presence of: 1) interfering substances such as matrix components e.g. inhibitors of 
enzymes in the reaction mix; 2) degrading substances e.g. toxic factors; 3) nonspecific binding of 
reactants to a solid phase e.g. conjugate of an ELISA adsorbed to well of microtiter plate; 4) 
antibodies to vaccination that may be confused with antibodies to active infection. Such 
interfering substances may cause falsely decreased or increased results in the assay that reduces 
the analytical specificity. 

1.2.2. Exclusivity 
Exclusivity is the capacity of the assay to detect an analyte or genomic sequence that is 

unique to a targeted organism, and excludes all other known organisms that are potentially cross-
reactive. This would also define a confirmatory assay. 

1.2.3. Inclusivity 
Inclusivity is the capacity of an assay to detect several strains or serovars of a species, 

several species of a genus, or a similar grouping of closely related organisms or their antibodies. 
It broadens the spectrum of an assay for screening the samples. 
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1.3. Analytical sensitivity 
The analytical sensitivity is measured in terms of the limit of detection (LOD).  The LOD 

is the estimated amount of analyte in a specified matrix that will produce a positive result at least 
a specified percent of the time. Generally, estimated LOD is based on mixing of the analyte into 
the target matrix. The choice of analyte (s) (e.g. species, strains) is part of the ASe definition and 
should be reported properly. These experiments may be designed for precise and accurate 
estimation of the probability point (e.g. 50% or 100%). 

1.4. Analytical accuracy of adjunct tests or procedures 
Some test methods or procedures are qualified for use as analytical tools in the diagnostic 

laboratory. These usually are secondary tests or procedures that are used to an analyte that is 
detected in a primary assay. The use of these analytical tools is to characterize the analyte 
detected in the primary assay.  The analytical accuracy of these tools may be defined by 
comparison with a reference reagent standard. The targeted analyte is then characterized 
quantitatively or qualitatively by the analytical tool. 

2. Stage 2 — Diagnostic performance of the assay 
Estimates of DSe: The proportion of samples from known infected reference animals that 

test positive in an assay and DSp: The proportion of samples from known uninfected reference 
animals that test negative in an assay. These are the primary performance indicators established 
during validation of an assay. From these values, the other parameters of the test are estimated. 
Hence, it is important that the values of DSe and DSp are as accurate as possible. Generally, they 
are derived by testing a panel of samples from reference animals, of known history and infection. 
The animals should be from those countries or animal species on which the test is going to be 
performed.  

2.1. Reference animal populations 
For selection of reference animals the important host variables in the target population which 
represents the infected animals, the animals exposed to the target agent and that have never been 
infected or exposed. The variables to be noted include but are not limited to species, age, sex, 
breed, stage of infection, vaccination history, and relevant herd disease history. 

2.1.1. Negative reference samples 
True negative samples, from animals that are never infected or exposed to the agent, are very 
difficult to get. It is possible to order these samples from countries or zones that have eradicated 
or have never had the disease in the history. These samples are very useful to serve as a negative 
control. But the sample population should be similar to the affected population. 

2.1.2. Positive reference samples 
It is generally difficult to find enough numbers of true positive reference animals. It is necessary 
to depend on the samples from animals that have been identified by another test. The test should 
be of high accuracy. Then our test under development is applied to these reference samples and 
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results (positive and negative) are cross-classified in a 2 × 2 table. This is called as the “gold 
standard model”. 

2.2. Samples from animals of unknown status 
When we do not have any positive or negative reference samples, that time the samples are 
collected from a random population. These samples are then subjected to both the test. Here it is 
assumed that both the tests are inaccurate. And finally the results of both the test are compared to 
come to a conclusion. Then the Dsp and Dse are calculated for both the tests. 

2.3. Experimentally infected or vaccinated reference animals 
Samples obtained sequentially from experimentally infected or vaccinated animals are useful for 
determining the kinetics of antibody responses or the presence/absence of antigen or organisms 
in samples from such animals.  

2.4. Cut-off (threshold) determination 
To obtain DSe and DSp estimates of the candidate assay, the test results are first divided 

into two (positive or negative) or three (positive, intermediate [doubtful] or negative) categories 
of test results. This is done by inserting one or two cut-off points (threshold or decision limits) on 
the scale of test results. The selection of the cut-off should reflect the intended purpose of the 
assay and its application. The cut-off must support the required DSe and DSp of the assay. If 
considerable overlap occurs in the distributions of test values from known infected and 
uninfected animals, it is impossible to select a single cut-off that will accurately classify these 
animals according to their infection status. Rather than a single cut-off, two cut-offs can be 
selected that define a high DSe. The main difficulty in establishing cut-offs based on diagnostic 
performance characteristics is the lack of availability of the required number of well-
characterized samples.  

3. Stage 3 — Reproducibility and augmented repeatability estimates 

3.1. Reproducibility 
Reproducibility is the ability of a test method to provide consistent results, as determined 

by estimates of precision, when applied to aliquots of the same samples tested in different 
laboratories, preferably located in distinct or different regions or countries using the identical 
assay (protocol, reagents and controls). To assess the reproducibility of an assay, each of at least 
three laboratories should test the same panel of samples (blinded) containing a suggested 
minimum of 20 samples, with identical aliquots going to each laboratory. This exercise also 
generates preliminary data on non-random effects attributable to deployment of the assay to 
other laboratories. In addition, within-laboratory repeatability estimates are augmented by the 
replicates used in the reproducibility studies. Measurements of precision can be estimated for 
both the reproducibility and repeatability data. 
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3.2. Designation of a validated assay 
On completion of Stage 3 validation, assuming the earlier stages have been fully and 

satisfactorily completed, the assay may be designated as “validated for the original intended 
purpose”. Retention of this designation is dependent on continual monitoring of the assay 
performance. 

4. Stage 4 — Programme implementation 
The successful deployment of an assay provides additional and valuable evidence for its 

performance according to the expectations. Moreover, the (true) prevalence of the diagnostic trait 
in the target population is an important factor that needs to be accounted for as described below. 

4.1. Fitness for use 
 For some diseases, multiple assays might be available for use in combination in disease 

control and surveillance programs and hence, an assay’s utility might need to be assessed by 
evaluating incremental changes in DSe, DSp and predictive values of the combined tests. An 
inability to meet operational requirements of an assay also may make it unfit for its intended use. 
Such requirements may include performance costs, equipment availability, level of technical 
sophistication and interpretation skills, kit/reagent availability, shelf life, transport requirements, 
safety, bio-security, sample throughput, turn-around times for test results, aspects of quality 
control and quality assurance, and whether the assay can practically be deployed to other 
laboratories. Test kits used in the field are highly desirable from an ease-of-use viewpoint, but 
because they are performed outside the confines of a controlled laboratory environment, they 
require added precautions to maintain fitness for purpose. 

4.3. International recognition 
Traditionally, assays have been recognized internationally by the OIE when they are 

designated as prescribed or alternate tests for trade purposes. This has often been based on 
evidence of their usefulness on a national, regional or international basis. For commercial 
diagnostic kits that have gone through the OIE procedure for validation and certification of 
diagnostic assays, the final step is listing of the test in the OIE Register. Tests listed in the 
Register are certified as fit for a specific purpose if they have completed Validation Stages 1, 2 
and 3. The Register is intended to provide potential kit users with an informed and unbiased 
source of information about the kit and its performance characteristics for an intended purpose. 
The Register is available on the OIE website at: http://www.oie.int/en/ourscientific-
expertise/certification-of-diagnostic-tests/the-register-of-diagnostic-tests/. 

4.4. Deployment of the assay 
Ultimate evidence of the usefulness of an assay is its successful application(s) in other 

laboratories and inclusion in national, regional and/or international control or surveillance 
programs. Reference laboratories play a critical role in this process. In the natural progression of 
diagnostic and/or technological improvements, new assays will become the new standard method 
to which other assays will be compared. As such, they may progressively achieve national, 
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regional and international recognition. As a recognized standard, these assays will also be used to 
develop reference reagents for quality control, proficiency and harmonization purposes. These 
reference reagents may also become international standards. 

5. Monitoring assay performance after initial validation 
5.1. Monitoring the assay 

To retain the status of a validated assay it is necessary to assure that the assay as 
originally validated consistently maintains the performance characteristics as defined during 
validation of the assay. This can be determined in a quality assurance programme characterized 
by carefully monitoring the assay’s daily performance, primarily through precision and accuracy 
estimates for internal controls, as well as outlier tendencies. The performance can be monitored 
graphically by plotting measurements from assay controls in control charts. Deviations from the 
expected performance should be investigated so corrective action can be taken if necessary. Such 
monitoring provides critical evidence that the assay retains its “validated” designation during the 
implementation phase of the assay. Reproducibility is assessed through external quality control 
programs such as proficiency testing. Should the assay cease to produce results consistent with 
the original validation data, the assay would be rendered unfit for its intended purpose. Thus, a 
validated assay must be continuously assessed to assure it maintains its fitness for purpose. 
 
Further reading: 
 

1. Cembrowski, G.S., Sullivan, A.M. 1992. Quality control and statistics, In: An Introduction 
to Clinical Chemistry, Bishop, M.L., Duben-Engelkirk, J.L., Fody, E.P., eds. Lippincott, 
Philadelphia, USA, pp: 63-101. 
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Abstract 
Early pregnancy diagnosis is an important aspect for optimizing dairy production and is 

often considered significant information for reducing the calving interval - open animals 
identified, timely treatment and rebreed to maintain optimum postpartum barren interval. 
However, none of the present day methods qualifies as an ideal early pregnancy diagnostic test 
due to limitations of accuracy, later stages of applicability as well as requirement for elaborate 
instrumentation and laboratory set-up. Due to this research focusing on developing novel early 
pregnancy diagnostics for livestock species has always been enthusiastically supported in animal 
sciences. The advancement of molecular techniques and their applications in animal research has 
given a new hope to look for pregnancy biomarker molecules in animals. This chapter examines 
common pregnancy diagnosis methods available for dairy animals, while assessing usefulness of 
the modern technologies in detecting novel pregnancy markers and designing future strategies 
for research in this area. 
 
1. Introduction: 

The early embryonic period in cattle has been described to be lasting for approximately 
42 days post insemination (Committee on Reproductive Nomenclature, 1972), encompassing a 
series of events starting with fertilization and culminating in implantation (Table 1). Post-
implantation, embryonic losses due to non-infectious causes are rare and the pregnancy becomes 
more secure. Many methods of pregnancy diagnosis, both direct and indirect, are being practiced 
in bovine species; none till date actually qualifies as the ideal pregnancy diagnosis method due 
to the limitations they inherit. The advancement of molecular techniques like proteomics and 
their applications in animal research has opened up opportunities for research communities to 
look for pregnancy biomarker molecules in these animals. The table 1 sums up the major events 
during early embryonic period. 

2. Direct method of pregnancy detection 
2.1. Per-rectal palpation 

Cowie (1948) first described transrectal palpation of the uterus as a method for 
pregnancy diagnosis in cattle which makes it the oldest and most widely practiced method for 
early pregnancy diagnosis in large dairy animals even today. Traditionally, to confirm pregnancy 
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at about Day 30 of gestation onwards, the practitioners have relied on the palpation of amniotic 
vesicle and slipping of the chorioallantoic membranes between thumb and forefinger. In buffalo 
too, palpation per rectum is a simple, economic and the most widely practiced method for 
pregnancy diagnosis; however, this method is only accurate from Days 45 of pregnancy. Though 
per-rectal palpation is the cheapest pregnancy diagnosis method, several studies have suggested 
that examining pregnant cows early in gestation by transrectal palpation increases the risk of 
iatrogenic embryonic mortality. In pregnant mares, this method can be used from as early as 16 
to 19 days of pregnancy, but it does require considerable expertise on the part of the veterinarian. 

Table 1. Important events during early embryonic period 
Day of Pregnancy Event 
Day 0-1 Fertilization, single-cell embryo (zygote) in oviduct 
Day 2 Early cleavages in the oviduct (upto 8 cell stage), activation of embryonic 

genome  
Day 3-4 Embryo enters the uterus 
Day 5-6 16-32 cell zona-enclosed embryo progressing into compact morula stage 
Day 7-8 Formation of a blastocoele with differentiation of embryonic cells 
Day 9-10 Blastocyst expansion and hatching from the zona pellucida 
Day 11-15 Blastocyst elongation from tubular to a filamentous structure 
Day 14-19 Maternal recognition of pregnancy 
Day 19-20 Implantation begins 
Day 21 Caruncles–cotyledons appear 
Day 22-41 Implantation progresses 
Day 42 Implantation completed 

2.2. Ultrasonography 
By per rectal palpation an expert can accurately diagnose an animal pregnant only after 

Day 35 of gestation, but the application of ultrasonography has made diagnosis possible as early 
as Day 28 post insemination or even earlier. The first visible changes appearing by Day 21 post 
breeding, when fetal heartbeat can be visualized, also helped confirm a viable pregnancy though 
it is not a routinely assessed parameter for pregnancy diagnosis. Transrectal ultrasonography has 
the added advantage of providing additional information on ovarian structures, identification of 
twins, and determination of fetal viability, age and sex. Transrectal ultrasonography made it 
possible for a thorough examination of the reproductive health of the animal and therefore, it has 
now become an established research tool to study bovine reproductive biology in cattle and 
buffalo. Ultrasound is minimally invasive, accurate and efficient technique for early pregnancy 
diagnosis and may minimize the rare incidence of palpation-induced abortions. A technical 
person places a probe in the rectum of the mare and sound waves are used to generate a picture 
of the uterus, the foetus and placenta. It can also detect the foetal heartbeat. Ultrasound can be 
used to detect pregnancy from about day 16, and can even reveal gender from about 55 to 70 
days. 
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3. Indirect methods of pregnancy detection 
3.1. Progesterone 

Measurement of progesterone is an indirect method for pregnancy diagnosis in many 
livestock species including cattle, buffalo, sheep and goat. Conception extends the life of the 
corpus luteum (CL) by preventing luteolytic mechanism to trigger, thus prolonging and 
maintaining its functional characteristics, ensuring continued high progesterone levels. 
Progesterone maintains the uterine endometrium in a state which supports embryonic 
development, implantation and foeto-placental development.Progesterone concentrations vary 
with the stage of the estrous cycle which makes it one of the most commonly studied 
reproductive hormones in bovine ruminants for pregnancy detection and ovarian activity.  

Studies in the bovine estrous cycle indicate that the milk or serum progesterone 
concentrations reach a maximum value 13-14 days after estrus; and if the animal is pregnant, 
these continue to remain elevated up to Day 21 post fertilization and beyond. These high levels 
of progesterone in serum or milk between Day 18 and 24 post insemination form the basis of 
establishment of pregnancy in cattle. Interferon-τ exerts its anti-luteolytic effect by inhibiting 
endometrial expression of oxytocin receptors, through which oxytocin stimulates pulsatile PGF2α 
release. Although low progesterone concentrations at 18 to 24 days post breeding can accurately 
predict non-pregnancy, high progesterone concentrations during this period are not the specific 
indicators of pregnancy due to variations among cows in duration of the estrous cycle as well as 
the incidence of early or late embryonic mortality. The advantages of progesterone assay for 
pregnancy diagnosis include non-invasive collection of milk sample and the feasibility to 
conduct the test on farm using commercial cow-side milk progesterone test kits, though the 
sensitivity gets compromised to some extent with these assay kits.  

In buffaloes, progesterone levels in milk are four to five times higher than in blood 
plasma. Just like cattle, buffalo too can be accurately diagnosed as non-pregnant by 
determination of plasma progesterone concentrations 21 days post-insemination. A major 
constraint in using progesterone assay for pregnancy diagnosis is its use only in cases where AI 
or breeding dates are known/ recorded and not randomly in the herd. Nevertheless, progesterone 
analysis remains the most common clinical use of any of the reproductive hormones. 

In case of equines, while transrectal palpation and ultrasound are accurate ways of 
determining pregnancy, there are many times when the mare is too irritable to be examined, or its 
rectum is simply too small for a manual examination. Blood samples can be taken from the mare 
to be tested for the presence of chemical hormones associated with pregnancy. The two 
hormones most commonly measured are pregnant mare serum gonadotrophin (PMSG), which is 
now often called equine chorionic gonadotrophin (eCG), and oestrone sulphate. 

3.2. Pregnancy testing by measuring PMSG: This method is based on the measurement of 
the PMSG concentrations in the blood of pregnant mares. This is best performed between 35 and 
100 days after breeding. PMSG is a protein produced by the endometrial cups – a group of cells 
from the embryo that temporarily colonise the lining of the mare’s uterus. The endometrial cups 
last for 60 to 100 days. They form between about days 36 to 38 of pregnancy and the PMSG they 
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secrete is first detectable in the mare’s blood from about day 35.Concentrations then rise quickly 
and peak around day 70. Levels in the blood gradually fall as the cups start to regress. By about 
day 130, PMSG production has ceased, and it is no longer detectable in blood. It is generally not 
recommended to test for PMSG after 120 days of pregnancy as levels can be very low in some 
mares by then, and thus difficult to detect. 

3.3. Estrone sulphate 
Estrone sulphate is a conjugated steroid product of estrone, present predominantly in the bovine 
placentomes and major estrone present in the fetal fluids and maternal peripheral plasma of cow 
with measurable quantities detectable by Day 52 onwards till the end of gestation. Its 
concentrations increase from Day 60 and plateau around Day 150 post insemination. However, 
reliable pregnancy detection is possible only after Day 100 of gestation and therefore this test 
can only detect late pregnancy. Concentration of estrone sulphate in the maternal body fluids is a 
useful indicator for the placental functions especially related to embryonic growth. Levels of 
estrone sulphate in different maternal body fluids viz. milk and blood plasma can be utilized as 
the criteria for confirming pregnancy by 110 Day post insemination in bovine species. Estrone 
sulphate concentrations have also been frequently correlated to fetal numbers, as these are higher 
when the number of developing foetuses is more than one. Yet, estrone sulphate is not an ideal 
pregnancy biomarker as the plasma and milk profiles are influenced by many other factors such 
as genetic makeup, weight, parity status and environment. 
In equines, Oestrone sulphate is a hormone present in small amounts in the blood of non-
pregnant mares. It is best to use a test for oestrone sulphate after the 100-day mark. This 
oestrogen is produced by the foetal-placental unit, and measuring its blood concentration is a 
well-established, reliable and accurate method for pregnancy-testing mares from 100 days post-
breeding right through to the expected time of foaling. From about the 40th day of pregnancy, 
the foetal-placental unit of pregnant mares start to produce increasing amounts of oestrone 
sulphate, which enters the mare’s blood and urine. By day 100 of pregnancy, the mare’s blood 
concentrations of oestrone sulphate are consistently at least twice, and generally more than five 
times, the highest concentrations found in non-pregnant mares. Elevated levels are totally 
dependent on the presence of a live foetus. Levels remain elevated for the rest of gestation unless 
the foetus dies, whereupon concentrations fall within a few days to levels normally found in non-
pregnant mares. 

3.4. Conceptus and placenta secreted products  
The very fact that pregnancy brings about numerous physiological changes in the female body 
through secretion/ altered secretion of various bio-molecules, which often are proteins or their 
metabolites, supports research endeavours aimed at identifying novel proteins as the candidate 
molecules for pregnancy detection. Human chorionic gonadotrophin (hCG), discovered for the 
first time by Aschheim and Zondek in the urine of pregnant women in 1927, is perhaps the best 
example of placental protein hormone used for pregnancy diagnosis. With the advancement of 
biotechnological tools, hCG based pregnancy diagnosis has become the simplest, cheapest and 
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the most commonly practiced test for humans to diagnose pregnancy as early as 8-10 days after 
conception. Homologous to the human protein, only higher primates produce a chorionic 
gonadotrophin (CG) for maintaining luteal activity during early pregnancy, while ruminants 
produce type I interferon as an antiluteolytic factor during this period. 
 

3.5. Early Conception Factor (ECF) 
Early pregnancy factor (EPF, also known as early conception factor - ECF) - a 10.84 kDa 
protein, is present in the sera of pregnant mammalian females. Detectable within 6 to 24 hours of 
fertilization and disappearing within 24 to 48 after death or removal of the embryo, EPF is 
present in serum upto two thirds of the gestation.EPF remains the earliest serum benchmark for 
positive fertilization and hence successful conception. This novel pregnancy specific protein has 
high immunosuppressive ability which is demonstrated by rosette inhibition test, a bioassay first 
demonstrated in pregnant mice. EPF is reported to be present in the pregnant sera of most 
mammalian species including humans, mice, sheep, cow, pig, mare and some wild animals. 
Antibodies raised against a cow serum glycoprotein were used to detect EPF leading to 
development of a lab method, which has been commercialized in the US as Early Conception 
Factor (ECF) test (Concepto Diagnostics, Knoxville, TN) claiming detection within 48 hours. 
Extensive study on the effectiveness of commercial ECF test for diagnosing non-pregnancy 
revealed high degree of non-reliability of the test wherein only 44.4% and 55.6% of the 
confirmed nonpregnant heifers were identified correctly by serum ECF analysis at days 1 to 3 
and days 7 to 9 post-AI, respectively. Although EPF is secreted in early pregnancy, it is not 
strictly pregnancy specific because of its secretion from non-placental sources such as tumors 
and transformed cell lines, which makes it an erroneous pregnancy detection method. EPF 
belongs to family of heat shock proteins, though detected extracellularly and having 
immunosuppressive and growth factor properties. These properties are crucial to avoid rejection 
of antigenically alien embryo and support its development.  
 

3.6. Interferon τ (IFN- τ) 
Interferon-τ, a novel type I interferon is first produced by the conceptus between Days 

12-13 post insemination in sheep and Days 14-16 in cattle. High ovine IFN-τ levels are attained 
on Day 12-13 before luteolysis could actually trigger. IFN-τ, a 172 amino acid polypeptide 
blocks transcription of estrogen receptor alpha and oxytocin receptors in endometrial cells while 
down-regulating the expression of enzymes cyclooxygenase-2 and prostaglandin F synthase thus 
preventing PGF release necessary for luteolysis. IFNτ, acting within the uterine cavity with 
extremely low levels in extra-uterine tissues and peripheral circulation, prevents direct use of 
IFN-τ as an early pregnancy diagnosis molecule.  

Rapid advancement of molecular techniques in the last two decades has opened new 
avenues for exploring this unique molecule as pregnancy marker for ruminants through studies 
on IFN-τ stimulated genes (ISG) viz. interferon-stimulated protein 15 kDa (Isg15), myxovirus-
resistance 2 (MX2), and 2’-5’oligoadenylate synthetase (OAS1), in peripheral blood leukocytes 
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during early pregnancy. Microarray analysis further indicated that many genes, including IFN-τ 
stimulated, are up regulated during early pregnancy. However, most experiments have shown 
that the differential expression of such genes is influenced by the parity of the animal - more 
definite in heifers as compared to multiparous animals. IFN-τ stimulated genes have the potential 
to be used as pregnancy detection biomarkers, still there is no field level test available based on 
these markers. 
 

3.7. Pregnancy Associated Glycoproteins (PAGs) 
Relocation of the extra embryonic trophoblastic cell layers to the endometrium between days 20 
to 28 and secretions from conceptus lead to successful implantation and continuation of 
pregnancy in ruminant species. The pregnancy associated glycoproteins (PAGs) are secretory 
products from the mono- and bi-nucleated trophoblastic cells in bovine placentome. Among 
these glycoproteins - two pregnancy specific proteins in the sera of pregnant cows are - a 65-70 
kDa with immune reaction similar to α1-fetoproteinand a 47-53 kDa protein which showed no 
reactivity with any of the known proteins (given the name ‘protein B’ or the ‘pregnancy specific 
protein B’ PSPB in bovine). Further purification and characterization of protein B established 
that it is actually a 67 kDaPAG. Biochemical and functional investigations established these 
proteins to be enzymatically inactive members of the aspartic proteinase superfamily having 
homology to pepsin, chymosin, cathepsins D and enzyme renin.  

PAGs are a very complex group of proteins, a fact proven by the already documented 22 
distinct cDNA libraries. Three most studied bovine PAGs: PSPB, PAG 67 kDa or bPAG-1 and 
PSP60 are isomers of the same protein having similar N-terminal sequences. Transcription of 
bPAG-2 and -11 mRNA is seen all through the pregnancy; -4, -5 and -9 mRNA in early 
pregnancy and bPAG-1 mRNA are detectable only after Day 45. Interestingly, Bovine PAG-4 
and bPAG-1 mRNA are highly transcribed till Day 250 of gestation, but become indiscernible at 
the end. The six N-glycosylation sites are responsible for the variations in molecular weight and 
half-life of PAGs and is also the reason for expression of different PAGs during different stages 
of gestation. Currently researchers at NDRI and CIRB are undertaking experiments on buffalo 
PAGS to come out with workable solutions for early detection of pregnancy in buffaloes. 

High circulating levels of these proteins on Day 80 to 100 postpartum restrict their use as 
pregnancy diagnosis test, except in heifers. Sasser and co-workers (1986) developed double 
antibody radioimmunoassay for the serological detection of PSPB for pregnancy detection in 
cattle, and found serum levels increasing progressively from 1 ng/ml after Day 30 to 9 ng/ml, 35 
ng/ml and 150 ng/ml after three, six and nine months of pregnancy, respectively. The study 
claimed PSPB detection to be more accurate than the traditional rectal palpation method for 
pregnancy detection. PAGs have been used for development of bench-top pregnancy detection 
methods, which are now commercially available as BioPRYN (BioTracking, Russia), DG29 
(Genex Cooperative Inc., USA) and IDEXX (IDEXX Laboratories, Inc., USA). BioPRYN 
blood test is most extensively used PAG based kit for pregnancy detection in ruminants. By 
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May, 2010 already there were 2 million cattle blood tests conducted for pregnancy detection 
(http://biotrackingcom.siteprotect.net/about/timeline). 

