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The historical ‗Office International des Epizooties‘ (OIE), presently known as 

‗World Organization for Animal Health‘ (WOAH) is recognized as a reference 

organization by the World Trade Organization (WTO). The OIE came into existence in 

1924 to fight animal diseases and thus improving animal health at global level through an 

international agreement control of epizootic diseases, prevention of their spread, 

monitoring of international movements of animals, their germplasm and products, is the 

primary objective of the OIE.  In addition, the OIE also has the following activities: 

1. To ensure transparency in the global animal disease and zoonosis situation. 

2. To collect, analyse and disseminate scientific veterinary information on animal 

disease control methods. 

3. To provide expertise and encourage international solidarity in the control of animal 

diseases. 

4. To safeguard world trade by publishing health standards for international trade in 

animals and animal products under the WTO Agreement on Sanitary and 

Phytosanitary Measures (SPS Agreement),. 

5. To improve the legal framework and resources of national Veterinary Services. 

6. To provide a better guarantee of the safety of food of animal origin 

7. To promote animal welfare through a science-based approach. 

The OIE listed diseases are transmissible diseases that have the potential for very 

serious and rapid spread, irrespective of national borders. They have particularly serious 

socio-economic or public health consequences and are of major importance in the 

international trade of animals and animal products. The list may also include diseases that 

may also be of veterinary importance to trade. The list is reviewed regularly; the new list 

comes into force on 1
st
 January every year. For year 2017, the list includes 116 animal 

diseases, infections and infestations.  

A. Diagnosis of Diseases of Animals  

The OIE has classified the diagnostic tests for the diagnosis of these diseases in two 

categories: ‗Prescribed‘ and ‗Alternative‘. The International Animal Health Code mandates 

testing of animals before they are moved internationally by ‗prescribed tests‘. The ‗prescribed 

tests‘ are not available for every listed disease. In the absence of ‗prescribed tests‘, OIE has 

given the choice of ‗alternative tests‘which are suitable for the diagnosis of the diseases with 

in a local setting, and can also be used in the import/export of animals after bilateral 

agreement.   

Traditional methods of detection of veterinary pathogens in laboratory include 

neutralization, enzyme-linked immunosorbent assay, agar gel immunodiffusion and 

complement fixation, etc. These diagnostics have been upgraded by using new molecular 

techniques such as the polymerase chain reaction and Western blot and better version of old 

techniques like the use of recombinant antigens, monoclonal antibodies and synthetic 

peptides that detect the antibody to the pathogen of interest, or antigen itself. The new 

biotechnological methods such as the cloning of genes, over-expression of immunogens, use 

of expression vectors and peptide synthesis have made possible the production of specific 
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proteins or peptides that serve as target antigens in newly-developed immunoassays. These 

improvements lead to increased specificity or sensitivity of immunoassays by providing a 

more defined target for binding antibody and also reduce variation of test kit performance. 

Some of the newer approaches of diagnosis are: 

a. Biosensors 

This involves the use of a receptor for the target pathogen and a transducer which converts a 

biological interaction into a measurable signal. Superior applications of biosensors are self-

contained devices for the detection of disease agents at field. 

b. Nucleic Acid Diagnostics 

The molecular technique which detects deoxyribonucleic acid (DNA) is PCR, 

strength of this technique is its ability to make millions of copies DNA of a target.  Reverse 

transcription PCR is modification of PCR, detects viral ribonucleic acid (RNA). Other 

modifications are Nested PCR, Real-time PCR, and inverse PCR etc. In Real time PCR 

results can be transmitted electronically, eliminating the need for post-PCR reaction analysis 

by electrophoresis.  Diagnosis of some diseases such as virulent Newcastle disease and highly 

pathogenic avian influenza is required by the OIE to be based on chicken inoculation and/or 

the targeted sequencing of PCR product, namely, genes coding for virulence factors, such as 

haemagglutinin gene. 

c. Non-Polymerase Chain Reaction Methods of Nucleic Acid Detection 

Examples of these methods include the rolling circle amplification technique and 

direct signal amplification systems. Fluorescent in situ hybridisation (FISH) is a technique 

that can localise nucleic acid sequences within cellular material. The nucleic acid sequence-

based amplification (NASBA) is comprised of a two-step process whereby there is an initial 

enzymatic amplification of the nucleic acid targets followed by detection of the generated 

amplicon. 

d. Proteomics 

Microarray technology, originally developed for the mapping of genes, is being used 

to detect a wide variety of veterinary pathogens 

e. Nanotechnology 

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

features of nanometer scale. Advantage of this technology is the capacity to analyse a sample 

for an array of infectious agents on a single chip, identification of specific strains or serotypes 

of disease agents, 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. Other nanotechnologies include nanopores, cantilever arrays, nanosensors and 

resonance light scattering. 

Early detection, transparency and rapid response mechanisms are the key for 

successful prevention and control. The OIE publishes standards and guidelines for the 

prevention and control of terrestrial and aquatic animal diseases in its Codes and Manuals as 

well as in its various scientific publications.  

B. Control of Animal Diseases 

The desired goal of a disease control programme can be eradication or reduction in 

incidence rate or control of zoonosis, depends on causal agents. In certain situations, the 

emphasis of a programme should be on reducing the health and economic impact of the 
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disease. In other cases it may be concluded that a programme is not feasible or cost-

beneficial. Specific objectives and indicators leading to success of the programme should be 

established.  

For control programme various strategies followed are: 

a. Controlling disease at their source 

b. Effective surveillance 

c. Early detection of diseases 

d. Notification of animal diseases to the OIE 

e. Rapid responses 

a. Controlling Disease at their Source 

Controlling disease at their source can be done by enhancing the government services 

at the animal house or shelter. Protection of disease free countries, areas or zones is enhanced 

with stringent import and cross-border animal movement controls and surveillance. It is 

essential for livestock owners and producers to maintain sound biosecurity practices to 

prevent introduction/spread of the disease agents. The measures recommended at the farm 

level include:  

 restrict the introduction of new animals to existing stock;  

 control over access to livestock by people and equipment;  

 maintain sanitation of livestock pens, buildings, vehicles and equipment;  

 monitor and report illness;  

 appropriate disposal of manure and dead carcasses.  

 contingency planning for potential outbreaks will identify the elements included in a 

response effort to eradicate the disease, such as: humane destruction of all infected, 

recovered and disease agent-susceptible contact animals; appropriate disposal of 

carcasses and all animal products;  

 surveillance and tracing of potentially infected or exposed livestock;  

 strict quarantine and controls on movement of livestock, equipment, vehicles, and;  

 thorough disinfection of premises and all infected materials   

In endemic areas, culling may be complemented by vaccination for susceptible 

livestock. Vaccines used must protect against the particular virus strain prevalent in the area. 

b. Effective Surveillance  

Surveillance is the on going systematic collection, analysis, and interpretation of 

outcome specific data for use in planning, implementing and evaluating public health policies 

and practices. Surveillance systems also serve to monitor trends of endemic diseases, 

progress towards disease control objectives, and to provide information which may be used to 

evaluate the impact of disease prevention and control programmes. A communicable disease 

surveillance system serves two key functions; early warning of potential threats to public 

health and programme monitoring functions which may be disease specific or multi-disease 

in nature.  

Effective surveillance strategies involve good communication and collaboration 

between all stakeholders at all levels of the animal production chain viz. from the animal 

producer, her/his veterinarian and the local laboratory, to the highest national veterinary 

authorities. 

  According to CDC guidelines of surveillance, a structured approach to strengthen 

national communicable disease surveillance systems could include: 
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 Assessment of communicable disease risks identifying major public health threats. 

 Prioritization of public health threats to ensure that surveillance is limited to the 

important public health events.  

 Assessment of existing systems to review strengths, weaknesses, and opportunities for 

strengthening the systems. 

 Development of a strategic plan of action based on the findings of the assessment.  

 Implementation of activities planned to strengthen the systems.  

 Monitoring progress in implementation of planned activities, the evolution and 

performance of the surveillance system. 

 Evaluating outcomes and overall impact of the surveillance system. 

c. Early Detection of Diseases 

Early detection includes timely detection of new introduction, emergence or re-

emergence of pathogens in an area/ zone or boundaries of a country ease the control of 

disease in that particular area. The earlier detection of disease may lead to more cures or 

longer survival. The early diagnosis of a chronic disease presents opportunities for raising 

cure rates and/or extending survival. Implicit in the definition of early diagnosis is that the 

diagnosis is made when the individual is asymptomatic, showing no signs or symptoms of 

disease.  

Usually, the early diagnosis of a disease consists of at least two stages. Initially, a 

subject receives a special examination, which if positive is followed by a definitive 

examination. The special examination is not a definitive examination. Modelling can also be 

helpful in early detection of diseases as stochastic model which assumes that i) the natural 

history of the disease is progressive and ii) any benefit from earlier diagnosis is due to a 

change in the distribution of disease stages at diagnosis.  

In some cases web-based early detection of disease can also be helpful. Freely 

available Web-based sources of information may allow us to detect disease outbreaks earlier 

with reduced cost and increased reporting transparency. Above all these ways of early 

detection of diseases, the early approach to the animal site is most reliable and used method 

of detection. These all activities should be under the control of veterinary services in 

accordance with the OIE guidelines. The following characteristics should be present in 

representative: 

 Representative should be coverage of target animal populations, by field services 

throughout the boundaries   

 He or she should have ability to undertake effective epidemiological investigations 

and reporting 

 Laboratories should be accessible to him and these laboratories should be capable of 

diagnosing and differentiating relevant diseases 

 A training programme for veterinarians, veterinary para-professionals and other 

stakeholders for detecting and reporting animal health incidents 

 The legal obligation for private veterinarians to report to the national Veterinary 

Authority 

 A well-established national chain of command should be followed. 

Apart from these criteria of a representative, the key of early detection of disease is 

collection of sample and its diagnosis. The trained professionals should collect the sample in 

proper way and send it to the concerned laboratories for fast and reliable diagnosis of 

incursion agents. The higher authority should be informed according to the need, if necessary 
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in an OIE Reference Laboratory for the specified disease. OIE has a global network of 296 

Reference Laboratories and Collaborating Centers covering all relevant animal diseases. 

d. Notification of Disease to the OIE 

The information must be notified to the OIE by the Veterinary Services of Member 

Countries through the World Animal Health Information system (WAHIS), within 24 hours 

after confirmation for exceptional epidemiological events and on a six-monthly basis for 

monitoring purposes. Non-member countries can also communicate their sanitary information 

through WAHIS and they can also publish details of their national disease simulation 

exercises. 

e. Rapid Response  

After the report of disease, the rapid response should be followed. The following 

enlisted measures come under rapid response. In other words these all listed measures come 

under prevention of disease: 

i). Biosecurity 

Biosecurity policies and measures taken to protect human and animal health from 

biological risks are essential. In the case of a disease outbreak in a non-endemic area, 

depopulation (by humane killing of infected and in-contact animals, in accordance with OIE 

standards), followed by disinfection of establishments, equipment and vehicles, in 

conjunction with a temporary ban or control of movements animals, will often be sufficient to 

prevent the spread of the pathogen. Appropriate biosecurity measures must be implemented 

throughout the world. Member countries must comply with OIE standards and guidelines, by 

ensuring that all those involved are properly trained and by providing them with the 

necessary material and human resources. 

Biosecurity is a strategic and integrated approach that encompasses the policy and 

regulatory frameworks (including instruments and activities) that analyse and manage risks in 

the sectors of food safety, animal life and health, and plant life and health, including 

associated environmental risk. Biosecurity is a holistic concept of direct relevance to the 

sustainability of agriculture, food safety, and the protection of the environment, including 

biodiversity. 

ii). Vaccination 

Vaccination is a cost-effective way of controlling animal diseases. In the case of viral 

diseases, it might be the only way to control them successfully in the absence of alternative 

therapies. Bacterial and parasitic diseases can also be controlled by antibiotics and 

chemotherapeutics, but these have their limitations, as re-infection can still occur, and it may 

be necessary to continually treat animals. Also, the increased incidence of antibiotic and drug 

resistance as well as the presence of residues in food for human consumption emphasizes the 

importance of seeking alternative methods of control. 

Vaccinations are an essential tool in our fight against infectious disease. According to 

the World Health Organization (WHO), vaccination has greatly reduced the burden of 

infectious diseases globally. Vaccines protect the vaccinated individual by direct 

immunization and can protect unvaccinated individuals through community protection or 

herd immunity. Vaccination has also been highlighted as one of the main reasons for the fall 

in health disparities both within and across countries in the last century. Understandably, 

vaccine safety gets more public attention than vaccination effectiveness, but independent 

experts and WHO have shown that vaccines are far safer than therapeutic medicines. 
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Vaccination programme is part of an integrated control strategy utilizing a combination of 

control measures. This is very useful in control and prevention of disease if the robust 

vaccine is available for the particular disease agents. Vaccines should be produced by 

following international guidelines in the OIE Manual of Diagnostic Tests and Vaccines for 

Terrestrial Animals.  

Vaccination is useful in the control of many diseases. However, vaccination will 

achieve the desired results when the vaccination programme is part of an integrated control 

strategy. If vaccination is applied the following points should be considered:  

(i) Role of Vaccination 

 Mass vaccination helps in control of disease in herd, if target population is wild 

animals the targeted vaccination may also effective. For effective control of disease 

Vaccination should be done with serological monitoring of the vaccine for effectiveness. The 

validated strategy to differentiate infected and vaccinated animals (DIVA), if available, 

should be used for surveillance. 

(ii) Vaccine Quality 

 A vaccine quality assurance programme ensures the purity, safety, potency and 

efficacy of vaccines. Vaccines used within control programmes should be licensed under the 

authority of the Veterinary Authority.  

(iii) Vaccine Delivery  

Maintenance of the cold chain and proper administration and effective delivery of 

vaccine is essential for achieving an adequate level of population immunity.  

(iv) Vaccine and Antigen Banks  

Vaccine and antigen banks could be useful to ensure that sufficient stocks are 

available. Such banks may be maintained at national or regional levels and should comply 

with the provisions mentioned on International standards for vaccines banks of the Terrestrial 

Manual.  

Other measures regardless of whether vaccination is used or not, a disease control 

programme should utilize a mix of control measures and tools. 
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Foot-and-mouth disease (FMD) is an economically important, highly infectious 

disease of domestic and wild cloven-hoofed animals including cattle, buffalo, swine, sheep 

and goats. The disease is characterized by debilitating oral and pedal vesicles that result in 

high morbidity. FMD generally causes low mortality, except in young animals where it 

causes very high mortality (up to 100%). FMD has acquired the status of most important 

transboundary animal disease of economic importance worldwide. The direct and indirect 

losses due to this menace to the livestock industry are huge. The etiologic agent, FMD virus 

(FMDV), is a member of the Aphthovirus genus of the Picornaviridae family. The virus 

exists in seven serologically and genetically distinguishable serotypes globally, namely, O, A, 

C, Asia-1, Southern African Territories (SAT)-1, SAT-2 and SAT-3 with multiple subtypes 

in each serotype. In India, of the four serotypes (O, A, C and Asia-1) prevalent previously, 

there are three serotypes (O, A and Asia-1) circulating currently. FMDV serotype C has not 

been recorded since 1995. Of these, FMDV serotype O is the most prevalent followed by 

serotypes Asia-1 and A. 

The ICAR-Directorate on FMD (D-FMD), Mukteswar, Nainital, Uttarakhand is the 

Nodal Agency and premier Institute for FMD research in India with a vision to make India 

free from FMD. The project was established as an All India Coordinated Research Project 

(AICRP) for Epidemiological Studies on FMD in 1968. The AICRP was upgraded to the 

Project Directorate on FMD in July 2000 and subsequently to Directorate of FMD in 2015-16 

with 27 Regional and Collaborative Centres throughout the country. The ICAR-DFMD has a 

mandate of active epidemiological surveillance through regularly monitoring antigenicity and 

genomic makeup of the circulating FMDV and develops technologies to control the disease 

with ultimate goal of its eradication. The ICAR-DFMD is also responsible for providing 

technical support and scientific input in planning control of FMD in the country and the 

SAARC region. Recently, ICAR-International Centre on FMD has been inaugurated at 

Bhubaneswar, Orissa on 1
st
 April 2017. 

A. FMD-Control Program in India 

Considering the economic importance of the disease, the Govt. of India launched 

country wide FMD-Control Program (FMD-CP) in December 2003 with an idea of 

developing ‗FMD-free zones‘ initially in 54 districts of three different geographical zones of 

India. The programme envisaged bi-annual vaccinations with a trivalent FMDV O, A and 

Asia-1 vaccine of all the susceptible cattle and buffaloes. Pre-vaccination (before) and post-

vaccination (approx. one month) serum samples are being collected by the respective state 

Animal Husbandry departments and submitted to testing centers of ICAR-DFMD for 

estimation of level of serotype specific antibodies by Liquid Phase Blocking ELISA. All the 

Regional and Collaborative Centers, and Central FMD laboratory of the Directorate are 

participating in this pre- and post-vaccinal sero-conversion monitoring under FMD- CP. 

Based on the initial success in 54 districts, additional 167 districts were included 

under the programme in 2010-11 (Phase II). Subsequently, in 2013-14 (Phase III) and 2015-

16 (Phase IV) 110 and 38 districts, respectively were included. During 2017 (Phase V), 91 

districts from West Bengal, Himachal Pradesh, Madhya Pradesh and Uttarakhand have been 

included, thus covering a total of 460 districts covering all the states of Southern peninsula 
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(Kerala, Tamil Nadu, Puducherry, Karnataka and Andhra Pradesh), Maharashtra, Goa, 

Daman & Diu, Gujarat, Punjab, Haryana, Delhi, Dadra & Nagar Haveli, Andaman & Nicobar 

Islands, Lakshadweep, Uttar Pradesh, Rajasthan, Bihar, Madhya Pradesh, Uttarakhand and 

Himachal Pradesh. The north eastern region comprising of seven states (Arunachal Pradesh, 

Assam, Manipur, Meghalaya, Mizoram, Nagaland, and Tripura) is not covered under FMD-

CP and yearly FMD vaccination is carried under ASCAD scheme. Since the beginning of 

FMD-CP, a total of 23 rounds of mass vaccinations have been completed successfully. 

B. Impact of FMD-CP in India 

The pre- and post-vaccination sero-monitoring data, epidemiology of the disease and 

DIVA reactivity (national sero-surveillance) from different phases of vaccination under the 

FMD-CP in all the state of India has been analyzed  to assess the implementation and impact 

of FMD-CP. 

a. Sero-monitoring of FMD-CP: The protective herd immunity based on sero-conversion 

post-vaccination (>1.8 log10 antibody titres against FMDV serotypes O, A and Asia-1) 

increased progressively since the start of FMD-CP (with minor aberrations) indicating 

positive impact of vaccination. 

b. Epidemiology of FMDV: During the year 2016-17, a total 150 FMD incidences were 

recorded throughout India (Table 1). Surprisingly, FMDV serotype O was responsible for all 

the incidences recorded during the year. For the first time, there was no incidence due to 

FMDV serotypes A and Asia-1.  

Table1: FMD incidences recorded in India during 2016-17  

States No. of FMD incidences  

Southern Region 

Karnataka  42  

Kerala  07  

Total 49 

Northern Region 

Haryana  05 

Himachal Pradesh  04  

Uttarakhand 01  

Uttar Pradesh  01  

Total 11  

Central Region 

Chhattisgarh  01  

Madhya Pradesh  04  

Total 05 

Western Region 

Gujarat  05  

Rajasthan  01  

Total 06 

Eastern Region 

Bihar 09 

West Bengal 13 

Total 22 
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North Eastern Region 

Arunachal Pradesh 02 

Assam 38 

Manipur 03 

Meghalaya 03 

Mizoram 02 

Nagaland 07 

Tripura 02 

Total 57 

Grand Total 150 

Source: Subramaniam et al. (2017) 

Maximum FMD incidences (57) were reported from the north eastern region - all the 

seven north eastern states reported FMD incidences probably because these states are not 

covered under FMD-CP. The central region of India comprising of Chhattisgarh and Madhya 

Pradesh reported minimum (6) number of FMD incidences.  Amongst states, Karnataka 

reported maximum (42) number of FMD incidences. No FMD incidence was reported from 

Andaman and Nicobar Islands, Andhra Pradesh, Maharashtra, Punjab, Tamil Nadu and 

Telengana states during 2016-17. 

c. DIVA Reactivity (National FMD Sero-surveillance): 

The bovine (cattle and buffalo) serum samples collected at random from various parts 

of the country were tested in r3AB3 non-structural protein (NSP) ELISA for assessing NSP-

antibody (NSP-Ab) response, which is an underlying indicator of FMD virus exposure 

regardless of vaccination status. The test revealed overall seropositivity (DIVA positive) in ~ 

22% animals. 

C. FMD-CP in Haryana 

The FMD-CP (Phase I) was launched initially in eight districts of Haryana (Bhiwani, 

Fatehabad, Hisar, Jhajjar, Jind, Rohtak, Sirsa, and Sonepat) in January 2004. The animals in 

the remaining 13 districts of Haryana were also vaccinated under Assistance to States for 

Control of Animal Diseases Plan (ASCAD). Subsequently, the animals from these ASCAD 

districts were also covered under Extended FMD-CP (Phase II) in 2010-11, thus bringing 

whole Haryana under FMD-CP (22 districts in 2017). Since the beginning of FMD-CP, a 

total of 23 rounds of mass vaccinations have been completed in 8 districts (Phase I) and 13 

rounds under Extended FMD-CP in the remaining 14 districts (Phase II) successfully. 

B. Impact of FMD-CP in Haryana 

Sero-monitoring data, epidemiology of the disease and DIVA reactivity from different 

phases of vaccination in all the districts of Haryana under FMD-CP and Extended FMD-CP 

were utilized to assess the implementation and impact of FMD-CP in Haryana. 

a. Sero-monitoring of FMD-CP in Haryana: A total of 3200 (2800 pre- and 400 post-

vaccination) sera sample from Haryana were processed for sero-monitoring of FMD-CP 

Phase-XX and Extended FMD-CP Phase X against FMDV serotypes O, A and Asia-1 by 

sdLPB-ELISA. 

i. FMD-CP Phase-XX: A total of 1000 (800 pre- and 200 post-vaccination) sera sample 

from four districts of Haryana were processed for sero-monitoring of FMD-CP Phase-XX. 

The overall percent sero-conversion (animals demonstrating >1.8 log10 antibody titres) was 
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90.00, 85.00 and 97.50 against FMDV serotypes O, A and Asia-1, respectively, in cattle and 

buffaloes together. 

ii. Extended FMD-CP Phase-X: A total of 2200 (2000 pre- and 200, post-vaccination) sera 

sample from ten districts of Haryana under Extended FMD-CP Phase-X were processed. The 

overall percent sero-conversion (animals demonstrating >1.8 log10 antibody titre) was 96.00, 

95.50 and 99.50 against FMDV serotypes O, A and Asia-1, respectively in cattle and 

buffaloes together.  

b. Epidemiology of FMDV in Haryana 

During 2016-17, only five FMD incidences were recorded from the three districts 

namely Hisar (03), Sirsa (01) and Kaithal (01) in the state and all of them were caused by 

FMDV serotype O. The month-wise distribution of FMD incidences included March 2016 

(2), April 2016 (1), January 2017 (1) and February 2017 (1).The incidences were reported in 

cattle, buffalo and pigs. 

c. DIVA Reactivity in Haryana: A total of 1890 serum samples (720 from FMD-CP Pre-

Phase-XXI and 1170 from Extended FMD-CP Pre-Phase-XI) from all 21 districts in Haryana 

were processed to study the carrier status of animals. Anti-3AB3NSP antibodies against 

FMDV have been demonstrated in 23.47% (169/720) animals in eight FMD-CP districts. On 

the other hand, the animals from thirteen Extended FMD-CP districts of Haryana 

demonstrated anti-3AB3NSP antibodies in 10.51% (123/1170) animals. 