4. Current research in biomarker for pregnancy 
It is presumed that the monitoring of sequential changes in blood proteome profile from the day 
of estrus to successful conception and through progression of gestation, can lead to discovery of 
molecules, which will perhaps be novel and specific to the physiological stage of the animal. In 
order to qualify as a marker for pregnancy, the candidate molecule should be able to accurately 
determine the pregnancy status as early as possible with minimum false positives or false 
negatives. Additionally, desired characteristics of biological marker for pregnancy should have 
following characteristics: 

i. Specifically up-regulated or down-regulated during pregnancy 
ii. Least affected by non-animal factors like feed, environment and drug interactions 

iii. Have the ability to reflect age as well as viability of the conceptus 
iv. Present in easily accessible body fluids like serum, milk, urine, vaginal discharge 

etc.  
v. Expressed over a considerable period of time to give ample time for diagnosis  

vi. Reveal the result immediately. 
 

Proteomics is large scale study of protein functions, protein expression, protein-protein 
interactions or post-translational modifications in particular cell, tissue or organism and is 
intended for identification of all the proteins present. Proteomics provide an opportunity to 
simultaneously analyze thousands of proteins in a single experiment from a complex mixture of 
proteins in various body fluids. This will help in identifying specific and sensitive biomarkers 
fulfilling the characteristics of uniqueness for a pregnancy diagnosis molecule. Main objectives 
of the proteomics research include documentation of biomarkers, altered protein expression 
patterns indicative of patho-physiological changes and therapeutically important drug targets.  

There is limited information on the bovine proteome in relation to pregnancy. Proteomics 
analysis using blood serum samples of pregnant and non-pregnant Holstein dairy cattle at 21 and 
35 days after AI found nine pregnancy-specific spots in Day 21 and Day 35 serum samples. 
Pregnancy-specific proteins were identified as transferrin, albumin, IgG2a heavy chain constant 
region, and immunoglobulin gamma heavy chain variable region. Further, differential proteomic 
analysis of milk samples from pregnant and non-pregnant cows revealed 16 protein spots, 14 
pregnancy-specific and 2 spots down-regulated in the pregnant milk sample. Pregnancy-specific 
proteins were identified as serum albumin precursor, IgG1 heavy chain constant region, 
conglutinine precursor, epithelial keratin10 and kelch-like ECH-associated protein. Though some 
identified spots were abundant milk or serum proteins, their molecular weights and pI values 
were different from main milk or serum proteins. This may suggest these proteins could be 
pregnancy-specific subunits or fragments of albumin and IgG, or carrying differentially 
expressed small proteins, which may ultimately have potential for pregnancy detection. 
Encouraging enough, these studies needs further investigations for arriving at some sort of 
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pregnancy detection method. Preliminary studies in buffalo cows on blood proteome too detected 
significant changes in many proteins in 2DE gels. Important proteins found on MS analysis of 
these were synaptojanin-1, apolipoprotein A-1, apolipoprotein B, Keratin 10 and Von Willebrand 
factors, which are documented to have role in embryogenesis and early pregnancy. 
 
5. Conclusion 
Data generated out of sequential blood proteome analysis during pregnancy can have several 
other applications as well e.g. studying fetal viability, genetic disorders etc. Trisomy 21 
pregnancy can be detected with high accuracy by maternal serum proteomic analysis in humans. 
In the absence of a single indicator for a particular life process, a combination of the expression 
patterns of more than one substances can be used for a purposeful analysis as in the quadruple 
test where levels of four blood constituents (alpha- fetoprotein, human chorionic gonadotrophin, 
unconjugated oestriol and inhibin-A) has been used to predict the probability of the Down’s 
syndrome in babies. A pregnancy detection test on the same lines as the human quadruple test 
can be tried where instead of one, we can consider protein profile of more proteins. This 
approach too will require a thorough analysis of the bovine proteome, before such a test with 
high accuracy is available to the livestock owners. 
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Due to globalization, new infectious agents and diseases have emerged, SARS, bird flu, 
swine flu, Henipa, Crimean Congo haemorrhagic fever, Ebola, etc, being some of the recent 
examples. Recent world events have demonstrated new threats of bioterrorism. The 
laboratories are compelled to evaluate and ensure the effectiveness of their biosafety programs, 
as well as the capability of equipment, facilities, and management practices to provide 
containment and security of microbiological agents, as well as the safety of the laboratory 
workers who handle pathogenic microorganisms. This article is designed to give an overview 
of the principle concepts and procedures involved in establishment and maintenance of an 
animal microbiological biosafety laboratory. 

Principles of Biosafety 

The two principles of biosafety are risk assessment and containment. The fundamentals 
of containment include the microbiological practices, safety equipment, and facility safeguards 
that protect laboratory workers, the environment, and the public from exposure to infectious 
microorganisms that are handled and stored in the laboratory.  

Risk Assessment 

Risk assessment is a process used to identify the hazardous characteristics of a known 
infectious or potentially infectious agent or material, the activities that can result in a person’s 
exposure to an agent, the likelihood that such exposure will cause a laboratory acquired 
infection (LAI), and the probable consequences of such an infection. The information identified 
by risk assessment will provide a guide for the selection of appropriate biosafety levels and 
microbiological practices, safety equipment, and facility safeguards that can prevent LAIs. 
Based on risk assessment, the infectious microorganisms are assigned to one of the four risk 
groups (Table 1). 

Containment 

A fundamental objective of any biosafety program is the containment of potentially 
harmful biological agents. The purpose of containment is to reduce or eliminate exposure of 
laboratory workers, other persons, and the outside environment to potentially hazardous agents. 
Biosafety measures encompass safe work practices, safety equipments (primary barriers and 
personal protective equipments) and suitable facility design & construction (secondary barrier), 
which are briefly summarized here. 
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Table 1. Classification of Infectious Microorganisms by Risk Group 

Risk 
Group  

Criterion 

1.  No or low individual and community risk.  
A microorganism that is unlikely to cause human or animal disease.  

2. Moderate individual risk; low community risk.  
A pathogen that can cause human or animal disease but is unlikely to be a serious 
hazard to laboratory workers, the community, livestock or the environment. 
Laboratory exposures may cause serious infection, but effective treatment and 
preventive measures are available and the risk of spread of infection is limited.  

3. High individual risk; low community risk. 
A pathogen that usually causes serious human or animal disease but does not 
ordinarily spread from one infected individual to another. Effective treatment 
and preventive measures are available.  

4. High individual and community risk. 
A pathogen that usually causes serious human or animal disease and that can be 
readily transmitted from one individual to another, directly or indirectly. Effective 
treatment and preventive measures are not usually available. 

Laboratory practice and technique: The most important element of containment is strict 
adherence to standard microbiological practices and techniques. Each laboratory should develop 
or adopt a biosafety or operations manual based on the risk assessment. The safety practices and 
techniques must be supplemented by appropriate facility design and engineering features, safety 
equipment, and management practices.  

Safety equipment (primary barriers and personal protective equipment): Safety equipment 
includes Bio Safety Cabinets (BSCs), enclosed containers, and other engineering controls 
designed to remove or minimize exposures to hazardous biological materials. The BSC is the 
principal device used to provide containment of infectious splashes or aerosols generated by 
many microbiological procedures. An example of another primary barrier is the safety centrifuge 
cup, an enclosed container designed to prevent aerosols from being released during 
centrifugation. To minimize aerosol hazards, containment controls such as BSCs or centrifuge 
cups must be used when handling infectious agents. Safety equipment may include items for 
personal protection, such as gloves, coats, gowns, shoe covers, boots, respirators, face shields, 
safety glasses, or goggles. Personal protective equipment is often used in combination with BSCs 
and other devices that contain the agents, animals, or materials being handled. 

Facility design and construction (secondary barriers): The design and construction of the 
facility contributes to the laboratory workers' protection, provides a barrier to protect persons 
outside the laboratory, and protects persons or animals in the community from infectious agents 
that may be accidentally released from the laboratory.  

The recommended secondary barrier(s) will depend on the risk of transmission of specific 
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agents. For example, the exposure risks for most laboratory work in BSL-1 and BSL-2 facilities 
will be direct contact with the agents, or through contaminated work environments. Secondary 
barriers in these laboratories may include separation of the laboratory work area from public 
access, availability of a decontamination facility (e.g., autoclave), and hand washing facilities.   

When the risk of infection by exposure to an infectious aerosol is present, higher levels of 
primary containment and multiple secondary barriers may become necessary to prevent 
infectious agents from escaping into the environment. Such design features include specialized 
ventilation systems to ensure directional air flow, air treatment systems to decontaminate or 
remove agents from exhaust air, controlled access zones, airlocks as laboratory entrances, or 
separate buildings or modules to isolate the laboratory.  

BIOSAFETY LEVELS  

Four BSLs of biosafety are described based on the strategies to mitigate the risks 
associated with pathogens belonging to different risk groups. These BSLs consist of 
combinations of laboratory practices and techniques, safety equipment, and laboratory facilities. 
Each combination is specifically appropriate for the operations performed, the documented or 
suspected routes of transmission of the infectious agents, and the laboratory function or activity. 
The essential elements of the four biosafety levels for activities involving infectious 
microorganisms and laboratory animals are summarized in Table 2.  
Biosafety Level 1 is suitable for work involving well-characterized agents not known to 
consistently cause disease in immunocompetent adult humans, and present minimal potential 
hazard to laboratory personnel and the environment. BSL-1 laboratories are not necessarily 
separated from the general traffic patterns in the building. Work is typically conducted on open 
bench tops using standard microbiological practices. Special containment equipment or facility 
design is not required.  
Biosafety Level 2 builds upon BSL-1. BSL-2 is suitable for work involving agents that pose 
moderate hazards to personnel and the environment. It differs from BSL-1 in that 1) laboratory 
personnel have specific training in handling pathogenic agents and associated procedures; 2) 
access to the laboratory is restricted; and 3) all procedures in which infectious aerosols or 
splashes may be created are conducted in BSCs.  
Biosafety Level 3 is applicable where work is performed with indigenous or exotic agents that 
may cause serious or potentially lethal disease through inhalation route exposure. Lab personnel 
must receive specific training in handling pathogenic and potentially lethal agents, and must be 
supervised by scientists competent in handling infectious agents and associated procedures.  
All procedures involving the manipulation of infectious materials must be conducted within 
BSCs, other physical containment devices, or by personnel wearing appropriate personal 
protective equipment. A BSL-3 laboratory has special engineering and design features.  
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Table 2. Summary of Recommended Biosafety Levels for Infectious Agents  

BSL  Agent Characteristics Practices  Primary barriers and safety 
equipment  

Secondary barriers 

1  Not known to cause diseases 
in healthy adults  

Standard Microbiological Practices  None required  Laboratory bench and 
sink required  

2  Agents associated with 
human disease caused 
through percutaneous injury, 
ingestion, mucous 
membrane exposure  

BSL-1 practice plus:  
o Limited access  
o Biohazard warning signs  
o Sharps precautions  
o Biosafety manual defining 

waste decontamination or 
medical surveillance 

Primary barriers:  
o Class I or II BSCs or other 

devices used for manipulations 
of agents that cause splashes or 
aerosols  

PPEs:  
o Laboratory coats; gloves; face 

protection as needed  

BSL-1 plus: 
o Autoclave available  

3  Indigenous or exotic agents 
with potential for aerosol 
transmission and disease 
with serious or lethal 
consequences  

BSL-2 practice plus: 
o Controlled access 
o Decontamination of all waste 
o Decontamination of laboratory 

clothing before laundering 
o Baseline serum  

Primary barriers: 
o Class I or II BSCs or other 

containment devices used for 
manipulation of agents 

PPEs: 
o Protective laboratory clothing; 

gloves; respiratory protection as 
needed  

BSL-2 plus: 
o Physical separation 

from access corridors 
o Self-closing, double-

door access 
o Exhaust air not 

recirculated 
o Negative airflow into 

laboratory  
4  Dangerous/exotic agents 

which pose high risk of life-
threatening disease with 
aerosol-transmission  

BSL-3 practices plus: 
Clothing change before entering 
Shower on exit 
All material decontaminated on 
exit from facility 

Primary barriers: 
o All procedures conducted in 

Class III BSCs or Class I or II 
BSCs in combination with full-
body, air-supplied, positive 
pressure personnel suit  

BSL-3 plus: 
o Separate building or 

isolated zone 
o Dedicated supply and 

exhaust, vacuum, and 
decontamination 
systems  

 PPE – Personal Protective Equipment  
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The critical determinants that promote optimal clinical outcomes are rapid diagnosis 
of infectious diseases and timely initiation of appropriate treatment. Conventional in 
vitro diagnostics for infectious diseases of veterinary importance are time-consuming and 
require well-equipped laboratories, experienced personnel and costly equipment. Recent 
advances in biosensor development have potential to offer point-of-care diagnostics that 
match or surpass conventional standards in terms of sensitivity, time, accuracy and cost. A 
biosensor by definition is “a self-contained analytical device that combines a biological 
component with a physic-chemical component for the detection of an analyte of biological 
importance.” 

Modern biosensors broadly classified as either label-free or labelled, make use of 
micro- and nanofabrication technologies and diverse sensing strategies like optical, electrical 
and mechanical transducers. Despite their wide applications whether in human or veterinary 
field, translation of biosensors from research laboratories to clinics has remained limited to a 
few notable examples, such as the glucose sensor and home pregnancy test. The challenges to 
be trounced include sample preparation, matrix effects, system integration, portability and 
cost factors (Sin et al., 2014). 

Biosensor is one of the eye catching tools for providing immediate information in 
disease outbreaks. It is authenticated that this technology plays a vital role in 
medicine/clinical analysis (Tomasulo et al., 2006; Xie et al., 2004; Arlett et al., 2011), 
food/water analysis (Kauffer et al.,  2014; Mattoussi et al., 2000; Yeh et al., 2005), 
environmental monitoring (Cosnier et al., 1999; Tien et al., 1997) and agriculture (Souza 
2001; Riede 1998). Furthermore, biosensors offer the possibility of real-time monitoring and 
the use of such pen-side tools in the field would prove to be superior and will help in rapid 
detection of emerging infectious or non-infectious disease agents. Biosensor based analytical 
procedure promises: 

1. Less consumption of reagents 
2. Short analysis time 
3. Ease of automation 
4. Simplified test performance 

A biosensor is mainly composed of three basic entities (a) a detector to detect the 
stimulus (b) a transducer to convert the stimulus to output signal and (c) a signal processing 
system to process the output and present it in an appropriate form. 
 
 
 
 
 
 

 Bio-recognition Transduction Signal interpretation 

 

 

 

Sample handling 
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Biosensors are categorized into various types based either on their biosensing 

components or the transducer components as described below: 
 

A. Bioreceptors (Biosensing Components): 
These are divided into two types as catalytic type and affinity type. The catalytic type 

sensors include enzymes, microbes, organelles, cells, or tissues, whereas the affinity type 
includes antibodies, receptors, and nucleic acids. Some of the important ones are discussed 
below: 
1. Enzymes: 

The enzymes used as bioreceptors in biosensors are usually oxidase which can 
selectively react with specific analytes, consume dissolved O2, and produce H2O2 an easily 
detectable compound. Other mechanisms of enzyme based biosensing include the detection 
of enzyme activation or inhibition by the analyte and the modification of the enzyme 
properties by the analyte. 

Advantages of enzyme based biosensors: Enzymes are commercially available at 
high purity level, have high specificity, good binding capabilities, suitable with various 
transduction techniques and able to detect a wide range of analytes. Since the action 
mechanism of enzyme is of catalytic nature where the enzyme itself remains unaltered and 
unused at the end of reaction, these sensors can be used continuously. 

Disadvantages of enzyme based biosensors: Limited stability of enzymes and 
dependency of enzymatic activities on various physiochemical factors such as pH, ionic 
strength, chemical inhibition, temperature, etc. are some of their disadvantages. 
2. Microbes: 

The use of microbes as biological sensing component in the production of biosensors 
has a number of advantages. They are ubiquitous and have a great acclimatization capacity to 
undesirable conditions by developing ability to metabolize new molecules with time. 
Microbial cells are cheaper than enzymes or antibodies. They can carry out several complex 
reactions while keeping themselves intact. 

Whole microbial cell(s) can be used either in a viable or nonviable form. Viable cells 
have gained importance in biosensors as they metabolize various organic compounds either 
anaerobically or aerobically leading to various end or byproducts like ammonia, carbon 
dioxide, acids, and many more. The later can be estimated by a variety of transducers. The 
use of microbial biosensors is common in environmental field that include the detection of 
harmful bacteria or pesticides in air, water, or food and biological oxygen demand (Souza 
2001; Riede 1998; Marty et al., 1997). 
3. Organelles:  

Each intracellular structure such as organelles lysosome, chloroplast, mitochondria, 
etc. have different and specific role. Mitochondria are involved in calcium metabolism and 
controlling the calcium dependent pathways in cells. In past, diverse studies proved that the 
high concentration of calcium stimulates the mitochondria to open the calcium channels. This 
biological phenomenon can be used to assess the calcium concentration in medium. The 
mitochondria based biosensors are applied in detection of water pollution. 
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4. Cells and Tissues: 
Cells are commonly used in bioreceptors because of high sensitivity to adjacent 

environment. The attachment of cells to surface is readily possible, therefore can be easily 
immobilized. They are frequently used for estimation of global parameter like stress 
condition, toxicity, and organic derivatives and to monitor the treatment effect of drugs. Cells 
were also been used in ion selective transducers (Kress-Rogers et al., 2001; Turner et al., 
1987). Likewise, tissues are also used in biosensors as they harbor large quantity of enzymes. 
Tissues can overcome cells and organelles based biosensors with respect to easier 
immobilization, higher activity, stability, low price and existence of necessary cofactors to 
function (Camp`as, et al., 2008). Their disadvantages include lack of specificity due to the 
undesirable enzymes in tissues which can complicate the reaction and result in ambiguous 
and less reliable outputs. 
5. Antibodies: 

Antibodies are immunoglobulins produced by B Lymphocytes on antigenic 
stimulation. These can also be used as immunosensors. Usually, antibodies are used in 
surface plasmon resonance (SPR) biosensors to design target specific sensors for detecting 
specific biomolecules (Table 1). The principle behind the bio-recognition is the specificity, 
affinity and avidity of binding antigen with cognate antibody. To date, many antibodies have 
been made available in the market and used in immunoassays. They are more accurate and 

faster compared to the traditional assays (Huston et al., 1999). However, there are some 
limitations for antibody based biosensors, such as the irreversible interaction and the strength 
of the binding affinity. The latter is dependent on conditions such as pH and temperature, 
making the results highly variable due to the measurement conditions (Marazuela et al., 2002, 
Nakamura et al., 2003). 
6. Nucleic Acids: 

 Oligonucleotides are integrated in nucleic acid biosensor with a signal transducer. 
Oligonucleotide probe is immobilized on the transducer to detect DNA/RNA fragments. The 
detection process is based on the code of complementary nitrogenous base pairing, adenine 
(A): thymine (T) and cytosine (C): guanine (G) in DNA. The hybridization probes in the 
sensor can then base pair with the target sequences and create an optical signal (Marazuela et 
al., 2002). 

B. Biotransducer components based classification of biosensors: The transducer components 
of biosensors are of different types as electrochemical, optical, acoustic and calorimetric 
types. 
1. Electrochemical Biosensors: 

Electrochemical biosensors monitor the measurable current signals generated 
following electrochemical oxidation and reduction reactions. The current signals recorded 
during the reaction resulting from the recognition of a target analyte and measurement of 
signals is proportional to target analyte concentrations (Perumal et al., 2014). 
Electrochemical biosensors are mainly used for the detection of hybridized DNA, glucose 
concentration, etc. Electrochemical biosensors can be further classified based on 
measurement of electrical parameters such as: (i) conductometric (ii) amperometric and (iii) 
potentiometric types. 
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2. Piezoelectric Biosensor  
Piezoelectric biosensor is a mass sensitive detector which utilizes mechanically induced 
changes to produce electrical signals. The transducer used in a piezoelectric biosensor is 
made of a piezoelectric material such as quartz and the bioreceptor is coated with the 
piezoelectric material which resonates at a natural frequency. This frequency is controlled by 
an external potential which produces an oscillating electric field. The biorecognition event 
causes variation in resonance frequency resulting in current changes which is detected by 
crystal microbalance (QCM) (Perumal et al., 2014) 
3. Optical Biosensors: 

 Optical biosensors are usually made based on optical diffraction. Its basic principle is 
often based on the adsorption of the target analyte to a selective biorecognition element 
immobilized on the sensor surface, which causes a change on transducer such as fluorescent 
signal and measured by a fluorescent detector. Two of the most well-known optical biosensor 
categories are optical fibers and SPR surfaces (Perumal et al., 2014; Abdulhalim et al., 2007). 
These sensors can detect microscopic changes when cells bind to receptors immobilized on 
the transducer surface. They use the changes in mass, concentration, or number of molecules 
to direct changes in characteristics of light. Researchers have used optical techniques such as 
SPR and ellipsometry for the detection of bacterial pathogens (Lazck et al., 2007; Watts et 
al., 1994). It is a label-free assay and provides real-time detection.  
 
Table 1: Polyclonal and monoclonal antibody-based sensors, their associated analytes 
and transducers (Conroy et al., 2009). 

Transducer  Analyte detected Antibody type 
Electrochemical 
Potentiometric Terbuthylazine Monoclonal 
 Hepatitis B surface antigen  Not specified 
 Diphtherotoxin Monoclonal 
Amperometric E. coli 0157:H7  Polyclonal 
 Carcinoembryonic antigen (CEA)  Not specified 
 Aflatoxin M1 Monoclonal 
 Progesterone  Monoclonal 
Impedance  Listeria monocytogenes (Internalin B) Polyclonal 
Piezoelectric 
 E. coli 0157:H7  Polyclonal 
 Canine IgG Isoforms  Monoclonal 
 Cocaine/derivative (BZE-DADOO) Polyclonal 
 Atrazine  Monoclonal 
 Bacillus anthracis Polyclonal 
 Francisellatularensis Polyclonal 
Optical 
SPR  Urediniospores Monoclonal 
 Polychlorinated biphenyls Monoclonal 
 Vitellogenin (Carp) Monoclonal 
 Campylobacter jejuni Polyclonal 
 Listeria monocytogenes Monoclonal 
 Okadaic acid Polyclonal 
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Other Biosensors: Acoustic, Thermometric, Magnetic and Piezoelectric Biosensors. The 
acoustic transducers used in biosensors are based on either the bulk acoustic wave or the 
surface acoustic wave. The transduction is through detection of changes in their 
physiochemical properties, such as mass density, elasticity, viscoelasticity, or electrical 
conductivity (Jos´e et al., 2010). Calorimetric transducers, on the other hand, depend on 
changes in the temperature of the sensing site due to biochemical reactions (Kress-Rogers, 
1996). The thermometric, magnetic, and piezoelectric transducers have failed so far to have 
any practical impact on tissue engineering applications (Turner, 2013). 
 

Biosensor technology has a number of advantages such as higher sensitivity, cost-
effective, simple fabrication, possible miniaturization, rapid outcome with quantitative 
analysis and possible on-site monitoring (Mascini et al., 2011).  
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Validation of a serological assay is the process of determination of fitness of a 
properly developed, optimized and standardized particular diagnostic test for detection of 
target antigen/ antibody. A validated serological assay should detect the target analyte 
(antigen/ antibody) precisely with accuracy over time to maintain a validated assay status. For 
this, the daily performance of a validated assay should be carefully monitored to assure its 
fitness for the original intended purpose. The need for validation of assays arises because of 
development of newer diagnostic assays involving use of new and unique diagnostic reagents 
in novel assay protocols. These newer assays may have applications for individuals or 
populations and may have different purposes viz. diagnosis, confirmation, sero-prevalence of 
disease or international trade of animals, sero-monitoring of control programme/ vaccination, 
documentation of freedom/ eradication from a country/ region, etc.  

The infectious diseases are diagnosed both by direct and indirect methods. The direct 
methods detect the antigen whereas the indirect methods demonstrate antibodies or cell 
mediated immunity induced in response to infection. The primary consideration in validation 
of an assay is to define the purpose of the assay which subsequently guides various steps and 
identifies possible variables in the validation process.  

The variables that affect the validation of an assay can be classified broadly into three 
categories viz. i) the sample - analyte composition, individual or pooled and concentration in 
the sample to be tested, ii) the assay system - physical, chemical, biological and mechanical 
factors influencing the assay for detection of specific analyte and iii) the test results 
interpretation - results obtained for precisely prediction of the status of host in relation to the 
target analyte. 

The factors affecting the composition and concentration of an analyte in the sample 
are either inherent (age, sex, breed, physiological conditions, etc.) or acquired (passively or 
actively) by the host.  The physical, chemical, biological and mechanical factors include 
variables like cross reacting analyte, instrumentation calibration, reagents, incubation 
temperature and duration, water quality, buffer pH and ionic concentrations, etc. Likewise, 
the factors influencing the precise prediction of the status of the host in relation to the test 
results obtained for the target analyte include diagnostic sensitivity and diagnostic specificity, 
obtained from the results from selected reference animals...  

 A newly developed assay is considered validated only if it essentially satisfies various 
validation criteria as laid down by OIE. The various principles and methods for the validation 
of a serological assay include: 
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1. Fitness for intended purpose 
2. Optimization 
3. Standardization 
4. Robustness 
5. Repeatability 
6. Analytical sensitivity 
7. Analytical specificity 
8. Thresholds 
9. Diagnostic sensitivity 
10. Diagnostic specificity 
11. Reproducibility 
12. Ruggedness 

Of these, the first four criteria i.e. fitness for intended purpose, optimization, 
standardization and robustness are taken care of during development of an assay and the 
remaining eight are considered important during validation of the assay. 

1. Fitness for intended purpose 

In general, the purpose of development of an assay may be i) demonstration of 
freedom from infection in a country/ region (free with and/or without vaccination; or freedom 
after outbreaks), ii) freedom from infection for the purpose of trade/ movement of animals or 
their products, iii) eradication or elimination of infection from a region/ country, iv) 
confirmation of diagnosis, v) study of prevalence of infection or risk analysis and vi) 
determination of immune status of (post-vaccination) animals/ populations. 

2. Optimization 

Optimization is the process of evaluation of physical, chemical and biological 
parameters of an assay to ensure that the assay is precisely as per the intended application. 
The process of optimization is labour-intensive and critical for a quality assay. For 
optimization process at least three well-defined reference samples ranging from negative, 
low- and high-positive representing known uninfected and infected animals from the target 
population should be selected. 

3. Standardization 

Standardization constitutes calibration of an assay to standard (international, national 
or in-house analyte reference) reagents. 

The international reference standards containing a known concentration of target 
analyte, prepared and distributed by international reference laboratories are the reagents to 
which all the assays should be standardized. In case an international reference standard is not 
available, a national reference standard can be used as a standard for the assay. The national 
reference standards are prepared and distributed by a national reference laboratory by 
calibrating with an international standard reagent. These standards are highly characterized 
reagents, prepared through extensive analysis with the peer-reviewed published methods for 
their characterization, preparation, storage, etc. 
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The in-house standard reference reagents are available at a given location/ 
organization and are calibrated against an international/ national standard. Generally, the in-
house standards are characterized in the same manner as international and national standards. 
Further, the local in-house standards are the best available standards available in sufficient 
volumes for periodic use. 

In addition to above, sometimes, one or more working standard reagent(s) are 
calibrated to international/ national/ in-house standard reagents for routine use in the assay. 
Generally, due to the inherent variation in raw results between test runs of the same assay 
both within and between laboratories, one or more working standard reagent(s) are included 
in each run of an assay. The raw test values for each test sample are then converted to units of 
activity relative to the working standard(s) through ‘normalization’ process. The ‘normalized’ 
values can be expressed as a per cent of a positive control (ELISA) or as a concentration/ titer 
derived from a standard curve. 

4. Robustness 

Robustness is the capacity of an assay to remain unaffected by small variations in test 
situations and is assessed by introducing deliberate variations in method parameters. During 
checking for robustness of an assay, if slight variation in conditions or reagent concentrations 
causes unacceptable variability, the assay is judged as not to be robust. Accordingly, a 
decision may be taken right at this point whether to continue with validation of the assay or 
not. The most common factors affecting the robustness of an assay may be quantitative (pH, 
molarity, temperature, etc.) or qualitative (reagents, microtitre plates, aqueous or organic 
matrix). Likewise, for ligand-binding assays, the lack of robustness may be due to less 
concentration of the bio-reagent or due to the intrinsic characteristics of the biological reagent 
i.e. whether monoclonal/ polyclonal/ affinity purified antibody. Further, the robustness of an 
assay may also be affected by systematic and/or random errors. 

5. Repeatability 

Repeatability is the agreement between results of replicates of a sample both within 
and between runs in a laboratory and is estimated by evaluating variation in results of 
replicates. The variation between run is measured by using the same samples in multiple runs 
and may be expressed as standard deviation, confidence interval, etc. 

6. Analytical Sensitivity 

Analytical sensitivity of an assay is the lower limit of detection of the target analyte. 
Analytical sensitivity is different for direct- and indirect detection assays. For direct detection 
assays, the analytical sensitivity is most commonly expressed as the number of copies 
(genome) or units (complement fixing, colony forming, plaque forming units, etc.) of the 
target agent to be detected. For indirect detection assays, the analytical sensitivity is 
estimated as the least amount of antibody detected (penultimate dilution of the target analyte) 
in comparison to the matrix control. 

When a new and a more sensitive test is being developed, serial samples collected 
from infected animals early after infection, clinical cases as well as after recovery from the 
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infection are also tested in parallel with previously used assay for demonstration of the 
increased sensitivity (if any).  

7. Analytical Specificity 

Analytical specificity is the degree to which the assay distinguishes between the target 
analyte and other components (that may be detected in the assay) in three distinctive ways 
namely selectivity, exclusivity, and inclusivity of the assay. 

Selectivity refers to the extent of an assay for accurately quantifying the targeted 
analyte in the presence of interferents (such as enzyme inhibitors), degradants (e.g. toxic 
factors), non-specific binding (adsorption to the well of microtitre plate). Further, the 
selectivity also differentiates between the antibodies as a result of vaccination and active 
infection (DIVA strategy). 

Exclusivity is the ability of an assay to detect the unique antigen or genomic sequence 
of the targeted organism, excluding other potentially cross-reactive organisms. 

Inclusivity is the capacity of an assay for detection of several strains or serovars of a 
species, species of a genus, or a similar grouping. Inclusivity defines the scope of action of a 
screening assay. 

After elimination of interferents, a panel of samples is tested for evaluation of 
inclusivity and/ or exclusivity based on the intended purpose. Analytical specificity applies to 
both direct and indirect methods of detection. 

8. Threshold 

The threshold or cut-off is the test value that distinguishes positive and negative 
results.  For test values between the positive and negative cut-off zones various synonyms are 
used such as intermediate, inconclusive, suspicious, etc. 

 For determination of  threshold (cut-off) of an assay, the test results first must be 
categorized to positive, negative or intermediate status by insertion of one or two cut-off 
points (threshold or decision limits) reflecting the intended purpose of the assay. If 
considerable overlap occurs in the distributions of test values, two cut-offs can be selected 
and the values falling in between may be classified as intermediate. 

9. Diagnostic Sensitivity 

Diagnostic sensitivity (D-SE) is the proportion of samples from known infected 
reference animals that test positive in an assay. 

10. Diagnostic Specificity 

Diagnostic specificity (D-SP) is the proportion of samples from known uninfected 
reference animals that test negative in an assay. 

The D-SE and D-SP are the important performance indicators during validation of an 
assay and form the basis for inference of test results (e.g. predictive values of positive and 
negative test results). For accurate estimates of DS-E and DS-P, a panel of samples from 
reference animals (of known history and infection status) are tested in a carefully chosen 
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sampling design having desired confidence levels, e.g. a large number of samples are tested 
to achieve a very high confidence level in a sampling design of minimal error. Sometimes, 
the sample numbers may be limited due to lack of reference populations and “gold standards” 
(perfect reference standards). In such cases, it is very important to add more number of 
samples as and when they become available to enhance the confidence level and reduce the 
error in D-SE and D-SP estimates. 

11. Reproducibility 

Reproducibility is the ability of an assay to provide consistent results of the same 
samples when tested in different laboratories (located in different regions or countries) using 
the identical assay protocol, reagents and controls. Reproducibility is an important measure of 
the precision of any test method. A minimum of three laboratories should test the identical 
panel of samples (at least 20 samples by each laboratory). 

The preliminary data on non-random effects due to deployment of the assay to other 
laboratories is augmented by the data from within-laboratory repeatability studies and 
precision can be calculated for both the reproducibility and repeatability studies. 

12. Ruggedness 

 Ruggedness is the capacity of an assay to remain unaffected by substantial changes or 
substitutions in multi-laboratory utilization. During repeatability studies the preliminary data 
generated on non-random effects attributable to deployment of the assay to other laboratories 
also constitutes ruggedness of the assay.    

General Considerations 

International Recognition 

On the basis of evidence of usefulness of an assay on a regional, national or 
international basis, the assays are recognized by the OIE and designated as ‘prescribed’ or 
‘alternate’ tests for international trade purposes. The commercial diagnostic kits have to pass 
through the certification process as per the OIE guidelines before listing in the OIE Register.  

Deployment of the Assay 

The reference laboratories (international/ national) play an important role in 
documenting the usefulness of an assay and its successful application(s) in other laboratories 
and inclusion in various national, regional and/or international programmes. In the natural 
progression of newer technological improvements, existing assays become the standard 
methods to which newer assays are compared and as such, they may achieve national/ 
regional/ international recognition. These reference reagents may also become standards and 
so on..... . 

In case when an assay is transferred from the laboratory to the field use, the 
ruggedness as well as reproducibility of the assay should be re-assessed for use in local 
laboratories or as pen-side assays. Predictable changes, 
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Monitoring the Assay 

A validated assay should be consistently monitored for repeatability through 
graphically control charts to provide evidence that the assay is retaining its “validated” status 
during the implementation phase of the assay. Subsequently also, the assay’s performance is 
evaluated through precision, accuracy, etc. using control charts. Further, the reproducibility is 
assessed through proficiency testing. 

Technical Modifications 

For improving assay efficiency, cost-effectiveness and other technical reasons viz. 
change in typing sera/ reagents, assay to be used in another geographical region and/or 
population, modifications may be needed in the existing assay. In such situations, it is 
recommended to revalidate the assay under the new conditions. However, technical 
modifications to a validated assay viz. changes in instrumentation/ extraction protocols/ 
conversion of an assay to an automated/ semi-automated system do not necessitate full re-
validation of the assay.  

Replacement of Depleted Reagents 

When the reagents of an assay (e.g. control samples) are nearing depletion, it becomes 
necessary to prepare and repeatedly test the same reagent as a replacement before its 
depletion. The new reagent/ component of the assay should be tested in parallel with the 
original reagent. It is always advisable to change only one reagent at any given time and thus 
avoid the replacement of more than one variable. 

Source:  

1. OIE 2012. Principles and Methods of Validation of Diagnostic Assays for Infectious 
Diseases.  OIE Terrestrial Manual.  Office International des Epizooties, Paris, France. 
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 The progression of industrialization is a crucial component of civil development 
which is the consequence of numerous and rigorous efforts done by diverse research 
laboratories of governments and private sectors across the world. Therefore, we must say that 
these research laboratories are important platforms of cumulative development but the even 
more important perspective is the way of experimentation that ensure the perfection of 
process, safety of researchers, exposed workers and society itself. Hence, there is a need to 
develop standard operating procedure (SOP) for the betterment, perfection and validation of 
laboratory research protocols. SOPs are uniformly written procedures with detailed 
instructions to record routine operations, processes and practices followed within an 
organization. In clinical research, SOPs help to define the group’s (e.g. unit, division, 
department, institution, etc.) standard practices and daily processes conducted to assure 
execution of research tasks in accordance with institutional, regulatory agency guidance. 
National and international agencies have established guidelines for making SOPs for different 
purposes. There are several advantages of SOPs, such as it ensures the about their regulatory 
obligations and how to manage or remove hurdles. It makes easy to standardize regular 
processes and prevents non-compliance. Clinical research centers generally need following 
types of SOPs: training courses for study purpose, filling clinical files, recruitment of 
research personals, data correction, verification of source documents, validation and 
calibration of equipment’s, transportation of samples to be investigate, reception, 
maintenance and management of clinical samples, disposal of hazardous and biological 
materials etc.  
 The need of SOPs in laboratory or any other organization can be understood by a 
simple example as, if a company or a person asks to a laboratory staff about the quality of 
work carried out in it, undoubtly laboratory provide quality results after all the efforts done 
by highly competent researchers and scientific staff, would be the obvious answer. However 
the real question was how to demonstrate this, here, we need a documented standard 
procedure which is being followed for every process. We need SOPs because of (i) 
Requirement of consistency in tests to achieve greater performance of process, (ii) The way 
of doing same thing by different people may be different which can leads variations in 
results, (iii) Help in trainings in a way that it provides trainers a view that nothing is missing 
in the process or simply it acts as reference source, (iv) It helps to evaluate the performances 
which help to strengthen the even more complete procedures, (v) More helpful in biological 
safety. SOPs are the means to reduce the variations in work performance. Process, say in 
clinical research, presence or absence of a pathogen in a clinical sample is a crucial event 
which solely depends on the procedure of diagnosis followed and a minor error can mislead 
the whole operation. To overcome such errors ultimately a SOP need to be setup which 
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represents the perfection of procedure at each step. An adept SOP should share cumulative 
effect of personals of different levels. Making SOPs at administrative level only and 
implementing is a less effective process. Simply everyone, whoever may be affected by SOP 
should have participation in making this document. Process of SOP formation includes 
planning, development, implementation, monitoring and feedback.  
 Planning is the initial step before developing a SOP which covers following aspects: 
(i) What is the purpose of this SOP? (ii) Why it is so important? (iii) How to monitor the 
operation among the entire persons affected by SOP? (iv) How to make SOP in a format that 
covers solution for all possible obstacles?  
 This is the stage of making an effective SOP by officials supported and suggestions of 
all the persons may be affected by the SOP. Development is much more important stage 
because suggestions from different workers and they feel their involvement in SOP 
formation. Benefit of involving all workers makes the process easy because they can give 
valuable suggestions as they generally face problems at root level. The channel of SOP 
development is as follow; firstly leader should release a draft document open for suggestions 
that could strengthen the SOP and then document passes through different levels through a 
channel and undergoes several revisions during this stage. The final step in the development 
stage is testing of SOP. To test asks a person who is not associated in document formation to 
follow the SOP. If he can’t perform easily with the help of SOPs instructions then document 
should go for further revision and on the other hand if he is comfortable with SOP we can 
move towards next stage where the first step is to circulate copies of SOP for study or should 
be displayed at the workplace to follow. The next practice is the training of personals 
according to the written set of instructions. After implementation the subsequent step is 
monitoring. Monitoring is important practice that actually ensures the success of SOP 
formation. Monitoring cover the aspects that whether all persons working according to the 
SOP and whether the SOP able to achieve desired results. If there is any obstacle we can go 
again in development stage to correct the problem arose. 

The SOP may be in the form of (i) Simple steps or checklist, (ii) Hierarchal way 
which is valuable when there are subsets of information in the instructions, (iii) Linear flow 
chart as graphical representation and easy to follow, (iv) Annotated pictures which represents 
a pictorial view of steps, this type of format is useful where language barriers exist or who 
can’t read, (v) Flowchart involves instructions written in the boxes for each step, an easy to 
follow method. Beside this, the best SOP is that can be useful to achieve most adept 
performance without variations. The selection of format is depends on type of work, number 
of people involved, level of workers (research personals or supporting staff) or number of 
steps involve.  
 SOP is a document to be followed by different level of workers so must be in the form 
of as easy as possible. Sentence should be clear, short and not too long to understand.SOP 
should contain the information regarding eligible person who can perform particular test the 
way they to carry out test at different levels pre-diagnostic, diagnostic and post-diagnostic 
level, maintenance of instruments trouble shooting and waste management etc. Overall, SOPs 
are the key elements to make any programme successful. 
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Enteric viral infections, culminating in massive economic losses in farm animals, are 
of great concern these days globally. Hitherto reports confirm that due to acute gastroenteritis 
nearly 80% of total neonates succumb to death with substantial economic loss due to 
morbidity, mortality, diagnostics, treatment costs, and reduced growth rates and poor growth 
performance of these animals. Amongst the etiological agents, viruses are most important 
clinical concerns. Since, the first record of virus associated diarrhoea in 1969, viruses are 
recognized as the major cause of diarrhoeal morbidity and mortality worldwide affecting 
mammals and birds. A range of viruses (rotavirus, norovirus, astrovirus, bocavirus, enteric 
adenovirus, sapovirus, aichivirus, picobirnavirus, etc.) are associated with viral mediated 
gastroenteritis infections. Clinical diagnosis of enteric viral infections is generally based on 
the identification of virus(s) in faeces/body fluids or antibodies in serum of the patient. 
Following infection, these viruses are shed by hosts and ultimately transmit to susceptible 
population.  

With the introduction of electron microscopy in viral diagnosis during 1970’s,various 
enteric viruses have been discovered suggesting the importance of this tool. It however, has 
its own limitations, like low sensitivity, costly equipment and requirement of a trained 
personal. Another most reliable and gold standard way of confirmatory diagnosis is the 
isolation of virus from faecal samples for which various cell lines are being used to grow 
viruses such as MA-104, Caco-2, HT-29, MDBK, Vero cells, PLC/PRF/5 cells, FrhK-4, 
HEp-2 cells, A549 and CEK. The propagation of virus in cell culture however is cumbersome 
and time consuming as it takes several days to weeks before the virus is adapted to cell 
culture. Moreover, there is no single cell line available for all groups of viruses, not even for 
all viruses of a single group. These constraints forced researchers to develop rapid and 
reliable methods such as serological or molecular techniques to detect small numbers of 
infectious virus particles. Detection of virus(s) and/or its protein in clinical specimens 
provides a direct and rapid means of diagnosis. Application of immunological methods is an 
important aspect in the field of disease diagnosis. Several methods including complement 
fixation, counter-immunoelectrophoresis, immuno-fluorescence in cell culture, ELISA, RIA, 
Haemagglutination inhibition based assays, and Latex agglutination, are being adopted in 
screening of enteric viruses in different parts of the world. Use of avian egg antibodies (IgY) 
for the rapid detection of bovine rotavirus in immuno-chromatography strip has also showed 
promising results. The ELISA offers very high sensitivity and specificity with no cross 
reactivity and for rotavirus and coronaviruses the rapid detection is common using ELISA.  

With the advent of more sophisticated technological tools like PCR, RT-PCR, real 
time PCR, Loop-mediated isothermal amplification (LAMP), nucleic acid sequence-based 
amplification (NASBA) etc. the diagnosis of enteric infections became more accurate and 
rapid. To detect multiple viruses at a time, multiplex PCR was developed and is being used 
successfully in research laboratories. Likewise, the TaqMan Array Card (TAC) system based 
on a 384-well singleplex real-time PCR format is designed with high specificity and 
sensitivity. It is very useful technique which covers several enteric pathogens in a single test 
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such as rotavirus, norovirus, astrovirus, sapovirus etc. In molecular diagnostic methods, the 
NASBA may be considered as next advancement. It is a primer-dependent technology, used 
for the continuous amplification of nucleic acids (mainly RNA) in a single mixture; at 
isothermal conditions. Recently, a multiplex RT-NASBA system is developed for the 
concurrent detection of rotavirus A/norovirus genogroup II/astrovirus. It requires very less 
time than RT-PCR with sensitivity up to 100 times greater than conventional multiplex RT-
PCR. Another advance technique based on selective amplification of target nucleic acid with 
high efficiency under isothermal conditions is LAMP which has been testified for detection 
of astroviruses, rotaviruses, coronaviruses, etc. It is again a rapid, accurate and cost-effective 
diagnostic method which utilizes a set of four to six specially designed primers end products 
are artificial stem-loop DNA structures flanking the target sequences. Real-time RT-PCR is a 
method of choice for detection of a number of threatening enteric viruses.  

Use of radioactive and nonradioactive probe for the detection of enteric viral infection 
is also a promising approach and is being used in many research studies. In this chain, 
rotavirus is detected using padlock probe and rolling circle amplification. The padlock probes 
are simple linear oligonucleotides consist of end sequences complementary to target sequence 
and when recognize the target sequences, they get circularized. These complementary ends 
are connected through a backbone that has a restriction site with tagged sequence for 
detection of target. When the padlock probe ends ligate, this complete circle is amplified 
through rolling circle amplification (RCA). This technique enables easy multiplexing with 
more than one probe having single but unique recognition sites. This technique provides a 
better solution for emerging virus’s detection without optimization process. Besides, locked 
nucleic acid (LNA)probes with a different mode of detection are also developed. LNAs are a 
class of high-affinity RNA analogs in which ribose ring is “locked” in the ideal conformation 
for Watson-Crick binding and because of this property LNA probe exhibit novel thermal 
stability, when hybridized to a complementary DNA or RNA strand. These probes can be 
prepared of shorter length than conventional probes but can still retain a high melting 
temperature. LNA probe provide several benefits such as high sensitivity compared to other 
DNA and RNA probes. It can detect all microRNA sequences, regardless of GC content. It 
provides superior detection from challenging clinical samples such as biofluids, FFPE etc., 
detection of single nucleotide mismatches and significant in vivo and in vitro stability.  

Roughly it has been estimated that nearly 40% of the gastroenteritis cases/outbreaks 
remains undiagnosed and unsolved which could be due to involvement of new viruses. For 
the detection of such unknown causes use of unbiased metagenomic approaches holds great 
promise. In several cases where routine diagnostic methods do not reveal any result the 
metagenomic analysis shows the presence of viruses, bacteria, and parasites. Usually 
conventional sequencing approaches are based to characterize genomes of a single species of 
interest, but the metagenomic approaches provides a holistic look at microbial diversity 
within a given sample. Among different techniques used to explore new viruses, meta-
genomics confer study of the genetic material directly from samples and evade the need of in 
vitro viral culture. 

Synthetic peptides have proved their efficacy as alternate antigen in diagnosing 
various diseases of humans and animals. Peptide based diagnostics are safe as they do not 
require the handling of infectious organisms and it also does not require time consuming 
native recombinant protein production and purification protocols, as required by the 
conventional assays. It is hypothesized that the antigenic motifs of the viruses when 
synthesized in the multiple antigen peptide format with the cysteine core at the C-terminal of 
mosaic can be immobilized and decorated on the gold nanoparticles, which can be used as a 
hand held diagnostic assay for field use. On the other hand, peptide nucleic acid (PNA) which 
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is a modified DNA or DNA analogue exhibiting chemical stability, resistant to enzymatic 
degradation, recognizing specific sequences of nucleic acid, formation of stable hybrid 
complexes like PNA/DNA/PNA triplex, strand invasion, showing extraordinary thermal 
stability and ionic strength, and unique hybridization enables them as a new mode of 
detection, which is a faster and more reliable analytical process and finds applications in the 
molecular diagnostic fields. Binding properties of PNA give more specific, more sensitive, 
and more accurate result for the detection of target sequences. Due to their defined chemistry, 
risk of infection and cross contamination is reduced.  

In the innovations, biosensors are developed which provide rapid mean for detection 
of enteric viruses in the variety of samples. The fundamental part in the construction of 
biosensor is the selection of right kind of membrane. The organic and inorganic materials are 
used e.g. sodium azide, nitrocellulose, polyethersulphonate and nylon etc. Nucleic acid and 
antibodies can also be used to detect the pathogens. Implementation of biosensors for the 
detection of rotavirus and hepatitis A virus is documented with high sensitivity and no cross 
reactivity. Moreover, this system takes less than 1 h to specifically detect the food borne 
enteric virus. Few recently developed biosensors are bovine viral diarrhea virus sensor 
developed using nitrocellulose membranes linked antibodies and feline calicivirus biosensor 
using polyacrylamide membrane. Along with these methods, advanced microarray systems 
are also developed to achieve detection of wide range of enteric pathogen e.g. FilmArray GI 
Panel test. It consists of automated nucleic acid extraction, reverse transcription, 
amplification, and analysis, with results available in 1 h per run per specimen. A DNA 
microarray is also developed and five different viral species are identified when analyzing 
clinical samples; HAdV-F, HAdV-A, HPeV, HBoV, and several TTVs. 
 Implementation of mass-spectrometry either based on matrix-assisted laser desorption 
ionization time-of-flight (MALDI-TOF) or PCR-electrospray ionization into disease 
diagnosis is one of the major breakthroughs and share significant success. The former 
requires isolation of pathogen, whereas; the later identifies nucleic acid composition of 
amplified regions from viral genomes. A novel multiplex-PCR with MALDI-TOFis recently 
used for simultaneous detection of eight distinct enteric viruses. Another technique which is 
being exploited for the rapid and specific detection of enteric viruses is Surface Enhanced 
Raman Spectroscopy (SERS).It is a Raman spectroscopic technique that provides greatly 
enhanced Raman signal from Raman-active analytes that are adsorbed onto certain specially 
prepared metal surfaces.  

Though the progress over the past in the area of disease diagnosis is very promising, 
still there are many constraints in developing successful disease diagnostic methods including 
the consistently changing genome of few viruses. Despite the great success in the field of 
enteric viral diagnostic tools, there is lack of widely accepted, inexpensive and simple 
diagnostics yet. Mixed infection is another hurdle in disease diagnosis. Limitations in all 
methods including cell culture, molecular based, immunological and other advanced 
technique based method needs to be minimized. Multiplex system offers rapid detection of 
more than one pathogen in one test. Future perspective will be the multi-target detection tests 
that currently require multiple testing modalities. Evaluation of non-cultured viral strain to 
study the epidemiological perspective and disease diagnosis is another future target. 
Metagenomics has revealed many new viral entities from the samples. Next generation 
sequencing and biosensor probe based methods are promising rapid detection technologies. 
The use of molecular diagnostics and advance tools is a new insight into etiologies of 
infectious diarrhoea for effective control of infectious diseases of neonates. 
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Advances in Immuno-Diagnostics 
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There have been tremendous advances in immunodiagnostics during the last five 

decades, which have led to the emergence of potential diagnostic technologies, new 
immunoassay formats and diagnostic platforms. The radioimmunoassay and Enzyme Linked 
Immunosorbent Assay (ELISA) were the predominant techniques during the initial era of 
immunodiagnostics. The strenuous research efforts during the last three decades have enabled 
the development of potential antibodies for a wide range of analytes. Till date, ELISA has 
been the gold standard of clinical immunodiagnostics, which has also been used very 
frequently for industrial analysis, environmental monitoring, food analysis and bioanalytical 
sciences. Despite the numerous advances in the field, it is difficult for any other technique to 
achieve the same high sensitivity, specificity, precision and throughput as ELISA. 