Conclusions 

FMD-CP was started in India during 2003-04 with the aim of reduction in FMD 

incidences, thus improving the livelihood of dairy farmers. Since the beginning of FMD-CP, 

a total of 23 rounds of mass vaccinations have been completed in FMD-CP districts. 

There had been few sporadic cases of FMD in FMD-CP districts affecting small 

number of animals which did not spread further due to prevalent protective herd immunity. 

During 2016-17, a total 150 FMD incidences were recorded throughout India and the 

causative virus was typed to be belonging to FMDV serotype O in all the incidences. There 

was complete absence of serotype A and Asia-1. Further, a reduction in severity of the 

clinical disease was also observed. The incidence of the disease occurrence declined 

progressively in several states of India including Haryana, which is a good indicator of 

vaccine effect and points towards success of FMD-CP in the country. Based on this trend 

(continuing for some years), monovalent vaccine against FMDV serotype O can be suggested 

instead of currently used trivalent (FMDV serotype O, A and Asia-1) vaccine. 
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MICROBIAL GENOME: DATA SUBMISSION AND ANALYSIS TOOLS 

Swati Dahiya and N. K. Kakker 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

Bioinformatics is a vast and complex multidisciplinary research area where numerous 

tools have been developed over the years to analyze constantly growing data. Since 1998, the 

European Molecular Biology Laboratory- European Bioinformatics Institute (EMBL–EBI) 

has provided public access to various mainstream sequence analysis applications. These 

include sequence similarity search services (http://www.ebi.ac.uk/Tools/similarity.html), 

such as FASTA, BLAST and InterProScan and multiple sequence alignment tools 

(http://www.ebi.ac.uk/Tools/sequence.html) such as Clustal W, T-Coffee, MUSCLE, Kalign 

and MAFFT (Goujon et al., 2010). GenBank is the National Institute of Health (NIH) genetic 

sequence database, an annotated collection of all publicly available DNA sequences (Benson 

et al., 2013).  GenBank is part of the International Nucleotide Sequence Database 

Collaboration, which comprises the DNA DataBank of Japan (DDBJ), EMBL and GenBank 

at NCBI. These three organizations exchange data on a daily basis. 

The different ways to search and retrieve data from GenBank are as follows: 

 search GenBank for sequence identifiers and annotations with Entrez Nucleotide, 

divided into three divisions: Core Nucleotide (the main 

collection), dbEST (Expressed Sequence Tags) and dbGSS (Genome Survey 

Sequences). 

 search and align GenBank sequences to a query sequence using BLAST (Basic 

Local Alignment Search Tool). BLAST searches CoreNucleotide, dbEST and 

dbGSS independently. 

 search, link and download sequences using NCBI e-utilities. 

A. Data Submission 

a. Data accepted by GenBank: GenBank is a nucleotide sequence database and accepts 

primary sequence data that is directly determined by the submitter such as mRNA 

sequences, rRNA and/or ITS, genes of prokaryotes and eukaryotes, sequences of viruses, 

transposons, cloning vectors and microsatellites, pseudo genes, phylogenetic or population 

sets, non-coding RNAs, etc. 

b. Data NOT accepted by GenBank: The following submissions are not accepted by 

GenBank: 

 Any type of sequence <200 bp long 

 If a genomic sequence of multiple exons is joined together without the sequence of the 

intervening introns 

 Only primer sequences are not accepted in GenBank because such sequences can be 

submitted directly to NCBI‘s Probe database 

 Protein only sequences 

 If sequences contain a mix of genomic and mRNA sequences as a single sequence 

 If sequences without a physical counterpart (consensus sequences) are being submitted 

then it will not be accepted. 

http://www.ebi.ac.uk/Tools/similarity.html
http://www.ebi.ac.uk/Tools/sequence.html
http://www.ncbi.nlm.nih.gov/nucest/
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c. Submission of a large number of cosmid, BAC, or YAC derived genomic clones to 

GenBank: The best way to submit such clones to GenBank is to submit through High-

Throughput Genomic (HTG) sequence division which contains unfinished high-

throughput DNA sequences that are available for BLAST similarity searches against the 

"HTGS" database. Such sequences are made public immediately and cannot be held for 

release at a later date. 

d. BankIt: As per Fetchko and Kitts (2011), BankIt is a web-based sequence submission tool 

which can be used to submit a single sequence, a few unrelated sequences or a few 

sequences with different features and/or source information, a large set of sequences with 

a small number of the same features/source information and a small batch of sequences 

with a small number of features or source information, etc. to GenBank. 

(i) Information required while submitting a sequence to BankIt: 

 Contact information of the submitter 

 Reference information: This includes the name(s) of the sequence authors and title of 

the intended or published paper describing the sequence(s) 

 Nucleotide sequence and its general information 

 Category of submission (directly sequenced or created from existing primary data) 

 Source of information (sample or life form from which the sequence was isolated) 

 PCR primers (optional information) 

 Feature information (information about each part of the sequence having a specific 

function: e.g. exon, intron, gene, coding region, functional RNA, etc.) 

After submitting information, the last page of the BankIt tool will display the finished flat 

file made from the information provided by the submitter.  

(ii) Submission of sequence(s) to GenBank using BankIt by creating an account: To get 

accustomed with GenBank record field definitions see the GenBank Annotation 

Example page. Then login to BankIt home page, and click on ―Sign in to use BankIt‖ 

located on the right at the top of the page. This will lead you to the NCBI Primary Data 

Archive (NCBI PDA) login page. Click on the ―Create New Account‖ button located below 

the login text boxes to go to the ―Create New Account‖ questionnaire. Enter the required 

information and click the ―Save‖ button. When you receive email that contains your 

temporary password, click on the link provided in the email and follow the instructions 

provided in the email to login using your temporary password and change it to a permanent 

one.  

(iii) Source Information for samples collected in the field: The isolation source is a 

modifier that describes the physical, environmental and/or local geographical source of the 

biological sample from which a sequence was derived (e.g. soil, sediment, sewage plant, 

ocean/lake/river/ground water, forest debris, soil from outside a specific chemical factory, 

gasoline polluted soil, icebergs, etc.). 

(iv) Additional Collection Information: Detailed information describing the location from 

where the organisms were isolated can be included as following source modifiers: 

 /authority: The /authority modifier includes the complete name of the organism, 

followed by the authority information. e.g.: /authority= Staphylococcus arlettae 

 /collected_by: The /collected_ by modifier should report the name(s) of the specific 

person(s) who collected the organism from which the sequence was obtained.  

e.g.: /collected_by=Neha Sharma and Sanjeev Bhardwaj 
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 /collection_date: The /collection_date modifier must be in the format DD-Mon-YYYY 

or Mon-YYYY or YYYY. e.g.:/collection_date=17-Nov-2013 OR Nov -2013 OR 2013 

 /country: The /country modifier includes province, state, region, oceans, or other 

locality names. The name of the country (or ocean) must be provided first, followed by 

a colon (:) before the additional location information. e.g.: /country=India: Haryana, 

Kurukshetra 

 /identified_by: The /identified_by modifier reports the name(s) of the specific person(s) 

who identified the taxonomy of the organism from which the sequence was 

obtained. e.g.: /identified_by=Sanjeev and Neha 

 /isolation_source: The /isolation_source modifier describes the physical, environmental, 

and/or local geographic location where the organism was isolated. e.g.: 

/isolation_source=foot odour affected individual 

(v) Bacterial Source Material: Strain identifiers distinguish your culture from other related 

isolates of the same species obtained in your lab or elsewhere. It is not mandatory to deposit 

your isolates in a culture collection to create strain identifiers for them. Each cultured 

bacterial sequence submitted should have a unique strain identifier. For example: 

/strain=SDKU6.If the same sequence was found in separate strains/ isolates/ clones, you can 

create an additional sequence submission for each source type and submit the group of 

sequences together. 

(vi) Viral Source Material: The following information should be provided with your viral 

sequence submission: Strain, Serotype or Genotype, Host, Country and Collection date 

B. Data Analysis Tools 

Alignment is the process or result of matching up the amino acid or nucleotide 

sequences of two or more biological material to achieve maximal levels of identity. In case of 

aa sequences, alignment is carried out to find out the conservation, for the purpose of 

assessing the degree of similarity and the possibility of homology. Multiple sequence 

alignment is an alignment of three or more biological sequences, generally protein, DNA, or 

RNA with gaps inserted in the sequences such that residues with common structural positions 

and/or ancestral residues are aligned in the same column. Clustal W is an example of a 

popular multiple sequence alignment program freely available and the sensitivity of the 

commonly used progressive multiple sequence alignment method has been greatly improved 

for the alignment of divergent protein sequences (Thompson et al., 1994). The NCBI 

COBALT tool also produces multiple alignments of protein sequences (Papadopoulos and 

Agarwala, 2007).Basic Local Alignment Search Tool (BLAST) is a sequence 

comparison algorithm used to search sequence databases for optimal local alignments to 

a query and is optimized for speed (Altschul et al., 1990, 1997).  
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INTERACTOMICS: A NOVEL APPROACH TO DECIPHER HOST PATHOGEN 

INTERACTIONS 

Sonika Ahlawat, Rekha Sharma, Reena Arora and MS Tantia 

ICAR-National Bureau of Animal Genetic Resources, Karnal-132001 

“Organisms function in an integrated manner - our senses, our muscles, our 

metabolism and our minds work together seamlessly. But biologists have 

historically studied organisms part by part and celebrated the modern ability to 

study them molecule by molecule, gene by gene. Systems biology is critical 

science of future that seeks to understand the integration of the pieces to form 

biological systems” 

                                                                                        (David Baltimore, Nobel Laureate) 

Since Renaissance, science has taken a distinct path in its analytical evaluation of the 

natural world. This strategy can be described as one of ―divide and conquer,‖ and is based on 

the assumption that complex problems can be interpreted by dividing them into smaller, 

simpler, and thus, more tractable units. Since the processes are ―reduced‖ into more basic 

units, this approach has been termed ―reductionism‖ and has been the most significant 

paradigm of science over the last two centuries (Ahn et al., 2006). On the other hand, the 

antireductionism argues that the context of the whole entirely determines the behaviour of the 

parts and that the behaviour of the parts within the system is qualitatively different from their 

behaviour in isolation (Boogerd et al., 2007). 

Systems Biology  

Systems biology is a biology-based inter-disciplinary field of study that focuses on 

complex interactions within biological systems, using a more holistic perspective to 

biological and biomedical research (Wikipedia). Systems biology did not come out of the 

blue. It has its roots in scientific history. Intriguingly, one of the earliest and most 

inspirational statements about cellular complexity was mentioned in the famous Beadle and 

Tatum (1941) paper that first described the ‗‗one-gene/one-enzyme/one-function‖ hypothesis. 

Apparently, Beadle and Tatum, while launching a long tradition of reductionist one-gene-at-

a-time molecular biology studies, were fully aware of the long-term implications of their 

work upon the discovery of most, if not all genes and the functional interactions they mediate 

with each other (Vidal, 2009).  

Systems biology comprehends biological systems by: 

• Identifying elements (genes, molecules, cells, …) 

• Ascertaining their relationships (co-expressed, interacting, …)   

• Integrating information to obtain view of system as a whole 

Various ‘omic’ levels used in systems genomic analyses: 

Genome: Complete collection of DNA, containing all the genetic information of an organism 

Epigenome: Complete collection of changes to the DNA and histone proteins 

Transcriptome: Complete collection of RNA molecules in a cell or collection of cells  

Proteome: Complete collection of proteins in a cell, tissue, or organism  

Metabolome: Complete collection of small-molecule chemicals in a cell, tissue or organism 

Microbiome: Complete collection of (genes of) microbes in the organism 

Metagenome: Complete collection of genetic material contained in an environmental sample 
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Phenome: Complete collection of phenotypic traits, affected by genomic and/or 

environmental factors in an organism 

Functome: Complete collection of functions described by all the complementary members in 

living organisms 

Availability of complete genome and transcriptome sequences has enabled functional 

genomic and proteomic (or ‗omic‘) approaches to map the transcriptome, proteome, 

interactome, phenome etc. in an organism. Integrating omic information helps to reduce the 

problems caused by false positives and false negatives obtained from single omic approach. 

This leads to better functional annotations for gene products and functional relationships 

between them, and allows the formulation of increasingly relevant biological hypotheses (Ge 

et al., 2003). Since Systems Biology involves application of two or more high-throughput 

omics technologies to the same animal or to biological samples from the same animal, 

integration of diverse datasets at different biological levels provides more useful information 

for a holistic improvement of production performance, disease resistance and welfare in 

animals.  

 

 

Fig 1: Integration of different omic approaches in Systems Biology (Suravajhala et al., 

2016) 

High Throughput Data Integration for Elucidating Host Pathogen Interactions 

Exposure of organisms to microbial pathogens in their environments is an intriguing 

phenomenon of life. The outcome of the infection is controlled by a series of intricate 

intracellular interactions which in turn depend on hosts‘ defense mechanisms against 

pathogenic invasions as well as pathogens ability to circumvent the host defense. A complete 

understanding of these host–pathogen interactions is pivotal to develop therapeutic and 

prophylactic measures against various diseases. In addition to heavy economic burden on the 

livestock industry due to infectious diseases, appearance of microbial resistance to various 

treatment strategies has been a cause of great concern.  This calls for development of novel 

approaches for identification of unknown pathogens and mapping of host pathogen 

interactions to develop effective countermeasures against various diseases of livestock. A 

comprehensive understanding of how animal health is impacted by host genetics, 
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environmental factors, and microbial infection can help to differentiate the animals that are 

susceptible to or naturally robust against a particular infection. With this knowledge, breeding 

programs aimed at propagating the less susceptible livestock can be advocated which would 

also help to reduce reliance on antibiotic treatment and curtail potential repercussions on 

public health. 

The important deliverables of Next- generation sequencing technologies are: 

 Discovery of novel infectious agents 

 Better classification of known pathogens 

 Genetic expression patterns of pathogens 

 Analysis of genetic expression reaction of the host to infectious agents 

 Interplay of host pathogen interactions 

 Genomic differences between hosts in response to the observed disease phenotype 

 Reverse genetic engineering to produce prophylactic treatments such as vaccines and 

probiotics 

 Identification of diagnostic biomarker for a disease 

Interactomics 

Within a cell, diverse biomolecules work together in a coordinated fashion to provide 

specific cellular functions. This coordinated action is achieved, in large part, by a variety of 

intermolecular interactions including protein-protein interactions, protein-DNA interactions, 

RNA interactions, and many others (Bader et al., 2008). The network of all such interactions, 

known as the ‗interactome‘, aims to provide a better understanding of genome and proteome 

functions. Interactomics comprises the study of whole set of molecular interactions in a 

particular cell such as physical interactions among molecules (protein–protein interactions) as 

well as indirect interactions among genes (genetic interactions). Unlike the genome, the 

interactome in a cell is dynamic since many interactions are transient, and others occur only 

in certain cellular contexts or at particular times in development. It has now become possible 

to study host-pathogen interactions at several levels (DNA, RNA, microRNA) and ultimately 

integrate these levels in a systems perspective to understand the intricate biological networks 

of pathogen, microbiome and host. There are many instances of application of this approach 

in veterinary medicine. 

A. Delineation of Host Transcriptome Response to Infection 

Rue-Albrecht et al.(2014) carried out comparative analysis of bovine macrophage 

transcriptomes (Affymetrix® GeneChip® Bovine Genome microarray platform) infected by 

either Mycobacterium bovis or Mycobacterium avium subspecies paratuberculosis (MAP), at 

different time points post-infection. They observed a much more robust immune response to 

M. bovis than MAP. Expression analysis revealed ability of MAP to reside and replicate in 

macrophages for extended periods and suppress pro-inflammatory responses of the host. In 

case of M. bovis, the immunoevasive capability relied on enhanced type I interferon-inducible 

gene expression to suppress IL-1 production required for host control of infection. Such 

studies highlight the importance of functional genomics to unravel host–pathogen interactions 

that underlie different microbial diseases. 

B. Identification of Novel Pathogens 

The extensive data produced by next generation technologies facilitates diagnosis of 

novel diseases of unknown etiology in addition to providing a broader understanding of 

prospective pathogens of known diseases. Such information can further throw light on better 

disease diagnostics, and improved understanding of the pathogenicity of the infectious agent.  
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Recently, Staphylococcus microti, a rarely observed microorganism was reported to be a 

causative agent of mastitis resulting in a contagious udder infection in a Holstein–Friesian 

herd in Poland (Krol et al., 2016). Another significant metagenomic analysis (Masuda et al., 

2014) allowed the discovery of a novel viral pathogen (G15P[14]) that was responsible for an 

epizootic outbreak of diarrhea in adult cows in Japan in 2013. Deep sequencing also 

unraveled an obligatory mixture of Bovine Viral Diarrhea Viruses (BVDV) to be the 

causative agents of an unusual high mortality causing acute diarrhea outbreak in Germany in 

2013 (Jenckel et al., 2014). 

C. Development of Predictive Biomarkers 

With advancement of highly informative high throughput technologies, elucidation of 

pathogen directed host genome expression has now become a reality. The host can detect a 

pathogen-specific molecular fingerprint, thus eliciting a host response profile that could be 

unique to that pathogen, in addition to a general immune response. Such information opens 

new vistas for development of diagnostic biomarkers for a disease. For instance, IL-22 

mRNA has been identified as a predictive biomarker of bovine tuberculosis vaccination 

efficacy in British calves with the help of transcriptome sequencing (Bhuju et al., 2012). 

Another interesting example is of miR-155 (microRNA), which has been identified as a 

biomarker of both tuberculosis disease development and the severity of the pathology (Golby 

et al., 2014). 

D. Assessment of Impact of Host Microbiome on the Pathogen and vice-versa 

The study of impact of host microbiome on the pathogen and vice-versa is a fascinating 

area to explore in livestock. There are ample reports documenting the ability of bovine gut 

microbiome to impact host immune response via secretion of anti-microbial compounds, or 

by modulating the expression of genes encoding host mucosal immune responses (Taschuk 

and Griebel, 2012). Bouchard et al.(2015) carried out detailed analyses of lactic acid bacteria 

isolates from bovine mammary gland microbiota to select a candidate probiotic strain that 

could be used against infectious mastitis. Whole genome sequencing of five chosen lactic 

acid bacteria strains enabled identification of genomic determinants influencing colonization 

and immunomodulation capacities. Sequence analysis identified Lactobacillus brevis 1595 

strain as a desirable probiotic because of its ability to inhibit the growth of mastitis 

pathogens, the capacity to colonize host tissue and compete with mastitis pathogens, and the 

potential to stimulate the innate immune system. Additionally, viral metagenomic analysis 

has revealed that phage communities in an animal‘s mucosa are also considered a potential 

source of a non-host-derived defense against invading bacteria (Barr et al., 2013). Phage 

Immunoglobulin-like domains bind variable glycan residues that coat the mucin glycoprotein 

component of mucus and protect the underlying epithelium from bacterial infection. 

E. Unraveling the Molecular Basis of Susceptibility or Resistance to a Disease  

Many breeds of different livestock species with long histories of living in areas of 

endemic disease have evolved mechanisms that enable them to co-exist with specific 

pathogens. Identification of genetic determinants that control tolerance and resistance to a 

pathogen could provide novel strategies to ensure animal welfare. The animal genetic 

resources of India have been acknowledged worldwide for possessing unique attributes like 

heat tolerance, disease resistance, hardiness, ability to survive under harsh climatic conditions 

and sustenance on low quality roughages. Higher susceptibility of the exotic cattle and their 

crossbreds to mastitis, Foot and Mouth Diseases and haemo-protozoan infections as 

compared to the indigenous counterparts has been substantiated in a number of studies. 

Currently, knowledge about the molecular mechanisms governing the susceptibility or 
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resistance of cattle to diseases is limited. Therefore, in today‘s context, elucidation of the 

molecular process and potential mechanisms of hosts‘ response to pathogen stress has 

assumed utmost significance. An interesting example in this regard is tick-borne diseases of 

cattle, Theileriosis. The protozoan parasite, Theileria annulata infects myeloid cells which 

are also the main producers of inflammatory cytokines. In response to infection, 

inflammatory cytokines produced by macrophages enter the circulation and induce an acute 

phase proteins (APP) response which is known to be higher in Bos taurus Holstein breed than 

Bos indicus Sahiwal breed. Glass et al.(2012) resorted to a functional genomics approach to 

understand the molecular basis of this difference by profiling the macrophage transcriptome 

and identified the major differentially expressed genes to be signal regulatory protein (SIRP), 

bovine major histocompatibility complex (MHC) (BoLA) class II genes and transforming 

growth factor (TGF) between the two groups. 

F. Meta-transcriptomics Approach to Decipher the Dynamics of Host-pathogen 

Interactions 

Pathogenic bacteria are known to rapidly adjust their virulence to prevent elimination by 

the host defences. For most diseases, underlying adaptation processes that drive pathogenesis 

have been studied in vitro but these studies do not reveal the complete picture since the true 

complexity of host-induced stimuli acting on the invading pathogen is ignored. Therefore, it 

is imperative to map changes or different states over the course of infection for both host and 

pathogen that would explain the dynamic host-pathogen interactions. With this concept in 

mind, many studies have been initiated.  For example, Nuss et al., 2017 carried out 

simultaneous monitoring of genome-wide infection-linked transcriptional alterations of the 

host lymphatic tissues in response to Yersinia pseudotuberculosis. Large number of 

alterations of host transcripts associated with inflammatory and acute-phase responses, 

coagulative activities, and transition metal ion sequestration were identified suggesting that 

the immune response is dominated by infiltrating neutrophils and elicits a mixed TH17/TH1 

response. Consequently, the pathogen‘s response is mainly directed to prevent phagocytic 

attacks. Comprehensive profiling of host and pathogen responses as well as underlying 

regulatory processes is nowadays possible with latest next-generation tools. Dual RNA-seq 

studies for simultaneously capturing all classes of coding and noncoding transcripts in both 

the pathogen and the host in order to understand molecular changes accompanying microbial 

infections of eukaryotes have emerged as promising attempts to unveil the biological 

complexity (Westermann et al., 2017). 