For most of the times, a heterogeneous, solid-phase microplate-based format utilizing 
multiple washing steps and colorimetric readouts has predominated. However, numerous 
variants of this format have been developed over the years (e.g. indirect, sandwich, 
competitive, etc) and a multitude of detection chemistries have been applied to ELISA, 
including chemiluminescence and various fluorescent readouts.  

Increasing sensitivity is ranked as the biggest issue (problem) with ELISA assays 
today. This is followed by reduced sample/reagent consumption and then improving precision 
by eliminating wash steps and increasing throughput. Ranked of least importance is the 
ability to miniaturize format. 

Significant new innovations have recently been, and continue to be, applied to 
traditional ELISAs and related immunoassays that have greatly extended assay sensitivity, its 
range of capabilities and suitability to enable automated processing. Many advances have 
been made in the fields of ELISA reagents, assays and kits; coated microplates; Plate 
washers; Assay detection; Assay automation and New and alternative ELISA formats. 

This paper discusses the advances in immunodiagnostics  

PCR-ELISA 
Polymerase chain reaction-enzyme linked immunosorbent assay (PCR-ELISA) is 

aimed at quantification of PCR product directly after immobilization of biotinylated DNA on 
a microplate. This method, which detects nucleic acid instead of protein, is a much more 
sensitive method compared to conventional PCR method, with shorter analytical time and 
lower detection limit. Its high specificity and sensitivity, together with its semi-quantitative 
ability, give it a huge potential to serve as a powerful detection tool in various industries such 
as medical, veterinary, and agricultural industries.  
 The whole method involves 3 steps namely amplification, immobilization, and 
detection. The gene of interest is first amplified through PCR in the presence of digoxigenin-
11-dUTP (DIG-dUTP). DIG-labelled PCR products are then bound to specific 
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oligonucleotide probes, labelled with biotin. The gene of interest is then immobilized to the 
microplate using streptavidin coated on microplates and biotin on the formed hybrid. The 
amplicons can be detected using an anti-DIG-peroxidase conjugate through a substrate 
leading to a coloured reaction that is measured using a spectrophotometer. Another method of 
PCR-ELISA detection includes the use of fluorescein probe where detection includes the use 
of antifluorescein antibodies conjugated to an enzyme to detect the hybridized fluorescein-
labelled oligonucleotide probe. 

Electrochemical ELISA 
Electrochemical detection can be coupled with enzyme immunoassays when the 

product of the enzyme as a label can be oxidized or reduced on an electrode, or coupled with 
further enzyme amplification that leads to an electroactive product. One of the most 
commonly used techniques is voltammetry, where a potential is applied to a solid conductive 
material (a working electrode) with respect to a reference electrode, and the resulting current 
is measured. Antibody-modified magnetic microbeads are commonly used in bead-based 
electrochemical enzyme immunoassays. Both the sandwich-type and the competitive-type 
immuno- assay can be performed in a solution of dispersed antibody- modified microbeads. 
At the voltammetric detection step, the magnetic microbeads are accumulated on the 
electrode surface as a result of an externally applied magnetic field, or are redispersed into 
small volumes of solution like a droplet.  

Convenient and sensitive magnetic-microbead-based enzyme immunoassays have 
been reported using a magnet electrode. Screen-printed electrodes (SPE) and carbon 
electrodes which are equipped with a magnet on the other side of the electrode surface have 
been used. This approach can easily build up the immuno-sensing surface by localizing the 
immune reacted beads on the electrode surface. The use of commercially available antibody-
modified magnetic microbeads and disposable or reusable electrodes avoids tedious steps of 
antibody immobilization on a solid phase and regeneration of a substrate, i.e., the electrode 
surface. The accumulation of immunocomplexes owing to the magnetic field effectively 
increases the concentration of the enzyme as a tracer on the electrode, and this results in a 
high electrochemical response amplified by an enzymatic reaction. 
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Magnetic-microbead-based immunoassays using nanoparticle tags (Plasmonic ELISA) 
The development of immunoassays has mainly depended on enzyme labels. However, 

in recent years, there has been increasing interest in using nanoparticle tags, such as colloidal 
gold and semiconductor quantum dot nanoparticles as another alternative in electrochemical 
immunoassays. Such nanoparticles have potential as versatile labels in the development of 
new biological assays for various target biomolecules. Most of the nanoparticle-based assays 
with electrochemical detection have commonly relied on a highly sensitive electrochemical 
stripping voltammetric measurement of metal tags dissolved in acidic solution. Plasmonic 
ELISA allows ultrasensitive detection of disease biomarkers with the naked eye. 

Microfluidic technology based ELISA: 
The continuous developments in microfluidic technologies have critically reduced the 

assay duration and number of process steps apart from enabling the automated handling of 
process steps. Microfluidic, multi-analyte immunoassay platform consists of a disposable test 
cartridge (mimics an ELISA plate) and a bench-top analyzer. Typical data show a >4 log 
dynamic range and fM detection limits. Each antigen- specific antibody reaction occurs 
within segregated reaction vessels. This obviates cross-reactivity concerns, improves data 
quality, simplifies development and expedites the validation of multi-analyte assays. Its 
microfluidic architecture allows complete automation; Sample is added into the cartridge, the 
cartridge is inserted into the analyzer and the ‘go’ button is hit to obtain analyzed results 
within 10 to 60 minutes. 
 Microfluidic compact discs consisting of microcolumns pre-packed with Streptavidin-
coated particles, and a complex network of microchannels with hydrophobic barriers through 
which samples and reagents flow under the influence of centrifugal and capillary action as the 
CDs are spun in the workstation. By altering rotational speeds of the CD, precise volumes of 
capture reagents, sample and detection reagents, so that all structures within a single CD are 
processed in parallel. This eliminates the occurrence of time dependent artifacts, samples are 
processed under uniform conditions. Different analytes can be studied simultaneously 
without introducing cross-talk. Quantification is achieved by detection of fluorescence within 
each microstructure, which is then analyzed by the software. 
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AMMP (Acoustic Membrane Microparticle) assay technology:   
It utilizes non-optical detection to deliver sensitive, reproducible protein analysis from 

complex biological samples. Homogenous AMMP assays require no time-consuming wash 
steps. Samples are mixed with a target-specific antibody linked to microparticles and a 
second paired-antibody linked to a hapten. The resulting complex is passed over vibrating 
acoustic sensors and drawn to the surface by a magnetic field. Complexes that bind to the 
affinity-coated surface remain and when eluted are measured as a frequency shift that is 
converted into highly precise and quantitative measurement of biomarker concentration. The 
nature of the assay technique improves sensitivity even with low abundant proteins by using 
direct measurement of proteins in their native state and avoiding variability due to 
dissociation caused by multiple wash steps. 

AlphaLISA immunoassays:  
The AlphaLISA bead-based technology relies on exclusive amplified luminescent 

proximity homogeneous assay and uses a luminescent oxygen-channeling chemistry. 
AlphaLISA protocols can be set up as sandwich or competition immunoassays. In a sandwich 
assay, an analyte is captured by a biotinylated antibody bound to streptavidin-coated donor 
beads and a second antibody conjugated to AlphaLISA acceptor beads. The binding of the 
two antibodies to the analyte brings donor and acceptor beads into proximity. Laser 
irradiation of donor beads at 680 nm generates a flow of singlet oxygen, triggering a cascade 
of chemical events in nearby acceptor beads, which results in a chemiluminescent emission at 
615 nm. In competitive AlphaLISA immunoassays, a biotinylated analyte bound to 
streptavidin donor beads is used with an antibody conjugated to AlphaLISA acceptor beads.  
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AlphaLISA assay protocol 

 
AlphaLISA assays are conducted using a simple mix-and-read protocol that 

substantially reduces assay development and hands-on time, while improving throughput and 
ease of automation. 

Despite the tremendous advances, there is a critical need for rapid and cost-effective 
immunoassay procedures and novel diagnostic platforms in order to increase the outreach of 
immunodiagnostics to the remote settings and developing countries. The most prospective 
development in this regard is the use of smartphones for immunodiagnostics. Various 
smartphone-based immunoassays and smartphone-based integrated reader for lateral flow 
immunoassay have already been developed during the last few years. The current generation 
of smartphones are equipped with high resolution camera, advanced processor, GPRS, 
connectivity and iCloud computing, which make them the ideal next-generation devices for 
point-of-care immunodiagnostics, telemedicine and mobile healthcare. Taking into account 
~6.8 billion cellphone users worldwide, there will be a huge market for smartphone-based 
immunodiagnostics. Moreover, it will lead to tremendous cost-savings due to automated data 
analysis, highly centralized operations, telemedicine and personalized healthcare. The 
integration of smartphones with cheap paper-based immunoassays will be highly useful in 
developing low-cost immunodiagnostics for the developing world. 
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Nanotechnology – Prospects in Modern Diagnostics and 
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INTRODUCTION: 
Nanotechnology is the study of extremely small structures. The prefix “nano” is a 

Greek word which means “dwarf”. Nanotechnology is described as the ability to work at the 
atomic, molecular, or macromolecular levels (in the range of 1-100 nm) to create structures, 
devices, and systems that have novel properties and functions because of their small size. 
Nanotechnology includes integration of nanoscale structures into larger materials, 
components, systems, and architectures that are used in manufacturing, health care, 
environment, and defence. 

Nanotechnology has been applied to the four disciplines: (1) Nanoelectronics: new 
electronic devices with novel functions such as high speed and at the same time consuming 
less energy power. (2) Nanomaterial science: new materials with novel properties, which 
grow perfectly without any impurities and defects, ideal for nano devices and consumer 
products. (3) Nanobiology including mapping the genetic information in DNA and RNA 
molecules, environmental monitoring, agriculture and foods. (4) Nanomedicine: discover, 
design, and deliver new drugs on nano level. 

Nanotechnology promises to be a new Industrial Revolution. The application of Nano 
science and technology has a huge market worldwide with market value over 2.5 trillion US 
dollars in 2014. People believe that the application of nanobiology and nanomedicine will 
have a breakthrough in the near future. Nanotechnology has so many applications, which 
makes it an innovative topic. The applications are not only great in number but have the 
potential to change the world. The idea of nanotechnology is fascinating, but there are some 
that think it is only an idea. For some it seems that many are overreaching the capacity of our 
technology and not taking a realistic standpoint on the nanotechnology topic. No one can 
know whether it will happen today or tomorrow; however, nanotechnology will become 
mainstream technology and when it does the entire world will be changed. 

NANOMEDICINE 
Nanomedicine is the medical application of Nanotechnology or Nanoscience logically 

because Nanoscience covers the fundamental research whilst Nanotechnology focuses on 
applied research. Nanomedicine covers the medical use of Nano-materials, to Nano-
electronic biosensors, and even possible future applications of molecular Nano-technology. A 
very long list of problems in general medicine has been covered by Nanomedicine, but the 
current stress seems to be on understanding the issues related to toxicity and environmental 
impact of Nano-scale materials. According to a recent estimate, over 250 Nanotech-based 
drugs and delivery systems were being developed worldwide. Nanomedicine tries to develop 
research tools and clinically-useful devices in the short term. The National Nanotechnology 
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Initiative in USA hopes to see new commercial applications in the pharmaceutical industry 
that may include 
1. Drug delivery systems of advanced nature, 
2. Wholly New therapies, and 
3. In vivo imaging (sample or specimen imaging outside the human body, in a test tube or a 

glass dish etc.). 
Nanomedicine is already a colossal industry, with Nanomedicine product sales 

reaching 6.8 billion US dollars in 2004, over 200 companies and 38 products worldwide. 
Additionally a large investment of a minimum of 3.8 billion US dollars in Nanotechnology 
R&D is added annually. As the new field continues to expand, it is bound to have a 
significant effect on the global economy. 

It is anticipated that nanotechnology can have an enormous positive impact on human 
health. Relevant processes of living organisms occur basically at nanometer scale, elementary 
biological units like DNA, proteins or cell membranes are of this dimension. By the means of 
nanotechnology, these biological units are better comprehended so that they can be 
specifically guided or directed. Miniaturization down to nanometer scale provides to become 
an essential feature of biomedical products and procedures in postgenomic era. Nanoscale 
devices could be 100 to 10,000 times smaller than human cells but are similar in size to large 
biomolecules such as enzymes and receptors. Nanoscale devices smaller than 50 nm can 
easily enter most cells, and those smaller than 20 nm can move out of blood vessels as they 
circulate through the body. 

MEMS AND NEMS BASED SENSORS AND DEVICES: 
Molecular diagnostics devices are becoming smaller. With the advancement of 

miniaturization technologies, microchip-based systems will soon be available for disease 
diagnosis. Conventional biosensors need extensive packaging, complex electronic 
interfacing, and regular maintenance or reactivation. These drawbacks could be reduced by 
the use of Micro Electromechanical Systems (MEMS) that integrate electronics and 
micromechanical structures on chips. The incorporation of biological recognition molecules 
as primary sensors would increase the applicability of MEMS devices. 

In recent years, the biological and biomedical applications of micro- and 
nanotechnology (commonly referred to as Biomedical or Biological Micro-Electro-
Mechanical Systems[BioMEMS]) have become increasingly prevalent and have found 
widespread use in a wide variety of applications such as diagnostics, therapeutics, and tissue 
engineering. While research and development activity in this field stays intense, some 
applications have also been commercialized. Areas of research and applications in BioMEMS 
range from diagnostics, such as DNA and protein micro-arrays, to novel materials for 
BioMEMS, microfluidics, tissue engineering, surface modification, implantable BioMEMS, 
systems for drug delivery, etc. A large number of MEMS devices for biology and medicine 
have been developed. The devices and integrated systems using BioMEMS are also known as 
lab-on-a-chip and micro-total analysis systems (micro-TAS or ATAS). 
However, there are many challenges and technological obstacles associated with 
miniaturization that need to be addressed and overcome before MEMS can realize its 
overwhelming potential. 
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Biomedical nanotechnology presents revolutionary opportunities in the fight against 
many diseases. An area with near-term potential is detecting molecules associated with 
diseases such as cancer, diabetes mellitus, neurodegenerative diseases, as well as detecting 
microorganisms and viruses associated with infections, such as pathogenic bacteria, fungi, 
and HIV viruses.  

Drug targeting can be achieved by taking advantage of the distinct pathophysiological 
features of diseased tissues. Actually, the physiology of diseased tissues may be altered in a 
variety of physiological conditions and can be exploited for passively targeting of drugs. 
Thus, it exploits the anatomical differences between normal and diseased tissues to achieve 
site-specific and targeted delivery of drugs. Nanoparticles can act as drug-delivery and drug- 
targeting systems. 

Using nanotechnology, it may be possible to achieve improved delivery of poorly 
water-soluble drugs, targeted delivery of drugs in a cell- or tissue-specific manner, 
transcytosis of drugs across tight epithelia  and endothelial barriers, delivery of large 
macromolecule drugs to intracellular sites of action, co-delivery of two or more drugs or 
therapeutic modality for combination therapy, visualization of sites of drug delivery by 
combining therapeutic agents with imaging modalities and real-time read on the in vivo 
efficacy of a therapeutic agent. There are different kinds of nanoparticles which are suitable 
to be applicable in drug- and gene- delivery, probing DNA structures, etc, and are categorized 
as: liposomes, polymer nanoparticles (nanospheres and nanocapsules), solid lipid 
nanoparticles, nanocrystals, polymer therapeutics such as dendrimers, fullerenes (most 
common as C60 or buckyball, similar in size of hormones and peptide α-helices), inorganic 
nanoparticles (e.g. gold and semiconductor nanoparticles such as quantum dots. 

In addition to disease treatment nanotechnology has revolutionized the disease 
diagnosis. Generally the cell constituents exists in nano size and also the technology which is 
used to monitor/diagnose these biological molecules are also falls in nano scale dimension 
which can be regarded as ‘Nanotechnology on a chip’ is a new paradigm for total chemical 
analysis systems. Some examples of devices that incorporate nanotechnology-based biochips 
and microarrays are nanofluidic arrays and protein nanobiochips. These chips can be 
designed to interact with cellular constituents with higher specificity. One of the more 
promising uses of nanofluidic devices is isolation and analysis of individual biomolecules, 
such as DNA. This capability could lead to new detection schemes for cancer. 
Based on the differences in volume, concentration, displacement and velocity, gravitational, 
electrical, and magnetic forces, pressure, or temperature of cells in a body, nanosensors may 
be able to distinguish between and recognize certain cells, most notably those of cancer, at 
the molecular level in order to deliver medicine or monitor development to specific places in 
the body. In addition, they may be able to detect macroscopic variations from outside the 
body and communicate these changes to other nanoproducts working within the body. 
Nanotechnology has facilitated the development of methods for detection of single cells or a 
few molecules. Nano laser scanning confocal spectroscopy, with the capability of single-cell 
resolution, can be used to identify previously unknown properties of certain cancer cells that 
distinguish them from closely related non-pathogenic cells. Quantum dots (QD) are 
semiconductor devices with size-dependent optical, electrical and magnetic properties. Qds 
have high sensitivity, broad excitation spectra, stable fluorescence with simple excitation, and 
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no need for lasers. Their red/infrared colors enable whole blood assays. QDs have a wide 
range of applications in molecular diagnostics and also enable multiplexed diagnostics and 
integration of diagnostics with therapeutics. 

Biosensors based on quantum dots, nanobarcodes, metallic nanobeads, silica 
nanoparticles, magnetic beads, and carbon nanotubes can be qualified to the group of 
nanoprobes. The other biosensors employ nanoparticles in a different way. They work as 
sieves through which charged molecules are transported in an electrical field. In addition, 
Graphene, CNTs, ZnO and Au are some elite nanomaterials used for fabrication of biosensors 
for use in healthcare and detection of food pathogens and allergens. 

A method for detecting cancer cells in the bloodstream is being developed using 
nanoparticles called NanoFlares. The NanoFlares are designed bind to genetic targets in 
cancer cells, and generate light when that particular genetic target is found. Researchers are 
developing a nanoparticle intended to make very early detection of cancer tumors easier. 
When the nanoparticles attach to a cancer tumor the nanoparticles release "biomarker" 
peptides. The idea is that since each nanoparticle carries several peptides a high concentration 
of these biomarkers will occur even at very early stages of cancer, allowing early detection of 
the disease. 

The use of nanotechnology devices for diagnosis of animal diseases or as animal 
models for the diagnosis of human diseases is great achievement in the one health initiative. 
Functionalized NPs can provide direct, rapid, and sensitive detection of viruses and thereby 
bridge the gap between current cumbersome virus detection assays and the need for more 
rapid and sensitive detection of viral agents. Nanotechnology is currently employed in the 
treatment of animal trypanosomiasis. It enabled the development of a new drug delivery 
system against Quinapyramine Sulfate a trypanocidal drug registered for veterinary use. 
Similarly, mice pre-treated with protein cage nanoparticles (PCN) independent of any 
specific viral antigens, were protected against both sub-lethal and lethal doses of two 
different influenza viruses, a mouse-adapted SARS-coronavirus, or mouse pneumovirus. 

CONCLUSIONS: 
Nanostructures and nanotechnology based devices are under active development for 

diagnostic and therapeutic applications. Hence in conclusion it would be correct to say that 
although there are gaps that need to be filled, nanotechnology holds a great key in diagnostics 
and therapeutics of diseases and research is being intensified to breach the gaps. It is 
suggested that in the future molecular diagnostics and therapeutics should be combined with 
nanotechnology to boost the efficiency in the diagnosis and treatment of diseases for the 
benefit of human race. 
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Indian Livestock Sector needs Accreditation of Veterinary 
Diagnostic Laboratories 

Praveen Malik and Atulya M 

CCS National Institute of Animal Health 
Baghpat – 250609 (Uttar Pradesh) 

 

In order to put this subject in its right context, let us start with a bit of background on 
the Indian livestock sector and services. Livestock have been an integral element of India’s 
agricultural and rural economy since time immemorial, supplying energy for crop production 
in terms of draught power and organic manure, and in turn deriving their own energy 
requirements from crop by-products and residues. The advances in bio-chemical and 
mechanical technologies, however, have weakened the synergy between livestock and crops. 
Livestock are now more valued as source of food and contribute over one-fourth to the 
agricultural gross domestic product and engage about 9% of the agricultural labour force. The 
livestock sector has been growing faster than crop sector; however, in recent years, the 
growth both in livestock production and productivity has decelerated considerably. The sector 
has remained under-invested; and neglected by the financial and extension institutions. 
Livestock markets are under-developed, which is a significant barrier to the 
commercialization of livestock production. Besides, the sector will also come under 
significant pressure of increasing globalization of agri-food markets.  

Despite all odds, livestock sector is expected to emerge as an engine of agricultural 
growth in the 12th Plan and beyond in view of rapid growth in demand for animal food 
products. There is further potential of growth if the poultry and livestock management is 
tackled suitably. Achieving growth rate of 5-6%, however, would require addressing 
challenges of shortage of feed and fodder (nutrition), gaps in breeding policy and frequent 
occurrence of some deadly infectious diseases (health). In order to fight the challenge of 
infectious diseases through various strategies of treatment, containment and control, the 
major part is to accomplish the basic goal of prevention. To go by the old and popular adage 
‘prevention is better than cure’ and to reduce the risk of occurrence of diseases, the focus 
should be on protecting the animals against specific diseases, protecting the progeny against 
vertical transmission of disease and providing passive immunity to the progeny. 

For meeting the veterinary care needs of our livestock in India, a comprehensive and 
sustained approach is required towards developing a strong veterinary healthcare 
infrastructure throughout the country. Creation of corporatized veterinary diagnostic facilities 
in the Indian livestock sector through public-private partnership can help the sector growing 
at the desired rate. The laboratories are an integral part of disease diagnosis, treatment, 
monitoring response to treatment, disease surveillance programmes and clinical research. The 
test results, therefore, should be reliable, accurate and reproducible. This is only possible if 
current Good Laboratory Practices (cGLP) are in place. In this scenario, the existing 
veterinary diagnostic laboratories need updation to obtain the accreditation while the newer 
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ones should come up with such mind set so as to have such certifications to support the needs 
of the sector to meet the international standards. 

 
Laboratory accreditation is important 

The concept of laboratory accreditation was developed so that there is third-party 
certification of the competence of laboratories to perform particular types of testing. Benefits 
of accreditation accrue to both laboratories and livestock. For laboratories, there is potential 
increase in business/reputation due to enhanced credibility and livestock owners’ confidence, 
who can expect reliable results from such laboratories. 

As they say, "a laboratory test is no better than the specimen and the specimen is no 
better than the manner in which it is collected." Poor-quality samples affect test results 
adversely. Pre-analytical errors occur due to transport-related causes such as improper 
handling, reasons such as humidity, specimen integrity, exposure to light, and so on. Then 
there are processing-related causes such as faulty centrifugation, storage, etc. Lab 
accreditation ensures quality that is absolutely essential in diagnostics. Quality consists of 
functional quality and technical quality. Ethical practices come under functional quality. 
Technical quality is reflected in the latest lab equipment, processes and the soundness of the 
technicians and scientists, etc. 

Use of standards aids in the creation of products and services that are safe, reliable 
and are of good quality. The standards help businesses increase productivity while 
minimizing errors and waste. By enabling results from different labs across the country and 
globe to be directly compared, these standards facilitate labs in entering new areas and assist 
in the development of global trade on a fair basis. The standards also serve to safeguard 
stake-holders and the end-users of services, ensuring that these conform to the minimum 
standards set internationally. 

The International Organization for Standardization (ISO) is an international standard-
setting body, headquartered in Geneva, Switzerland, composed of representatives from 
various national standards organizations. Founded in 1947, the organization promotes 
worldwide proprietary, industrial and commercial standards. It is an independent, non-
governmental organization. It is the world's largest developer of voluntary international 
standards and facilitates world trade by providing common standards between nations.  

For initiation of the process of such standard system, a quality management 
system (QMS) must be on place. QMS is a collection of business processes focused on 
achieving quality policy and quality objectives to meet customer requirements. It is expressed 
as the organizational structure, policies, procedures, processes and resources needed to 
implement quality management. It is important to note that International Organization for 
Standardization (ISO) does not certify organizations itself. Numerous certification bodies 
exist, which audit organizations and, upon success, issue ISO 9001 compliance certificates. 
Many countries have formed accreditation bodies to authorize ("accredit") the certification 
bodies. Both the accreditation bodies and the certification bodies charge fees for their 
services. The various accreditation bodies have mutual agreements with each other to ensure 
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that certificates issued by one of the accredited certification bodies (CB) are accepted 
worldwide.  

An ISO 9001 certificate is not a once-and-for-all award, but must be renewed at 
regular intervals recommended by the certification body, usually once every three years. 
There are no grades of competence within ISO 9001: either a company is certified (meaning 
that it is committed to the method and model of quality management described in the 
standard) or it is not. In this respect, ISO 9001 certification contrasts with measurement-
based quality systems. 

ISO/IEC 17025: General requirements for competence of testing and calibration 
laboratories  

It is the main ISO standard used by testing and calibration laboratories. ISO 17025 
specifies the general requirements for the competence to carry out tests and/or calibrations, 
including sampling. It covers testing and calibration performed using standard methods, non-
standard methods, and laboratory-developed methods. In most major countries, ISO 17025 is 
the standard for which most labs must hold accreditation in order to be deemed technically 
competent. In many cases, suppliers and regulatory authorities will not accept test or 
calibration results from a lab that is not accredited.  

Laboratories use ISO 17025 to implement a quality system aimed at improving their 
ability to consistently produce valid results. It is also the basis for accreditation from an 
accreditation body. Since the standard is about competence, accreditation is simply formal 
recognition of a demonstration of that competence. A prerequisite for a laboratory to become 
accredited is to have a documented quality management system. The usual contents of the 
quality manual follow the outline of the ISO 17025 standard. 