G. Selection and Breeding of Superior Animals 

Animal Husbandry can become a profitable enterprise if superior animals in terms of 

production, disease resistance, adaptability etc. can be selected as parents of future 

generation. This has now become possible because of an important revolutionary initiative 

called genomic selection (GS). GS is an enhanced version of marker-assisted selection in 

which information about the whole genome (Single Nucleotide Polymorphisms; SNPs) is 

used in combination with the pedigree to predict breeding values of animals in a certain 

population (Meuwissen et al., 2013). GS or genomic prediction involves two stages. First, the 

effects of SNPs are estimated using a training population for which both phenotypic and 

genomic information is available. Second, the effects of known SNPs are used to predict 

breeding values for a population for which only genomic data is available. GS has immense 

potential for livestock genomics, since it significantly reduces the generation interval and 

thereby increases the response to selection. Furthermore, traits that are difficult or even 

impossible to measure (e.g. milk production on bulls or carcass traits on live animals) can 

now be genetically predicted and used to improve breeding strategies. This suggests that 
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genetic variation can be exploited to breed livestock with more resistance to infectious 

diseases, or reduced infectivity. There are many successful examples from animal science to 

establish the benefits of this approach. The role of sire selection based on genetic merit in 

disease control has been exemplified in Johne‘s disease in cattle (Van Hulzen et al., 2014). 

Compelling evidence is also available which supports that breeding for disease resistance 

could be associated with improved reproductive performance and longevity in cows, thereby 

improving herd health management (Parker Gaddis et al., 2014). 

Conclusions 

It has been accepted beyond doubt that the next-generation high throughput strategies 

can revolutionize our understanding of the complexities of important livestock diseases. 

Decreasing costs and increasing information content have armed the scientists with high-

resolution tools for enhanced understanding of pathogen evolution, adaptation, and virulence 

determinants as well as complex interactions between pathogen, host and microbiome. This 

in turn will pave way for better elucidation of biological processes leading to protective 

immunity and selection of robust animals for molecular breeding. 

REFERENCES 

Ahn AC, Tewari M, Poon CS et al. 2006. The Limits of Reductionism in Medicine: Could 

Systems Biology Offer an Alternative?  PLoS Medicine 3 (6): 709-13. 

Bader S, Kuhner S and Gavin AC. 2008. Interaction networks for systems biology. FEBS 

letters 582: 1220-4. 

Barr JJ, Auro R, Furlan M et al. 2013. Bacteriophage adhering to mucus provide a non-host-

derived immunity. Proc  Nat Acad Sci. U.S.A. 110: 10771-6.  

Beadle GW and Tatum EL. 1941.Genetic control of biochemical reactions in Neurospora. 

Proc  Nat Acad Sci. U.S.A. 27: 499-506. 

Bhuju S, Aranday-Cortes E, Villarreal-Ramos B et al. 2012. Global gene transcriptome 

analysis in vaccinated cattle revealed a dominant role of IL-22 for protection against 

bovine tuberculosis. PLoS Pathogens 8: e1003077.  

Boogerd FC, Bruggeman FJ, Hofmeyr JHS et al. 2007. Towards philosophical foundations of 

Systems Biology: Introduction in Systems Biology. ISBN: 978-0-444-52085-2. 

Bouchard DS, Seridan B, Saraoui T et al. 2015. Lactic acid bacteria isolated from bovine 

mammary microbiota: potential allies against bovine mastitis. PLoS ONE 10: 

e0144831.  

Gaddis P, Cole KL, Clay JB et al.2014.Genomic selection for producer-recorded health event 

data in US dairy cattle. Journal of Dairy Science 97: 3190-3199. 

Ge H, Walhout AJM and Vidal M. 2003.Integrating ‗omic‘ information: a bridge between 

genomics and systems biology. TRENDS in Genetics 9 (10): 551-560. 

Glass EJ, Crutchley S and Jensen K. 2012. Living with the enemy or uninvited guests: 

functional genomics approaches to investigating host resistance or tolerance traits to a 

protozoan parasite, Theileria annulata in cattle. Veterinary Immunology and 

Immunopathology 148: 178-89. 

Golby P, Villarreal-Ramos B, Dean G et al. 2014. MicroRNA expression profiling of PPD-B 

stimulated PBMC from M. bovis challenged unvaccinated and BCG vaccinated cattle. 

Vaccine 32: 5839-5844.  



ICAR-CAFT 30th Course ‘Microbial Genomics and Proteomics in Diagnosis and Control of Diseases of Veterinary Importance’, 
Department of Veterinary Microbiology, LUVAS, Hisar, November 7-27, 2017. 
 

Sanjay Kapoor, N. K. Kakker and Rajesh Chhabra (Editors), LUVAS, Hisar 21 
 

Jenckel M, Hoper D, Schirrmeier H et al. 2014. Mixed triple: allied viruses in unique recent 

isolates of highly virulent type2 bovine viral diarrhea virus detected by deep 

sequencing. Journal of Virology 88: 6983-92. 

Krol J, Wanecka A, Twardon J et al. 2016.Isolation of Staphylococcus microti from milk of 

dairy cows with mastitis. Veterinary Microbiology 182: 163-69. 

Masuda T, Nagai M, Yamasato H et al. 2014. Identification of novel bovine group A 

rotavirus G15P[14] strain from epizootic diarrhea of adult cows by de novo 

sequencing using a next-generation sequencer. Veterinary Microbiology 171: 66-73. 

Meuwissen T, Hayes B and Goddard M. 2013.Accelerating improvement of livestock with 

genomic selection. Annual Review of Animal Biosciences 1: 221-37. 

Nuss AM, Beckstette M and Pimenova M. 2017. Tissue dual RNA-seq allows fast discovery 

of infection-specific functions and riboregulators shaping host-pathogen 

transcriptomes. Proceedings of National Academy of Science U.S.A.114 (5): E791-

E800. 

Rue-Albrecht K, Magee DA, Killick KE et al. 2014 Comparative functional genomics and 

the bovine macrophage response to strains of the mycobacterium genus. Frontiers in 

Immunology 5: 536.  

Suravajhala P, Kogelman LJA and Kadarmideen HN. 2016. Multi‑omic data integration and 

analysis using systems genomics approaches: methods and applications in animal 

production, health and welfare. Genetics Selection and Evolution 48: 38. 

Taschuk R and Griebel PJ. 2012. Commensal microbiome effects on mucosal immune system 

development in the ruminant gastrointestinal tract. Animal Health Research Reviews 

13: 129-41. 

VanHulzen KJ, Koets AP, Nielen M et al. 2014. The effect of genetic selection for Johne‘s 

disease resistance in dairy cattle: results of a genetic epidemiological model. Journal 

of Dairy Science 97: 1762-73. 

Vidal M. 2009. A unifying view of 21
st
 century systems biology. FEBS Letters 583: 3891-94. 

Westermann AJ, Barquist L and Vogel J. 2017. Resolving host–pathogen interactions by dual 

RNA-seq. PLoS Pathogens 13 (2): e1006033.  

 

  



ICAR-CAFT 30th Course ‘Microbial Genomics and Proteomics in Diagnosis and Control of Diseases of Veterinary Importance’, 
Department of Veterinary Microbiology, LUVAS, Hisar, November 7-27, 2017. 
 

Sanjay Kapoor, N. K. Kakker and Rajesh Chhabra (Editors), LUVAS, Hisar 22 
 

GENOMIC APPROACHES FOR THE DIAGNOSIS AND CONTROL OF CLINICAL 

AND SUB-CLINICAL MASTITIS 
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Mastitis (inflammation of mammary gland parenchyma) is a disease complex with 

multiple causes, varying degrees of clinical intensity, and variations in duration and residual 

effects. It has been shown to affect farm profitability and animal welfare. Furthermore 

mastitis brings concern of delivery of antibiotic residues in milk and the environment due to 

high frequency of veterinary treatments. The etiological agents include wide variety of gram 

positive and gram negative bacteria and fungi. They may be either contagious like 

Staphylococcus aureus, Streptococcus agalactiae or environmental, like S. dysgalactiae, S. 

uberis, Corynebacterium bovis and Coagulase negative Staphylococcus, Mycoplasma bovis.  

It has been demonstrated that early detection of mastitis can enhance curing rates and 

reduce the time required to recover the production of normal milk when coupled with 

appropriate antimicrobial therapies. Identification of the pathogen is not only important to 

determine an effective antimicrobial treatment, but also to monitor and control the rate of 

infection at the farm level. Conventional microbiological methods have been the gold 

standard for identification of bacteria from milk. The methods, involving bacterial culture and 

subsequent biochemical tests on the isolate, are able to identify viable bacteria and perform 

the test of antibiotic susceptibility. However, it is very time consuming, usually taking more 

than 48 hr to complete a detailed identification of pathogens. In addition, false results can be 

obtained when the mastitis is induced by bacteria capable of intracellular survival. 

In the recent year with the technological advances, together with increased proteomic 

and genomic information, analysis of mastitis causing infectious agents has gained interest of 

researcher around the world which has also resulted in improvements in the sensitivity of 

assays used for the detection of mastitis. These upcoming diagnostic strategies have shown 

promising advantages over the conventional tests which are reviewed as below: 

A. Recent Advancement in Cow Side Tests: A thermal camera was used to diagnose 

experimentally-induced mastitis and could detect temperature changes of 1 to 1.5 8 C. 

Infrared thermography was also used to measure skin surface temperatures in infected cows, 

and a strong correlation between skin surface temperature and SCCs was observed. 

Estimation of the levels of inflammation-related enzymes might also be used for the detection 

of mastitis as these show good correlation with SCCs. For example, an LDH activity assay as 

well recent approach like study of acute phase proteins has also advanced the sub clinical 

mastitis detection procedures using ELISA technique for their detection. These are the 

protein which level is increased during early phase of inflammation. The identification of 

somatic cell DNA by fluorescent staining can also be used ‗on-site‘ for the reliable 

determination of elevated SCC levels and thus the probable presence of mastitis. 

B. Nucleic Acid Amplification Methods: The genome sequences of many of the major 

mastitis causing pathogens are now available and can be utilized to develop nucleic acid-

based testing methods, such as PCR. They are highly sensitive and specific, can be performed 

rapidly and can give result in ‗real-time‘ like the real time PCR. They can also overcome the 

sensitivity and time-constraints sometimes encountered with culture-based tests and thus 

could complement or replace them in the long-term. PCRs allow the identification of closely 

related organisms within a few hours. Multiplex PCR and ‗real-time‘ PCR assays that can 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=Staphylococcus+aureus
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simultaneously detect different mastitis-causing organisms and the most recently developed 

assay is capable of detecting 11 of the major mastitis-associated pathogens. 

Other molecular typing methods used for bovine mastitis pathogen identification include 

amplified fragment length polymorphism (AFLP) analysis at a species level, restriction 

fragment length polymorphism (RFLP) analysis at a strain level, multiple locus variable-

number tandem repeat analysis (MLVA) at a strain level, ribotyping at a species level, 

transfer DNA intergenic spacer length polymorphism analysis at a species and strain level, 

pulsed-field gel electrophoresis (PFGE) typing at a strain level and DNA sequencing of 

housekeeping genes at a species and strain level. From these 8 methods, only 3 namely 

AFLP, RFLP and PFGE have been performed directly from milk samples but all required 

prior isolate recovery by micro-biological culture. There appears to be higher reproducibility 

and sensitivity. Molecular methods have been shown to be potential approaches for such 

purposes. Methods that use PCR based on the 16S–23S rRNA region sequences have been 

applied successfully for the identification of many bacteria. 

C. Biosensors: However with different DNA-based methodologies which need isolated 

genetic materials and sophisticated instruments, make them unsuitable for field analysis. 

Therefore there is strong interest for developing new change using the biosensing systems for 

early detection of animal diseases with high sensitivity and specificity. Biosensor recognizes 

a target biomarker, characteristic for particular pathogen, via an immobilized sensing element 

called bioreceptor (monoclonal antibody, RNA, DNA, glycan, lectin, enzyme, tissue, and 

whole cell). The bioreceptor is a crucial component as its biochemical properties assure high 

sensitivity and selectivity of the biomarker detection and permit to avoid interferences from 

other microorganisms or molecules present in the tested sample. The specific biochemical 

interaction between the biomarker and the bioreceptor is converted into a measurable signal 

by the transductor. Signal recording and display should, then, allow qualitative and 

quantitative pathogen identification.  An overview of the innovative biosensing systems show 

that can be applied for livestock pathogen detection including in diseases like mastitis. 

Nowadays different sensing strategies based on DNA receptors, glycan, aptamers and 

antibodies are presented. Besides devices still at development level some are validated 

according to standards of the World Organization for Animal Health and are commercially 

available. Especially, the paper-based platforms proposed as an affordable, rapid and easy to 

perform sensing systems for implementation in field condition are being focused in recent 

test development. Biosensors have also been developed to detect mastitis by making use a 

biological receptor molecule (e.g. antibody, enzyme, nucleic acid) in combination with a 

transducer to produce an associated signal, allowing observation of a specific biological event 

(e.g. an antibody–antigen interaction).For example, Pemberton and co-workers developed an 

electro biochemical sensor using a screen-printed carbon electrode (SPCE) that could detect 

NAGase via its ability to convert the substrate 1-naphthyl N-acetyl-b-D glucosaminidine to 1-

naphthol, which was subsequently detected by the electrode. The limit of detection of this 

NAGase assay is 10 mU/mL. In another approach, Akerstedt and colleagues developed a 

competitive biosensor assay using surface plasmon resonance to monitor the interaction 

between Hp, which was immobilized onto the chip surface, and haemoglobin (Hb) to 

discriminate between sub-clinical mastitic and non-mastitic milk. 

D. Biochip for Rapid Detection of Multiple Agents of Mastitis: A biochip is based on the 

DNA complementary property to capture specific target DNA. For this first the genomic 

DNA of the pathogens is extracted from milk, and PCR technology is applied to amplify the 

specific target DNA. The amplicons, amplified PCR products of target DNA, are transferred 

to react/ hybridize with specifically designed probes that are pre-spotted on the chip. Only the 
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target DNA is able to hybridize with specific complementary probes and the rest are washed 

away during stringent washes. Finally, subsequent colorimetric development demonstrates 

the pattern of pathogens presented in the sample. Biochip capable of detecting 7 common 

species of mastitis-causing pathogens, including Corynebacterium bovis, Mycoplasma bovis, 

Staphylococcus aureus, and the Streptococcus spp. S. agalactiae, S. bovis, S. dysgalactiae, 

and S. uberis, within 6 hr was developed. The technique is based on DNA amplification of 

genes specific to the target pathogens and consists of 4 basic steps: DNA extraction of 

bacteria, polymerase chain reaction, DNA hybridization, and colorimetric reaction. The 

biochip could be a feasible tool for rapidly diagnosing mastitis-causing pathogens in milk and 

providing information for a more effective treatment to cure mastitis. Several disadvantages 

are associated with conventional culture methods. A negative culture can result from residual 

antibiotics after antibiotic therapy or from low numbers of pathogens in the sample. The 

robotically spotted DNA biochips can be used to facilitate the identification of mastitis 

pathogens in conjunction with multiplex PCR methods. Because the method exploits the 

specificity of both PCR and DNA hybridization reactions, it offers a degree of accuracy 

superior to those of many other methods commonly used to detect PCR-amplified DNA. The 

mastitis biochip test displays excellent specificity and good sensitivity. 

E. Molecular Markers: Molecular marker is a term used to refer to a specific DNA variation 

between individuals that has been found to be associated with certain characteristics. These 

variations include insertions, deletions, translocations, duplications, and point mutations. 

They have characteristic biological properties that can be detected and measured in any parts 

of the body such as the blood or tissue at any stage and they are not confounded by 

environment, pleiotropic, or epistatic effects. Conventionally selective breeding is a main 

focus to improve the genetics of animals. However, traditional breeding techniques in dairy 

cattle take many years and do not efficiently take into account all sources of genetic 

variability. Similarly, in sex-limited, low heritable or late-expressed traits, the impact of 

traditional breeding is limited. The use of molecular markers will help to address the 

problems associated with traditional selection and thus help to select genetically superior 

animals Out of many QTL studied for mastitis, a good association between DNA sequence 

variation and mastitis resistance or susceptibility has been found for around 15 candidate 

genes: BoLA-DRB3, CXCR2, bovine lactoferrin gene, CCL2, IL8, CCR2 and IL8RA. 

Studies have shown that BoLA-DRB3, IL8RA, TLR4. BoLA and LTF are highly associated 

with mastitis and can be considered as important candidate genes for cattle mastitis studies. 

Also, BoLA-DRB3 and LTF genes show an association with both mastitis and production 

traits. 

Future Perspectives 

Continuous monitoring of mastitis, and its careful management, is essential for the 

well-being of a dairy herd. This can be achieved through the detection of inflammation at its 

early stages and, subsequently, the detection and treatment of the mastitis infection. 

Traditional and well-established tests include SCCs and culture based methods. Assays 

mainly used ―pen side‖ are only indicative but not conclusive of the infection status of the 

animal. Molecular methods have been shown to be potential approaches for such purposes. 

Methods that use PCR based on the 16S–23S rRNA region sequences have been applied 

successfully for the identification of many bacteria. Multiplex  

PCR methods targeting the 16S–23S rRNA spacer regions were developed to detect S. 

aureus and Streptococcus spp. S. agalactiae, S. dysgalactiae, and S. uberis. Although DNA 

arrays have been most widely used by the genomics research community to study gene 

expression patterns and identify new genes, many researchers have speculated that they might 
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also prove useful in DNA-based diagnostics. Recently, DNA microarray technology has 

proven to be a highly sensitive and accurate tool for distinguishing closely related bacterial 

species.6,16 The major advantages of microarray derive from its ability to use only 

nanograms of nucleic acids and handle thousands of samples simultaneously, as well as its 

sensitivity, specificity, rapidity, and ease of analysis. However, the development of novel 

analytical platforms incorporating enzymatic assays, immunoassays, biosensors and nucleic 

acid tests are progressively replacing the more conventional methods. Also, with advances in 

proteomics and genomics, new biomarkers are being discovered, allowing the disease to be 

detected at earlier stages. This will lead to assays with higher sensitivity, which can provide 

additional quantitative information on the level of inflammation ‗on-site‘ and ‗on-line‘ and 

which are also faster and less expensive. Furthermore, over the long term, we believe that 

biosensors technology combining nanotechnologies, advances nucleic acid amplification 

methods, and next-generation sequencing analysis will be a powerful systemic tool for 

pathogens detection and surveillance system to control animal disease outbreaks and 

prevention. Development of reference materials, harmonization of sampling methods, mobile 

analysis and data networking will significantly support developing of high sensitive and 

selective biosensors for real-time in field monitoring. Furthermore, recent advances in 

microfluidics will facilitate the development of improved technologies that could 

subsequently be incorporated into automatic monitoring systems and portable assays for 

sensitive and rapid detection of mastitis. Development of technologies to measure 

polymorphisms at loci along with microsatellite markers and microarray technology provides 

an idea about the advancement in the field of biotechnology and genetics to improve cattle 

health and production. Proteomic studies performed for several mastitis pathogens have led to 

information on protein expression pattern, which can be applied to the discovery of new 

therapeutic targets. However, these innovations are still not possible to use for routine 

diagnosis. In conclusion, the demands for an alternative, fast, and accurate diagnostic 

procedure for mastitis is rising as farms increase in size, cows produce more milk, and 

milking techniques such as automatic milking systems become more common. 
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NEWER APPROACHES FOR DEVELOPMENT OF CLASSICAL SWINE FEVER 

VACCINE USING REVERSE GENETICS SYSTEM 
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Classical swine fever (CSF), also known as hog cholera, is a highly contagious OIE 

listed viral disease of swine leading to substantial economic losses to pig industry. The 

causative virus, CSF virus (CSFV) belongs to the genus Pestivirus under the family 

Flaviviridae. The clinical form ranges from acute infections characterized by high fever, 

leucopoenia, paresis of hind legs, skin hemorrhages and death within 10 to 20 days to 

clinically inapparent disease depending upon the strain of the virus and susceptibility of 

animal. In enzootic countries, vaccination is used for control of the infection.  

The CSFV genome contains a single ORF of 3898 codons capable of coding 435 kDa 

polyprotein, which is co- and post- translationally processed by viral and cellular proteases to 

yield four structural (C, E
rns

, E1, E2) and seven non-structural viral protein. The genome 

organization of CSFV like other Pestiviruses is 5'—[Npro]—[C]—[E
rns

]—[E1]—[E2]—

[P7]—[NS2/3]—[NS4A]—[NS4B]—[NS5A]—[NS5B]—3'. Out of these, the E
rns

, E1 and 

E2 are the major glycoproteins located in the outer membrane of the virion and are involved 

in the attachment and penetration of the virus into host cells. In addition, E
rns

 exhibit RNase 

activity. After infection with CSFV, antibodies to the structural glycoprotein E2 and E
rns

 and 

non-structural glycoprotein NS3 are induced. Among these, the envelope glycoprotein E2 is 

the most immunogenic protein of CSFV which induces neutralizing antibodies and confers 

protective immunity to the pigs. The glycoprotein is exposed on to the surface of the virion 

and represents an important target for induction of immune response during infection.     

Control of CSFV 

Two main strategies to control CSF epizootic are systematic prophylactic vaccination 

and non-vaccination stamping out policy. The live attenuated vaccines, namely lapanized 

Chinese strain, Japanese GPE- strain, French cell culture adapted Thiverval strain have high 

potency, require annual booster and being used in different parts of world. In India, lapanized 

and a cell culture based vaccine are currently being used for CSFV. The non-vaccination 

stamping out policy is adapted in many countries free of disease such as USA, Canada, 

Brazil, South Africa, Japan and most of EU countries. However emergency regional 

vaccination is performed rarely for effective control.  

Two marker vaccines licensed for use in EU having E2 based vaccine along with Erns 

ELISA as companion test. These are Bayovac CSF
®
 - Bayer with Ceditest Marker

®
 and 

Porcilis Pesti
®
-Intervet with Chekit marker

®
. The key difference between marker vaccines 

and conventional vaccine is that the antibody response of animals vaccinated by a marker 

vaccine can be differentiated from that of infected animals.  

The subunit vaccines based on individual recombinant proteins have been found to be 

comparatively less effective in eliciting protective immune responses. In contrast, attenuated 

vaccines elicit immune response in a more effective and authentic way because they mimic 

natural infections of their parental wild-type viruses. In addition, the live-attenuated virus 

vaccines preserve most of essential epitopes, and are readily recognized by the immune 

system. In another strategy using reverse genetics, live attenuated vaccines along with DIVA 

strategy can be developed. 
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Reverse Genetics System for Generation of Infectious Viruses 

Historical methods for developing live-attenuated vaccines, such as extensive passage 

in cell culture at increasingly suboptimal temperatures or chemical mutagenesis to attenuate 

virus pathogens, can be very labor intensive and may take years to establish a thoroughly 

accredited vaccine strain. With the advancement of molecular biology and genetic 

engineering technologies, along with the increased understanding at the molecular levels of 

immune response, new approaches on live-attenuated virus vaccine 

development have emerged. One approach for molecular attenuation of RNA viruses is 

reverse genetics, a process of generating a recombinant virus from a cloned complimentary 

DNA (cDNA) copy of a viral genome. 

Reverse genetics is a powerful molecular tool to attenuate virus and understand the 

molecular determinants related to virus attenuation, tissue tropism, and virulence factor(s). In 

recent years, reverse genetics has markedly accelerated the development of virus vaccines 

due to the feasibility that the viral genomes can be modified at molecular level through a 

cDNA intermediate. More stable attenuated mutants can be generated by rational designs 

such as point mutations, deleted genes, changed virus gene expression order, and substituted 

gene or attenuating mutations from related viruses. In addition, the system provides reliable 

methods to identify and develop new types of attenuating mutations, including deletion of 

nonessential genes for virus replication and construct marker vaccine viruses containing the 

specific sequence tag or restriction enzyme site(s) that distinguish the vaccinated groups from 

the infected group. In addition to attenuated virus vaccine development, the reverse genetics 

system is also useful as biotechnological tools to produce recombinant viruses that can be 

designed with specific properties such as a virus deliver vectors for gene and cancer 

therapeutics. The reverse genetics based seasonal influenza vaccines are licensed for use.  

The CSFV reverse genetics system constitutes full length genomic backbone and 

appropriate in vitro transcription system for its expression in suitable host. The successful 

reverse genetics systems have been developed for various other diseases viz. Transmissible 

gastroenteritis virus, Japanese encephalitis virus, Porcine reproductive and respiratory 

syndrome virus, Human coronavirus OC43, Severe acute respiratory syndrome coronavirus, 

Dengue virus type 1 and 2, Bovine viral diarrheal virus, Border disease virus, Respiratory 

syncytial virus, Feline infectious peritonitis virus and Middle East respiratory syndrome 

coronavirus.  

(i). Amplification of full length CSFV genome: Various strategies used for amplification of 

full length genomic cDNA include: 

 Amplification of whole genome into multiple overlapping segments and their fusion 

by using overlap extension PCR. 

 Amplification of whole genome into multiple overlapping segments and their fusion 

with the help of restriction enzyme sites present in the overlapping segments. 

 Amplification of whole genome into larger one segment or smaller two segments 

using long acting PCR (LA-PCR). 

(ii). Development of Reverse Genetics System: Various strategies employed are: 

 Reverse genetics systems for CSFV have been achieved by transfecting susceptible 

cells with in vitro transcripts generated by T7 or SP6 RNA polymerase or by 

transfecting the SK6. T7 cell line expressing the T7 RNA polymerase with a plasmid 

harboring the CSFV full-length cDNA under the control of a T7 promoter.  

 In another approach, reverse genetics system for CSFV was constructed using RNA 

polymerase II (pol II) with a chimeric intron and hammerhead ribozyme sequences at 
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the 5` end and the hepatitis delta virus ribozyme and SV40 poly(A) signal sequences 

at the 3` end. This pol-II-driven transcription system has proven to be efficient for 

CSFV recovery. 

 A novel method for the generation of CSFV using a cDNA plasmid driven by a pol I 

promoter. An infectious full-length cDNA clone of CSFV was flanked by fusion with 

the swine pol I promoter and murine terminator sequences to generate a CSFV 

genomic RNA with exact 5` and 3` UTRs. 

Use of infectious clone for development of Reverse Genetics based vaccines 

Live attenuated vaccines are usually most efficient in generating a solid immune 

response among various types of vaccines. By partial or complete deletion of a gene, the 

mutant strain is probably highly attenuated and simultaneously obtains a ‗negative marker‘. 

Serum antibodies induced by CSFV infection are mostly directed against nonstructural 

protein NS3 and envelope proteins E
rns

 and E2. Monoclonal antibodies (MAbs) against NS3 

are directed to highly conserved epitopes among pestiviruses, while those against E
rns

 and E2 

are able to discriminate between pestiviruses. So E
rns

 and E2 are better targets than highly 

conserved NS3 to develop a recombinant deletion vaccine. Deletion of other genes, such as 

E1 or N
pro

, can attenuate the mother strain, but such deletion mutants induce a similar 

antibody pattern to that of nature infection. Additional deletion of E
rns

 or E2 is necessary for 

these mutants to acquire the DIVA-ability. The different deletion mutants for vaccine 

development include E
rns

- or E2-deletion mutants, Erns- or E2-substitution mutants, E1-

deletion mutants and N
pro

-deletion mutants. The various deletion mutants used for vaccine 

production are summarized in the following table: 

Table: Currently available RG based recombinant deletion candidate marker vaccine  

Name of the Clone Construct 

E
rns

 deletion mutants 

FLc22 E
rns

 (∆ 422-488) mutant derived from FLC2 

FLc23 E
rns

 (∆ 273-488) mutant derived from FLC2 

A187-E
rns

 Alfort/187 with whole Erns deleted 

E2 deletion mutant  

FLc4 E2 (∆ 693-746) mutant derived from FLC2 

FLc48 E2 (∆ 800-864) mutant derived from FLC2 

FLc47 E2 (∆ 689-1062) mutant derived from FLC2 

A187-E2del373 E2 (∆ 693-1065) mutant derived from Alfort/187  

A187-E2del68 E2 (∆ 961-1029) mutant derived from Alfort/187  

E
rns

 or E2 substitution mutant  

FLc11 Substituting C-strain Erns (aa 268-494) with that of BVDV 5250 

FLc-9 Substituting C-strain E2 (aa 690-865) with that of BVDV 5250 

vSM/CE2  Substituting C-strain E2 with virulent Shimen 

E1 deletion mutant  

RB-C22v BICv mutant having 57 nucleotide in-frame insertion at genomic 

position 2429 

N
pro

 deletion mutant 

vA187-∆Npro-Ubi Substituting Alfort/187 N
pro

 gene with ubiquitin 

vEy-∆Npro-Ubi Substituting Eystrup strain N
pro

 gene with ubiquitin 
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FLOW CYTOMETRY BASED ASSAYS IN LIVESTOCK DISEASE DIAGNOSTICS 

Shalini Sharma 

Department of Veterinary Physiology and Biochemistry, College of Veterinary Sciences 

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

A fluorescent antibody tagged to the cell surface antigens of cells, can be excited by 

the laser, and the emitted light is recorded by a second detector system located at right angle 

to the laser beam. There are two different types of flow cytometry–named as non-sorting and 

sorting. Non-sorting type can perform light scattering and fluorescence emission while the 

sorting type has the ability to sort particles as well. Fluorescent activated cell sorters (FACS) 

are flow cytometers that have the capacity to sort fluorescent-labelled cells from a mixed cell 

population. 

A fluorescent compound/Fluorochrome/Fluorophore has a range of specific 

wavelengths at which it absorbs light energy. This absorption of light causes an electron to 

rise from a ground state to a higher energy level (excited state). The excited electron quickly 

goes back to its ground state while giving the excess energy as a photon of light. This 

transition of energy is called fluorescence. The number of intrinsically fluorescent 

compounds in the cell is limited as well as its provided information. Therefore, the cells are 

usually stained with fluorescent probes called fluorochromes that are able to show the 

presence of components that otherwise would not be visible. 

The important features of a fluorochrome include an absorption spectrum at which a 

fluorescent compound can be excited and a range of emitted wavelengths called its emission 

spectrum. The emission wavelength of any fluorochrome will always be longer than its 

excitation wavelength. The difference between the maxima in the wavelengths of absorption 

and emission is known as the Stoke‘s shift that determines how good a fluorochrome. The 

higher the Stoke‘s shift means, the greater the separation between the exciting and the 

emitted light. 

Since the color of the exciting and emitting light is different, they can be separated 

from one another by using optical filters. The total photons of light being absorbed by the 

fluorochrome are related to the wavelength of excitation. For example, FITC absorbs the light 

within the range of 400–550 nm, however, it gives maximum absorbance near 490 nm at 

which more photons are absorbed. Therefore, the fluorescence emission will be more intense. 

These optimal conditions are termed maximal absorbance and maximal emission 

wavelengths. In fluorescence detection, a positive signal is observed against a negative 

background, which makes this technique very sensitive. In this technique, multiparametric 

analysis of the cells is quite possible due to the detection of up to 14 compounds fluorescing 

at different wavelengths.  

Uses 

 Detection of the membrane (detection of plasma membrane changes), cytoplasmic 

and nuclear antigens. Additionally, whole cells and cellular components such as 

organelles, nuclei, DNA, RNA, chromosomes, hormones and protein content 

(Detection of mitochondrial proteins).   

 Analysis of cell proliferation and cell cycle, measurements of calcium flux and 

membrane potentials are the commonly used examples. 

 Identification of different cell populations, cell surface receptors, cell sorting, 

immune-phenotyping, determining nucleic acid content. 

 Measuring enzyme activity (Detection of active caspase-3 activity) and apoptotic cell 

populations, DNA fragmentation 
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 Phenotypic characterization of blood cells 

 Cell viability 

 Intracellular cytokine detection 

Current and Predicted Use of Flow Cytometry in Veterinary Diagnostic Medicine 

The dedicated flow cytometry is yet to be introduced into commercial veterinary 

diagnostic laboratories; however laboratories in several academic institutions have now 

accepted the technology and offer a limited service. On the other hand, haematology 

analysers that incorporate flow cytometric technology have gained widespread use.  

Lymphocyte subset analysis 

Evaluating the percentage and number of CD4 and CD8 T lymphocytes in the 

peripheral blood by flow cytometry is a very accurate method of assessing the integrity of the 

cellular immune system referred to as lymphocyte subset analysis. A very well-known 

example application of flow cytometry in human diagnostic laboratories comes from the 

enumeration of CD4 T cells to evaluate the progression of acquired immunodeficiency 

syndrome  in human immunodeficiency virus (HIV) infected human patients, and is the most 

commonly performed application of flow cytometry in human diagnostic laboratories.  

In companion animals, peripheral blood T cell subset analysis is typically used to 

assess immune competence, the effect of drugs on the immune system, and progression of 

infectious disease. The feline retroviral infections, feline immunodeficiency virus (FIV) and 

feline leukaemia virus, both target the cellular immune system and cause decreases in CD4 T 

cells and the CD4:CD8 ratio. The decline in CD4 counts or CD4:CD8 ratio, analogous to 

HIV-AIDS, can be used to assess the progression to FIV-AIDS in field cases. 

Similarly, the horses that are asymptomatic carriers of Equine infectious anaemia 

virus have a significantly decreased percentage of CD5 and CD4 T lymphocytes in the 

circulation.  

In an experimental model of canine visceral Leishmaniasis the percentage of 

peripheral blood CD4 cells is significantly increased following successful treatment for 

infection, and thus clinical monitoring and progression are efficiently monitored through flow 

cytometry. The percentage of CD4 cells is also inversely proportional to the host‘s 

subsequent infectivity for the disease vector. Utility of flow cytometry has also been shown 

for canine or feline autoimmune disease. Decreased CD8 count and increased CD4:CD8 ratio 

associated with active canine systemic lupus erythematosus (SLE) reverted with successful 

immunotherapy. 

The physiological variability such as age, breed etc. in lymphocyte subsets should be 

understood before these parameters are used in assessing immunocompetence, and as an 

adjunct for the diagnosis and monitoring of infectious disease.  An age-related decline in 

CD4 T cells, and CD4:CD8 ratio in dogs and cats has been described in several studies. Dog 

breed affects the percentage of T cell subsets. 

Flow Cytometry based Leukocytes Profiling for Diagnosis of Tropical Theileriosis  

Decrease in granulocyte count and marked lymphocytosis (by Flow cytometric 

analysis) in infected cattle compared to a clinically healthy cattle has been shown as an 

hallmark in suspected cases of Theleriosis in cattle. 

Flow Cytometric Methods for Sperm Assessment 

Flow cytometry has a widespread use within animal spermatology, and has now 

moved from being a research tool to routine analytic test in the assessment of animal semen 
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destined to breeding. Viability of spermatozoa, Plasma membrane integrity can be studied by 

FACS using YBR-14/propidium iodide (PI) stain. In this combined stain, the nuclei of viable 

spermatozoa fluoresce green, while those with eroded plasmalemma are counterstained red, 

including a moribund cell subpopulation (green–red). PI is normally used as the viability 

probe of choice in FACS as this supravital stain rapidly penetrates non-viable spermatozoa 

when their plasma membrane is disrupted, assessing sperm membrane permeability and 

stability and chromatin intactness. Annexin V is a calcium-dependent probe that has recently 

being used for tracking externalization of phosphatidylserine (PS) in the sperm membrane. 

Since PS is normally located exclusively at the inner face of the lipid bilayer, such 

externalization monitors early changes in membrane stability and intactness, detectable 

earlier than when PI is used. PSA is a lectin from the pea plant that binds to mannose and 

galactose moieties of the acrosomal matrix. 

Application of Flow Cytometry for Sorting of Spermatozoa 

The sexing of spermatozoa, synergistically with other reproductive techniques, could 

improve the efficiency of animal production both in biological and economic terms. Selection 

of sex has important implications for populations in which one sex has more intrinsic value 

(e.g., rare animal genetic resources), for instance; stud operations and female dairy 

replacements, or the avoidance of males for pig production, etc. Sex pre-selection based on 

FASC works on sperm DNA content measurement to facilitate sorting of X chromosome 

from the Y chromosome-bearing sperm. The X chromosome carries more DNA than that of 

the Y chromosome and the principle of FACS sex sorting is based on this difference. In 

FACS-based sex sorting, spermatozoa are firstly loaded with a fluorochrome. The non-

intercalating vital fluorescent probe Hoechst 33342 is being used in FACS-based sexing 

where it penetrates the sperm membrane and binds to the DNA. 

Diagnosis of Leukaemia and Lymphoma 

The immune-phenotyping of leukaemia is a key application for flow cytometry. The 

use of merely cytomorphology to distinguish lymphoid from myeloid blasts, and for 

lymphocyte subset prediction (i.e. B vs. T cell), is problematic and often misleading. With 

veterinary oncologists and clients prepared to treat lymphoid and other haemopoietic 

malignancy, there is a need for more accurate and reliable methods of diagnosis than 

cytomorphology alone. FACS based immunophenotyping would be particularly useful in the 

differentiation of acute myeloid (AML) from acute lymphoid leukaemia (ALL), ALL from 

chronic lymphoid leukaemia (CLL), and lymphoid leukaemia of marrow origin from primary 

lymphoma. 

Immunophenotyping of leukemic cells can potentially define cell lineage, stage of cell 

maturity, and lymphoid subset (e.g. CD4 and CD8 T cells). Such information can move 

veterinary oncology forward by improving the diagnosis and treatment of leukaemia, and 

allow veterinarians to gain insight into the natural history of cancers with a specific 

phenotype. Immunophenotyping by flow cytometry has been shown to accurately diagnose 

cases of acute and chronic leukaemia in the cat, dog, cow and horse. A large case study of 

canine CLL demonstrated the potential of FACS, revealing the majority to be CLL of T cell 

origin, challenging the previous notion that B cell CLL was more common. Additionally, the 

expression of CD34 by leukemic cells assisted in differentiating CLL from ALL, and 

circulating lymphoma cells from leukaemia of bone marrow origin. 

The diagnosis of lymphoproliferative disease by immunophenotyping is usually 

predicated on clinic-pathological evidence of a putative neoplastic cell population. In several 

leukemias and lymphoma, there exists a hallmark, malignant or aberrant immunophenotype, 
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informative for diagnosis and prognosis. Other than in the well-characterised Enzootic 

Bovine Leukaemia- induced lymphomas of cattle, this has infrequently been observed in 

leukaemia of companion animal species, in part, reflecting the scarcity of 

immunophenotyping, and/or the small panels of mAbs applied.  

Comprehensive antibody panels can be useful for distinguishing the heterogenous cell 

populations comprising a reactive lymphoid population. The application of light scatter alone 

to diagnose haematological malignancy has been investigated. Automatic haematology 

analyser have successfully developed scatter plots of leukemic dog and cat blood, and thus 

provided sufficient data for accurate cell lineage assignment in one small study.  

Diagnosis of Immune-mediated Anaemia and Thrombocytopenia 

Flow cytometry, using fluorescent-tagged Abs to detect cell-bound complement 

and/or immunoglobulin, shows good sensitivity for detection of IMHA and IMT. The 

requirement for less blood and reagent in flow cytometric assays compared to other 

antiglobulin assays is a further advantage of this technique. The improvement in sensitivity 

afforded by flow cytometry is somewhat offset by the increased potential to detect non-

specific reactions which are common to these anti-immunoglobulin tests. For instance, the 

pathogenic antibodies that initiate cytopenia cannot be distinguished from either the non-

pathogenic binding of antibodies to damaged or senescent red cells, or the absorption of 

antibodies and the increase in platelet-associated antibody following prolonged storage, cause 

false positive test results. 

Reticulocyte and Reticulated Platelet Enumeration 

The prediction of a regenerative response to anaemia is based on the accelerated 

release of immature erythrocytes from the marrow into the peripheral circulation. These 

immature cells are referred to as reticulocytes because of the reticular network of RNA that is 

revealed by staining with supravital dyes. Manual enumeration of reticulocytes produces 

counts of low precision and accuracy. Dedicated flow cytometers use fluorescent supravital 

dyes such as thiazole orange to identify reticulocytes, and provide reliable and accurate 

reticulocyte counts  

The population can be segregated based on reticulin content (i.e. fluorescence) to 

produce diagnostically useful parameters of relative production such as the immature 

reticulocyte fraction, and the number of high fluorescent reticulocytes. These indices 

specifically measure the most immature and thus most recently released reticulocytes, and 

can be used in conjunction with the absolute reticulocyte count to investigate the dynamics of 

bone marrow erythrocyte production.  

Comparable to reticulocytes, immature platelets contain an increased content of RNA, 

and can be enumerated by flow cytometry. Reticulated platelet quantification provides a 

measurement of thrombopoiesis in naturally occurring cases of regenerative 

thrombocytopenia in dogs and horses, and in experimental, erythropoietin- induced 

megakaryocytopoiesis, and drug-induced thrombocytopenia in the dog.  

FACS based detection of Myeloperoxidase expression has been suggested for early 

detection of cows at higher risk for inflammatory diseases such as mastitis and metritis 

during the transition period. 

Current Limitations and Importance of Quality Control in Flow Cytometry 

Practical considerations have limited the development of flow cytometry in veterinary 

medicine, largely due to the substantial cost of the machine and the restricted availability of 
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reagents and the typically low number of leukemic animals treated at veterinary hospitals at 

any one time prevents the batching of samples to improve cost efficiency. 

 Furthermore, the sophisticated methodology requires a highly trained technician to 

prepare and run the samples, and a specialist diagnostician to analyse, interpret, and 

synthesize data produced by flow cytometry and routine clinic-pathological testing (e.g. cell 

morphology, full blood examination).  

These impediments slow the research phase necessary to explore the applications of 

this technology, the clinical validation phase, and evaluation of whether the cost per test is 

justifiable in relation to clinical benefit. 
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Antimicrobial resistance is a very complex problem involving various bacterial 

species, resistance mechanisms, transfer mechanisms and reservoirs. Antibiotic resistance is a 

dangerous bacterial trait, which enables them to survive and continue to grow instead of 

being inhibited or destroyed by therapeutic doses of the drug. As a result, antibiotic-resistant 

bacteria can evade the effects of antibiotic and multiply with severe consequences for public 

health. Some of the major pathogenic bacterial species, viz., Escherichia coli, Salmonella, 

Campylobacter, Enterococcus, Streptococcus and Staphylococcus are increasingly 

developing resistance to treatment with first-line antibiotics. The incidence of drug resistance 

is increasing at an alarming rate and posing serious problems in the treatment of infectious 

diseases caused by multi-drug resistant (MDR) bacteria. 

There are fundamentally different genetic mechanisms for intrinsic and acquired 

resistance. The intrinsic resistance of an organism is a stable property encoded in the 

chromosome and shared by the member species. Acquired resistance may develop either 

from changes or mutation in the genomic DNA or by acquisition of resistance genes through 

mobile genetic elements (plasmid, bacteriophage, transposons etc.) by gene transfer 

mechanisms such as conjugation, transformation, transduction and site specific integration. 

Antimicrobial resistance genes emerge either by being mobilized from obscure strains or by 

evolving from obscure ancestral genes. Resistant genes may be situated on chromosomes, 

plasmids, integrons or on transposons. 

Bacteria may manifest resistance to antibacterial drugs through a variety of 

mechanisms. First, the organism may acquire genes encoding enzymes such as β-lactamases, 

which destroy the antibacterial agents before it can have an effect. Second, bacteria may 

acquire efflux pumps that extrude the antibacterial agents from the cell before it can reach its 

target site and exert its effect. Third, bacteria may acquire several genes for a metabolic 

pathway, which ultimately produces altered bacterial cell walls that no longer contain the 

binding site of the antimicrobial agents, or bacteria may acquire mutations that limit access of 

antimicrobial agents to the intracellular target site via down regulation of porin genes. Thus, 

normally susceptible populations of bacteria may become resistant to antimicrobial agents 

through mutation and selection. 

Bacterial resistance genes to antimicrobials could be spread through the environment 

by livestock through food products or via contamination of water or crops with animal 

excreta. Bacterial resistance determinants to antibiotics and disinfectants have been detected 

in the environment in waste water, surface water, ground water, sediments and soils. 

Furthermore, bacterial spread from livestock to food products has occurred with Salmonella, 

Campylobacter, and E. coli. Resistant bacteria are potentially being disseminated among 

livestock and food products by conditions such as transport of livestock in large numbers, 

rapid processing and centralized food processing and packaging. Because resistance genes are 

generally mobile, these resistance determinants within the bacterial flora could be transferred 

to more pathogenic bacteria. This could occur either in the livestock, or the human 

gastrointestinal tract. This phenomenon will cause major health problems by limiting 

antimicrobial treatment options for infectious diseases in humans. 



ICAR-CAFT 30th Course ‘Microbial Genomics and Proteomics in Diagnosis and Control of Diseases of Veterinary Importance’, 
Department of Veterinary Microbiology, LUVAS, Hisar, November 7-27, 2017. 
 

Sanjay Kapoor, N. K. Kakker and Rajesh Chhabra (Editors), LUVAS, Hisar 36 
 

Several studies have shown that antimicrobial use in food animals contributes to the 

selection of antimicrobial resistance and poses risks to humans because of transmission of 

resistant zoonotic bacteria via the food chain and indirect transfer of resistance genes from 

animals to man. Resistant bacteria might also be acquired by humans through alternative 

pathways such as person-to-person transmission, environmental exposure and direct exposure 

to animals. During the last decade, a number of events have, stressed the need for increased 

awareness of public health aspects related to antimicrobial resistance in animal husbandry. 

For example, the emergence of beta-lactamases shows that risks to human health include the 

possibility of horizontal transfer of resistance genes. 

Origins and Consequence of Antimicrobial Resistance in Food Borne Pathogens 

The use of antimicrobials in human and animal since the discovery of penicillin in the 

late 1920s dramatically reducing the morbidity and mortality associated with numerous 

infectious diseases. This has also resulted in an unprecedented global increase in the 

incidence of clinical bacterial strains resistant to antibiotics. Bacterial antimicrobial resistance 

in both the medical and agricultural fields has become a serious problem worldwide. 

Antibiotic resistant strains of bacteria are an increasing threat to animal and human health, 

with resistance mechanisms having been identified and described for all known 

antimicrobials currently available for clinical use. The administration of therapeutic and sub-

therapeutic antimicrobials to animals caused the emergence and dissemination of multiple-

antibiotic-resistant zoonotic bacterial pathogens, which currently has become an increased 

public and scientific interest. Although there is still lack of evidences of the use of 

antimicrobials in animals on the development and dissemination of antibiotic resistance 

among human bacterial pathogens, research has linked the use of antibiotics in agriculture to 

the emergence of antibiotic-resistant food borne pathogens. To date, bacterial pathogens of 

animal and human origin are becoming increasingly resistant to most frontline antimicrobials, 

including expanded-spectrum cephalosporins, aminoglycosides, and fluoroquinolones. The 

increasing incidence of antimicrobial-resistant pathogens has severe implications for the 

future treatment and prevention of infectious diseases in animals and humans. 