Originally known as ISO/IEC Guide 25, ISO/IEC 17025 was initially issued by the 
International Organization for Standardization in 1999. There are many commonalities with 
the ISO 9000 standard, but ISO/IEC 17025 is more specific in requirements for competence. 
And it applies directly to those organizations that produce testing and calibration results. The 
major emphasis in this standard is on the responsibilities of senior management, and explicit 
requirements for continual improvement of the management system itself, and particularly, 
communication with the customer. 

The ISO 17025 standard comprises five elements namely Scope, Normative 
References, Terms and Definitions, Management Requirements and Technical Requirements, 
of these the last two are main. Management requirements are primarily related to the 
operation and effectiveness of the quality management system within the laboratory. 
Technical requirements include factors which determine the correctness and reliability of the 
tests and calibrations performed in laboratory. 

ISO/IEC 17025 is aapplicable to all organizations performing tests and/or 
calibrations. The accreditation is available for both free standing laboratories and for 
laboratories which are part of larger facilities. It is applicable to all laboratories regardless of 
the number of personnel or the extent of the scope of testing and/or calibration activities. 

https://en.wikipedia.org/wiki/Quality_management_system
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What are the benefits? 
One of the main advantages is that your laboratory will gain international recognition 

for its commitment to quality, competency and reliable results. By establishing an ISO 17025 
laboratory management system, the lab joins the growing world partnership of accredited 
laboratories. In addition, ISO/IEC 17025 accreditation will signify that you comply with an 
internationally recognized standard, thus easing the global exchange of valuable information. 
This will facilitate cooperation between laboratories and other bodies, and assist in the 
exchange of information and experience, and in the harmonization of standards and 
procedures. 

It is for use by laboratories in developing their management system for quality, 
administrative and technical operations. Implementing an ISO/IEC 17025 laboratory 
management system is a means to ensuring efficiency and technical competency in 
calibration and testing laboratories. Laboratory customers, regulatory authorities and 
accreditation bodies may also use it in confirming or recognizing the competence of 
laboratories. Accreditation is an objective way to assure your customers that you have 
demonstrated technical competence to provide reliable and accurate test or calibration results. 
Accreditation is objective because an independent, third party accreditation body performs 
annual assessments to verify whether your system is meeting all of the requirements of 
ISO/IEC 17025. This independent evaluation is important to the customer, because it is an 
unbiased guarantee that your laboratory is performing at its highest level.  

When implemented correctly, the elements of ISO/IEC 17025 work meticulously 
together to ensure that required quality levels are met and that customers' needs are satisfied. 
This can be a powerful strategic tool. By becoming ISO 17025 accredited, you can look 
forward to an efficient management system, improved calibration or testing, fewer customer 
complaints and a strong competitive edge. 

If you want to solidify your laboratory's stance as a serious competitor, ISO/IEC 
17025 accreditation will set your laboratory apart from your competitors. This is an ideal 
management system model for laboratories as it aims to control quality costs, improve 
measurement accuracy and guarantee consistency of results. The accreditation certificate can 
be used in advertising, promotional literature and stationary to show current and potential 
customers that your laboratory is committed to quality and has demonstrated technical 
competency to perform calibration or testing services. 

Benefits at a glance  
 International recognition 
 Sound management system 
 Prevents defects 
 Increased accuracy 
 Cost savings  
 Reduced waste 
 Access to global market place 
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How to choose an accreditation body for ISO certification? 
The accreditation body is responsible for assessing the quality system and technical 

aspects of your system to determine your compliance to the requirements of ISO/IEC 17025. It is 
the accreditation body that ultimately decides whether or not a laboratory is complying with the 
standard. Therefore, study the credentials of potential accreditation bodies carefully before 
choosing.  

Clarify the following points before you select an accreditation body: 

1. Whether the accreditation body have assessors qualified to conduct assessments in your 
particular scope of calibration or testing? 

2. Will they provide you with a complete description of its accreditation process? 

3. Where they are located? 

4. Find out if there are any policies or contract restrictions that may affect you.  

5. Is the accreditation body recognized for its accreditation program? Check the credentials 
of the accreditation body. Refer to the International Laboratory Accreditation 
Cooperation (ILAC) listing of signatories at www.ilac.org 

6. Is the company financially stable? Will the accreditation body still be in business during 
the period that your accreditation certificate is valid? 

Major Steps of ISO 17025 accreditation 

1. File Application 

2. Receive Quote  

3. Enter Contract  

4. Prepare for Accreditation  

5. Document Review  

6. Preliminary Assessment (Optional) 

7. Opening Meeting (Entry Briefing) 

8. Accreditation Assessment  

9. Closing Meeting (Exit Briefing) 

10. Corrective Action  

11. Executive Committee's Decision  

12. Accreditation Certificate  

13. Surveillance Assessment 



ICAR 28th CAFT Course in Veterinary Microbiology on 
“Development of Validated Diagnostic Assays and Accreditation of Diagnostic Laboratories” (3-23 Feb., 2016) 

Sanjay Kapoor and Swati Dahiya (Editors), Dept. of Vety. Microbiology, LUVAS, Hisar  108 
 

The time required for achieving accreditation depends upon size of the laboratory, 
number of employees and complexity of calibration/ testing operations. Similar is the cost factor 
for this, which would include the fees for document review, for preliminary assessment 
(optional), for accreditation assessment, for surveillance and miscellaneous fees (for travel, 
accommodation etc.). 

What all things are not covered under this? 
ISO/IEC 17025:2005, however, is not intended to be used as the basis for certification of 

laboratories. Conformity of the quality management system within which the laboratory operates 
to the requirements of ISO 9001 does not of itself demonstrate the competence of the laboratory 
to produce technically valid data and results. Nor does demonstrated conformity to this 
International Standard imply conformity of the quality management system within which the 
laboratory operates to all the requirements of ISO 9001. Compliance with regulatory and safety 
requirements on the operation of laboratories is not covered by ISO/IEC 17025:2005. When a 
laboratory does not undertake one or more of the activities covered by ISO/IEC 17025:2005, 
such as sampling and the design/development of new methods, the requirements of those clauses 
do not apply.  

Conclusion 
India does not have mandatory accreditation for the veterinary diagnostic laboratories. 

The only accreditation agency that is authorized by the central government is the National 
Accreditation Board for Testing and Calibration of Laboratories (NABL). NABL is woefully 
understaffed and depends on personnel from government laboratories and government 
institutions, who themselves do not have sufficient domain expertise. NABL will additionally 
have to involve accredited private laboratories to help them undertake the audits and 
accreditation. Government may like to at least make ISO 9001 mandatory, moving gradually to 
NABL accreditation by giving timelines in advance. 

 

 
  

https://www.iso.org/obp/ui/#iso:std:iso:9001:en
https://www.iso.org/obp/ui/#iso:std:iso:9001:en
http://economictimes.indiatimes.com/topic/accreditation
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Optimization and Standardization of Assays: Practical Approach 

Arvind Kumar 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 
Optimization and standardization are part of the process of assay development. This 

exercise is done after selection of the assay for intended purpose. It is very important that 
purpose of the assay must be carefully decided, at first. 
The most common purposes are to:  

1) Contribute to the demonstration of freedom from infection in a defined population 
(country/zone/compartment/herd) (prevalence apparently zero): 

1a) “Free” with and/or without vaccination,  
1b) Re-establishment of freedom after outbreaks 

2) Certify freedom from infection or presence of the agent in individual animals or 
products for trade/movement purposes.  

3) Contribute to the eradication of disease or elimination of infection from defined 
populations.  

4) Confirm diagnosis of suspect or clinical cases (includes confirmation of positive 
screening test).  

5) Estimate prevalence of infection or exposure to facilitate risk analysis (surveys, herd 
health status, disease control measures) 

6) Determine immune status of individual animals or populations (post-vaccination). 

Development of assay:  
Protocol for development of an indirect ELISA for antibody estimation is described. 

Antigen is coated on the ELISA plate well and then test serum is added and the binding of test 
serum antibodies with anti-species Horse radish peroxidase enzyme conjugate (antibody 
conjugate. 

Selection of optimal concentration of antigen and the antibody- enzyme conjugate 
 Chequer board titration of 2X2 is performed 

1. Select range of the antigen concentration, empirically 
2. Make different dilutions of the antigen in coating buffer ( carbonate-bicarbonate buffer, 

0.5M) 
3. Aliquot 100 µl/well of  starting concentration of the antigen  in all wells of  column 1 of 

the ELISA plate: A1-H1  
4. Aliquot 50 µl/well in all wells of the plate from column 2 to 12 (B2:- H12) 
5. With a multichannel pipette (8 Channel), transfer 50 µl/ from column 1 to wells of 

column2, mix and then to column 3. This way makes 2X dilutions of the antigen from 
column 2 to 12. Discard 50 µl from wells of column12 to keep the volume 50 µl/well 
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6. Leave the plate overnight at +4oC  for coating of wells with antigen concentrations 
7. Discard the liquid form the ELISA well, fill up wells with washing buffer and discard by 

flick of wrist. This way wash the ELISA wells 3X. Tap on a pad of blotting paper to dry 
the well 

8.  Prepare a dilution of a serum positive for the antibody being tested. The dilution must 
contain excess of antibody but not too low dilution of the antibody (1:100 at least). The 
dilution is prepared in ELISA diluent 

9. Add to all wells of the ELISA  plate @50 µl/well and incubate at 36-37 oC for one hour 
10. Wash and dry the ELISA well as described above in step 7 
11.  Make starting dilution of the antibody conjugate in diluent ( 1:1000) 
12. Add starting dilution @ 100 µl/well of the antibody conjugate to all wells of row 1 (A1-

A12) 
13. Add diluent @50 µl/well to all other wells of the plate (B1:H12) 
14.  With  a 12 channel multichannel pipette, transfer 50 µl from wells of row A to wells of 

row B, mix and then to wells to row C , go up to  wells of row H and discard 50 µl from 
wells of row H to keep the volume 50 µl/well 

15. Incubate the plate as described in step 9 and then wash & dry the wells as described in 
step 7 

16. Prepare 1X TMB substrate in substrate buffer and add to all wells of the plate 
@50µl/well. Allow  colour development for 8-10 minutes 

17. Stop colour development by acidification ( add  Stopping solution @50µl/well 
18. Read   optical density ( OD) of the colour developed in an ELISA reader at 450nm filter 

wave length 
19. Combination of highest dilution of the antigen and the antibody conjugate just before the 

wells showing effect of dilution ( beginning of fall of OD value), is taken as the optimum 
concentration of the antigen and the antibody conjugate   

 
Lay out of 96 well ELISA plate for chequer board titration 
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Optimization of assay 

Optimization is the process by which the most important physical, chemical and 
biological parameters of an assay are evaluated and adjusted to ensure that the 
performance characteristics of the assay are best suited to the intended application. It is 
useful to select at least three well-defined reference samples, representing the analyte 
ranging from high positive to negative (e.g. high, low positive and negative). These 
samples ideally should represent known infected and uninfected animals from the 
population that will become the target of the assay. Obtaining such reference samples, 
however, is not always possible, The alternative of preparing reference samples spiked 
with cultured agents or positive sera is inferior as these samples do not truly represent the 
naturally occurring matrix-agent interaction (see also OIE Validation Guideline 3.6.66 
Selection and use of reference samples and panels). When no other alternative exists, 
spiking a sample with a known amount of the analyte or agent derived from culture, or 
diluting a high positive serum in negative serum of the same species may be all that is 
available. In either case, it is imperative that the matrix, into which the analyte is placed 
or diluted, is identical to, or resembles as closely as possible the samples that ultimately 
will be tested in the assay. Ideally, reference samples have been well characterized by one 
or preferably at least two alternate methodologies. These samples can be used in 
experiments to determine if the assay is able to distinguish between varying quantities of 
analyte, distinguish the target from closely related analytes, and for optimizing the 
reagent concentrations and perfecting the protocol. 

Assays can be optimized for many different purposes such as maximum 
sensitivity, widest dynamic range, maximum specificity, improved linearity or recovery, 
or shortest time to results. 

 
Some common assay parameters that can be modified to achieve an optimal assay 

are listed in the table below. 
 
Parameter Modification 

 
Possible Effects 

Antibody Coating 
Concentration 

Increased Higher signal 
Higher background 
Lower limit of detection 
Faster capture 

Antibody Coating 
Concentration 

Decreased Lower signal 
Lower background 
Wider dynamic range 
Longer capture time 
required 

Post-Coat/Blocking 
Buffer 

Addition of a protein such 
as BSA, IgG, gelatin or 

Lower background 
Lower limit of detection 
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casein at a concentration of 
0.1 – 10 mg/ml 
Alternate Buffer and salt 
concentration 
Alternate detergent and/or 
detergent concentration 

Improved recovery 
Improved stability 

Plate Type (Binding) High-binding vs Low-
binding 

Difficult to predict but may 
significantly affect assay 
performance 

Plate Vendor Use ELISA plates from 
different vendors 

Difficult to predict. Plates 
from different vendors may 
give different results under 
identical assay conditions 

Sample and Standard 
Diluent 

Samples and standards can 
be diluted into a different 
assay matrix 

Increased recovery 
Increased linearity 
Increased sensitivity 

Standard 
Concentrations 

Standard can be diluted 
over different ranges 

Wider dynamic range 
Different dynamic range 

Sample concentrations Samples can be used 
undiluted or can be diluted 
to different concentrations 
in an assay matrix 

Increased recovery 
Optimal linearity 
Increased sensitivity 

Composition of Assay 
Matrix 

Addition of blocking agents 
such as proteins, polymers, 
or additional detergents 
Increase or decrease the salt 
(NaCl) concentration in the 
buffers 
Increase or decrease in the 
pH of the buffer 
Alternate buffers: Tris 
borate, MES 

Increased recovery 
 
Optimal linearity 
 
Increased sensitivity 
 
Reduced sample 
interference 

Capture time Increase or decrease Increased or decreased 
sensitivity. 
Wider dynamic range 

Number of Washes: 
Post-Capture 

Increase or decrease Increased or decreased 
signal and/or background. 
Increased or decreased 
assay time 

Composition of Wash 
Buffer 

Increased or decreased salt 
concentration 
Increased or decreased pH 
Increased or decreased 
detergent concentration 
Different buffer (Tris, etc.) 
Different detergent 

Increased or decreased  
signal and/or background. 
Increased sensitivity 
Alternate dynamic range 
Reduced sample 
interference 
Improved recovery 
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Antibody- HRPO conjugate Increase or decrease Increased or decreased 
signal 
Increased or decreased 
Sensitivity 
Wider or smaller dynamic 
Range 

Composition of the 
Antibody-HRPO conjugate 
diluent 

Addition of blocking agents 
such as proteins, polymers, 
or additional detergents. 
Increase or decrease in the 
salt (NaCl) concentration 
Increase or decrease in the 
buffer pH 
Alternate buffers: Tris, 
borate, MES 
Alternate buffer 
concentrations 

Increased recovery 
Increased linearity 
Increased sensitivity 
Reduced sample 
interference 

Number of washes after 
Antibody-HRPO conjugate 
incubation 

Increase or decrease Increased or decreased 
signal and/or background 

Antibody-HRPO 
incubation time 

Increase or decrease Increased or decreased 
signal 
Increased or decreased 
sensitivity 
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PCR assay Development: Exercise on Standardization and 
Analytical Performance Characteristics 

Aman Kumar, Sushila Maan, Kanisht Batra, Trilok Nanda 

Department of Animal Biotechnology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 
 

1. Introduction 
Polymerase Chain Reaction (PCR) is one of the most versatile techniques of molecular 

biology which has transformed the idea of manipulation of nucleic acid. This is a powerful 
technique used for the amplification of a specific target of a nucleic acid. Principally, it is based 
on the natural process of DNA replication and hence called as a method of in vitro replication. 
The PCR process involves three basic steps and various essential and optional components for 
successful amplification of desirable fragment of nucleic acid. Over the past two decades, PCR 
has been extensively modified to expand its utility and versatility in the area of molecular 
diagnostics. It is clear that the PCR is replacing virus isolation or bacteria cultivation for the 
detection of agents that are difficult or impossible to culture. Although, PCR assays were initially 
expensive and cumbersome to use, they have now become relatively cheaper, safe and user-
friendly tool. 

The capacity of a positive or negative test result to predict accurately the infection or 
exposure status of the animal is dependent on development of optimized and standardized assay. 
In order to ensure that test results provide useful diagnostic inferences about animals the 
validation process includes initial development and assay performance documentation, as well as 
on-going assessment of quality control and quality assurance programmes. 

 
2.  The Criteria of PCR Assay Development and Validation 
Assay performance is affected by many factors beginning with optimization of the assay. Sample 
collection, preparation, transport and nucleic acid extraction methods are all critical parameters 
for deciding the performance of the PCR and should be optimized for disease diagnosis. After 
initial optimization for an intended purpose, characteristics of the performance of the assay will 
be tested. According to OIE, the minimum criteria for the Assay Development and Validation 
are: 

 Definition of the intended purpose(s) 
 Optimization 
 Standardization 
 Repeatability 
 Analytical sensitivity 
 Analytical specificity 
 Thresholds (cut-offs) 



ICAR 28th CAFT Course in Veterinary Microbiology on 
“Development of Validated Diagnostic Assays and Accreditation of Diagnostic Laboratories” (3-23 Feb., 2016) 

Sanjay Kapoor and Swati Dahiya (Editors), Dept. of Vety. Microbiology, LUVAS, Hisar  116 
 

 Diagnostic sensitivity 
 Diagnostic specificity 
  Reproducibility 
 Fitness for intended purpose(s) 

The discussion on each and every criterion is beyond the scope of this chapter. Here we will 
discuss the optimization, standardization and analytical characteristics of the PCR assay 
validation. 
 
3.0   Optimization and Standardization of PCR: 
The process by which the most important physical, chemical and biological parameters of PCR 
assay are evaluated and adjusted to ensure that the performance characteristics of the assay are 
best suited to the intended application is called as optimization. Even a well established and 
optimized PCR protocol for amplification does not work sometime. This poor amplification can 
result from one of several causes; the temperatures used for thermal cycling may not be the 
optimum, the template may be of poor quality, or reagent(s) may be at suboptimal 
concentration(s). So, all these conditions need to be standardized individually. 
The basic step for PCR standardizations includes: 

3.1. Step 1: Selection of Target Substrates and PCR Primers  
The selection of the target DNA is exclusively dependent on experiment of interest. Specificity 
in the choice of PCR primers should be a critical issue in any PCR amplification. Number of on-
line in-silico tools (Primer3Plus, Primer-BLAST, NetPrimer, OligoAnalyzer 3.1 etc) are 
available to support both primer designing and validation. OligoAnalyzer programme will allow 
for each primer sequence to be assessed for the presence of secondary structures whether these 
are hairpins or homo and hetero-dimers.  
 
Table: 1.Essential components of PCR and their required range of concentration 

Reaction 
components 

Stock solution Working range of 
concentration 

Required vol. for 50 
µl reaction 

Buffer 10X 1X  
dNTPs 10mM 200-250 µM of each 

dNTPs 
 

Forward Primer 100/10µM 0.1-0.5 µM  
Reverse primer 100/10µM 0.1-0.5 µM  
Thermostable 

DNA Polymerase 
5Unit/µl 0.5-2.5 Unit  

[Mg++] 25mM 1.5-6mM  
Template DNA _ 1pg- 10ng  

NFW _   
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3.2. Step 2: Preparation of Reaction mix 
Once appropriate substrate and PCR primer sequences have chosen, the basic 
reaction components are mixed together in appropriate concentration and 
volume using the  formula (C1)(V1) = (C2)(V2) .Where 
C1 = initial concentration C2 = final concentration 
V1 = initial volume V2 = final volume. 
“Initial” refers to the concentration/volume of the “stock” reagents and 
“final” refers to the desired concentration/volume. 
 
3.3. Step 3: The Reaction conditions: 
The PCR cycle is relatively simple and is composed of 3 major steps 
(diagramed below). 
 

 
Fig. Thermal cycling steps in PCR [D-denaturation, A-annealing and E-extension] 

 
3.3.1. Step: 1 (Denaturation): The basic PCR reaction requires a single-strand template. For 
this, the first step needed is denaturation of the double-strand template DNA. This allows the 
oligonucleotide primers to anneal to the single-strand template DNA at specific locations. 94°C-
98°C for 30-45 seconds work well for many reactions depending upon the template complexity. 
In case, melting temperature is too low or time is too short the double-strand DNA may not 
denature which may reduce the efficiency of the reaction. This is especially true for the first 
cycle in which the goal is to denature high molecular weight DNA. Eventually, the enzyme also 
becomes less active during repeated cycle of denaturation. So, there needs to be a balance 
between denaturation of the DNA and of the enzyme activity. 
3.3.2. Step: 2 (Annealing): The second step of the cycle involves the actual annealing of the 
primers to the template DNA. Annealing is usually carried out 3-5°C lower than the melting 
temperature at which primers dissociate from their template. If the temperature is too low the 
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primer will anneal non-specifically and if too high the primer will not anneal at all. A gradient of 
temperature is used for optimization of annealing temperature. 
3.3.3. Step: 3 (Extension): The thermostable DNA polymerase works best at temperatures 
between about 72-75°C.As a rule of thumb, extension is carried out for 1 min/1000bp of 
amplicon at optimum extension temperature. 
 
4. Analytical Sensitivity and specificity of PCR: Characterization of analytical performance of 
a test is essential requirement of assay validation. Analytical performance of an assay is 
evaluated in terms of analytical sensitivity and specificity. 

4.1. Analytical sensitivity (ASe): The analytical sensitivity of an assay is the smallest amount of 
molecules of interest in a sample that can accurately be measured by an assay. This type of 
sensitivity is expressed as a concentration or copy number of gene. The lower the detectable 
concentration or copy number, the greater the analytical sensitivity. Synonyms for analytical 
sensitivity include “limit of detection (LOD)” and “minimal detectable concentration (MDC).” 
The ASe is generally  calculated  in  one  of  two  ways:  (i)  empirically,  by  testing  serial  
dilutions  of samples with a known concentration of the target substance in the analytical range 
of the expected detection limit or  (ii)  statistically,  by  calculating the point at which a signal 
can be distinguished from background. For medical/veterinary applications of molecular assays, 
it is generally more useful to use the empirical method to estimate the detection limit. The limit 
of detection (LOD) is a measure of the analytical sensitivity (ASe) of an assay. Typically, 
estimated LOD will be based on spiking of the analyte into the target matrix. In empirical 
method we can use a plasmid construct containing the target sequence and test this as a dilution 
series in sample matrix. In this manner, the number of genome/gene copies of pathogen 
detectable by the PCR can be estimated. 
The copy number is calculated as follows: 

[Wp x No.] 
Copy number =                     ----------------------------------------------------------- 
                                                 [length (plasmid + insert size) ×1×109 ×660]. 
Here, 

Wp= amount of plasmid DNA (ng) 
No = Avogadro’s number 6.022 x 1023 
Average molecular weight of a nucleotide base pair (bp) is considered as 660 Dalton. 
 

4.2. Analytical specificity (Asp): Analytical specificity is defined as the ability of an assay to 
distinguish the target agent from other infectious agents. This ability is determined by analyzing 
genetically related pathogens and clinical material obtained from animals with diseases that may 
have similar clinical signs that for which the assay is being designed. It is desirable to obtain 
field samples from infected animals, but this may prove difficult or even impossible. In such 
cases pathogen grown in laboratory can be used. Acceptable cross-reactivity is largely dependent 
on the intended purpose of the test and must be determined for each case. When an assay is 
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analytically nonspecific, it often produces a positive result when the specimen is truly negative 
for the exact agent being sought. This problem also diminishes diagnostic specificity, which is 
the ability of an assay to correctly identify an animal which does not have the disease in 
question. There two main aspects of analytical specificity, these are (i) cross-reactivity and (ii) 
interference. 
(i) Cross-reactivity: Organisms that should be tested to rule out potential cross-reactivity 

include organisms with similar genetic structure, normal flora organisms that could 
concurrently be present in the specimen and organisms that cause similar disease states or 
clinically relevant co-infections. 

(ii) Interfering substances: Substances which affect the accuracy of measurement of an analyte 
are called as interfering substances. These substances present in specimens have the 
potential to affect polymerase activity and interfere with or inhibit amplification of nucleic 
acid. These substances may originate from a variety of endogenous and exogenous sources. 
Some endogenous substances are haemoglobin, bilirubin, or triglycerides etc. 

A PCR assay's analytical sensitivity and analytical specificity are distinct from that assay's 
clinical diagnostic sensitivity and diagnostic specificity. Diagnostic sensitivity is the percentage 
of animals/individuals who have a given disease and are identified by the assay as positive for 
the disease. High analytical sensitivity does not guarantee acceptable diagnostic sensitivity. 
Diagnostic specificity is the percentage of animals/individuals who do not have a given disease 
and are identified by the assay as negative for the disease. False-positive reactions may occur 
because of sample contamination and diminish the diagnostic specificity of the assay. 
Conclusion: 

The optimal reagent concentrations for any specific target/primer set and the optimal 
thermal cycling parameters that will give the highest yield are determined by trial and error 
analysis. An optimized PCR will improve efficiency, sensitivity, specificity and reproducibility 
between reactions. Thus, for developing a target specific PCR assay, it is essential to optimize all 
parameters including reagent concentrations, cycling temperatures, and cycle number as well as 
estimation of analytical sensitivity and analytical specificity because optimization, 
standardization and analytical performance characterization are essential requirement for 
validation of a new assay.  
References: 

1. OIE Terrestrial Manual (2008). Validation and quality control of Polymerase chain 
reaction methods used for the diagnosis of infectious diseases.Ch1.1.5.pp 50-52. 