Impact on Public Health  

Antimicrobial resistance is a major public health problem in South East Asian 

countries. It is known that the infectious disease burden in India is among the highest in the 

world and burden of poor sanitation and malnutrition exacerbates these conditions. Presently 

under various national health programs there are definite policies or guidelines for 

appropriate use of antimicrobials like Integrated Management of Neonatal and Childhood 

Illness (IMNCI) in diarrheal diseases and respiratory infections, but these are not available 

for other diseases of public health importance like enteric fever and others. During the recent 

H1N1 pandemic, national guidelines were framed and implemented regarding restricted sale 

and use of oseltamivir in the country. Another major issue is that there is no national data 

based on antimicrobial resistance in different pathogens except for those where there is a 

specific national health program. Networking of laboratories in the Revised National 

Tuberculosis Control Program in the country generated some useful data on drug resistance 

in tuberculosis and recently a laboratory network has also been established for antimicrobial 

testing of HIV under National AIDS Control organization. 

The resistance spectrum of pathogens varies in different regions. Therefore local 

resistance patterns have to be known for appropriate antimicrobial use. Meta analyses of the 

drug susceptibility results of various laboratories in India reveal an increasing trend of 

development of resistance to commonly used antimicrobials in pathogens like Salmonella, 

Shigella, Vibrio cholerae, Staphylococcus aureus, Neisseria gonorrhoeae, N. meningitidis, 
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Klebsiella, Mycobacterium tuberculosis, HIV, plasmodium and others. Resistance is an 

emerging concern and national surveys are underway to detect and monitor resistance. New 

resistance mechanisms, such as the metallo-beta-lactamase NDM‑1, have emerged among 

several Gram negative bacilli. This can render powerful antibiotics ineffective, which are 

often used as last line of defense against MDR strains of bacteria. 

Various studies have shown that MDR Enterobacteriaceae due to the production of 

extended spectrum β‑lactamases (ESBL) have become very common in India. The presence 

of broad-spectrum β-lactamase-producing bacteria in animals is increasing, and it is not 

unrealistic to expect that this will have an impact on human health. Resistance may be 

transferred in two ways. Due to close contact or consumption of animal meat, a β-lactam 

resistant zoonotic strain, in most cases Salmonella spp., may be transferred directly from 

animal to human, thus possibly causing infection, as has been demonstrated in a number of 

reports. As for direct transfer of resistance, the use of antimicrobial agents, selecting resistant 

bacteria may be the most important factor. However, the exact role of different antimicrobials 

in resistance development or dissemination remains unknown, though it could possibly be 

assessed by means of the pharmacokinetics and pharmacodynamics of these antimicrobials. 

In vivo studies may also provide insights into the role of antimicrobial agents.  

Moreover, resistance may possibly be acquired indirectly, through the transfer of 

resistance genes from bacteria of animal origin to bacteria infecting humans. Studies pointing 

out the possibilities of indirect transfer of resistance genes remain limited. It has emphasized 

that TEM-52 producing Salmonella spp. are not only spreading between poultry and humans 

through direct transfer, but that the stable plasmid carrying this gene may also be spreading 

between different Salmonella serotypes, thus indicating a possibility for indirect resistance 

transfer.  

Another example of indirect transfer of resistance is the dispersion of CMY-2 

producing E. coli from cattle and pigs to humans, or vice versa, due to the association of this 

gene with ISEcp1. Again, this highlights the importance of mobile genetic elements (MGEs) 

in the spread of resistance genes. Therefore, both the selective effect of the antibiotics and the 

MGEs carrying these bla genes could be important factors in indirect resistance transfer. 

Little is known about the influence of these MGEs on the spread of the bla genes. This lack 

of knowledge could make it difficult to predict the possibilities of spread, thus underlining 

the need for further investigations.  

Conclusions 

Antimicrobial resistance is a multifactorial problem and requires a multifaceted 

solution. Antimicrobial resistance is also a matter of food safety and we cannot only 

speculate on the spread of resistance from animals to man without any data on the prevalence 

of resistance in the normal flora of healthy animals intended for food. To control the 

development of resistance to antimicrobial agents, the safest way seems to be to limit their 

use as much as possible. However, it will also be necessary in the future to use antimicrobial 

agents for treatment of infectious diseases in food animals. To implement timely actions, and 

to limit the emergence of antimicrobial resistance and the consequences for human and 

animal health, it is prudent to obtain and maintain scientific knowledge regarding factors 

affecting the occurrence, emergence and spread of resistance. 

 At present knowledge of antimicrobial resistance in food animals is incomplete in 

most countries. An organized monitoring of antimicrobial resistance carried out by an 

international network of laboratories should be implemented in order to be able to identify 

and report emerging resistance problems at the earliest possible stage. Knowledge regarding 
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the usage of antimicrobial agents for different food animal species is generally unavailable in 

most countries. Such knowledge is needed to assess the impact on the occurrence of 

resistance and, to determine where and for which infections most antimicrobials are used. 

Some antimicrobial agents are more important than others for treatment of infections in 

humans. Furthermore, some antimicrobial agents are probably more prone to select for 

resistance than others. Much knowledge regarding the most appropriate treatment regime in 

terms of achieving cure of infections are available. However, virtually no knowledge 

regarding the most appropriate treatment in relation to limiting the development of resistance 

is at hand. Research in this area is highly needed. Large-scale epidemiological and 

experimental studies including all relevant information on the use of antimicrobial agents, 

modes of administration, occurrence of resistance and spread of resistant clones and 

resistance genes in all relevant bacterial reservoirs exposed to antimicrobial agents or that 

might act as reservoirs should also be performed. 
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GENOMIC AND PROTEOMIC APPROACHES FOR DIAGNOSIS AND CONTROL 

OF Pasteurella multocida INFECTION IN ANIMALS 

N. K. Kakker, Neena Gupta, Anita Dalal and Akhil Gupta 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

Haemorrhagic septicaemia (HS) caused by Pasteurella multocida (type B:2 in India) 

is a major economical important disease of cattle and buffaloes in Asian and African 

countries resulting into high mortality and morbidity. The organism is serotyped on the basis 

of i) capsular typing by Carter‗s IHA system, and ii) somatic typing by the method of 

Namioka and Murata or Heddleston. Based on capsular types, P. multocida has been 

classified into five serotypes - A, B, D, E and F. Of these, the P. multocida type produces 

pneumonia in cattle, sheep, and pig whereas capsular type D produces atrophic rhinitis in pig 

and snuffles in rabbits.  

Diagnosis of the disease is based on the clinical signs, symptoms and post mortem 

findings followed by isolation and identification of the organism for confirmatory diagnosis. 

A large number of laboratory techniques have been developed over the years for the 

diagnosis of HS in animals. The P. multocida can be directly identified by staining of the 

blood smear and subsequently isolated in suitable culture medium in the laboratory. Various 

biochemical and serological tests are used for the identification and serotyping of the 

organism viz. rapid slide agglutination, indirect haemagglutination test, etc. The bacterial 

isolation, biochemical typing, serotyping etc. are time consuming and laborious processes. 

The identification and characterization of P. multocida has become quick, easy and accurate 

with the development of newer genomic and proteomic biotechnological techniques. Some of 

these techniques are described as under: 

A. Genomic Techniques 

a. Polymerase Chain Reaction  

The polymerase chain reaction (PCR) has been used for the detection of P. multocida 

using either genomic DNA or bacterial colony or field samples (nasal swab, heart blood, 

spleen tissue, bone marrow, etc.) as template. With the improved PCR techniques it is now 

possible to detect as minimum as ten P. multocida organisms. The PCR can also detect the 

types A and B serotypes of Pasteurella multocida isolates using serotype specific primers. 

b. Multiplex PCR  

Multiplex PCR assays are also available for capsular types determination of P. 

multocida and can be used as an alternative to the conventional capsular serotyping system. 

The used in this assay were designed following identification, sequence determination and 

analysis of the capsular biosynthetic loci of each capsular group. The multiplex capsular PCR 

using serogroup specific primers is highly specific and correlates well with the conventional 

serotyping results with few exceptions. 

c. Repetitive Extragenic Palindromic PCR 

Repetitive extragenic palindromic (REP) elements are 33 to 40 bp repetitive 

sequences, present as approx. 1000 copy numbers that account for up to 1% of the genome in 

a wide range of bacteria. REP-PCR has been developed for the characterization of 

Pasteurella multocida isolates. As the REP elements are present in high copy number and 

distributed widely across the genome, a multiple banding pattern is observed in REP-PCR. 
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d. Enterobacterial Repetitive Insertion Consensus PCR 

The Enterobacterial Repetitive Insertion Consensus PCR (ERIC-PCR) has been 

developed to differentiate various strains of P. multocida with the bands visualised in the 

range of 100-900 bp that allows distinction between species and between strains within 

species.  

e. Restriction Endonuclease Analysis 

The restriction endonucleases cleave the DNA at specific nucleotide sequences and 

the resultant DNA fragments separate into a characteristic banding pattern upon 

electrophoresis. Restriction endonuclease analysis (REA) has been used for differentiation 

and characterization of different isolates of P. multocida. 

f. Ribotyping 

Ribotyping and REA have been used to characterize and differentiate P. multocida 

isolates. Further, use of labelled nucleic acid probes (radioactive or non-radioactive) after 

REA results into better interpretation of the banding pattern.  

g. Real Time PCR 

Real time PCR has been developed for the diagnosis and characterization of different 

isolates of P. multocida and reported to be highly sensitive and specific than conventional 

and Multiplex PCR from the field samples. 

Newer genomic techniques for diagnosis and characterization of different isolates of 

P. multocida such as Colony Hybridization Assay, Filed Alternation Gel Electrophoresis, 

Pulsed Field Gel Electrophoresis, etc. are also available. These techniques have limited 

application in the typing of P. multocida as they require highly purified intact DNA and 

specialized and expensive electrophoresis equipment.  

B. Proteomic Approaches  

The standard proteomic approaches involve the initial separation of bacterial proteins 

in polyacrylamide gels followed by staining of the protein bands and calculating their 

molecular weights. These include separation of complex protein or peptide samples through 

either i) Denaturing polyacrylamide gel electrophoresis (PAGE) or sodium dodecyl sulphate 

polyacrylamide gel electrophoresis (SDS-PAGE), ii) two-dimensional gel electrophoresis or 

iii) High-performance liquid chromatography (HPLC). Besides, other useful tools include 

capillary electrophoresis, isoelectric focussing and affinity chromatography. 

Of the various techniques, SDS-PAGE is more widely used than others, mostly due to 

its simplicity, reproducibility, cost effectiveness, etc. The SDS-PAGE separates proteins on 

the basis of their primary structure (not the amino acid sequence) and can be used to check 

the purity of samples and estimation of molecular weights of different proteins. Subsequently, 

the separated protein can be blotted on to the nitrocellulose membranes and visualized 

through the use of specific monoclonal/ polyclonal antibody and conjugate. The specific 

protein pattern or fingerprint can also be analyzed by image analysis. Further, the proteome 

maps can be compared in order to find proteins that may be synthesised in high or low 

concentration as a result of infection. The desired protein can be cut from the gel and 

characterized using standard techniques of mass spectrometry, peptide-mass fingerprinting, 

etc.  
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a. Mass Spectrometry 

Mass spectrometry is an analytical tool for measuring the mass-to-charge ratio of one 

or more molecules present in a sample and often used to calculate the exact molecular weight 

as well as to determine structure and chemical properties of selected molecules.  

b. Electrospray Ionization and Matrix Assisted Laser Desorption/ Ionization 

The electrospray ionization (ESI) and matrix-assisted laser desorption/ionization 

(MALDI) are soft ionization techniques in which ions are created with low internal energies 

and thus undergo little fragmentation. In Indian Strain of P. multocida Serotype B:2 a total of 

22 proteins were identified by MALDI-TOF/MS Analysis. Of these, seven were observed 

exclusively under iron-limited condition. Most of the high molecular weight proteins (TbpA, 

HgbA, HgbB, HasR, IroA, and HemR) were involved in iron acquisition. Some proteins 

unique to P. multocida serotype B:2 were also observed for the first time. 

c. Protein Microarrays 

The Protein Microarray technique is used for the identification, quantification and 

functional analysis of proteins in applied proteome research. Precise characterization of 

proteins and complex protein-protein interactions can be studied using  multiplex proteomic 

assays that are also enable to characterise the low molecular weight peptides. The next 

generation of microarrays with a capability for high-throughput, ultrasensitive, low-cost 

biomarker analysis will most probably involve a combination of nanotechnology, surface 

enzyme reactions, microfluidic networks and advanced data analysis tools. This will 

undoubtedly accelerate protein biomarker discovery and characterization of disease-specific 

pathways. 

The new generation proteomic techniques may target for known disease markers or 

patterns using a combination of biochip and mass spectrometry with other molecular 

separation techniques in veterinary diagnostics as being used in human medicine. 
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ACUTE PHASE PROTEINS: EARLY BIOMOLECULES OF INFLAMMATION 

Mahavir Singh and Rajesh Chhabra 

College Central Laboratory, College of Veterinary Sciences 

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

 The acute phase proteins (APPs) are a heterogeneous group of plasma proteins that 

are considered to be non-specific components of the innate immune system (Medzhitov, 

2007). The change in concentration of APPs in animals is in response to infection, 

inflammation, surgical trauma, neoplasia and stress as a part of acute phase response (APR) 

of the body (Murata et al., 2004). The APR is a complex systemic reaction of the organism to 

local or systemic disturbances to restore homeostasis and the control of microbial growth 

before acquired immunity play role. The APR is a central part of the innate immune response 

and is observed across all animal species (Cray et al., 2009).The APR may result in changes 

in concentration of more than 200 proteins; for this reason, they represent the ideal tool to 

serve as biomarkers of inflammation, and for monitoring the outcome of disease processes. 

Unfortunately, acute phase proteins are poorly specific, since they increase in the presence of 

inflammation independent of the agent responsible. APPs grouped as either positive APP or 

negative APP (Cray et al., 2009). Positive APPs include C-reactive protein, serum amyloid 

A, haptoglobin, alpha-1-acid glycoprotein, ceruloplasmin, fibrinogen, etc. and negative APPs 

include albumin, transferring, etc. Positive APPs are further classified as major, moderate, or 

minor, depending on the extent of increase during the APR. Major proteins level increase by 

1000 folds from baseline values; moderate proteins represent those proteins that increase 2-10 

fold and minor proteins represent those with only a slight increase (Ceron et al., 2005). 

 The pathogenesis of the acute phase response begins within inflammatory sites, where 

cells involved in the innate immune response (i.e. macrophages, monocytes) produce and 

release proinflammatory cytokines (such as interleukin-1, interleukin-6 and tumor necrosis 

factor-α) which in turn act on liver, the predominant target organ (Petersen et al., 2004). 

Extra hepatic production of APPs has also been documented.  

A. C Reactive Protein: Tillet and Francis in 1930 first described the C reactive protein 

(CRP) and named after its ability to precipitate and interact with the third fraction or fraction 

C derived from pneumococci which was chemically distinct from both capsular 

polysaccharide and somatic nucleoprotein fractions. The CRP is a 206-amino acid member of 

the pentraxin family, consists of five identical, noncovalently associated ∼23-kDa protomers 

arranged symmetrically around a central pore (Mantovani et al., 2008). The CRP is 

predominantly synthesized in the liver; however, extra hepatic synthesis is also documented. 

 The CRP plays important roles in protection against infection, clearance of damaged 

tissue, prevention of autoimmunization and regulation of the inflammatory response (Mold et 

al., 2002). The CRP binds with phosphocholine which is found in a number of bacterial 

species and is a constituent of sphingomyelin and phosphatidylcholine in eukaryotic 

membranes. However, the head groups of these phospholipids are inaccessible to CRP in 

normal cells; therefore CRP can bind to these molecules only in damaged and apoptotic cells 

(Black et al., 2004).  

 In the pigs, dogs and human beings, CRP is the major acute phase protein and has 

been widely used for the diagnosis and monitoring of various inflammatory and infectious 

conditions. However, the CRP has been categorized as a minor APP of the bovine species.  

B. Haptoglobin: Haptoglobin (Hp) is a tetrameric glycoprotein having two α (alpha) and two 

β (beta) chains linked by disulphide bonds. The α subunit has a molecular weight of 16-23 
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kDa and the β subunit 35-40 kDa (Morimatsu et al., 1991). The Hp is a plasma protein with 

haemoglobin binding capacity that play role in the iron homeostasis and antioxidant activities 

(Cooray et al., 2007). The Hp has an indirect antibacterial activity because of reduction of the 

availability of the heme residue for bacterial growth which require iron metabolism because 

of Hp-haemoglobin binding (Murata et al., 2004).  

 The Hp is synthesized mainly by the hepatocytes in liver, following proinflammatory 

cytokines IL-6 and TNFα stimulation during inflammation or infection. Extra hepatic 

synthesis has been demonstrated in several other sites including lungs (Abdullah et al., 2012), 

mammary gland (Hiss et al., 2004; Cooray et al., 2007) and some other sites.  

 The Hp is a major APP in bovine population and used as indicator of subclinical 

mastitis. Measuring milk Hp has been shown to be a more sensitive indicator of mastitis than 

serum Hp, as Hp in milk increases several more folds during IMI than serum and the 

increases appear earlier than in serum (Eckersall et al., 2001; Hiss et al., 2004). 

C. Amyloid A: It is a small apolipoprotein, having a molecular weight between 11-14 kDa 

and about 104-112 amino acid residues (Rossevatin et al., 1992). It is a highly conserved 

protein in most vertebrates and invertebrates. In most of species, serum level concentration 

rise from basal to up to a thousand fold shortly following inflammatory stimuli (Eckersall and 

Bell, 2010). 

 Major isoforms of amyloid A are SAA1, SAA2 and SAA3 (which are encoded for by 

the SAA1, 2 and 3 genes to form the acute phase SAA) and SAA4 which is encoded for by 

the SAA4 gene and comprise the constitutive SAA (Upragarin et al., 2005). The SAA1, 

SAA2 and SAA4 are produced in the liver. SAA3 is the predominant isoform produced at 

extra hepatic sites and also called mammary associated serum amyloid A (M-SAA3) or milk 

amyloid A (MAA); found in colostrum and mastitis milk (Eckersall et al., 2001) 

 Milk amyloid A has been found to be more sensitive to changes in the inflammatory 

condition of the mammary gland than its serum counterpart (Eckersall et al., 2001). The 

MAA found in colostrum stimulates the production of mucin from intestinal cells assisting 

the initiation of secretions from the neonatal intestine and helping to prevent bacterial 

colonization (Mack et al., 2003). Milk amyloid A is a sensitive indicator of subclinical 

mastitis. 

D. Albumin: Serum albumin is the major negative APP. During the APR, synthesis of 

positive APPs is markedly increases. To meet out the requirement of amino acids, it is 

postulated to down regulation of albumin synthesis and amino acids are shunted into 

synthesis of positive acute phase proteins (Paltrinieri, 2008). Other APPs are Alpha 1-acid 

glycoprotein, Ceruloplasmin, Fibrinogen, etc. 

 In conclusion, measurement of APPs may provide an alternative means of monitoring 

animal health and welfare aspect. The APPs level does not indicate specific diagnosis but 

give an idea about the general health status of the animal. The APPs have poor diagnostic 

specificity but can only be used as a primary diagnostic test for subclinical inflammation 

(Ceron et al., 2005). In the clinical case, APPs may serve as indicators of prognosis and 

efficacy of treatment. The APPs have been proposed to be biochemical markers of stress, 

infection, and pain in laboratory animals (Petersen et al., 2004). Increased level of APPs in 

laboratory animals‘ holds promise as a more practical method for setting earlier humane 

endpoints in infectious disease research (Olfert and Godson, 2000). However, an international 

standardisation of APP assays is needed before they can be applied for the systematic health 

monitoring in veterinary medicine (Petersen et al., 2004). The APP index should be used 

exclusively to monitor a disease process including both positive and negative APPs, as well 
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as APPs that increase rapidly and slowly, thereby forming a comprehensive index that would 

correlate with the severity of the inflammatory process (Cray et al., 2009). 
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GENOMIC AND PROTEOMIC APPROACHES FOR THE DIAGNOSIS AND 

CONTROL OF EQUINE HERPES VIRUS INFECTIONS IN INDIA 

Baldev R. Gulati 

ICAR- National Research Centre on Equines, Sirsa Road, Hisar-125001, Haryana 

Equid herpesviruses (EHVs) are pathogens of increasing global concern to equine 

industry. Of nine EHVs belonging to family Herpesviridae, only five (EHV1, EHV2, EHV3, 

EHV4 and EHV5) have been reported to produce disease in horses. Two equine viruses 

(EHV1 and EHV4, dsDNA viruses) are the most important pathogens affecting the horses 

globally. It is estimated that 80 to 90% of horses get exposed to EHV1 and EHV4 infection 

by two years of age.  

The infection results in respiratory infection, characterized by fever, anorexia, nasal 

and ocular discharge. In addition, EHV1 causes abortion, neonatal foal death and 

myeloencephalopathy. EHV1 strains causing EHM show single nucleotide polymorphism (A 

to G) at position 2254 in the EHV1 DNA polymerase gene (encoded by ORF30) (Allen 2007, 

Gulati et al., 2016). EHV1 strains possessing guanine (G2254) at this site are considered to 

have neuropathogenic potential, whereas those with adenine (A2254) are thought to be non-

neuropathogenic. Over 50% of horses become latently infected after infection with EHV1 

and EHV4 (Baxi et al., 1995, Gulati et al., 2015).  

Accurate and timely confirmatory diagnosis of EHV1 infection in horses is important 

as clinical signs of respiratory disease, abortion and neurological disease can be caused by 

several other equine viral and bacterial pathogens. Laboratory diagnosis can be done either by 

direct detection of virus (virus isolation) or demonstration of viral antigen or viral nucleic 

acid, or indirectly through serologic evidence of recent infection. 

A. Collection of Clinical Samples 

Definitive diagnosis of EHV1 infection in the laboratory relies on collection of 

clinical samples from in-contact horses that are febrile but may not show any other clinical 

signs at the time. The virus shedding from the respiratory tract is at peak during the acute 

early, febrile phase of respiratory infection (1–5 days post-infection). Therefore, the 

nasopharyngeal swabs must be collected as early in the course of disease as possible. Virus 

can also be detected in the blood sample (in EDTA) and cerebrospinal fluid on appearance of 

neurological signs. The brain and spinal cord samples collected at autopsy are useful for 

confirmation of viral DNA by PCR. The placenta, lung, liver, spleen, and thymus of aborted 

fetus should be collected aseptically for virus detection. Portions of these tissues can also be 

collected in 10% buffered formalin along with spinal cord and brain from suspect cases of 

EHM for histopathology and immunohistochemical (IHC) examinations. Samples for virus 

isolation should be stored and transported at 4
o
C.  

B. Serological Assays 

Serological assays like virus neutralization test (VNT), complement fixation test and 

ELISA are commonly employed (OIE, 2015). However, because of pre-existing antibodies to 

either EHV1 or EHV4 as a result of prior infection or vaccination, serologic assays are less 

useful as a diagnostic tool. Serum from mares that abort or from neurologic cases may 

already contain peak levels of antibodies, and no increase in titers may be detectable in sera 

collected subsequently. 

Commonly employed serological assays (CF, VNT or ELISA) detect IgG response, 

which is not specific and cross-react with antibodies to both EHV1 and EHV4. Therefore, 
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type-specific ELISAs targeting glycoprotein G (gG) have been developed, using epitopes in 

gG of both viruses which can discriminate between IgG immune response to two viruses 

(Crabb et al., 1995, Yasunaga et al., 2000). In our laboratory, EHV1 seroprevalence in 17 

states of India was recorded during 2006-2015 and overall 666 out of 12935 (5.15%) equines 

were found positive for EHV1 antibodies. 

Recently, linear immunodominant epitopes in different glycoproteins of EHV1 and 

EHV4 have been identified, which do not cross react between two viruses and have been used 

to develop ELISA that is able to identify horses that had been infected with EHV1 or EHV4 

using paired serum samples (Andoh et al., 2013, Lang et al., 2013). In our laboratory, we 

have developed an ELISA using synthetic peptide of glycoprotein E of EHV1 as antigen, and 

compared its performance with VNT using EHV1 positive (n=108) and EHV1 negative 

(n=34) serum samples. The relative sensitivity and specificity of the peptide ELISA vis-à-vis 

VNT was found to be 96.42 and 87.71%, respectively. Such ELISAs are being further 

validated with large number of samples for use in routine testing. 

C. Virus Isolation: EHV1 isolation can be done from nasal swabs, bronchoalveolar lavage 

fluid, tissues of aborted fetuses (placenta, lung, liver, thymus, spleen), PBMCs, and brain 

tissues from cases of neurologic disease in continuous cell RK13, equine dermis, and 

BHK21, MDBK, Vero and primary equine cells (lung, kidney cells or endothelial cells). 

Following inoculation into susceptible cell lines, EHV1 produces a characteristic cytopathic 

effect (CPE) in 5-7 days. The identity of virus isolates must be confirmed by PCR, indirect 

fluorescent antibody testing (IFAT), or neutralization assays using EHV1-specific antisera or 

monoclonal antibodies. Accordingly, PCR has largely superseded virus isolation in most 

laboratories that test specimens for EHV1. In our laboratory, EHV1 isolations were made 

from 24 of 64 abortions cases investigated during 2006-15 using RK13 cells. 

D. Viral Nucleic Acid Detection: PCR-based sensitive, specific, and rapid assays have been 

developed to detect viral nucleic acid in clinical specimens. A variety of type-specific PCR 

primers and probes can distinguish between EHV1 and EHV4, as well as other EHVs (EHV2, 

EHV3, and EHV5) (Wagner et al., 1992; Borchers and Slater, 1993; Kirisawa et al., 1993; 

Wang et al., 2007). The OIE manual describes a more sensitive nested PCR assay targeting 

the glycoprotein B genes (gB) of EHV-1 and EHV-4, which allows their identification (OIE, 

2015). A number of real-time PCR assays targeting various EHV-1 genes (gB, gD and 

ORF30) have been described in the literature. 

E. Detection of EHM: Many of the conventional PCR detection protocols are unable to 

differentiate between neuropathogenic and non-neuropathogenic viruses. Identification of the 

single nucleotide polymorphism in ORF30 (A→G2254) led to the development of an allelic 

discrimination real-time PCR assay to distinguish between potential neuropathogenic and 

non-neuropathogenic EHV1 strains (Allen, 2007). PCR assays based on ORF30 followed by 

sequence analysis can be used to differentiate neuropathogenic and non-neuropathogenic 

EHV1 isolates (Nugent et al., 2006; Allen, 2007; Leutenegger et al., 2008; Pusterla and 

Hussey, 2014). More sensitive allelic discrimination EHV1 real time PCR (Smith et al., 

2012) and a primer-probe energy transfer method (PriProET) that was developed by Malik et 

al. (2010) was later added to the list of diagnostics. A single nucleotide polymorphism-based 

real-time PCR has been developed in our laboratory that is able to differentiate 

neuropathogenic and non-neuropathogenic EHV1 strains. 

F. Detection of Latency: Equine herpesviruses establish latency in neurological tissues, 

lymphoid tissues and peripheral blood leukocytes (PBL) (Ma et al., 2013). To identify latent 

infection in previously infected ponies, in vitro co-cultivation of lymphoid tissues is 

considered a gold standard test which provides the un-equivocal evidence for latent infection. 
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Latent infection in experimentally infected ponies can be detected by reactivation of infection 

following corticosteroid treatment (Gulati et al., 2015). 

Since latency associated transcripts (LATs) are the only genes transcribed during 

latency, latent infection can be investigated by looking for the presence of LAT transcripts in 

total RNA derived from equine PBL or neural tissues (Baxi et al., 1995). Assays like RT-

PCR (Chesters et al., 1997, Borchers et al., 1999, Allen et al., 2008) and real-time PCR 

(Pusterla et al. 2009) have been developed for the laboratory demonstration of LAT RNA in 

latently infected equines. Another approach for the detection of latent EHV1and EHV4 

infection is by employing PCR and RT-PCR technique for expression of late structural 

glycoprotein B (gB) genes (Pusterla et al., 2012). In our laboratory, we have developed RT-

PCR and quantitative PCR for detection of latent infection in equines. Using these assays, 59 

out of 113 (52.2%) of equines in northern India were found to be latently infected. 

G. Control of EHV1 

Recommended prevention strategies against EHV1 infection include vaccination and 

biosecurity practices. Available inactivated vaccines are licensed for prevention of respiratory 

disease, or both respiratory disease and abortion. None of the currently available EHV 

vaccines are approved or have been shown to prevent EHM.  

Current commercial or experimental vaccines can be divided into either inert or live 

vaccines. It is generally recommended to vaccinate foals over 3-5 months of age, with a 

second immunisation within 4-6 weeks and further booster every 3 or 6 months, depending 

on type of vaccines. To avoid EHV1 induced abortion, it is recommended to vaccinate 

pregnant mares at 5, 7 and 9
th

 month of pregnancy. 

Majority of vaccines commercially available have been inactivated whole virus or 

subunit vaccines (Table 1). Numerous split or subunit vaccines have been developed to 

replace whole inactivated virus vaccines. Glycoproteins B and C contain antibody epitopes 

strongly recognised by the immune system of horses infected or vaccinated with EHV1, and 

are therefore candidates for inclusion sub-unit vaccines against EHV1. Recombinant vaccines 

targeting gB, gC, gD or gH of EHV1 have been inoculated into mice, either individually or in 

combination. These subunit vaccines produce VN antibody and increases EHV1 clearance 

from the respiratory tract of mice after experimental infection. 

Several studies in mice have evaluated the antigenicity and efficacy of DNA 

vaccination against EHV1 infection. A DNA vaccine encoding gD has been shown to elicit 

both humoral and cell-mediated immune responses after two intramuscular immunisations, 

and to reduce respiratory lesions, the amount and duration of virus shedding (Ruitenberg et 

al., 1999) and abortion (Walker et al.,2000, Paillot et al.,2008).  

Two principal types of EHV1 mutants have been used as live attenuated EHV1 

vaccines, namely thymidine kinase negative (TK-) and temperature sensitive (Ts) mutants. 

Live recombinant vector (canarypox-based) constructs coding for gB, gC and gD 

glycoproteins of the Kentucky strain of EHV1, administered to ponies have shown marked 

reduction of virus excretion in the vaccinates compared to control unvaccinated ponies 

experimentally infected with EHV1.  

Conclusion 

Diagnosis of EHV infections relies on coordinated efforts of equine practitioners, 

horse owners, breeders, diagnostic laboratory personnel and researchers. Collection of 

appropriate specimen at right time and transport to the laboratory are very critical steps in 

diagnosis. Despite development of molecular approaches for diagnosis, serological diagnosis 
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is still the preferred method for detection of EHV infections. The cross-reactivity remains a 

problem in commonly employed serological assays and further refinement in diagnostic tools 

for definite discriminative diagnosis is anticipated. Although sensitive assays for detection of 

EHM have been developed, there remain still question to address. There is need to understand 

the role of host factors in the pathogenesis of EHM, including host immunopathological 

mechanisms in response to EHV1 infection and latency.  

Vaccination against EHV has been widely introduced, especially among race horses 

and brood mares. Killed EHV vaccine has been shown to decrease clinical signs associated 

with EHV infection and decrease virus shedding. At this point, both cellular and humoral 

factors should be considered in assessments of protective immunity against EHV1 vaccines.  
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Nanoparticles have become an important area of research in the field of drug delivery 

because they have the ability to deliver a wide range of drugs to varying areas of the body for 

sustained periods of time. The importance of nanotechnology in drug delivery rests in the 

ability to manipulate molecules for producing nanomaterials with programmed 

functions.  Many drugs are effective in treating diseases but also have certain impeding 

factors like toxicity and cell impermeability. The drug of interest can be dissolved, entrapped, 

adsorbed, attached or encapsulated into the nanoparticle matrix to achieve more precise drug 

targeting, minimize drug degradation, prevent harmful side effects and increase the 

availability of the drug at the required site. Drugs with narrow therapeutic indices create the 

major challenge for pharmaceutical scientists. Application of nanotechnology for the targeted 

delivery of such drugs can significantly overcome this problem. The targeted delivery 

reduces the unwanted side effects and provides maximum therapeutic activity by preventing 

drug degradation during transit. Furthermore, nanomaterials could serve as camouflage to 

avoid immune responses or as agents which could catalyze or respond to certain molecules. 

An ideal targeted delivery system should be non-toxic, biocompatible, biodegradable, and 

physico-chemically stable. The preparation of the delivery system must be reasonably simple, 

reproducible, and cost-effective.  

A. Nanoparticles and Sustained Drug Delivery Systems  

With the advent of nanotechnology, there has been a significant growth in design and 

development of sustained drug delivery systems. The nanoparticles have a higher surface-to-

volume ratio as compared to the bulk material, and therefore the dose and frequency of 

administration would be reduced hence increasing patient compliance. The basic rationale  of 

a controlled release drug delivery system is to optimize the biopharmaceutical, 

pharmacokinetic and pharmacodynamic properties of drug in such a way that its utility is 

maximized through reduction in side effects and augmentation of cure (or control) of a 

condition in the shortest possible time using smallest quantity of a drug. Thus the controlled 

release drug delivery system offers various advantages viz. reduce blood level fluctuations, 

minimize drug accumulation, improve patient compliance, and minimize local and systemic 

side effects.  

B. Nanoparticles and Targeted Drug Delivery Systems 

The goal of a targeted drug delivery system is to prolong, localize, target and have a 

protected drug interaction with the diseased tissue. The concept of drug targeting system 

includes the coordinating behavior of three components: targeting moiety, carrier and 

therapeutic drug. The targeting moiety recognizes and binds the target, carrier carries the 

drug and drug provides a therapeutic action to the specific site. The targeting moieties include 

antibodies, proteins, lipoproteins, hormones, charged molecules, polysaccharides, low-

molecular-weight ligands, etc. 

C. Delivery Vehicles  

 Many of the current ―nano‖ drug delivery systems, however, are remnants of 

conventional drug delivery systems that happen to be in the nanometer range, such 

as liposomes, polymeric micelles, etc.  Delivery vehicles/carriers used in delivery systems are 

described below:   

http://en.wikipedia.org/wiki/Drug_delivery
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a. Liposomes  

The exterior lipid bilayer of liposomes is very chemically reactive, thereby providing 

a means to conveniently couple ―tags‖ on a covalent basis. Such ―tags‖ can be antibodies, 

antigens, cell receptors, nucleic acid probes, etc. This provides significant versatility in assay 

formats (i.e., immunoassay, receptor-based, nucleic acid probe, etc.). With diameters ranging 

in size from approximately 50-800 nm, their aqueous core encapsulates up to millions of 

molecules of signal generating ―markers‖ and detected. A variety of different encapsulants 

are possible including visually detectable dyes (since the lipid bilayer is transparent), 

optically and fluorometrically detectable dyes, enzymes, and electroactive compounds.  

b. Niosomes 

Niosomes, non-ionic surfactant vesicles are widely studied as an alternative to 

liposomes. These vesicles appear to be similar to liposomes in terms of their physical 

properties and are prepared in the same way. Niosomes alleviate the disadvantages associated 

with liposomes, such as chemical instability, variable purity of phospholipids and high cost. 

They have the potential for controlled and targeted drug delivery. Niosomes also enhance the 

penetration of drugs. 

c. Nanopowders 

Nanopowders are powders composed of nanoparticles having an average diameter 

below 50 nm. A jar of a true nanopowder when emptied from chest height to toward the floor 

will disperse into the air before reaching the floor. Such compounds have two or more 

different cations (positively charged elements) in their chemical formula, e.g. calcium titanate 

(CaTiO3). 

d. Nanoclusters and Nanocrystals 

For inorganic nanoparticles (metal, semiconductor, etc.), two regimes are of particular 

interest: nanoclusters (subnanometer to ~2 nm) and nanocrystals (2-100 nm).  

e. Micelle 

Micelle is an aggregate of amphipathic molecules in water, with the nonpolar portions 

in the interior and the polar portions at the exterior surface. Micelles are known to have an 

anisotropic water distribution within their structure, means water concentration decreases 

from the surface towards the core of the micelle, with a completely hydrophobic (water-

excluded) core. Hydrophobic drugs can be encapsulated /solubilized, into inner core. 

f. Dendrimer 

These branched macromolecules are constructed around a simple core unit. 

Dendrimers have a high degree of molecular uniformity, narrow molecular weight 

distribution, specific size and shape characteristics, and a highly- functionalized terminal 

surface. The manufacturing process is a series of repetitive steps starting with a central 

initiator core. Each subsequent growth step represents a new "generation" of polymer with a 

larger molecular diameter, twice the number of reactive surface sites and approx. double the 

mol wt of the preceding generation. 

g. Polymeric Nanoparticles  

In recent years, biodegradable polymeric nanoparticles have attracted considerable 

attention as potential drug delivery devices in view of their applications in drug targeting to 

particular organs/tissues, as carriers of DNA in gene therapy, and in their ability to deliver 

proteins, peptides and genes through a per oral route of administration. 
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h. Carbon 60 

C60 are spherical molecules about 1nm in diameter, comprising 60 carbon atoms  

arranged as 20 hexagons and 12 pentagons: the configuration of a football. Hence they find 

application as nano carriers with large drug payload in their cage-like structure. 

D. Interactions between Biological Systems and Nanostructures 

The potential of targeted delivery will only be realized with a much better under-

standing of how such structures interact with body and its components in vitro and in vivo. 

Nanoparticles have been successfully applied to medical diagnostics by taking 

advantage to rapid uptake by reticulo endothelial system and sequestration by liver Kupffer‘s 

cells. To prolong the circulation, nanoparticles should be small enough (≤ 200 nm) or 

deformable to escape the simple filtration in the spleen. Besides size, the surface of 

nanoparticles can be modified to avoid opsonization. At present, few nanoparticles exist as 

extended-release systems for delivery of the entrapped drug over a period of days. The 

permeable vascular endothelia in lymph nodes and bone marrow are capable of removing 

small-sized particles from the circulation. Hence, nanoparticles can promise targeted delivery 

to inflammation sites such as arthritic joints, solid tumors and hematological malignancies. 

E. Applications 

Some examples in the literature include the use of copolymer PLGA (D, L-lactide-co-

glycolide) in the form of nanocapsules to deliver porcine somatotropin (pST) in a time-

controlled fashion to swine (Luo, 2003). Supplying encapsulated cells to the body could also 

be a valuable way to treat enzyme or hormone deficiency diseases. Researchers hope to 

functionalize a buckyball by bonding it to molecules that react to changes in pH level. This 

means that the drug would only be released at the infected area. 

Smart drugs have been designed which become medically active only in specific 

circumstances such as release of antibiotic only in the presence of an infection (Suzuki et al., 

1998). The common antibiotic molecule gentamicin is bound to a hydrogel using a peptide 

linker which can only be cleaved by a protease enzyme formed by Pseudomonas aeruginosa. 

Proteases specific to particular bacteria can be used as the signal for the release of different 

spectra of antibiotics from the same matrix depending on the strain of bacterium. Similarly, 

an alternative antibiotic release system triggered by thrombin activity, which accompanies 

Staphylococcus aureus wound infections, has been successfully tested as a high-specificity 

stimulus-responsive controlled drug release system (Tanihara et al., 1999). The virus particles 

bind to outer branches of dendrimers instead of the natural cells and get deactivated. Such 

glycodendrimers have also been used to trap and deactivate some strains of influenza virus 

particles (Landers et al., 2002). 

The nanoformulations have been successfully used for drug delivery against fungal, 

protozoan and bacterial diseases like candidiasis, leishmaniasis, salmonellosis, brucellosis 

and tuberculosis in animal models of the diseases (reviewed by Manuja et al., 2011). These 

have been found to be better in terms of efficacy and safety than their conventional 

counterparts.  

Nanoformulations for toxic trypanocidal drugs quinapyramine sulfate have been 

developed against Trypanosoma evansi and found to be highly effective at highly reduced 

dose with the sustained release in acute and chronic model of the trypanosomosis (Manuja et 

al., 2014). Another trypanocidal formulation using isometamedium chloride was synthesized 

which is nontoxic, biocompatible, and effective against parasite at a reduced dose (Singh et 

al., 2017). 



ICAR-CAFT 30th Course ‘Microbial Genomics and Proteomics in Diagnosis and Control of Diseases of Veterinary Importance’, 
Department of Veterinary Microbiology, LUVAS, Hisar, November 7-27, 2017. 
 

Sanjay Kapoor, N. K. Kakker and Rajesh Chhabra (Editors), LUVAS, Hisar 53 
 

The re-emergence of infectious diseases and the development of antibiotic resistance 

against various diseases caused by bacteria raise a serious threat to public health. The 

exploitations of novel substitutes to antibiotics, especially inorganic nanoparticles have 

recently attracted more attention. The zinc oxide nanoparticles (ZnO NPs) having 

antibacterial properties could be an ideal alternative. To minimize the toxicity of ZnO NPs, 

bipolymeric ZnO nanohydrogel was synthesized for sustained release of ZnO NPs. 

Antibacterial activity of ZnO nanohydrogel and ZnO NPs tested against Bacillus cereus and 

Pseudomonas aeruginosa revealed concentration dependent antibacterial activity in ZnO 

nanohydrogel and ZnO NPs treated samples (Chopra et al., 2015; Raguvaran et al., 2017). 

The findings suggest that ZnO NPs are toxic to cell cultures and nanoformulation of ZnO 

NPs using biocompatible polymer significantly reduced the toxicity and preserved the 

beneficial antibacterial effect.  

These drug delivery systems can have direct implications for augmenting animal‘s 

health and production. Nanomaterials are considered for creating amazing efficiencies due to 

their properties being lighter, smaller, and stronger than the materials they replace. However, 

these particles also have the potential to affect vital organs of the body and hence there is a 

need to look into the safety and other societal issues likely to arise from their applications.   
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Most of the developing countries rely on livestock production systems. India 

possesses 299.9 million bovine population which is the highest in the world and is 

endangered by different infectious diseases that affect animal health and production as well 

as overall economy; Bovine tuberculosis (bTB) is one of them. This creates trade restriction 

for export of livestock and their products according to regulations of Office International des 

Epizooties (OIE, 1994). Bovine tuberculosis caused by Mycobacterium bovis (M. bovis) is an 

OIE listed zoonotic, chronic, infectious and contagious disease of livestock, wildlife and 

humans (O‘Reilly et al., 1995), mainly confined to respiratory system and rarely in other 

organs. Cattle and buffalo are considered as the natural host for M. bovis. However, 

indigenous breeds are more resistant than crossbred and exotic breeds. Wild animals act as 

reservoir hosts. The main route of transmission among animals is via inhalation and between 

human and animals mainly spreads via ingestion of the infected milk or milk products. The 

incidence of M. bovis in humans probably remains underestimated, as distinction between the 

Mycobacterium species, i.e. M. bovis and M. tuberculosis, is not systematically performed. 

Because of the ability of M. tuberculosis and M. bovis to cause disease both in bovines and 

human beings, it is important to detect the disease/agent at an early stage to treat effectively 

so as to minimize the chances of transmission. Detection of such animals is the object of 

diagnostic tests and is vital to the control and eradication of bovine tuberculosis. The ideal 

tuberculosis screening test should correctly identify animals infected with M. bovis while 

avoiding the detection of non-infected animals. There is a growing perception that no single 

method is sufficient for detecting all cattle infected with bovine tuberculosis. For this reason, 

a multidisciplinary approach must be employed based on current status of the disease.  

The Etiological Agent 

The Mycobacterium tuberculosis complex consists of M. tuberculosis, M. africanum, 

M. microti, and M. bovis that share genetically identical 16S rRNA sequence and 99.9% 

nucleotide identity. The members characteristically differ in their host range, epidemiology, 

phenotype and clinical presentation. They are characterized phenotypically as Gram positive 

bacilli or cocco-bacilli, strictly acid-fast, vary from 0.5-10 μm in length, 0.2-0.6 μm width, 

non-motile, noncapsular, non spore-former and facultative intracellular aerobes. They are not 

heat-resistant, being readily killed by normal milk pasteurization conditions but resistant to 

drying and therefore can persist in the environment for long periods. Their cell wall rich in 

lipids i.e. mycolic acid (upto 60% of the cell wall) which is responsible for acid fastness, 

hydrophobicity and provides resistance to many disinfectants, laboratory stains, physical 

injuries, antibiotics and lysosomal enzymes (Birhanu et al., 2015).  

Criteria for a Diagnostic Test  

Evaluation of diagnostic tests for chronic infectious diseases such as bovine 

tuberculosis is more challenging than for acute diseases. A thorough understanding of 

pathogenesis of the disease is essential, since different signals of the infection are produced at 

different stages of the infection. The diagnostic tests should be selected based on their 

sensitivity, specificity and prevalence of the disease. The definitive diagnosis of tuberculosis 

have been the culture and isolation of the bacteria but it is time consuming and not 
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confirmatory. The limitation of direct smear microscopy and tuberculin skin test is their low 

sensitivity. The choice of diagnostic technique should consider the population being 

investigated and the aim of the testing. The method for diagnosis of bovine tuberculosis are-

conventional methods includes tuberculin skin testing, direct detection of the organism, 

cultural isolation, polymerase chain reaction (PCR). Modern approaches includes cellular 

immunity based tests, antibody based tests, molecular diagnosis using genomic and 

proteomic methods. 

Genomic Structure of M. tuberculosis Complex 

The genome of the M. tuberculosis complex consists of a double strand of circular 

DNA, consisting of approximately 4.4 million base pairs. The DNA of the genome has a high 

(G + C) content approximately 65% (Bishai et al., 1998). A large fraction of the genome is 

devoted to enzymes for metabolism of lipids such as the mycolic acids, which form an 

essential ingredient of the distinctive hydrophobic, waxy cell wall of the mycobacteria. The 

genome is also rich in gene regulatory circuits, consistent with the need to selectively activate 

genes in order to survive for prolonged periods within host macrophages, as well as in the 

outside environment during the transmission stage. Almost all members of M. tuberculosis 

complex have 0-25 copies of IS6110 gene but only one copy of IS6110 found in M. bovis, 

including M. bovis BCG strain. However, strains of M. bovis with multiple copies of IS6110 

have been also isolated from wild animals. The direct repeat (DR) region in M. tuberculosis 

complex strains is composed of multiple direct variant repeat sequence (DVRS) each of 

which is composed of a 36 bp direct repeat and a non repetitive spacer sequence of similar 

size. It has been shown that there is extensive polymorphism in the direct repeat region by the 

variable presence of direct variant repeat sequence and this polymorphism is used for 

differentiation of mycobacterium species and to define epidemiological relationships 

(Narayanan et al., 2002).  