2. OIE Validation Guideline (2014). Development and optimization of  nucleic acid 
detection assays.Ch3.6.3 

3. PCR optimization guide : ABI 
4. Saah, A. J., and Hoover D. R. (1997). “Sensitivity” and “specificity” reconsidered: the 

meaning of these terms in analytical and diagnostic settings. Ann. Intern. Med.126:91-94. 
5. Sambrook, J., and Russell D. W. (2001). Molecular cloning: A Laboratory Manual. 

https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22Joseph+Sambrook%22
https://www.google.co.in/search?tbo=p&tbm=bks&q=inauthor:%22David+William+Russell%22


ICAR 28th CAFT Course in Veterinary Microbiology on 
“Development of Validated Diagnostic Assays and Accreditation of Diagnostic Laboratories” (3-23 Feb., 2016) 

Sanjay Kapoor and Swati Dahiya (Editors), Dept. of Vety. Microbiology, LUVAS, Hisar  120 
 

Typing of Foot and Mouth Disease Virus using Serological and 
Molecular Assays 

Swati Dahiya, Anita Dalal, Renu Singh, Devan Arora and N. K. Kakker  

Regional Research Centre on Foot-and-Mouth Disease 
Department of Veterinary Microbiology, College of Veterinary Sciences, 

Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Foot-and-mouth disease (FMD) is described by OIE as the most serious transboundary 
animal disease imposing a great risk to global security. It is one of the most contagious and the 
most devastating viral diseases of farm animals and mammals (Royal Society, 2002), affecting 
more than 33 species of animals. In India, three out of the seven serotypes of FMD virus: 
serotype O, A and Asia-1 are reported throughout the year from many parts of the country.  

A. Serological Assay 
The double antibody sandwich ELISA for serotyping of FMD virus being used in our 

laboratory was developed by Venkataraman et al. (1995) at ICAR-Project Directorate on FMD, 
IVRI Campus, Mukteswar, Nainital.  The technique is very specific, sensitive, less time 
consuming and reproducible.  A large number of samples can be analyzed in a single day and the 
results can be obtained within three hours. The principle of the test is described in Figure 1.   

 
Figure 1: FMD virus Serotyping by Sandwich ELISA 

Materials Required: 
i) Reagents: 

1.  FMD virus antigens Inactivated FMDV serotypes O, A, C and Asia-1 
2.  Samples to be tested 10% suspension in PBS/ BHK-21 passaged material 
3.  Anti FMDV coating 

sera (Raised in rabbit) 
Serotype specific anti-146S FMDV rabbit sera against 
serotypes O, A, C and Asia-1 

4.  Anti FMDV tracing sera 
(Raised in guinea pig) 

Serotype specific anti-146S FMDV guinea pig sera 
against serotypes O, A, C and Asia-1 

5.  Anti-guinea pig 
conjugate 

Rabbit/goat anti guinea pig Immunoglobulin (IgG)-
HRPO conjugate 

6.  Chromogen OPD 
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    ii) Equipments: 
1. Multichannel pipettes of variable range and good quality tips 
2. Microplates- 96 wells flat bottomed high binding ELISA plates 
3. Incubator, Refrigerator, Freezer 
4. Pestle-Mortar, Single Pan Balance, Timer and Absorbent Pads 
5. ELISA Plate washer and ELISA Reader  

Test Proper 
1. Before setting the test, optimum dilutions of type specific coating sera and anti-

guinea pig IgG-HRPO conjugate are determined by checker board titrations. 
2. Mark the wells of ELISA plate as shown below: 

 
   1        2       3         4      5       6         7         8        9     10 11    12 

A O             
B A             
C C             
D Asia1             
E O             
F A             
G C             
H Asia1             

                               -ve      +ve                                    Clinical Samples 
                            Antigen Controls 
 

3.   Dilute all the four coating sera optimally with coating buffer. Dispense 50l/well of 
type ‘O’ antisera into the wells of A and E row, type ‘A’ into B and F, type ‘C’ into 
C and G and type ‘Asia-1’ into D and H rows. 

4.   Cover the plate and incubate at 37ºC for 1 hour.  After incubation, keep the plate as 
such at 4ºC overnight. 

5.   Wash the plate by filling the wells with the washing buffer.  Discard the contents of 
the plate using an abrupt downward hand motion. Repeat this process 5 times.  Blot it 
forcefully on an absorbent pad of filter paper. 

6.   Add 50 l/well of supernatant from uninfected BHK-21 cell culture in all the wells 
of column 1.  The Column 1 serves as negative (-) antigen control. 

7.   Dispense 50 l/well of inactivated type ‘O’ antigen in the A and E well, type ‘A’ in 
the B and F well, type ‘C’ in the C and G well and type ‘Asia 1’ in the D and H well 
of the column 2.  Column 2 serves as a positive (+) antigen control. 

8.  Dispense 50 l/well of test antigen samples in column 3 and onwards. 
9.   Incubate the plate at 37ºC for 1 hr, discard the contents and wash as described earlier. 
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10.   Optimally dilute the tracing sera in blocking buffer.  Dispense 50 l/well of the 
optimally diluted type ‘O’ in all the wells of rows A and E; type ‘A’ in all the wells 
of rows B and F; type ‘C’ in all the wells of rows C and G; and ‘Asia 1’ tracing 
antisera in all the wells of rows D and H. 

11.   Incubate the plate at 37ºC for 1 hr, discard the contents and wash as described earlier. 
12.  Optimally dilute the anti-guinea pig IgG-HRPO conjugate in blocking buffer and 

dispense 50 l/well in all the wells of the microtitre plate. 
13.   Incubate the plate at 37ºC for 1 hr, discard the contents and wash as described earlier. 

14.   Add 50l/well of freshly prepared substrate solution in all the wells of the microtitre 
plate and incubate the plate in the dark at 37ºC for 5-10 min till the colour develops 
in positive antigen control wells. 

15.   Stop the reaction by adding 50l/well of freshly prepared 1M H2SO4 in all the wells 
of the microtitre plate. 

16.   Measure the optical density (OD) of each well at 492 nm wavelength in ELISA 
reader. 

 
Interpretation of Results: 

 
 

The interpretation of the results is done on the basis of corrected OD value (OD of test 
well - OD of negative antigen control well).  If the OD value of the test antigen with a 
particular FMDV serotype serum is  1.0, then the antigen in question can be identified 
as belonging to that serotype.  The OD in other wells of the test sample should be at least 
three times less. 
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Buffers and Reagents 

Coating Buffer (100 ml) 
 Sol. A     Sol. B 
 Na2CO3 0.212 gm  NaHCO3 0.336 gm 
 D.W.  10 ml   D.W.  20 ml 
 Sol. A  8 ml + Sol. B 17 ml  + D.W. to make 100 ml 
Blocking Buffer (100 ml) 
 Lactalbumin hydrolysate (LAH)  3 gm   
 Rabbit serum    5 ml   
 New Born Calf Serum   5 ml   
 PBS to make     100 ml   
Washing Buffer (5 Litres) 
 NaH2PO4 .H2O   7.7 gm    
 Na2HPO4     38.65 gm   
 NaCl                15.2 gm   
 Tween 20    2.5 ml    
 D.W. (to make)   5 litre    
Substrate Buffer (1 litre) 
 Citric Acid    7.3 gm 
 Na2HPO4     9.468 gm 
 D.W. to make    1 litre 
Substrate solution (15 ml)  
 OPD     10 mg 
 Substrate Buffer   15 ml 
 H2O2 (3%)    8 l 
Stopper solution 1 M H2SO4  (100 ml) 
 H2SO4     5.55 ml 
 D.W. to make     100 ml 
 
B. Molecular Assay 

The suspected clinical materials, which came negative in the sandwich ELISA, are again 
tested by a very sensitive multiplex PCR (mPCR) assay. To achieve the early diagnosis and 
to increase the diagnosis rate in the suspected clinical materials, a highly sensitive and 
specific ready-to-use lyophilized RT-PCR master mixture for mPCR for use at field/ regional 
laboratories has been developed at ICAR-PD on FMD, Mukteswar (Giridharan et al., 2005). 
 
List of reagents/ instruments: 

 For RNA extraction: Vortex mixer, Microfuge, RNeasy Mini Kit Qiagen, Germany 
 For Multiplex PCR: Nuclease free water, Ready-to-use mPCR master mixture, Freeze 

dried internal positive RNAs control, Freeze dried internal negative RNAs controls, 
Thermal Cycler 

 For Agarose gel electrophoresis: Agarose, Tris-acetate EDTA (TAE) buffer, ethidium 
bromide, 100bp DNA ladder, horizontal electrophoresis apparatus 

 Gel Documentation system 
 Other required materials like different types of micro pipettes, 1.5ml, 0.5ml and 0.2ml 

microcentrifuge tubes, laboratory gloves etc. 
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Procedure: 
 

1. Sample collection: The tissue sample (approx. 1g) is triturated in 1ml of PBS thoroughly 
in mortar and pestle. 200µl of chloroform is added and vortexed for 1 min. followed by 
centrifugation at 3000g for 5 min. The supernatant is collected in a nuclease free 
microcentrifuge vial. 

2. RNA extraction: Mix 350µl of RLT buffer (RNeasy Mini Kit) to 350µl triturated 
sample. Mix by pulse vortexing for 1 min. and incubate at room temperature for 10 min. 
Spin the tube. Add 700µl of ethanol (96-100%) and mix by pulse vortexing for 1 min. 
Do not centrifuge. Carefully apply 700µl of the sample to the RNeasy spin column 
secured in a 2ml collection tube without wetting the rim. Centrifuge at 8000g for 15sec. 
Place the QIAamp spin column into a clean 2 ml collection tube and discard the tube 
containing the filtrate. Carefully open the RNeasy spin column and repeat the previous 
step with rest of the sample. Carefully open the RNeasy spin column and add 700µl of 
Buffer RW1 and centrifuge the tubes at 8000g for 15 sec. Place the RNeasy spin column 
in a clean 2 ml collection tube and discard the tube containing the filtrate. Carefully open 
the RNeasy spin column and add 500µl of Buffer RPE and centrifuge at 12000 x g for 
2min. Place the RNeasy spin column in a new 2 ml collection tube and discard the old 
collection tube with the filtrate. Centrifuge at 12000g for 1 min. Discard the old 
collection tube containing the filtrate and place the RNeasy spin column in a clean 1.5 ml 
tube. Close the lid gently, and centrifuge at full speed for 1 min. Carefully open the 
RNeasy spin column and add 50µl of RNase free water. Close the cap and incubate at 
room temperature for 3 min. Centrifuge at 12000g for 3 min. Discard the RNeasy spin 
column and label the tube containing extracted RNA. Store at -20ºC till further use. 

3. Reverse transcription- Polymerase chain reaction: Reconstitute one ready-to-use 
mPCR lyophilized master mix vial with 100µl of nuclease free water. Reconstitute the 
positive and negative RNAs controls with 50µl of nuclease free water. Mix the contents 
by pulse vortexing and pipette out 12.5µl of RT-PCR mixture in 0.2ml nuclease free vial. 
Add 1.5µl of extracted RNA, positive and negative controls in the respective tubes. Mix 
by pulse vortex and brief spin to settle down the contents. Place the reaction mixture in 
the thermo-cycler with run conditions as described in Figure 2. 
 

 
 

Figure 2: Cycling condition for mPCR in thermal cycler 
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4. Agarose gel electrophoresis: Prepare 1.5% (1.5g/100ml) agarose using 5µg/ ml 
Ethidium bromide. Run the PCR product in agarose gel electrophoresis apparatus 
using 1X TAE buffer. For reference add 100bp DNA ladder (Fermentas) in one lane. 
Visualize the gel in Gel documentation system and interpret the results. 

 
 

Fig. 3: Multiplex PCR for FMDV detection 
L1: Positive Control for FMDV serotype ‘O’: 249 bp; L2: Negative Control; L3-5: 
Sample No. 1-3; L6: Sample positive for FMDV serotype ‘O’; M: 100 bp DNA ladder 
(Fermentas) 
 
Interpretation of results 
Consider the test as valid only if positive control have amplicon at 249, 376, and 537bp 
for serotype O, A and Asia-1, respectively and negative control should not be have any 
amplification (Fig. 3). Compare the size of the amplified product with above sizes for 
serotype determination. 
 
Source: Instructional Manual, Ready-to-use Multiplex PCR kit for detection of Foot-and-
Mouth Disease Virus, ICAR-Project Directorate on FMD, Mukteswar 
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Single Dilution ELISA for Detection of Haemorrhagic 
Septicaemia Antibodies in Serum of Cattle and Buffaloes 

Arvind Kumar 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 
 

  ELISA is a test of choice because it has high specificity and sensitivity. In addition to 
these important characteristics, the test needs various bioreagents in very little amounts and 
thereby substantial savings of the bioreagents. Cost of testing samples becomes important 
consideration when the test is required to be applied on very large sample size. Not only the 
cost of testing samples but also speed is important factor in large sample size. By converting 
the test in to a single dilution ELISA, the cost of sample testing is considerably reduced and 
also the samples are tested faster. In single dilution ELISA, the samples are tested in only one 
dilution and from the intensity of the colour developed, the antibody titres are calculated.  
Making only one dilution of the samples allows testing of more number of samples in one 
plate and thus speed and economy in sample testing are achieved. 

 Haemorrhagic septicaemia (H.S.) is an important disease of cattle and buffaloes. 
Pasteurella multocida (B:2 type) is causative agent of the disease in India. It causes heavy 
mortality especially in buffaloes. A potent vaccine prepared with P-52 strain of the bacteria is 
used to vaccinate the animals and the immunity to the disease is primarily conferred by 
antibodies to the bacteria.  

Principle of the assay- 

  The kit is based on indirect ELISA using outer membrane proteins of the P-52 strain 
of the bacteria as antigen. Outer membrane protein of the bacteria has been shown to be 
inducing protective antibodies in animals. The binding of the H.S. antibodies in cattle/ 
buffalo sera samples with plate surface bound antigen, is detected by a combination of a 
mouse monoclonal antibody reacting with both cattle and buffalo immunoglobulins (IgG) and 
anti-mouse horse radish peroxidase conjugate because it has also been reported that anti-HS 
antibodies in cattle and buffalo sera samples are mainly present in IgG class of 
immunoglobulins..Using an equation of regression, antibody titres are calculated from the 
intensity of colour developed in a chosen single dilution of the test serum sample. 

The Kit- 

 The kit is suitably developed so as to make it user friendly in such a manner that a 
skilled technician can easily test the samples. Positive and negative controls are in built in the 
ELISA plates with antigen already coated on the surface of the plate wells. All other reagents 
are either in ready to use state or can be easily prepared. 
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Eighty eight samples are tested in one plate. Lay out of ELISA plate given below 
      Control wells   Wells for test serum sample     

 1 2 3 4 5 6 7 8 9 10 11 12 

A Conj. Cont.            
B Negative 

Control 
Wells 
(Wells B1  
 To F-1) 

           
C            
D            
E            
F            
G Positive 

cont. wells 
(G1 & H1) 

           
H            

Contents of the Kit- 
1. ELISA plates- 4 nos.  
2. Washing buffer (25X)- 100ml  
3. Monoclonal antibody (MAb)- 25ml 
4. Conjugate (Stabilized)-25ml 
5. Chromogen (100X) - 250l 
6. Substrate Buffer-25ml 
7. Stopping solution - 25ml 

Materials required but not supplied- 
1. Micropipette  
2. Multichannel micropipette  
3. Disposable tips 
4. Reagent troughs 
5. Pipettes (10ml) 
6. Glass vials  
7. Blotting paper pad 
8. Wash bottle 

The test procedure- 
1. Add 20ml of 25X washing buffer to 480ml of distilled water so as to make 500ml 

of the 1X working  washing buffer ( Enough for one plate) 
2. Take out the test sera samples, and thaw.  
3.  Peel off the cover of the ELISA  plate 
4. With washing buffer in a wash bottle flood wells with washing buffer and decant 

immediately by flick of wrist, do it three times 
5. Tap the inverted plate on pad of blotting paper to blot it dry 
6. Add 50l of the diluent to well A! of col.1 of the ELISA plate and 45l to all 

other well of the ELISA plate .Add 5l of a test serum sample to a well of the 
ELISA plate. This way, test sera samples are diluted to 1:10 in 50 l volume. Add 
5l known negative cattle serum to wells B1 to F1 of col.1 and 5l of known 
positive serum to wells G1 and H1 

7. Cover the ELISA plate with the peeled off cover and incubate at 35-370C for 1h. 
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8. Wash and dry the ELISA plate as done in step 4 & 5 
9. Using a multichannel micropipette, aliquote 50l of the diluted MAb prepared in 

all wells of the ELISA plate and incubate as done in step-7 
10. Wash and dry the ELISA plate as done in step-4 & 5 
11. Add 50l of the ready to use conjugate provided in the kit to all wells of the 

ELISA plate and incubate as done above in step-7 
12. Wash and dry the ELISA plate as done in step-4 & 5 
13. Prepare chromogen substrate by adding 60l Chromogen (100X) to 6.0ml of 

substrate buffer, shake to dissolve precipitate. It disappears immediately. Add 
50l of the ready to use chromogen –substrate to all wells and keep the plate in 
incubator at 35-370C for  5min. to facilitate colour development (Blue colour 
develops in positive reaction) 

14. Stop the colour developing reaction by adding 50l of the stopper solution to all 
wells. The blue colour turns to yellow. 

15. For test to be successful, blue colour should develop in positive control wells (G-
1 &    H-1) and no or very little in negative control wells (B-1 to F-1) and 
similarly no or faint colour in the conjugate control well (A-1). 

16. Read optical density (O.D.) of the colour developed in ELISA Reader at 450nm. 
The well A-1 be blanked  

17. Calculate ratio by dividing O.D. value of the test well by mean of O.D. values of 
negative control wells + 3 Standard deviation of the values in negative control 
wells  (3 S.D). 

              Ratio (X)  =     O.D.Value of a test well                      

                                      Mean+ 3S.D. value of  negative control  wells 

18. Place the value in the equation  
  Y=  a + bX 

Where Y= Antibody titer in log 10,  Constant a  = 1.35 
 Constant b =0.05 

X= Value of ratio found in  step 18 
Antibody titer in Log 10  (Y) = 1.35 +0.05 X 

 The standard error of the Y estimate (antibody titer)  is +0.19 log 10  

Samples with ratio <2.5 should be interpreted as Negative  
Take value 0.05 if calculated mean O.D. value of negative control wells + 3S.D is <0.05 
Interpretation 
 Antibody titer <1.5 log10- Not protected 
 Antibody titer > 1.5 log10 and < 2.0 log10- Partially protected 
 Antibody titer >2.0 log10 Protected 
  Advice:  

Some turbidity precipitation/ sedimentation may be seen due to precipitation / 
sedimentation of salts in solutions at refrigeration temperature. Mix well and use 

     Storage and stability- 
Store as recommended Use before expiry date 
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Warnings and precautions- 

1. The kit should be use in vitro for diagnostic purpose only.  
2. The components of kit should be stored under recommended conditions  
3. The test should be performed as per the instructions given in this leaflet 
4. Good quality test sera samples, stored at -200C should be tested and testing of 

bacterial or fungal contaminated samples may be avoided  
5. Proper care in preparation of dilution of test sera may be taken 
6. Care has been taken that reagents provided in the kit are not  spoiled by bacterial  

contamination, however due cleanliness may be observed. The test can be performed 
on bench without any particular aseptic technique. 

7. The steps in the test be performed swiftly so as to avoid over drying of the wells of 
the plate especially during hot summer months. Else use a cool place for performing 
the test 

8. Due care be taken to avoid intermixing of various reagents provided in the kit. Use 
separate pipette or tip for taking out various reagents, bio reagents of the kit 

9. Use whole plate at a time and not part of the plate. 
10. The jet of the  washing buffer  should be aimed towards the wall of the well and not 

towards the surface to avoid leaching off the antigen/antigen-antibody complexes and 
also the plate be held little tilted with control wells column kept  upward to avoid 
overflow from test wells to control wells.    
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PCR for Diagnosis of Haemorrhagic Septicaemia caused by 
Pasteurella multocida B:2 

Ajit Singh 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 
Principle and Methodology 

 Polymerase chain reaction (PCR) is an in vitro amplification method of the target 
DNA by employing a pair of specific primers and a thermostable DNA polymerase in a 
number of thermocycling conditions of the template DNA denaturation, primers annealing 
and extension. PCR is performed with the ingredients, i.e., template DNA, primers, dNTPs, 
thermostable DNA polymerase, Mg2++ ions and PCR buffer, in 0.2 ml tubes placed in a 
thermocycler. The thermocycler is programmed to run under optimized conditions of time 
and temperature for denaturation, annealing and extension. The PCR-amplified DNA 
products are resolved by agarose gel electrophoresis and visualized in a UV trans-illuminator 
by ethidium bromide staining. The application of PCR as a molecular diagnostic test has 
already had revolutionary impact on the field of molecular diagnostics. 

 Pasteurella multocida B:2 is the predominant causative agent of bovine hemorrhagic 
septicemia (HS) in India and other Asian countries[1] . P. multocida species-specific 
[KMT1T7: 5’-ATCCGCTATTTACCCAGTGG3’ and KMT1SP6: 5’-
GCTGTAAACGAACTCGCCAC-3’] and B:2- specific primers [KTSP61:5’-
ATCCGCTAACACACTCTC-3’; KTT72: 5’-AGGCTCGTTTGGATTATGAAG-3’] have 
already been published[2] and find use for presumptive diagnosis of bovine HS-causing P. 
multocida B:2. The PCR amplification products of about 460bp and 600 bp are obtained. 
Multiplex PCR has been used successfully. It is possible to detect P. multocida B:2 by PCR 
on the blood samples taken at the peak of septicemia. The blood sample can be directly used 
for PCR using a commercially available kit [e.g., Phusion® Blood Direct PCR Kit (Thermo 
Fisher Scientific)].   

Materials, reagents & equipment 
1. Blood samples from suspected/infected animals or bacterial culture 
2. Bacterial DNA extraction kit/Direct Blood PCR kit 
3. PCR ingredients [Taq DNA polymerase, 10xPCR buffer with Mg2+, dNTPs mixture, P. 

multocida B:2-specific primers, designated as KTSP6 and KTT72; nuclease-free water 
(NFW)] 

4. PCR tubes, 0.2 ml, thin-walled 
5. Micropipettes and filtered sterile micro-tips 
6. Thermocycler 
7. Electrophoresis of PCR products [agarose, ethidium bromide (5 mg/ml), TAE buffer 

(50x), 6x gel loading dye, 100bp DNA size ladder, horizontal electrophoresis unit with 
power supply] 

8. UV-transilluminator with imaging system  
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Procedure: 

1. In a PCR tube, add ingredients of final concentrations as follows: 1xPCR buffer with 2 
mM Mg2+, 200 μM dNTPs, 0.2 μM KTT72 and KTSP6 primers, 1 U Taq DNA 
polymerase, 2 μl bacterial culture, NFW ad 25 μl.  Or 
For Direct Blood PCR kit: 1xDirect Blood PCR buffer containing dNTPs and MgCl2, 
0.2 μM KTSP6 and KTT72 primers, 0.5 U DNA polymerase, 1 μl infected blood 
sample with final volume to 20 μl in NFW.  

2. Perform thermal cycling using the following conditions of temperature & time: 94°C, 4 
min. (pre-cycle); 29 cycles (94°C, 1 min; 55°C, 1 min; 72°C, 1 min); the last cycle 
(94°C, 1 min; 55°C, 1 min; 72°C, 10 min.) and finally to hold the tubes at 4°C.  Or 
For Direct Blood PCR kit: 98°C, 5 min. (pre-cycle); 35 cycles of (98°C, 1 sec.; 55°C, 
10 sec.; 72°C, 20 sec.); 72°C, 1 min. and finally to hold the tubes indefinitely at 4°C.  

3. Resolve the PCR products in 2% agarose in 1xTAE buffer at 50V constant for nearly 2 
hrs. at room temperature in a horizontal mini/midi-gel apparatus.  

4. Visualize PCR products in the ethidium bromide stained gel on UV-trans-illuminator. 
5. Presence of approx. 600bp PCR product in the gel lane is scored as positive sample. 

 
References:  

1. OIE, 2012. Hemorrhagic septicaemia. Chapter 2.4.12. In: OIE Terrestrial Manual, 2013. 
pp.1-13. 

2. Townsend, KM. et al. (1998). Development of PCR assays for species- and type-
specific identification of Pasteurella multocida isolates. J. Clin. Microbiol. 36:1096–
1100. 
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Differentiation of Foot and Mouth Disease Infected and 
Vaccinated Animals by ELISA 

N. K. Kakker, Devan Arora, Renu Singh and Swati Dahiya 
Regional Research Centre on Foot-and-Mouth Disease 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 
Conventional serological test (Liquid Phase Blocking ELISA) used in sero-

monitoring of Foot-and-Mouth Disease Control Programme (FMD-CP) detects antibodies to 
the structural (capsid) proteins of the FMD virus (FMDV) induced as a result of vaccination 
against different FMDV serotypes. However, it is not possible to differentiate animals that 
have been infected from those that have been vaccinated against FMDV based on the 
detection of antibodies to structural protein alone. For international movement of animals and 
their products (import/ export serology) and as a follow up to intensive vaccination campaign 
in FMD endemic countries, differentiation of infected and vaccinated animals (DIVA 
strategy) is important to detect evidence of infection. 