A. GENOMIC APPROACHES 

a. Polymerase Chain Reaction 

The PCR assays may target either DNA or rRNA/and these could be based on 

conventional DNA based PCR, nested PCR and RT-PCR. PCR is based on use of primers 

that amplify segments of the IS6110 element and is useful for detection of mycobacteria in 

cultures where the small number of bacilli hinders identification by classical methods (Seyed 

et al., 2003). The amplified products gel electrophoresed and view under UV illuminator.  

Presence of bands of specific size depicts the presence of infectious agent. Sequencing can be 

done after PCR to know the differences in sequences of the strains. 

b. Restriction Fragment Length Polymorphism (RFLP), Restriction Endonuclease 

Analysis (REA) and Pulsed field gel electrophoresis (PFGE) 

The variation in the fragments generated by specific restriction enzymes are called 

restriction fragment length polymorphisms. The most commonly used insertion sequence is 

IS6110 which is found throughout the M. tuberculosis complex. The Repetitive elements/ 

insertion sequences (ISs) serve as probes, allowing comparison of the number and size of 

fragments containing an insertion sequence. After extraction of DNA, specific restriction 

enzymes used which generates bands of different number and different size. The technique of 

REA was the first to be developed for the intraspecific typing of M. bovis (Collins et al., 

1985). But in REA, after extraction genomic DNA from the cell, the whole genomic DNA is 

digested with the three restriction endonuclease enzymes, BstEII, PvuII and Bcll, which 

cleave DNA strands at highly specific nucleotide sequences. The resulting digest has many 

small fragments of DNA and these are then separated by agarose gel electrophoresis. Strains 
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are then characterized based on the fragment patterns following staining with ethidium 

bromide. In PFGE, all the steps are the same as for REA, the only difference being the use of 

restriction endonuclease enzymes to generate a relatively small number of large DNA 

fragments. Such fragments are electrophoresed using constantly changing (pulsed) electrical 

field. Although PFGE is widely used for subtyping pathogenic bacteria, the technique has 

been comparatively rarely used for the M. tuberculosis complex (Feizabadi et al., 1986). 

c. Spoligotyping (Spacer Oligonucleotide Typing) 

An internationally accepted standardized protocol for RFLP typing of M. tuberculosis 

complex using IS6110 was published in 1990 and still used today. As spoligotyping is PCR-

based, the technique can potentially allow for simultaneous diagnosis and typing, an 

advantage over the RFLP techniques. It has been shown that there is extensive polymorphism 

in the direct repeat region by the variable presence of direct variant repeat sequence and this 

polymorphism is used for differentiation of mycobacterium species and to define 

epidemiological relationships (Narayanan et al., 2002). After PCR, the amplified products are 

hybridised to a set of immobilised known oligonucleotides and detection of hybridised DNA 

carried out using a chemi-luminescent system. Variation in spacers can be exploited to obtain 

different hybridization patterns of amplified DNA. 

d. Phage-Recombinase Polymerase Amplification  

A bacteriophage-based method combined with PCR (phage-PCR) has been recently 

used to detect and identify viable pathogenic mycobacteria in the peripheral blood 

mononuclear cells of animals suffering from paratuberculosis caused by M. avium subspp. 

paratuberculosis. To adapt this method for the detection of M. bovis in blood, a new 

isothermal DNA amplification protocol using Recombinase Polymerase Amplification (RPA) 

developed and found to be able to detect M. bovis BCG within 48 h, with a limit of detection 

of approximately 10 cells per ml of blood for artificially inoculated blood samples (Benjamin 

et al., 2016). To perform the phage assay, the mycobacteria first need to be isolated from the 

sample. 

Step 1: Incubation of isolated mycobacteria with phage D29 for 1 h to allow virus infection of 

mycobacterial cells present in the sample.  

Step 2: Extracellular phage that have not infected bacterial cells inactivated by virucide.  

Step 3: Virucide is neutralized and fast-growing M. smegmatis added to the sample which 

will form the bacterial lawn.  

Step 4: Plating of samples in soft agar and incubation overnight permitting lawn formation by 

M. smegmatis. Phage released from the infected mycobacterial cells present in the original 

sample released and infect the M. smegmatis cells resulting in the formation of plaques.  

Step5: Plates are inspected for plaques which indicate detection of a mycobacterial cell in the 

original sample. If plaques are present, DNA is extracted from the agar and presence of MTC 

bacteria is determined by RPA/PCR. 

e. Next Generation Sequencing 

Traditional methods for drug resistant TB diagnosis are slow. Amplicon based NGS is 

an emerging method for drug susceptibility testing. In this, resistance loci, mutant gene loci 

or wild genes loci can be detected (Darwin et al., 2017). The NGS perform sequencing of 

millions of small fragments of DNA in parallel each of the bases sequenced multiple times to 

insight into the variations. It can be used to sequence whole genome or a specific part. 
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f. Luminex Multiplex Technique 

It is a multiplex based assay which requires small quantity of the analyte/sample. It 

can be used as a serological assay or nucleic acid based assay. This multiplex assay used for 

the detection of specific nucleotide sequences in the sample/microorganism by using specific 

oligonucleotide probes which are bound to the magnetic beads these specific probes binds 

with the specific complimentary sequences. For detection of the antigen, the sample is added 

to a mixture of beads which are precoated with analyte specific antibodies. Detection 

antibodies (biotinylated) are added to form Ag-Ab sandwich. Then streptavidin is added 

which binds with biotin. The beads are then read on Luminex. The light emitting diodes 

illuminate the beads and determines the magnitude of the signal (Ocheretina et al., 2013).  

B. PROTEOMIC APPROACHES 

Proteomic approaches like ELISA, mass spectrometry, SDS-PAGE and western 

blotting can be used for detection of the mycobacterial proteins or antigens. Some are as 

follows- 

a. Enzyme-Linked Immunosorbent Assay (ELISA): 

The use of serological tests such as ELISA has been suggested as an alternative 

method for tuberculosis diagnosis (El-Seedy et al., 2007). The first standardization of ELISA 

for the diagnosis of bovine tuberculosis were performed using crude antigen extracts or PPD, 

which exhibited problems regarding cross reactions with the avium/intracellulare 

mycobacterium group as well as a low power of discrimination between infected and non-

infected animals. The use of ELISA for the diagnosis of bovine tuberculosis was reported by 

Ritacco et al. (1972) having good sensitivity and specificity. In the advanced phases of the 

infection, PPD tuberculin test negative anergic cattle can be diagnosed only by serological 

tests (Placket et al., 1989) of which sandwich ELISA (interferon gamma assay) is more 

specific. The ELISA may also be useful for detecting M. bovis infections in wildlife.  

b. SDS-PAGE and Western blotting 

It is one of the diagnostic approach for detection of mycobacterial antigens/ proteins. 

The culture filtrates of mycobacteria are rich in secreted proteins. For separation of these 

proteins two techniques can be used i.e. high performance liquid chromatography and SDS-

PAGE. Proteins are separated based on their molecular mass (Malen et al., 2007). After 

extraction of protein/RNA, proteins are electrophoresed on SDS-PAGE, blotted onto 

nitrocellulose membranes using 4-15% polyacrylamide gel and stained with 0.25% 

Coomassie Brilliant Blue stain. Nitrocellulose membrane is blocked with 3% skim milk in 

PBST (PBS and Tween, pH 7.4) for 1hr, washed with PBST and incubated with activated 

probe conjugated with Horse radish peroxide (HRPO) for 1 hr. Blot will develop with DAB 

substrate. 

c. Mass Spectrometry 

It measures the masses of individual molecules that have been converted to ions i.e. 

electrically charged molecules. Two basic methods are electric spray ionization (ESI) and 

Matrix Assisted Laser Desorption Ionization - time of flight (MALDI-TOF). Electric spray 

ionization differs from MALDI-TOF that it may produce multiple charged ions. MALDI-

TOF (Matrix Assisted Laser Desorption Ionization - time of flight) MS is an analytical 

method that is capable of vaporizing and ionizing biological samples embedded on a UV-

absorbing matrix through a single non-destructive step. As a result, it became the preferred 

choice for analysis of sensitive biological samples (Hettick et al., 2006). The MALDI-TOF 

MS is designed to distinguish between microorganisms based on their protein profiles. 
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MALDI-TOF MS has been used for the rapid detection of Mycobacterium species in an 

attempt to compensate the ineffectiveness of conventional diagnostic methods. Although this 

tool has not been extensively used for differentiation of M. tuberculosis to a strain level, it 

might be useful for the diagnosis of TB which may result in more successful treatment and 

management programme. During the application process, the UV-laser is irradiated to the 

matrix embedded sample. Thereafter the matrix transfers the energy to the sample analyte to 

be ionized and desorbed from the target plate. As a result, the ion sources accelerate desorbed 

ions into a flight tube (time of flight) where they are analyzed and separated according to 

their mass to charge ratio. Smaller molecules travel faster and reach the detector earlier than 

larger molecules. These ions are captured and counted by a detector and represented as 

signals for each mass-to-charge value that is proportional to the number of ions captured 

(Romanus, et al., 2011). In comparison to other diagnostic methods, MALDI-TOF MS is 

rapid, requires minimal sample preparation and fewer reagent (Hettick, et al., 2006). 

d. Interferon Gamma Assay 

This in vitro assay is a laboratory based test detecting specific cell mediated immune 

response by circulating lymphocytes. In this test, the release of the gamma interferon (IFN-γ) 

is measured in a whole-blood culture system. The two specific proteins ESAT-6 (early 

secreted antigenic target 6) and CFP-10 (culture filtrate protein 10) are coded by genes in 

RD1 region. Genes for these proteins are absent in many environmental, NTM as well as in 

the BCG vaccine. ESAT-6 and CFP-10 are robust inducers IFN-γ responses by infected 

cattle. The assay is based on the release of IFN γ from sensitized lymphocytes during a 16-24 

hours incubation period with a specific antigen. The test makes use of comparison of IFN- γ 

production following stimulation with avian and bovine PPD (Denis et al., 2007). The 

detection of bovine IFN- γ is carried out with a sandwich ELISA which uses two monoclonal 

antibodies to bovine gamma-interferon. It is recommended that the blood samples collected 

in heparin vial should be processed on the same day of blood collection but not later than the 

day of blood collection. Specificity is also poor in cattle when complex antigens such as 

tuberculin or culture filtrates are used. The use of defined mycobacterium antigens such as 

ESAT-6 and CFP-10 shows improved specificity. The use of these antigens offer the ability 

to differentiate vaccinated from unvaccinated animals. A combination of different antigens 

including proteins such as MPB 70 and MPB 83 can be used to differentiate. MPB 70 is the 

major secreted antigen of M. bovis, while MPB 83 is a cell wall lipoprotein. Immune 

responses to MPB 70 and MPB 83, proteins derived from pathogenic strains of M. bovis 

culture filtrates, are both representative of a strong antigen-induced cell mediated immune 

response in the early stages of the tuberculosis infection.  

Conclusions 

Modem technology and molecular biology have affected virtually every form of 

discovery, confirmatory or exclusionary diagnostic test, both in vivo and in vitro, often 

significantly enhancing the quality of the assays or providing a better understanding of host 

and/or M. bovis interactions. Valid study designs to evaluate diagnostic tests in the laboratory 

as well as under field conditions are essential for accepting or rejecting completely new 

tuberculosis diagnostics. Despite protein purification and molecular cloning, no individual 

mycobacterial proteins or cocktail of recombinant proteins have been found to eliminate the 

specificity problems of PPD or to elicit DTH-like responses. No single method is sufficient 

for detecting all reactive animals in every stage of infection so a combinational approach 

based on the sensitivity, specificity, prevalence of the disease and cost effectiveness, used for 

diagnosis of the disease to minimize the risk of transmission at human animal interface. 
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MULTIPLEX RT-PCR AND SANDWICH ELISA FOR SEROTYPING OF FMD 

VIRUS FROM CLINICAL SAMPLES 

Swati Dahiya and Anshul Lather 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

World Organization for Animal Health (OIE) listed Foot-and-Mouth Disease (FMD) 

as notifiable transboundary animal disease. FMD is a debilitating and highly contagious 

disease of domestic (cattle, buffaloes, sheep, goats, pigs) and other cloven hoofed wild 

ruminants and poses a catastrophic threat to the livestock. Of the seven FMD virus (FMDV) 

serotypes prevalent worldwide, serotypes O, A and Asia-1 are currently circulating in India. 

FMDV serotype ‗C‘ has not been detected in India for the last more than 20 years and 

serotype Asia-1 has not been detected from Haryana for the last 7 years. Of these, FMDV 

serotype O is the most common. 

A. Diagnosis and serotyping of FMDV by sandwich ELISA 

The double antibody sandwich ELISA for serotyping of FMD virus was developed by 

Venkataraman et al. (1995) at ICAR-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 

Protocol: 

1. The optimum dilutions of FMDV serotype specific coating sera and anti-guinea pig 

IgG-HRPO conjugate are determined by checker board titrations before setting the 

test. 

2. Mark the wells of ELISA plate as shown below. 

 
Row/ FMDV 

type specific 

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

A O             

B A             

C Asia-1             

D O             

E A             

F Asia-1             

                  +ve  -ve                            Clinical Samples 

   Antigen Controls                         
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3. Dilute all the three coating sera i.e. FMDV serotype O, A and Asia-1 optimally with 

coating buffer (Appendix-I). Dispense 50l/well of type ‗O‘ antisera into the wells of 

A and D row, type ‗A‘ into B and E, and type ‗Asia-1‘ into C and F rows. Cover the 

plate and incubate at 4ºC overnight. 

4. Take out the ELISA plate from refrigerator and incubate at 37°C for 15 min. Wash the 

plate with washing buffer 5 times. As positive antigen controls, in column 1, dispense 

50 l/well of inactivated FMDV type ‗O‘ antigen in wells A1 and D1, serotype ‗A‘ in 

wells B1 and E1, and serotype ‗Asia 1‘ in wells C1 and F1. 

5. Add 50 l/well of supernatant from uninfected BHK-21 cell culture in all the wells of 

column 2.  The Column 2 serves as negative (-) antigen control. 

6. Prepare 10% PBS suspension of each clinical sample using sterile pestle and mortar 

followed by centrifugation at 2000 rpm for 15 min. The supernatant is further used for 

ELISA. Dispense 50 l/well of test antigen sample in column 3 and onwards. 

7. Incubate the plate at 37ºC for 1 h, discard the contents and wash as described earlier. 

8. Optimally dilute the serotype specific tracing sera in blocking buffer (Appendix-I).  

Dispense 50 l/well of diluted FMDV serotype ‗O‘ specific tracing sera in all the 

wells of rows A and D; type ‗A‘ specific in rows B and E; and ‗Asia 1‘ tracing 

antisera in all the wells of rows C and F. 

9. Incubate the plate at 37ºC for 1 h, discard the contents and wash as described earlier. 

10. Optimally dilute the anti-guinea pig IgG-HRPO conjugate in blocking buffer and 

dispense 50 l/well in all the wells of the ELISA plate. 

11. Incubate the plate at 37ºC for 1 h, discard the contents and wash as described earlier. 

12. Add 50l/well of freshly prepared substrate solution (Appendix-I) in all the wells of 

the ELISA plate and incubate the plate in the dark at 37ºC for 5-10 min or till the 

colour develops in positive antigen control wells. 

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

of the ELISA plate. 

14. 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. 

B. Diagnosis and serotyping of FMDV by multiplex RT-PCR 

The FMD suspected clinical materials are tested by a very sensitive and specific multiplex 

RT-PCR (mRT-PCR) assay using primers reported by Knowles and Samuel (1995) and 

Giridharan et al. (2005). 

Protocol: 

1. Sample collection and RNA extraction: The tissue sample collected in 50% buffered 

glycerol is brought to lab. Approximately 1g of tissue is triturated in 1ml of PBS 

thoroughly in sterile pestle and mortar and 10% PBS suspension is prepared. RNA 

extraction from 1ml sample is carried out in microcentrifuge tube using TRIzol™ 

reagent (Chomczynski, 1993). After homogenizing the sample with TRIzol™, 

chloroform is added, and the homogenate is allowed to separate into a clear upper 
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aqueous layer (containing RNA), an interphase, and a red lower organic layer (containing 

the DNA and proteins). RNA is precipitated from the aqueous layer with isopropanol. 

The precipitated RNA is washed using 70% ethanol to remove impurities, and then 

resuspended in nuclease free water (NFW). 

2. Reverse Transcription- Polymerase Chain Reaction: Mix template RNA, NFW and 

primer pNK61 in small 0.2ml microcentrifuge tube and put in thermocycler at 65°C for 5 

min. Immediately chill on ice. Then add 10mM dNTPs, RNasin, buffer and RT 

(ThermoScientific). Mix and keep the contents in thermocycler at 42°C for 60 min 

followed by 70°C from 5 min and then at 4°C. For multiplex PCR, the cDNA and NFW 

are mixed with Dream Taq Green PCR Master mix (ThermoScientific) and primers 

(pNK61, DHP13, DHP15, DHP9 and DHP16). The contents are kept in thermo-cycler 

with run conditions as described in Figure 2. 

 
Figure 2: Cycling condition for mPCR in thermal cycler 

3. 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. 

 

Interpretation 

Consider the test as valid only if positive control have amplicon at 249bp, 376bp 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. 

 
Fig. 3: Multiplex PCR for FMDV typing, Lane L: 100bp DNA ladder; 1-5: Clinical 

tissue samples from Sirsa district; 6: Positive Control FMDV serotype O; 7: 

Negative Control 
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Appendix-I: Composition and Preparation of Buffers 

1. Coating (Carbonate-bicarbonate) Buffer 

One Carbonate-bicarbonate capsule (Sigma) dissolved in 100 ml distilled water. 

Check the pH as 9.6. Store at 4°C. 

2. Blocking Buffer  

 Lactalbumin hydrolysate (LAH)  450 mg   

 Rabbit serum    750 µl   

 New Born Calf Serum   750 µl   

 Washing buffer to make  15 ml   

3. Washing Buffer (pH 7.2-7.4) 

 NaH2PO4 .2H2O   0.39 g    

 Na2HPO4 .2H2O   1.336 g   

 NaCl     29.325 g   

 Tween 20    0.5 ml    

 D.W. (to make)   1 litre    

4.  Substrate (Phosphate-citrate) Buffer 

 Citric Acid    7.3 gm 

 Na2HPO4     9.468 gm 

 D.W. to make    1 litre 

5.  Substrate Solution   

 OPD     10 mg 

 Substrate Buffer   15 ml 

 H2O2 (3%)    8 l 

6.  Stopper Solution 1 M H2SO4  

 H2SO4     5.55 ml 

 D.W. to make     100 ml 
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USE OF RECOMBINANT 3AB3 PROTEIN FOR DIFFERENTIATION OF FMDV 

INFECTED AND VACCINATED ANIMALS (DIVA STRATEGY) 

Anshul Lather and Swati Dahiya 

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), OIE listed disease, is a highly contagious, 

economically devastating viral disease that affects both domestic and wild cloven-hoofed 

animals. It leads to trade restrictions and trade embargoes of animals and animal products on 

the FMD affected countries. In order to do trade of animal and their products, a country 

has to be free from FMDV infection i.e. from infected and carrier animals. In India, 

FMD is endemic and the vaccination of livestock population is done using a trivalent 

inactivated FMDV oil adjuvant vaccine (against FMDV serotypes O, A and Asia-1) for the 

control of the disease. The animals immunized with such a vaccine mount antibody 

response against structural proteins of the virus. However, when an animal becomes 

infected, it not only develops antibodies against structural proteins but also against non -

structural proteins (NSPs) like viral polymerases and proteases of the virus. Immunized 

animals that are infected and subsequently become carriers will also develop antibodies 

against NSPs, allowing carriers to be identified in vaccinated stock also.  

The conventional diagnostic methods detect antibodies only against structural 

proteins and, therefore, are not suitable for DIVA strategy. There are four basic tools 

for DIVA strategy for FMDV viz: (i) virus isolation (ii) detection of viral nucleic acid 

by reverse transcription polymerase chain reaction (RT-PCR) (iii) mucosal IgA 

response and (iv) NSP serology. The detection of antibody to the NSPs of FMDV can be 

used to identify past or present infection with any of the serotypes  of  the  virus,  whether  or  

not  the  animal  has  been  vaccinated.  It can be used to confirm suspected cases of FMD, 

carrier animals and prevalence of infection or freedom from infection in a herd. Therefore, 

NSP serology is an underlying indicator of virus exposure regardless of vaccination status. It 

has great advantage over other tests for DIVA strategy like its high throughput and 

persistence of antibody response against NSPs for longer duration. In addition, NSPs are not 

serotype specific while structural proteins are serotype specific. The different NSPs based 

ELISA tests have their own advantages and disadvantages. However, NSP 3AB and 

3ABC based tests are considered best for DIVA strategy. In addition, discrimination 

between infected and vaccinated cattle may be only possible at the herd level because of 

the great variability in the initiation, specificity and duration of the immune response to 

the NSPs as there is gradual waning of anti-NSP antibody titer to the border line detection 

level after more than one year of infection, and multiple vaccinations with vaccines which are 

not significantly free from NSPs. Therefore, an indirect marker of FMDV infection i.e. 

presence of antibodies to NSPs in the serum of the animal would be reliable to differentiate 

infected animals in vaccinated animal population. However, the absence of antibodies to 

any or all of the NSPs does not provide definitive evidence that the animal has never 

been infected with FMDV. 

The ICAR- Directorate on FMD, Mukteswar has developed baculovirus expressed 

r3AB3 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 FMD Laboratory, Directorate on FMD, Mukteswar, India.    
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Indirect ELISA for differentiation of FMDV infected and vaccinated animals (DIVA) 

Protocol: 

1. Freeze dried recombinant (r3AB3) protein is dissolved with 1 ml of coating buffer 

(Appendix-I) and another 10.0 ml of coating buffer is added to it (One vial is sufficient for 

coating two 96-well ELISA plates). Reconstitute the freeze dried vials of positive and 

negative control serum with 500µl of diluents buffer (Appendix-I). Dissolve the content of 

freeze dried vial carrying E. coli lysate in 70 µl of PBS and store at –20
0
C after use. 

2. Coat 96-well polystyrene (Nunc Maxisorp) Immuno plates with the diluted recombinant 

protein @ 50 µl per well (~80 ng of purified recombinant protein per well). Tap the plate 

gently from all sides and incubate the plate at 4°C overnight.  

3. Remove the plates from the refrigerator and thaw at 37°C for 15 minutes.  

4. In a low protein binding Perspex plate dilute the test serum @ 1:20 in diluent buffer. 

Prepare a total volume of 120 µl of diluted serum (114 µl diluent buffer + 6 µl test serum) 

so that 100 µl of the mixture can be transferred to the coated ELISA plates in single well. 