DIVA strategy based on the detection of the antibodies to non-structural proteins 
(NSPs) of FMDV, in particular 3ABC or 3AB has been established to be a single reliable 
indicator of virus infection (Figure 1). Besides, the NSP based assays can also be used for 
detection of subclinical carrier status, where the virus is actively replicating but without 
demonstrating clinical signs. Anti-3AB3 antibodies have been detected in animals where no 
virus or occasional virus from oropharyngeal fluid (OPF) could be isolated. In case the 
FMDV is consistently isolated from OPF, high titer anti-NSP antibodies could be 
demonstrated and in case of no or occasional isolation, low titer antibodies could still be 
detected. This assay could be more useful in herd based surveillance rather than for judging 
individual status since a zone of suspicion exists in deciding the cut off value. This is mainly 
due to i) gradual waning of anti-NSP antibody titer to the border line detection level after 
more than one year of infection, and ii) multiple vaccinations with vaccines which are not 
significantly free from NSPs. 

                
Figure 1: Indirect ELISA for differentiation of infected and vaccinated animals (DIVA 

strategy) 
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The ICAR-Project Directorate on FMD, Mukteswar has developed baculovirus 
expressed recombinant 3AB3 NSP based indirect ELISA for FMD DIVA strategy. The 
r3AB3 NSP ELISA is designed, developed and evaluated completely using in-house 
produced and standardized reagents at the Central Laboratory of the project at Mukteswar.    

Working Protocol: 
1. Dissolve the freeze dried recombinant (r3AB3) protein in the vial with 1 ml of coating 

buffer and add another 10.0 ml of coating buffer to it (One single-use vial is sufficient for 
coating of two 96-well ELISA plates). The reconstituted protein vial should be used for 
coating immediately without storing. Dissolve the content of freeze dried vial carrying E. 
coli lysate in 70 µl of PBS and store at –200C after use. 

2. Coat 96-well polystyrene (Nunc Maxisorp) Immuno plates with the diluted recombinant 
protein @ 50 µl per well (40 ng of purified recombinant protein per well). Tap the plate 
gently from all sides and incubate (refrigerate) the plate at 40C for overnight.  

3. Remove the plates from the refrigerator and thaw them at 370C for 15 minutes.  

LAY OUT OF THE ELISA PLATE FOR INDIRECT DIVA ASSAY 
 1 2 3 4 5 6 7 8 9 10 11 12 
A 
 

Test sample 1 2 3 4 5 6 7 8 9 10 11 12 

B 13 14 15 16 17 18 19 20 21 22 23 24 
C 25 26 27 28 29 30 31 32 33 34 35 36 
D 37 38 39 40 41 42 43 44 45 46 47 48 
E 49 50 51 52 53 54 55 56 57 58 59 60 
F 61 62 63 64 65 66 67 68 69 70 71 72 
G 73 74 75 76 77 78 79 80 81 82 83 84 
H 85 86 87 88 89 90 PC PC NC NC BG BG 

PC=Positive Control; NC=Negative Control; BG=Background Control 

4. In a low protein binding Perspex plate dilute the test serum @ 1:100. Only serum from 
bovine host is compatible with this test. Prepare a total volume of 120 µl (119 µl of 
diluents buffer + 1.2 µl of test serum) so that 100 µl of the mixture can be transferred to 
the coated ELISA plate. On a coated ELISA plate a total of 90 test sera samples can be 
accommodated.  

5. Give three continuous wash (no hold time) with wash buffer. 

6. Transfer 100 µl of the serum and diluent buffer mixture from Perspex plate to the r3AB3 
coated ELISA plate in respective wells (as in plate layout). Reconstitute the freeze dried 
vials of positive and negative control serum with 500µl of diluents buffer and transfer 100 
µl of each in respective wells as shown above. For background controls only 100 µl of 
diluent buffer is dispensed without any serum.  Incubate for 1 hour at 370C in a plate 
shaker with 20-30 rpm or tap the plate gently from all sides at every 15 minute intervals. 

7. Give three washes of 3 minute soak period each. 
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8. Dissolve the supplied freeze dried anti-bovine-HRP conjugate in 12 ml of diluent buffer 
and dispense @ 50 µl per well. Incubate for 1 hour at 370C in a plate shaker with 20-30 
rpm or tap the plate gently from all sides at every 15 minute intervals. 

9. Give three washes of 5 minute soak period each. 

10.  Add freshly prepared substrate solution @ 50 µl per well and incubate for 15 minutes at 
370C without shaking. Then stop the colour reaction by adding 1M H2SO4 @ 50 µl per 
well. 

11. Measure the optical density of each well at the wave length of 492nm (Reference 620nm). 

Interpretation:  
The test is to be considered valid provided the mean absorbance of the positive 

control wells is not less than 0.8. Likewise the plate has to be rejected if the mean absorbance 
of the supplied negative control serum is > 0.3. The O.D. in back ground control wells should 
be less than 0.1.  

To reduce inter-run variation due to differences in absolute absorbance between runs, 
final results for each test serum needs to be expressed as the PP value {(test serum sample 
mean OD/positive control serum mean OD) x 100 i.e. percent positivity value or PP value ≥ 
40%}, calculated by dividing the reaction of the test serum by that of the positive control 
serum and then multiplying with 100. The results should be interpreted based on the 
following cut-off zones: 

1. 3AB3 NSP reactivity positive: If PP value is more than 40% 
2. 3AB3 NSP reactivity negative: If PP value is less than 40%  

 
Source: Instructional Manual, DIVA test for FMD, ICAR-Project Directorate on FMD, 
Mukteswar 
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Composition and Preparation of Various 3AB3 NSP ELISA Buffers 
   
1. Washing Buffer (1X): 1 Lit  

NaH2PO4.2H2O   0.39g (0.0025 M) 
Na2HPO4.2H2O   1.336g (0.0075M) 
NaCl     29.325g (2.93%w/v) 
Tween- 20    500 µl (0.05% v/v) 
Distilled Water to make  1 litre 
Check pH. If required, adjust pH with 1N NaOH as 7.2-7.4 

2. Coating (Carbonate-bicarbonate) Buffer: 100 ml 
One Carbonate-bicarbonate capsule (Sigma) dissolved in 100 ml distilled water. 
Check the pH as 9.6. Store at 40C. 

3. Diluent  Buffer: 30 ml 
Horse Serum                               3 ml (10 % v/v) 
E. coli lysate                                                                   3.75 µl (0.01% v/v) 
Washing Buffer                   27 ml 

4. Substrate (phosphate- citrate) Buffer: 100 ml 
One phosphate- citrate tablet (Sigma) dissolved in 100 ml distilled water.  
Check pH as 5.0. Store at 40C. 

5.  Substrate Solution: 15 ml (Prepare immediately before use) 
Substrate (phosphate- citrate) Buffer   15 ml 
OPD       10 mg 
H2O2 (30 %)      8 µl  

6. Stopper Solution (1 M H2SO4): 100 ml 
H2SO4  (95-97%)     5.55 ml 
Distilled Water     94.45ml   
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Exercise on Estimation of Analytical and Diagnostic Sensitivity 
and Specificity of Assay 

Arvind Kumar 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 
Estimation of analytical sensitivity and specificity are steps of assay development in 

process of validation of assay 
Analytical sensitivity is defined as the smallest detectable amount of the analyte and 

analytical specificity is defined as the ability of the assay to differentiate the analyte from 
closely related analytes. 

For estimation of analytical sensitivity, serially diluted end point assay are performed. 
The serum is diluted two fold and   optimized ELISA is performed as described in chapter” 
Optimization and standardization of assays: Practical approach”. The dilution where antibody 
is no longer detected is described as analytical sensitivity of the assay. 
 For analytical specificity, the assay is performed with serum of animals infected with 
closely related infections or with closely related antigens. In case of significant cross 
reactivity in analytical specificity studies, the reagents may be replaced with more specific 
reagent. For examples, the specificity may be achieved by using a recombinant antigen that is 
comprised of specific antigens or the antibody may be replaced with more specific a 
monoclonal antibody that is not cross reacting 
 Analytical specificity: Protocol (Antigen detection, P. multocida B:2) 

1. Coat the  ELISA plate wells with optimum  concentration of anti-pasteurella 
multocida B:2 antiserum raised in rabbit 

2. Leave at +4OC over night for coating 
3. Wash  3X and dry  the plate wells 
4. Add infected blood or any other form of antigen 
5. Incubate at 36-37 OC for one hour and then wash 3X and dry the plate wells 
6. Add P. multocida B:2 specific monoclonal antibody in optimum concentration @ 

50µl/well 
7. Incubate at 36-37 OC for one hour and then wash 3X and dry the plate wells 
8. Add anti-mouse –HRPO conjugate in optimum concentration@ 50µl/well 
9. Incubate at 36-37 OC for one hour and then wash 3X and dry the plate wells 
10.  ADD 1X TMB substrate and allow the colour development at room temperature for 

5-7 minutes 
11. Stop colour development by adding stopping solution @50µl/well and read optical 

density of the colour developed in ELISA reader at 450nm wave length of the filter 
12. Keep one well as blank (A1) where unrelated monoclonal antibody in the same 

dilution as used   for P. multocida B:2 specific monoclonal antibody. 
13.  Another set of the test be kept where a closely related P. multocida type A antigen is 

used. 
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Estimation of Diagnostic sensitivity (DSn) and Diagnostic specificity (DSp) 
Estimation of Diagnostic sensitivity (DSn and Diagnostic specificity (DSp) are 

steps of assay performance in the process of assay validation.  Assay results are 
converted in to positive and negative status. For this, a cut off value for the test result 
is estimated for declaring a sample as positive or negative. All samples recorded with 
test value above the cut off values are described as positive and all those samples 
below the cut off value are described as negative. 

 Sensitivity (also called the true positive rate, or recall in some fields) measures the 
proportion of positives that are correctly identified as such (e.g., the percentage of sick 
people who are correctly identified as having the condition). 

 Specificity (also called the true negative rate) measures the proportion of negatives that 
are correctly identified as such (e.g., the percentage of healthy people who are correctly 
identified as not having the condition). 

Three methods are used for estimation of a cut off value.  A cut off value can be 
estimated empirically by testing a large number of negative samples from target 
population. However, this is a very crude method.  

Estimation of cut off value by ROC curve 

A more sophisticate method is by plotting of ROC ( Receiver operator 
characteristics).  ROC curves are plotted using specialized softwares and area under 
curve is determined. For an assay  to be of  use, the area under curve should be more than 
50% ( higher the area under curve, more the better performance of the assay. On Y axis 
DSn and 1-DSp on X axis  are plotted 

      

https://en.wikipedia.org/wiki/Precision_and_recall#Definition_.28classification_context.29
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There is a trade off between DSn and DS\p. The operator may decide the cut off based on 
preference of DSn or DSp. When a cut off is set to increase DSn, the DSp goes down and 
DSp goes up when DSn goes down 

A more practical method is to set the cut off as value mean + 3standard deviation of 
negative sample. 

 ROC curve demonstrates several things: 

1. It shows the tradeoff between sensitivity and specificity (any increase in sensitivity 
will be accompanied by a decrease in specificity). 

2. The closer the curve follows the left-hand border and then the top border of the ROC 
space, the more accurate the test. 

3. The closer the curve comes to the 45-degree diagonal of the ROC space, the less 
accurate the test. 

4. The slope of the tangent line at a cut point gives the likelihood ratio (LR) for that 
value of the test.  

5. The area under the curve is a measure of text accuracy. 

0. 90-1 = excellent (A) 

0.80-.0.90 = good (B) 

0..70-.0.80 = fair (C) 

0..60-0..70 = poor (D) 

0..50-.0.60 = fail (F) 

 
Estimation of cut off value by negative control value 
 The cut off value can be calculated  by calculating the value of negative control The 
OD values of negative  control wells are normally distributed. Every normal curve 
(regardless of its mean or standard deviation) conforms to the following "rule". 

 About 68% of the area under the curve falls within 1 standard deviation of the mean. 
 About 95% of the area under the curve falls within 2 standard deviations of the mean. 
 About 99.7% of the area under the curve falls within 3 standard deviations of the 

mean. 

Mean + 3 standard deviation  of negative controls covers  99.7% of the value and it is 
only 0.3% probability that a negative value would be beyond the value of  mean + 3 
standard deviation.  Therefore   OD value mean + 3 standard deviation of negative  
control wells can be taken as cut off point 
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Protocol for estimation of  mean + 3 standard deviation value of negative control 

1. Coat the ELISA plate wells with optimum concentration of the antigen prepared in 
coating buffer 

2. Leave the plate at +4OC over night for coating 
3. Wash and dry the ELISA plate wells 
4. Add negative control serum @ 50µl/well in the desired concentration and  appositive 

serum to one well of the plate to serve as positive control 
5. Incubate at 36-37OC for one hour  
6. Wash and dry the wells 
7.  Add antibody-HRPO conjugate in optimum dilution @50µl/well 
8. Incubate at 36-37OC for one hour  
9. Wash and dry the wells 
10. ADD 1X TMB substrate and allow the colour development at room temperature for 5-

7 minutes 
11. Stop colour development by adding stopping solution @50µl/well and read optical 

density of the colour developed in ELISA reader at 450nm wave length of the filter 
12.  Calculate the mean and standard deviation of the OD values of the negative serum 

wells.   
13. Determine the cut off value  OD value mean + 3 standard deviation and find out the 

percentage of OD value beyond the cut off value 
 
Estimation of Diagnostic sensitivity and Diagnostic specificity 
For Estimation of Diagnostic sensitivity and Diagnostic specificity, approximately 300 
samples from known infected and about 1000 samples from known un infected are tested 
in the assay and the samples are classified as Positive and negative on the basis of the cut 
off value of the assay (OD value above the cutoff as positive and OD value of the sample 
below the cut off as negative).  A gold standard test is performed on the samples to 
establish the positivity and negativity of the samples.   All results are tabulated in a 2X 2 
table as described below:     

  with disease without disease 

Test is positive A ( TP) B(FP) 

Test is negative C(FN) D(TN) 

Diagnostic Sensitivity = A/ (A +C)             Diagnostic specificity = D / (B+D) 

TP= True positive, FP= False positive, TN=True negative & FN=False negative 
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Repeatability of Assay and Normalization of Raw Data: Practical 
Exercise 

Arvind Kumar 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 
Repeatability and normalization of the raw data are steps of assay development in the 

process of assay validation.  
 Exercise on repeatability of assay is part of optimization of assay. Various factors 

must be, as described in chapter of standardization and optimization, defined to achieve 
repeatability of the assay. Repeatability indicates agreement between replicates within and 
between run. This is important because as assay that is inherently variable has a high 
probability of notwithstanding the rigours of day to day testing on samples from the targeted 
population 
 
Repeatability studies- Protocol 

1. Coat the plate with optimum dilution of the antigen. Coat a minimum of three 
plates 

2. Take three positive samples for antibody ( high, medium and low positivity of the 
samples) 

3. Aliquot one sample in three replicates of each dilution and there should be three 
dilutions of a sample. This way  aliquot all the three samples that each serum 
sample is added in three dilutions and each dilution in three replicates in all the 
three plates 

4. Perform ELISA steps as described 
5. Repeat the protocol on three different days 
6. Calculate mean and standard deviation of the OD values for a serum samples. One 

dilution on all  three replicate, on all three plates and on all  plates for all three 
different days 

7. Calculate coefficient of variation CV for within plate, between plate and between 
run for all three samples (CV= standard deviation/mean). Calculations are 
performed with raw OD values and not normalized OD values 

8. For a test to be repeatable, the CV value should be less than 20%. However if 
evidence of excessive variation ( >30%) is recorded for most samples within and 
/or between runs of the assay, more preliminary studies be done to determine 
whether stabilization of assay is possible ( optimization studies) or whether the 
test format  should be abandoned 

Note: For protocol of ELISA, please refer to chapter” Standardization and 
Optimization of ELISA 
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Normalization of the data 
Normalization of the raw data is done to adjust the test values relative to control 

values.  Comparisons of results from day to day and between laboratories are most accurate 
when normalized data are used.  For ELISA, raw OD values may be influenced by various 
factors like ambient temperature, instrument, and other test parameters. Such fluctuations are 
minimized when the raw OD values are normalized. 

Two methods are described for normalization of the raw data. The test values can 
either be described as ratio. Ratio of test well OD over negative control well OD. Or it can be 
expressed as percentage of reaction in relation to test well OD of positive control. The OD 
value of positive control well is taken as 100% and the percentage reaction of the test well 
OD is calculated by taking OD value of the test well in relation to positive control well. 
However, the predetermined control values must be defined to accept or reject the control 
values. 
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High Throughput Single Dilution Liquid Phase Blocking ELISA 
for Seromonitoring of Foot and Mouth Disease 

Swati Dahiya, Renu Singh, Devan Arora and N. K. Kakker 
Regional Research Centre on Foot-and-Mouth Disease 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 
Quantification of protective antibody levels against Foot and Mouth Disease (FMD) 

in animals following vaccination is essential for effective implementation of vaccination 
based FMD control programme (FMD-CP) in the country. Generally protective antibody 
level is expressed as log10 titer and titer of 1.8 is accepted as the protective level. To 
determine the titers of antibodies, ICAR-Project Directorate on Foot and Mouth Disease, 
Mukteswar, has recently developed a high throughput single dilution liquid phase blocking 
ELISA (sdLPB ELISA) to determine the immune status of susceptible FMD population 
against the three FMD serotypes prevailing in the country. This test is also being used for 
National FMD Sero-surveillance programme.  
 

In sdLPB ELISA assay, test serum sample is mixed with a constant dose of viral 
inactivated antigen in a liquid medium and allowed to react (Fig. 1). The antigen-antibody 
reaction is carried out in a suspension (or liquid medium), and the antigen is blocked by the 
homologous antibodies, if present, in the test serum for subsequent detection by anti-FMDV 
rabbit serum. The antigen molecules which are not completely blocked by the antibodies in 
the test serum are trapped to the wells of the ELISA plates with the pre-coated type- specific 
rabbit antibodies. Antigen and background controls are added containing antigen without 
serum and blocking buffer, respectively as described in the plate layout (Fig. 2). 
Subsequently, the bound antigen is traced by FMDV sero-type specific guinea pig serum and 
anti-guinea pig-HRPO conjugate and substrate reaction is followed in a standard ELISA 
procedure. Color reaction is stopped and measured in terms of optical density (OD) at 492 nm 
wavelength with reference to 620nm, OD of reference antigen controls are used for 
normalization of data in terms of percentage inhibition and titer is calculated as the log10 of 
the inverse dilution at which percentage inhibition is 50%.  

             
Figure 1: Indirect ELISA for sdLPBE 
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The high through-put method for quantitative estimation of protective antibody titers 
is through extrapolation with the help of regression equation. In this method titers are 
extrapolated from the known serum controls. The sdLPB ELISA utilizes freeze dried 
reference serum controls in three serial dilutions (1:16, 1:32, 1:64) while test samples are 
diluted only in 1:32 final dilutions. This increased capacity of assay allows handling of large 
number of samples with relatively low man-hour, reagents and time in testing. The titers of 
the test samples are estimated through linear regression method. On X-axis known titers of 
serum controls are plotted vs Y axis, the normalized optical density. Titers of un-known 
samples are extrapolated from the obtained optical density. On each run correlation 
coefficient “r” are considered to have check on the assay. Statistical validation showed high 
degree of correlation with conventional 2-fold dilution method.  

Materials required 
1.  96-well Nunc Maxisorp ELISA plates (Nunc cat. No. 442404) 
2.  Lyophilized ready-to-use Type specific anti-146S FMDV Anti-FMDV coating serum.  
3.  Lyophilized ready-to-use Type specific anti-146S FMDV Anti-FMDV tracing serum. 
4.  Lyophilized ready-to-use inactivated Type O, A, and Asia-1 antigens.  
5.  Rabbit goat anti-guinea pig immunoglobulin HRPO conjugate (DAKO)  
6.  Substrate: OPD (Orthophenylenediamine dihydrochloride, Sigma)  
7.  Lyophilized ready-to-use serotype specific Serum Controls  
8.  Lyophilized Blocking Buffer  
9.  Phosphate buffer saline  
10.  Tween-20  
11. Multi channel and single channel pipettes of variable range  
12. Double Distilled water 
13. lM H2SO4  
14. 30% Hydrogen peroxide  
15. ELISA plate reader, 492nm filter attached with computer  
16. Refrigerator: range of -20°C to +4°C 
17. Incubator maintained at +35°C to 37°C.  
18. pH meter: with accuracy of 0.01pH units or good quality pH strips with varying range 

from 2 to 10 can be used. 

Preparation of solutions/reagents 
1. Equilibrate all the reagents at room temperature  

Sr. 
No. 

Reagents Reconstitute 
with 

Reconstitute 
Volume 

1. 
 

Lyophilized ready-to-use Type specific anti-146S 
FMDV Anti-FMDV coating antibodies.  

DDW 18ml/Vial 

2. Lyophilized ready-to-use Type specific anti-146S 
FMDV Anti-FMDV tracing serum.  

PBST-0.1% 18ml/Vial 

3. Lyophilized ready-to-use inactivated Type O, A, and 
Asia-1 antigens.  

PBST-0.05% 18ml/Vial 

4. Lyophilized ready to use Rabbit/goat anti-guinea pig 
immunoglobulin HRPO conjugate (DAKO).  

PBST-0.1% 18ml/Vial 
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5. Lyophilized ready-to-use Substrate: OPD 
(Orthophenylenediamine dihydrochloride, Sigma)  

DDW 18ml/Vial 

6. Lyophilized ready-to-use serotype specific Serum 
Controls  

DDW 100µl/Vial  

7. Lyophilized Blocking buffer  PBST-0.05% 10ml 
2. Washing buffer: Dissolve one PBS capsule in l000 ml of distilled water, check pH and 

if necessary adjust to pH 7.4 with 3M NaOH or 1M HCI. Add tween-20 to final 
concentration of 0.1% and mix it well. 

3. PBS 0.05% Tween: add tween-20 in PBS to final concentration of 0.05%. 
4. Composition of Stopper Solution (1 M H2SO4): 100 ml 

H2SO4  (95-97%)  5.55 ml 
Distilled Water  94.45ml   

5. All the glass wares to be used should be clean and sterile. 
6. Slight drop in pH (less than 7.2) in washing buffer can adversely affect antigen 

antibody reaction. Ensure correct pH every day before use of all buffers. 
7. Microbial contamination/ precipitation formation of any degree in any of the 

reagents/buffer will very much reduce the specificity of the test. 
8. Mark the plate orientation properly with water proof marker before starting the test to 

avoid any confusion which may arise later.  
9. Do not stack plates one over other in incubator.  
10. Prepare fresh substrate solution every time. 
11. Do not store prepared buffers more than 15 days. 
12. Check pH of every buffer every day before starting the test.  

Procedure: 
1. Coating of ELISA plates: Reconstitute the ready-to-use lyophilized serotype specific 

coating serum with 18ml of DDW and coat three plates by adding 50ul of the 
reconstituted solution. Incubate the ELISA plates at 37°C for 1 hour OR at 4°C 
overnight.  

2. Test serum (samples) dilution and Ag-Ab mixture: In a deep well master plate, dilute 
the test serum to 1:32 (6µl in l86µl of PBS with 0.05% tween-20). Now transfer 50µl of 
the diluted serum to each of the serotype (O, A, and Asia-1) specific deep well dilution 
plates. Reconstitute ready-to-use lyophilized antigen mixture with 18 ml of PBST-0.05% 
and add 50µl in each dilution of respective serotype plates and incubate the Ag-Ab 
mixture either at 37°C for 1 hour OR at 4°C overnight.  

3.  Preparation of Serum Controls: Reconstitute the control serum vials with 100µl milliQ 
water (after reconstitution store at 4°C). For preparing two fold serial dilutions of serum 
controls from 1:16 to 1:64, add 12µl of control serum to 188µl of PBST-0.05%, mix and 
transfer 100µl to the next well (next column) having 100µl of PBST-0.05% and repeat for 
the third dilution (Figure 2), and discard 100µl from the last well. Add 100µl of 
reconstituted antigen to each dilution of respective serotype controls. Incubate antigen-
antibody mixture (test serum and control serum) at 37°C for 1 hour OR 4°C overnight.  

4. Wash the wells of ELISA plates by adding washing buffer (200-300µl) and discard the 
contents of wells by abrupt downward hand motion. Repeat the washing 3 times with 3 
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minutes of hold period between each wash. Slap the inverted microplate 3-4 times onto a 
dust free absorbent pad to remove all residual contents in the wells.  

5. Dispense 50µl of the incubated Ag-Ab mixture (test samples and serum controls) to the 
ELISA plates as instructed in the plate lay out (Fig. 2). Incubate the plates at 37°C for 1 h. 
Add 50µl of the reconstituted blocking buffer in the background control.  

6. Wash the plate as in the step 4.  
7. Reconstitute the tracing serum vial with 18ml PBST 0.l% and add 50µl of reconstituted 

serotype specific tracing serum to each type-specific plate. Incubate at 37°C for 1 h. Wash 
the plate as in the step 4. 

8. Reconstitute each vial of anti-guinea pig-HRPO conjugate with 18ml (for nine plates use 
three vials) PBST 0.l% and add 50µl to all the wells. Incubate at 37°C for 1 h. Wash the 
plate as in step 3. 

9. Reconstitute substrate vial just before use with 18ml DDW (for nine plates use three 
vials) and add 9.6µl of 30% H2O2 solution in 18ml (or 28.8µl in 54ml for 3 vials) and add 
50µl to each well of the plate incubate at 37°C for 15 minutes. 

10. Stop the colour reaction by adding 50µl of stopping solution. Read the plate at 492 nm.  
11. Transfer the data into MS Excel format and analyze and interpret the results using 

PDFMD ELISA Analyst v2.0 or upload the results on FMD-DSS website 
(https://www.fmd-dss.res.in/). 

 1:16   1:32   1:64 

 1 2 3 4 5 6 7 8 9 10 11 12 
A Serum Control 1 Antigen 

Control 
TS1 TS2 TS3 TS4 TS5 TS6 TS7 TS8 

B Serum Control 2 TS9 TS10 TS11 TS12 TS13 TS14 TS15 TS16 
C Serum Control 3 TS17 TS18 TS19 TS20 TS21 TS22 TS23 TS24 
D Serum Control 4 TS25 TS26 TS27 TS28 TS29 TS30 TS31 TS32 
E Serum Control 5 TS33 TS34 TS35 TS36 TS37 TS38 TS39 TS40 
F Serum Control 6 TS41 TS42 TS43 TS44 TS45 TS46 TS47 TS48 
G Serum Control 7 Back-

ground 
Control 

TS49 TS50 TS51 TS52 TS53 TS54 TS55 TS56 
H Serum Control 8 TS57 TS58 TS59 TS60 TS61 TS62 TS63 TS64 

Figure 2: ELISA plate format for serum dilution and addition in ELISA plate 
(TS: Test sample) 

 
Source: Instructional Manual, High Throughput Single Dilution Liquid Phase Blocking 
ELISA Kit (sdLPBE-FMD Kit), ICAR-Project Directorate on FMD, Mukteswar. 
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Latex Agglutination Test for Diagnosis of Trypanosomiasis 

Ajit Singh 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

Principle and Methodology 
Tryapanosoma evansi causes a disease known as ‘surra’ in several domestic, zoo and 

wild mammalian species in Asia, Africa, and South & Central Americas. In India, T. evansi 
infections are widely prevalent in cattle, buffaloes, horses, camels, dogs, tigers, elephant, 
deer, etc. and the disease is of major economic importance due to significant morbidity and 
mortality. The infection is spread mechanically by blood-sucking flies. 
 The disease may take several forms: per-acute, acute, sub-acute and chronic 
depending on the host species involved. Chronic and subclinical latent infections in cattle, 
buffaloes and camels are commonly encountered, presenting difficulties in their detection by 
conventional parasitological methods. In the absence of pathognomonic lesions/ signs, 
definitive diagnosis of the disease by laboratory tests is necessary. Several  diagnostic tests 
presently available can be grouped into: i) Parasitological examination including in vitro 
cultivation, ii) Biochemical tests, iii) Animal inoculations, iv) Immunological tests for 
antigen and antibody detection, v) Molecular diagnostic tests, including PCR for nucleic acid 
detection. Each method has some kind of limitation.  

Sensitive and specific immunological and molecular tests in various formats have 
been developed during past few decades for disease diagnosis, epidemiological surveys or 
health certification. But, only few field-level simple, economic, rapid, sensitive and specific 
tests have been made available in the global market. We have developed a monoclonal 
antibody-coated latex agglutination test for detection of T. evansi circulating antigens (the 
test abbreviated as TE-LAT) in sera samples from infected animals. The test is rapid, simple 
to learn and perform, economical and field-adaptable. 

A monoclonal antibody that specifically binds to T. evansi circulating antigen is 
coated onto latex beads suspended in a suitable buffer. The latex suspension is taken on a 
cavity slide, mixed with equal volume of serum sample from the infected/suspected animals 
and observed for agglutination reaction for 15 min. The granules/flakes in the suspension 
indicate the presence of T. evansi antigen in the serum sample. However, the antigen might 
remain in detectable concentrations in blood for several weeks after chemotherapy of the 
clinical case. Therefore, TE-LAT detects the antigen in not only the clinically or latently 
infected animals, but also the animals treated during past few weeks.    

Materials & reagents: 
1. Serum samples from horses/bovines/camels 
2. TE-LAT reagent 
3. Cavity glass slide 
4. Micropipette with microtips 
5. Detergent, distilled water and tissue paper 
6. Timer/stop-watch 
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Protocol: 
1. Shake well the TE-LAT reagent before use for properly suspending it. 
2. Clean the cavity slide with detergent, plenty of tap water and then with distilled 

water. Dry the cleaned slide with a clean tissue paper.  
3. Put 25 µl of the TE-LAT reagent per spot on the cavity slide and mix an equal 

volume of the serum sample obtained from the animal suspected of T. evansi 
infection. Similarly, use positive and negative serum controls. Also ensure that the 
reagent does not auto-agglutinate for more than 30 min.   

4. Observe every five minutes, mixing the reagent intermittently by swirling motion 
of the slide, for agglutination to occur. Agglutination is indicated by appearance of 
granules or curdle-like aggregates in the solution mixed with the serum sample 
that contained T. evansi circulating antigen. The blue reagent turns watery with 
granules settling out from the solution.  

5. Mark the samples showing agglutination within 5 minutes as strong positive, 
within 10 min as moderate positive, within 13 min as weak positive and within 
14-15 min as suspected. Please see figure for grades of agglutination reaction. 
However, grading may be subjective, depending on the reader of the result. 

6. The reagent tends to auto-agglutinate on storage. To check, put about 25 µl of the 
reagent on a cavity slide spot and observe for clumps or aggregates for >15 
minutes. The reagent must not show self-agglutination during this time of 
observation at room temperature. However, with progress of time, a few 
aggregates that may develop without losing colour of the solution can be ignored. 

 
If there is auto-agglutination of the reagent after long storage, centrifuge the 

reagent at 5000 rpm for 5 min. at 4ºC, re-suspend the latex pellet in TE storage buffer 
supplied with the reagent, mix properly and vortex/shake gently for 5 minutes. 
Centrifuge again as above and re-suspend the reagent in the original volume of TE 
storage buffer.  
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Conventional Methods for Diagnosis of Emerging Infectious 
Diseases 

Archana Sharma and Mahavir Singh 

Department of Veterinary Microbiology, College of Veterinary Sciences, 
Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004, Haryana 

 
"Livestock sector plays a crucial role in sustaining rural economy and livelihood, a sector in 
which poor contribute directly to the economic growth. There is an impressive steady 
growth in this sector in India, the significant feature being the role of women in animal 
husbandry. For a more balanced development of the rural economy and reduction of 
poverty, a remarkable progress in this sector is a national requirement. 
Infectious diseases of livestock are a major threat to global animal health and welfare and 
their effective control is crucial for agronomic health, for safeguarding and securing national 
and international food supplies and for alleviating rural poverty in developing countries. So, 
diagnosis of infectious diseases is very important for control of diseases. 
The conventional methods for the specific diagnosis of the infection are of two general types: 
(1) those that demonstrate the presence of infectious agent, bacterial antigen, and (2) those 
that demonstrate the presence of antibody. The best of diagnostic methods fulfil five 
prerequisites: speed, simplicity, sensitivity, specificity, and low cost. 
 
                                                             Brucellosis 
Brucellosis is an infectious disease of worldwide importance in domestic ruminants, and is of 
zoonotic importance. Brucellosis in cattle is usually caused by biovars of Brucella abortus. In 
some countries, particularly in southern Europe and western Asia, where cattle are kept in 
close association with sheep or goats, infection can also be caused by B. melitensis. 
Occasionally, B. suis may cause a chronic infection in the mammary gland of cattle, but it has 
not been reported to cause abortion or spread to other animals. The disease is usually 
asymptomatic in nonpregnant females. Following infection with B. abortus or B. melitensis, 
pregnant adult females develop a placentitis usually resulting in abortion between the fifth 
and ninth month of pregnancy. Even in the absence of abortion, profuse excretion of the 
organism occurs in the placenta, fetal fluids and vaginal discharges. 
The mammary gland and associated lymph nodes may also be infected, and organisms may 
be excreted in the milk. Subsequent pregnancies are usually carried to term, but uterine and 
mammary infection recurs, with reduced numbers of organisms in cyetic products and milk. 
In acute infections, the organism is present in most major body lymph nodes. Adult male 
cattle may develop orchitis and brucellosis may be a cause of infertility in both sexes. 
Diagnosis of Brucella  
Specimens that can be submitted for diagnostic testing: serum, aborted fetus, fetal 
membranes, placenta, fetal lung, liver and abomasal contents, uterine discharge or vaginal 
mucus, milk from lactating animals and semen.  
Identification of the agent - 
a)  Staining character  
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Brucella are coccobacilli or short rods measuring from 0.6 to 1.5 μm long and from 0.5 to 0.7 
μm wide, nonmotile, non sporulated, noncapsulated microorganisms. 
 b) Culture characteristics - The most widely used selective medium is the Farrell’s 
medium which is prepared by the addition of six antibiotics to a basal medium i.e. polymyxin 
B sulphate; bacitracin, natamycin, nalidixic acid, nystatin, vancomycin. 
However, nalidixic acid and bacitracin, at the concentration used in Farrell’s medium, have 
inhibitory effects on some B. abortus and B. melitensis strains. Therefore the sensitivity of 
culture increases significantly by the simultaneous use of both Farrell’s and the modified 
Thayer–Martin medium. 
On suitable solid media, Brucella colonies can be visible after a 2–3-day incubation period. 
After 4 days’ incubation, Brucella colonies are round, 1–2 mm in diameter, with smooth 
margins. They are translucent and a pale honey colour when plates are viewed in the daylight 
through a transparent medium. Smooth and rough forms are present. If the colonies are 
smooth, they should be checked against antiserum to smooth B. abortus, or preferably against 
anti-A and -M monospecific sera. In the case of non-smooth colonies, isolates should be 
checked with antiserum to Brucella R antigen. 
c) Serological tests- These tests detect antibodies present in serum, milk, whey, vaginal 
mucus and seminal plasma.  The serological diagnosis is considered unreliable when 
performed during the period of 2 to 3 weeks before and after abortion or calving 
Rose Bengal test-This test is a simple spot agglutination test using antigen stained with Rose 
Bengal. Antigen for the RBT is prepared by depositing killed B. abortus S99 or S1119-3. 
The RBT is very sensitive. However, like all other serological tests, it could sometimes give a 
positive result because of S19 vaccination or of false-positive serological reactions (FPSR). 
False-negative reactions occur rarely, mostly due to prozoning and can sometimes be 
detected by diluting the serum sample or retesting after 4–6 weeks. 
Complement fixation test (a prescribed test for international trade)- The CFT is widely 
used and accepted as a confirmatory test although it is complex to perform, requiring good 
laboratory facilities and adequately trained staff to accurately titrate and maintain the 
reagents. 
The CFT is usually very specific. Females that have been vaccinated with B. abortus S19 
between 3 and 6 months are usually considered to be positive if the sera give positive fixation 
at a titre of 30 or greater ICFTU/ml when the animals are tested at an age of 18 months or 
older. 
Enzyme-linked immunosorbent assays- This is prescribed tests for international trade. 
Fluorescence polarization assay (a prescribed test for international trade) 
The FPA is a simple technique for measuring antigen/antibody interaction and may be 
performed in a laboratory setting or in the field.  
Other tests 
a) Brucellin skin test 
An alternative immunological test is the brucellin skin test, which can be used for screening 
unvaccinated herds, provided that a purified (free of sLPS) and standardized antigen 
preparation (e.g. brucellin INRA) is used. 
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The brucellin skin test has a very high specificity, such that serologically negative 
unvaccinated animals that are positive reactors to the brucellin test should be regarded as 
infected animals.  
Not all infected animals react, therefore this test alone cannot be recommended as the sole 
diagnostic test or for the purposes of international trade. 
b) Serum agglutination test 
While not recognized as a prescribed or alternative test, the SAT has been used with success 
for many years in surveillance and control programmes for bovine brucellosis. Its specificity 
is significantly improved with the addition of EDTA to the antigen. 
c) Milk tests 
An efficient means of screening dairy herds is by testing milk from the bulk tank. Milk can be 
obtained cheaply and more frequently than blood samples and is often available centrally at 
dairies. When a positive test result is obtained, all cows contributing milk should be blood 
tested.  
 
Milk I-ELISA 
The milk I-ELISA is a sensitive and specific test, and is particularly valuable for testing large 
herds. The milk ring test (MRT) is a suitable alternative if the ELISA is not available 

 Milk ring test 
In lactating animals, the MRT can be used for screening herds for brucellosis. In large herds 
(> 100 lactating cows), the sensitivity of the test becomes less reliable. The samples are 
adjusted according to the following formula: herd size < 150 animals use 1 ml bulk milk, 
150–450 use 2 ml milk sample, 451–700 use 3 ml milk sample. False-positive reactions may 
occur in cattle vaccinated less than 4 months prior to testing, in samples containing abnormal 
milk (such as colostrum) or in cases of mastitis.  
d) Interferon gamma test 
In general, the interferon gamma test involves stimulation of lymphocytes in whole blood 
with a suitable antigen, in this case, Brucellin has been shown to work well and then 
measuring the resulting gamma interferon production by a capture ELISA.  

 
Pasturellosis 

The gram-negative bacterium Pasteurella multocida is the etiological agent of hemorrhagic 
septicemia in cattle, fowl cholera in birds, and atrophic rhinitis in pigs. P. multocida strains 
can be separated into serogroups A, B, D, E, and F based on the antigenicity of their capsule 
and serotypes 1 to 16 based on lipopolysaccharide (LPS) antigens. The capsular serogroup is 
generally related to disease predilection, with hemorrhagic septicemia strains belonging to 
serogroup B or E  and the majority of fowl cholera strains belonging to serogroup A. 
Hemorrhagic septicemia is endemic in most parts of tropical Asia, Africa, and India and 
causes high mortality in livestock. It is considered to be the most economically important 
disease of livestock in South East Asia and causes significant economic losses in India and 
Africa. Cattle and buffalo are the most common hosts, but pigs, sheep, goats, deer, and 
camels are also susceptible to infection and disease.  
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Isolation and identification of the agent 
Cultural and biochemical methods- 
A blood sample or swab collected from the heart is satisfactory if it is taken within a few 
hours of death. If the animal has been dead for a long time, a long bone, free of tissue, can be 
taken. If there is no facility for post-mortem examination, blood can be collected from the 
jugular vein by incision or aspiration.  Blood smears from affected animals are stained with 
Gram, Leishman’s or methylene blue stains. The organisms appear as Gram-negative, 
bipolar-staining short bacilli.  Blood samples, or swabs eluted into 2–3 ml sterile 
physiological saline, are cultured. Alternatively, the surface of a long bone is swabbed with 
alcohol and split open. The marrow is extracted aseptically and cultured.  
For biological examinations, a small volume (0.2 ml) of eluted blood swabs or a portion of 
bone marrow in saline is inoculated subcutaneously or intramuscularly into mice. The mouse 
usually serves as a biological ‘screen’ for extraneous organisms. If viable P. multocida is 
present, the mice die 24–36 hours following inoculation, and a pure growth of P. multocida 
can be seen in blood smears. Pure cultures of P. multocida can usually be grown from blood 
cultures of the mice, even when the original samples come from relatively old carcasses. The 
organism can be identified by its morphological and cultural characteristics, biochemical 
reactions and serological tests. A suitable medium for the growth of Pasteurella is 
casein/sucrose/yeast (CSY) agar containing 5% blood.  Freshly isolated P. multocida forms 
smooth, greyish glistening translucent colonies, approximately 1 mm in diameter, on blood 
agar after 24 hours’ incubation at 37°C. Colonies grown on CSY agar are larger. Old 
cultures, particularly those grown on media devoid of blood, may produce smaller colonies. 
Pasteurella multocida does not grow on MacConkey agar. Gram-stained blood or tissue 
smears show Gram-negative,cocco-bacillary bipolar forms. The bipolar staining will be more 
evident with methylene blue or Leishman’s stain. 
Biochemically - organisms produce oxidase, catalase and indole, and will reduce nitrates. 
They do not produce hydrogen sulphide or urease, and fail to use citrate or liquefy gelatin. 
Glucose and sucrose are always fermented with the production of acid only. Most strains also 
ferment sorbitol. Some strains ferment arabinose, xylose and maltose, whereas salicin and 
lactose are almost invariably not fermented. 
One property of HS-causing strains of P. multocida is the ability to produce the enzyme 
hyaluronidase which may then be used as a specific test for HS-causing pasteurellae. It 
should be noted that B serotypes other than B:2 (or 6:B), and type E, are hyaluronidase 
negative. 
Serotyping methods 
Several serotyping tests are used for the identification of the HS-causing serotypes of P. 
multocida. These consist of - 

1. Rapid slide agglutination test,  
2. Indirect haemagglutination (IHA) test for capsular typing ,  
3. Agglutination test using hydrochloric-acid-treated cells for somatic typing ,  
4. Agar gel immunodiffusion (AGID) test, and  
5. Counter immunoelectrophoresis test (CIEP). 
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Anthrax 
Anthrax is an acute disease caused by Bacillus anthracis. It affects both humans and other 
animals. Most forms of the disease are lethal. Bacillus anthracis can form dormant spores 
that are able to survive in harsh conditions for extremely long periods of time even decades or 
centuries. Such spores can be found on all continents, even Antarctica. When spores are 
inhaled, ingested, or come into contact with a skin lesion on a host they may reactivate and 
multiply rapidly. 
Anthrax commonly infects wild and domesticated herbivorous mammals which ingest or 
inhale the spores while grazing. Ingestion is thought to be the most common route by which 
herbivores contract anthrax. Carnivores living in the same environment may become infected 
by consuming infected animals. Diseased animals can spread anthrax to humans, either by 
direct contact (e.g. inoculation of infected blood to broken skin) or consumption of diseased 
animals' flesh. 

1. Laboratory Identification of Bacillus anthracis - 
Other than Gram Stain of specimens, there are no specific direct identification techniques for 
identification of Bacillus sp. in clinical material. These organisms are Gram positive but with 
age can be Gram variable to Gram negative. A specific feature of Bacillus sp. that makes it 
unique from other aerobic microorganisms is its ability to produce spores.  All Bacillus sp. 
grow well on 5% Sheep blood agar and other routine culture media. PLET (polymyxin-
lysozyme-EDTA-thallous acetate) can be used to isolate B. anthracis from contaminated 
specimens and bicarbonate agar is used as an identification method to induce capsule 
formation.  Virulent encapsulated B. anthracis present in tissues and blood and other body 
fluids from animals that have died from anthrax should be   stained with polychrome 
methylene blue (M’Fadyean’s reaction) or Giemsa stain. The capsule stains pink, whereas the 
bacillus cells stain dark blue. The cells are found in pairs or short chains and are often square-
ended (the chains are sometimes likened to a set of railway carriages – so-called ‘box-car’ 
appearance). Bacillus sp. will usually grow within 24 hours of incubation at 35⁰c, in ambient 
air (room temperature) or in 5% CO2. If bicarbonate agar is used for identification then the 
media must be incubated in 5% CO2. 
B. anthracis appears as medium-large, gray, flat, irregular with swirling projections, often 
referred to as "medusa head" appearance, and is non-hemolytic on 5% sheep blood agar with 
a ground-glass moist surface, and very tacky when teased with an inoculating loop. It is non-
motile, is susceptible to penicillin and produces a wide zone of lecithinase on egg yolk agar. 
2. Ascoli test 
To perform the Ascoli test, put approximately 2 g of sample in 5 ml of saline containing 
1/100 final concentration of acetic acid and boil for 5 minutes. The resultant solution is 
cooled and filtered through filter paper. A few drops of rabbit antiserum are placed in a small 
test tube. The filtrate from the previous step is gently layered over the top of the antiserum. A 
positive test is the formation of a visible precipitin band in less than 15 minutes. 
Confirmatory testing to identify B. anthracis includes gamma bacteriophage testing, indirect 
hemagglutination and enzyme linked immunosorbent assay to detect antibodies 
 

 
 

http://en.wikipedia.org/wiki/Acute_(medical)
http://en.wikipedia.org/wiki/Disease
http://en.wikipedia.org/wiki/Bacillus_anthracis
http://en.wikipedia.org/wiki/Endospore
http://en.wikipedia.org/wiki/Antarctica
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Contagious bovine pleuropneumonia 
Contagious bovine pleuropneumonia (CBPP) is a contagious disease of cattle caused by 
Mycoplasma mycoides subsp. mycoides SC (MmmSC; SC = small colonies). CBPP has been 
known to occur in Europe since the 16th century but it gained a world-wide distribution only 
during the second half of the 19th century because of increased international trade in live 
cattle. It was eradicated from many countries by the beginning of the 20th century through 
stamping-out policies. However the disease persists in many parts of Africa. The situation in 
Asia is unclear. In natural conditions, MmmSC affects only the ruminants of the Bos genus, 
i.e. mainly bovine and zebu cattle. MmmSC (bovine biotype) has been isolated from buffaloes 
in Italy (Bubalus bubalus), and from sheep and goats in Africa and more recently in Portugal 
and in India.  
In the case of acute outbreaks under experimental conditions, the mortality rate may be as 
high as 50% in the absence of antibiotic treatment.  
 
DIAGNOSTIC TECHNIQUES 
1. Identification of the agent 
Samples taken from live animals are nasal swabs or nasal discharges, broncho-alveolar 
lavage or transtracheal washing and pleural fluid collected aseptically by puncture made in 
the lower part of the thoracic cavity between the seventh and eighth ribs. Blood may also be 
cultured. Samples taken at necropsy are lungs with lesions, pleural fluid (‘lymph’), lymph 
nodes of the broncho-pulmonary tract, and synovial fluid from those animals with arthritis. 
The samples should be collected from lesions at the interface between diseased and normal 
tissue.  
Bacteriological identification of the agent is more complex and can be done by biochemical 
tests, nucleic acid recognition methods and immunological methods 
1. Culture characteristics - 
MmmSC needs appropriate media to grow. In attempting isolation, 2–3 blind passages may 
be required. 
The media should contain a basic medium (such as heart-infusion or peptone), yeast extract 
(preferably fresh), and horse serum (10%). Several other components can be added, such as 
glucose, glycerol, DNA, and fatty acids, but the effects vary with the strains. To avoid growth 
of other bacteria, inhibitors, such as penicillin, colistin or thallium acetate, are necessary. The 
media can be used as broth or solid medium with 1.0–1.2% agar.  
2.Biochemical tests- MmmSC is sensitive to digitonin (like all members of the order 
Mycoplasmatales), does not produce ‘film and spots’, ferments glucose, reduces tetrazolium 
salts (aerobically or anaerobically), does not hydrolyse arginine, has no phosphatase activity, 
and has no or weak proteolytic properties. 
Once the biochemical characteristics have been checked, one of the following immunological 
tests can be performed to confirm the identification: disk growth inhibition test (DGIT), 
fluorescent antibody test (FAT), and the dot immunobinding on a membrane filter (MF-dot) 
test. 
3. Nucleic acid recognition methods 
Radiolabelled or enzyme probes have been developed, but have been superseded by the more 
convenient and safe PCR technology. 
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The PCR is sensitive, highly specific, rapid and relatively easy to perform. The main 
advantage of the PCR technique is that it can be applied to poorly preserved samples 
(contaminated or without any viable mycoplasmas as may occur following antibiotic 
treatment). If direct detection of DNA from the organ under test fails, specimens should be 
enriched by culturing them in an appropriate medium for 24–48 hours, followed by attempted 
detection of DNA from the culture. The PCR has become the primary tool for identification 
of MmmSC. 
4. Immunological tests 
The etiological agent or its antigens can be demonstrated by immunochemical tests on 
infected tissues, tissue fluids and/or cultures of the organism 

i) Indirect fluorescent antibody test 
ii) Fluorescent antibody test 
iii) Disk growth inhibition test 
iv) Agar gel immunodiffusion test 
v) Dot immunobinding on membrane filtration 

5. Serological tests 
Serological tests for CBPP are valid at the herd level only. Tests on single animals can be 
misleading, either because the animal is in the early stage of disease, before specific 
antibodies are produced, or it may be in the chronic stage of the disease when very few 
animals are seropositive. 

I. Complement fixation test (CFT) 
II. Competitive enzyme-linked immunosorbent assay (a prescribed test for international 

trade) 
III. Immunoblotting test (IB Test) 
For CBPP, the CF test and ELISAs can be used in screening and eradication programmes, but 
the highly specific IB test should be used as a confirmatory test. However, the IB test is not 
fit for mass screening and may be difficult to standardize in countries with marginal 
laboratory facilities so IB testing should be performed in a reference laboratory 
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Group A: 
 

Standard Operating 
Procedures of Virology 

Laboratory 

Group members: 
1. Dr. Arunkumar Patel 
2. Dr. Rajeev Kumar 
3. Dr. R. Durairajan 
4. Dr. Anjay 
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Group B: 
 

Validation of Microbiology 
(Serology & Molecular) 

Assays 

Group members: 
1. Dr. Ananda Chitra 
2. Dr. Murugan M. S. 
3. Dr. Prashant Mhase Patilba 
4. Dr. Gopala Lunavat 
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Group C: 
 

Accreditation of 
Biochemistry Laboratory 

Group members: 
1. Dr. Jyotsana Madan 
2. Dr. Ramesh Jamanadas Padodara 
3. Dr. Minakshi Virmani 
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Group D: 
 

Accreditation of 
Histopathology Laboratory 

Group members: 
1. Dr. Samirkumar Hasamukhlal Raval 
2. Dr. Vinaykumar Amrutlal Kalaria 
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Group E: 
 

Accreditation of  
Small Animal House 

Group members: 
1. Dr. K. D. Singh 
2. Dr. Rajesh K. Verma 
3. Dr. Sita Ram Gupta 
4. Dr. Manohar Lal Sain 
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Group F: 
 

Accreditation of  
Regional Research Centre 

on FMD, LUVAS 

Group members: 
1. Dr. Pankaj Kumar 
2. Dr. Kishan Kumar Sharma 
3. Dr. Rajesh Singathia 
4. Dr. Niranjan Kumar 