On a coated ELISA plate a total of 90 test sera samples in single wells, a positive and a 

negative control serum, and background controls in duplicates can be accommodated.  

ELISA PLATE LAYOUT FOR r3AB3 NSP DIVA TEST 

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

A TS1 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 

TS= Test Sample; PC=Positive Control; NC=Negative Control; BG=Background 

5. Give three continuous wash (no hold time) with wash buffer (Appendix-I). 
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6. Transfer 100 µl of the diluted test serum from Perspex plate to the r3AB3 coated ELISA 

plate in respective wells (as shown below in plate layout). 100µl of each of the supplied 

control sera (positive & negative controls) after reconstitution with diluents buffer should 

be added to the duplicate wells. For background controls only 100 µl of diluent buffer is 

dispensed without any serum.  Incubate for 1 hour at 37
0
C and tap the plate gently from all 

sides at every 15 minute intervals. 

7. Give three washes of 3 minute soak period each. 

8. Prepare anti-cow IgG HRP conjugate @ 1:2000 (3µl conjugate in 6ml of diluent). 

Dispense @ 50 µl per well. Incubate for 1 hour at 37°C and tap the plate gently from all 

sides at every 15 minute intervals. Give three washes of 5 minute soak period each. 

9. Add freshly prepared substrate solution (Appendix-I) @ 50 µl per well and incubate for 15 

minutes at 37°C without shaking. Then stop the colour reaction by adding 1M H2SO4 @ 

50 µl per well. 

10. Measure OD of each well at the wave length of 492nm (Reference 620nm). 

Interpretation 

The test is considered valid if the mean corrected absorbance of the positive control 

wells is not less than 0.8. Similarly the plate has to be rejected if the mean corrected 

absorbance of the supplied negative control serum is > 20 percent positivity (PP). The O.D. in 

back ground control wells should be less than 10 PP. Additionally, the OD values in each of 

the duplicate wells of the positive control should not differ by more than 20% from the mean 

OD of the duplicate wells. 

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 interpretation of the results will be calculated 

according to the following cut-off values: 

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

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

REFERENCES 

User Protocol Sheet, DIVA test for FMD, ICAR-Directorate on FMD, Mukteswar. 
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Appendix-I: Composition of 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 4
0
C. 

3. Diluent  Buffer: 20 ml 

Skim Milk Powder (Himedia)   0.4g (2%w/v) 

Horse Serum     2ml (10% v/v) 

E. coli lysate                                   2.5 µl (0.01% v/v) 

Washing Buffer    Up to 20 ml 

4. Substrate (phosphate-citrate) Buffer: 100ml 

One phosphate-citrate tablet (Sigma) dissolved in 100ml distilled water. Check pH as 

5.0. Store at 4
o
C. 

5.  Substrate Solution: 7.5 ml (Prepare immediately before use) 

 OPD      5 mg 

 Substrate (phosphate-citrate) Buffer  7.5 ml 

 H2O2 (30%)     4 l 

6.  Stopper Solution 1 M H2SO4: 100 ml 

 H2SO4 (95-97%)    5.55 ml 

 Distilled Water     94.45 ml 
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PCR-RFLP BASED DIAGNOSTIC TESTS FOR GENETIC DISEASES OF 

LIVESTOCK 

Sonika Ahlawat, Rekha Sharma, Reena Arora and MS Tantia 

ICAR-National Bureau of Animal Genetic Resources, Karnal-132001 

Genetic diseases refer to inborn abnormalities in genes or chromosomes leading to 

physical or functional anomaly with a consequent harmful impact on health and productivity 

of animals. Most of the genetic diseases are inherited as autosomal recessive traits and 

carriers generally produce no noticeable indications. However, if mating occurs between two 

carriers, homozygous recessive off springs produced would exhibit the abnormality. 

Therefore, timely detection and elimination of carriers from a species is a desirable approach 

to curtail the ill effects. Majority of individuals with genetic defects generally have 

compromised survivability and/or fertility, therefore, their contribution to the next generation 

is restricted by nature. 

In bovines, around 200 genetic diseases have been reported in different breeds (mostly 

exotic) contributing to poor performance. Most of these diseases are breed specific, with 

prevalence being reported mostly in exotic animals. However, there are some reports 

documenting their presence in indigenous animals as well. Sustained extension programs 

advocating crossbreeding in livestock have tremendously increased the population of 

crossbreds. Due to extensive use of taurine bulls, particularly Holstein Friesian, worldwide 

(including India), the global impact on the genetic health of cattle is inevitable. The situation 

becomes problematic when a widely used elite sire turns out, in retrospect, to be a carrier of a 

genetic defect. In India, several genetic diseases like BLAD, citrullinemia, deficiency of 

factor XI have been reported in crossbred cattle in view of indiscriminate crossbreeding in 

cattle (Table 1). 

Table 1: Genetic diseases in cattle in India 

Disease 
Breed  

Carrier 

frequency (%)  
Reference  

Bovine Leucocyte 

Adhesion Deficiency 

(BLAD) 

HF 1.33  Padeeri et al., 1999  

HF 3.23  Patel et al., 2007a  

Friesian crossbred 21.82  Kumar et al., 2011  

Friesian crossbred 7.31  Mahdipour et al., 2010  

Friesian crossbred 3.64  Yathish et al., 2010  

HF and HF cross 4.76  Patel et al., 2010  

HF 1.59  Roy et al., 2012  

Frieswal 4.60  Alyethodi et al., 2016  

Factor XI deficiency HF 0.6  Patel et al., 2007b  

Sahiwal 2.5  Mondal et al., 2016  

Deficiency of Uridine 

Monophosphate Synthase 
HF 1.17  Gaur et al., 2013  

Citrullinaemia HF  0.67  Padeeri et al., 1999  

HF 1.67  Gaur et al., 2012  

Complex Vetebral 

Malformation (CVM) 

Friesian crossbred 20.35 Mahdipour et al., 2010  

Friesian crossbred 76.36 Kumar et al., 2011 

HF 1.67 
Kotikalapudi et al., 

2013 
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Therefore, as per new guidelines for ―Minimum standards for production of bovine 

frozen semen‖ as described under ―Minimum Standards of Protocol & Standard Operating 

Procedures for Bovine Breeding‖ by Department of Animal Husbandry, Dairying & 

Fisheries, Ministry of Agriculture, Government of India, (2014), all donor bulls have to be 

genotyped to rule out any possibility of some major genetic defects as described in Table 2.  

Table 2: Mandatory screening of genetic diseases in different categories of cattle 

Species/breed Genetic diseases  

Indigenous cattle and buffaloes Factor XI deficiency syndrome, Bovine Leukocyte 

Adhesion Deficiency (BLAD), Citrullinemia 

HF and HF crossbreds Factor XI deficiency syndrome, Bovine Leukocyte 

Adhesion Deficiency (BLAD), Citrullinemia, 

Deficiency of Uridine Monophosphate Synthase 

(DUMPS) 

Jersey and Jersey Crossbreds Factor XI deficiency syndrome, Bovine Leukocyte 

Adhesion Deficiency (BLAD), Citrullinemia 

Diagnostic Tests for Common Genetic Diseases 

Accurate and economical detection of carriers of genetic diseases can be achieved by 

simple molecular biology technique like PCR-RFLP (Polymerse Chain Reaction – Restriction 

Fragment Length Polymorphism). The nucleotide change (mutation) responsible for the 

abnormality can be easily detected by amplifying the desired gene fragment by PCR followed 

by digestion with specific restriction enzyme that can differentiate between the normal, 

carrier or affected animals on the basis of band size on agarose gels. For Factor XI deficiency 

(FXID), simple PCR can be used to differentiate normal and affected animals since diseased 

animals have a 76 bp insertion. The direct detection of the heterozygous carriers is thus 

possible for these defects even at embryonic or foetal stage. 

 

Figure 1: Electrophoretic patterns diagnostic for normal, affected and carrier genotypes 

for BLAD 

Table 3: Primers, PCR product sizes and restriction enzymes (RE) used for 

identification 

Genetic 

disorder 

Primer sequence, product size and reference RE 

 

Digestion products 

BLAD 

 

 

F: 5‘-GAATAGGCATCCTGCATCATATCCACCA-3‘ 

R: 5‘-CTTGGGGTTTCAGGGGAAGATGGAGTAG-3‘ 

PCR product size: 357 bp 

(Meydan et al., 2010) 

TaqI Unaffected: 357 bp 

Carrier: 357,201 and 

156 bp 

Affected: 201 and 
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 156 bp 

DUMPS 

 

F: 5‘-AGGGTCTTAGTGGAAGCAGGT-3‘ 

R: 5‘-GGCTTACCTCCTGCTTCTAACTG-3‘ 

PCR product size: 282 bp 

(Schwenger et al., 1993) 

 

AvaI Unaffected: 213 and 

69 bp 

Carrier: 282,213 and 

69 bp 

Affected: 282 bp 

BC 

 

F: 5‘-GGCCAGGGACCGTGTTCATTGAGGACATC-3‘ 

R: 5‘-TTCCTGGGACCCCGTGAGACACATACTTG-3‘ 

PCR product size: 198 bp 

(Grupe et al., 1996) 

 

AvaII Unaffected: 109 and 

89 bp 

Carrier: 198, 109 and 

89 bp 

Affected: 198 bp 

FXID 

 

 

F: 5‘-CCCACTGGCTAGGAATCGTT-3‘ 

R: 5‘-CAAGGCAATGTCATATCCAC-3‘ 

PCR product size: 244 bp 

(Marron et al., 2004) 

 

-  Unaffected: 244 bp 

Carrier: 244 and 320 

bp 

Affected: 320 bp (due 

to 76 bp insertion) 

 

The basic diagnostic protocol for PCR-RFLP based tests is as follows: 

 

 

 

 

 

 

 

 

 

 

Obtaining blood, semen or tissue sample from the animal to be tested 

Extraction of DNA from the sample 

Amplification of the genomic fragment that contains the site of mutation by PCR 

Digestion of the amplified fragment using specific restriction enzyme 

Visualization of the digestion products on agarose gels to interpret the genetic defect 
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Figure 2: Electrophoretic patterns diagnostic for normal, affected and carrier genotypes 

for Bovine Citrullinemia 

In livestock sector, the occurrence of genetic defects results in economic and 

production losses. New cytogenetic and molecular technologies have emerged during last few 

decades with the potential to uncover hidden defective chromosomes, genes or alleles in the 

genome. The popularity of DNA testing analysis for diagnosis of the carriers for such 

diseases is increasing day by day. These simple technologies are reliable and can be 

accurately used to screen even newborn animals. Genotyping of breeding animals for genetic 

defects is imperative, specifically crossbreds so that future economic losses can be averted in 

case of breeding employing unidentified carrier animals.  
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SYNTHESIS AND CHARACTERIZATION OF GOLD NANO PARTICLES: A 

NOVEL APPROACH FOR DIAGNOSIS OF LIVESTOCK DISEASES 

Minakshi Prasad, Upendra Lalmbe, Basanti Brar, Ikbal Shah and VG Joshi 

Department of Animal Biotechnology, College of Veterinary Sciences, 

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

Microorganisms are omnipresent creatures responsible for causing diseases in humans 

and livestock. These organisms may affect multiple host species including humans and thus 

are of zoonotic importance in the public health concern. Some infectious agents can also be 

used as a part of biological warfare agent. Hence, the correct diagnosis of the infectious agent 

gets primary importance, especially in case of livestock, because they are directly or 

indirectly linked to the humans through food webs. If the infection can be detected at a very 

primary level before maximum population is affected, proper control measures can be 

planned and huge economic losses can be controlled. 

The biosensors are commonly used in medical and veterinary diagnostics because of 

their higher sensitivity, simplicity in operation, ability to perform multiplex analysis, etc. The 

nanotechnology is an emerging field contributing most to the development of the biosensor 

technological approach. The nano materials exhibit the physiochemical properties such as 

electrochemical, chemical luminescence, optical, which are completely different than the 

actual material and are exploited for the designing of biosensors.  

Due to advancements in nanotechnology, the need of labelling the biomolecule with 

enzyme or radioisotope is not required. These are replaced by Nanoparticles (NPs). The NPs 

have property of mimicking certain enzymes and used to design the immunoassays. Further, 

the NPs have been developed as an important approach for delivery of conventional drugs, 

recombinant proteins, vaccines and more recently, nucleotides. NPs and other colloidal drug-

delivery systems modify the kinetics, body distribution and drug release of an associated 

drug. Modern materials like nanowires, quantum dots, carbon nanotubes, nanoparticles or 

nanomaterials  are in the centre of attraction due to the fact that the mechanical, chemical, 

electrical, optical, magnetic, electro-optical and magneto-optical property of these particles 

are different from their bulk properties and depend on the particle size.  

Synthesis of Gold Nanoparticles 

The synthesis of gold nanoparticles (GNPs) can be performed by two methods, which 

are chemical synthesis and biological/green synthesis. However, the GNPs synthesized with 

the biological methods are generally used for in-vitro experiments. For the designing of 

diagnostic tools, the GNPs synthesized by chemical method are preferred.  The chemical 

synthesis of colloidal gold nanoparticles was first reported by (Turkevich et al., 1951).  

Apparatus 

Glass beakers (3), Magnetic Stirrer with heating pad, Magnetic beads, Magnetic rod, 

Glass Pipettes, Rubber bulb, Micro pipettes, Tip boxes, 50 ml Centrifuge tubes. 

Reagents 

 Aquaregia: HCl+HNO3 (Conc.) in 3:1 Ratio 

 Chromic acid: Potassium dichromate + Sulfuric acid. 

 HAuCl4 3H2O: Hydrogen Tetrachloro Aurate Trihydrate. 1% stock solution. (Sisco 

Research laboratories Pvt Ltd) 

 Sodium citrate tribasic dihydrate: (SRL) Extra pure (1% solution) 

 Double distilled water   
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Fig.: Principle of GNP synthesis 

Procedure:  

 Clean all the glassware and the magnetic bead with freshly prepared Aquaregia and 

Chromic acid so as to remove the contamination of previously present metals. 

 Take 50ml of DW in a glass beaker. Put a magnetic bead into it. And then put it on 

the heating magnetic stirrer at the temperature 280 degree C.  

 Set speeds of rotation at 1200 rpm. 

 Allow water to boil, now add 0.5 ml of HAuCl4 stock solution to it. And then quickly 

add 3ml of 1% Sodium citrate solution to it. 

 

 

 

Fig.: Procedure for synthesis of colloidal GNPs 

Procedure:  

 Clean all the glassware and the magnetic bead with freshly prepared Aquaregia and 

Chromic acid so as to remove the contamination of previously present metals. 

 Take 50ml of DW in a glass beaker. Put a magnetic bead into it. And then put it on 

the heating magnetic stirrer at the temperature 280 degree C.  

 Set speeds of rotation at 1200 rpm. 
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 Allow water to boil, now add 0.5 ml of HAuCl4 stock solution to it. And then quickly 

add 3ml of 1% Sodium citrate solution to it. 

 Observe the color change. Allow the solution to boil till the color gets stabilize. And 

then allow it to boil for more 15 min. 

 Now switch off the heat, keep stirring the solution till it reaches room temperature. 

Precautions: 

 The glassware should be free from any kind of ionic as well as organic 

contaminants; otherwise the GNPs get aggregated in presence of small 

concentrations of salts or ions. 

 The metallic residues on the glassware and the magnetic stirrer can be removed by 

applying the washings with concentrated aquaregia. But the aquaregia should be 

handled with utmost care inside a secured fume hood. The fumes erupting through 

the solution are very hazardous to the handler. 

 The reaction of GNP synthesis is sensitive to the light; therefore direct exposure to 

the light should be avoided during the synthesis process.  

 All the chemicals used in the reaction should be of analytical grade. 
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CHARACTERIZATION OF PATHOGENIC BACTERIA FROM MASTITIS MILK 

BY PLASMID PROFILE ANALYSIS 

Archana Sharma and Parveen Kumar 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

Mastitis is the inflammation of the mammary gland occurs often due to 

microorganisms that invade the udder, multiply and produce toxins harmful to the mammary 

tissue. Mastitis is characterized by physical, chemical and usually bacteriological changes in 

the milk and pathological changes in the glandular tissue of the udder which affects quality 

and quantity of milk. Large number of microbes is causing the disease in dairy animals. The 

common bacterial agents associated with mastitis are Staphylococcus spp., Streptococcus 

spp., Escherichia coli, Corynebacterium spp., Klebsiella spp. and Pseudomonas spp., while 

Mycoplasmal agents, fungal agents and viral agents etc., are rarely associated. Mastitis is one 

of the major causes of antibiotic use in dairy animals and plasmid profile analysis has been 

used widely for determining plasmid encoded antibiotic resistance in isolated bacterial 

pathogens.  

Plasmids are self-replicating DNA molecules present in bacteria and are responsible 

for horizontal transmission of antibiotic resistance genes among bacteria of same genera and 

sometime other genera. Plasmid may contain genes associated with virulence, bacteriophage 

susceptibility and antibiotic resistance for single or multiple antimicrobial agents. Plasmid-

encoded virulence factors may be surface antigens on which other typing systems are based, 

e.g., serotyping or outer membrane protein profiles. Plasmid profiles have been found useful 

in epidemiological surveillance of disease outbreaks and in tracing virulence factors and 

antibiotic resistance. Profile identification can be used as serotype specific reference pattern 

for detecting certain strain with possible variation in their plasmid content. Some restriction-

modification systems are plasmid encoded; this may affect phage typing. Thus, different 

typing systems may not be totally independent of one another. The major advantage of 

plasmid profiles over many other typing systems is that a single set of reagents and 

equipment is applicable to many species of bacteria.  

Procedure 

A. Sample Collection 

The milk sample must be collected aseptically after discarding first few milk 

stripping. These samples are processed for the isolation of specific bacterial species. These 

samples are streaked on a blood agar, MacConkey agar and/or selective medium (like 

Mannitol Salt Agar for Staphylococcal spp.) for further studies. 

B. Bacterial Identification 

Identification of bacterial species can be performed on the basis of colony 

characteristics, grams staining and biochemical tests (Catalase test, Indole test, Kovac‘s 

reagent, Methyl red (MR) test, Voges Proskauer (VP) test, Citrate test, Coagulase test and 

Urease test) carried out by standard methods. 

C. Plasmid Isolation 

The isolation of bacterial plasmid from the pure culture of bacterium is performed by 

the method of Sambrook for isolation of plasmid DNA.  
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1. Single colony of the isolated bacterium (e.g. E. coli) is incubated in 3 ml of (Brain 

Heart infusion) BHI broth in 20 ml tube and was incubated at 37
o
C for 16-18 hours at 

static condition. 

2. Out of 3 ml, 1.5ml of bacterial culture is taken into Microfuge tube and centrifuged at 

8200 x g for 30 seconds at 4 
o
C. 

3. Supernatant is removed leaving pellet as dry as possible. 

4. Pellet is resuspended in 100 µl alkali lysis solution I [50 mM glucose, 25 mM Tris-Cl 

(pH 8.0), 10 mM EDTA (pH 8.0), deionized water] by vigorous vortexing. 

5. 200 µl of freshly prepared alkali lysis solution II [0.2 N NaOH, 1% (w/v) SDS, de-ion 

water] is added, mixed by inverting the tube rapidly five to six times and incubated on 

ice.  

6. Now 150 µl of alkali lysis solution III [5 M potassium acetate, glacial acetic acid, de-

ion water] is added and tube is inverted several times and incubated on ice for 3-5 

minutes.  

7. This bacterial lysate is centrifuged at 8200 x g for 5 minutes at 4 
o
C. 

8. The supernatant is transferred to fresh tube and an equal quantity of phenol: 

chloroform: isoamyl alcohol (25:24:1) is added, mixed by vortexing and centrifuged 

at 8200 x g for 2 minutes at 4 
o
C. 

9. The separated upper aqueous layer is transferred to fresh tube and 2 volumes of 

ethanol is added at room temperature and mixed with vortexing which is allowed to 

stand for 2 minutes at room temperature. 

10. This mixture is centrifuged at 8200 x g for 5 minutes at 4 
o
C and supernatant is 

removed by gentle aspiration. 

11. Now 1 ml of 70% ethanol (v/v) is added to the pellet and the tube is inverted several 

times. 

12. The contents are centrifuged at 8200 x g for 2 minutes at 4 
o
C and supernatant is 

removed by gentle aspiration. 

13. The tube is left opened for some time at 37 
o
C until ethanol is evaporated. 

14. The plasmid thus isolated is dissolved in 50 µl of TE buffer (pH 8.0) containing 20 

µg/ml DNase free RNase A. The isolated plasmid was stored at -20 
o
C till further use.  

D. Agarose Gel Electrophoresis and Plasmid Profiling 

1. Prepare 0.7% agarose gel by in 1x Trisborate- EDTA and mixed with 0.5 μg/mL of 

ethidium bromide.  

2. The gel is transferred to electrophoresis unit having 1x Trisborate-EDTA. 

3. Each sample is mixed with loading dye and loaded into the gel. 

4. 1 μl DNA marker (1 kb plus) is loaded into one well.  

5. Then, samples are electrophoresed for 2.5-3 h at 80 V in 1x Tris-borate- EDTA 

buffer. 

6. The gel is photographed under UV transilluminator. 

7. The approximate molecular mass of plasmids is determined by comparing with a 

standard marker.  
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In vitro EXPRESSION AND CHARACTERIZATION OF SINGLE DOMAIN 

ANTIBODY CLONE SELECTED FROM PHAGE DISPLAY LIBRARY OF  

INDIAN DESERT CAMEL 

Akhil K. Gupta, N. K. Kakker and 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 

The vector DNA from selected positive clones transformed into the Amber non-

suppressor strain of E. coli (WK6) allows IPTG inducible expression of soluble dAbs with 

6xHis tag. For expression, the culture is grown to mid-log phase (OD600= 0.6-0.9) at 37°C 

with shaking and IPTG added to a final conc. of 1 mM. The cultures are subsequently grown 

at 28°C for 16-18 hr in a shaking water bath in order to express dAb-6xHis tag and its 

transport into periplasm. The periplasmic contents are released from the bacterial pellet 

suspension in hypotonic tris-EDTA-sucrose solution. Yield of the expressed clones may 

range between 1–15 mg/L culture.      

 The expression of VHH-pHEN4/WK6 clones sub-cloned in pET 303/CT-His vector 

(Invitrogen, USA, K6302-03) with 6xHis tag and transformed in chemi-competent BL21 

(DE3) E. coli strain can be achieved in the laboratory. For expression, VHH-pET/BL21 

clones are grown to mid-log phase (OD600= 0.4-0.6) in LB broth/ampicillin, induced with 

IPTG (final conc. of 1 mM) for expression of dAb-6xHis products at 37°C for 10-12 hrs at 

200 rpm in a shaking incubator. The expression product of VHH i.e., dAb-6xHis in BL21 cell 

lysates can then be detected as a band of about 16-17 kDa by SDS-polyacrylamide gel 

electrophoresis (SDS-PAGE).  

Materials, Reagents and Equipments 

1. VHH- pET 303/CT transformed BL21 (DE3) colonies on LB/amp agar, freshly grown 

2. LB broth /amp (100μg/ml), one litre  

3. 1M IPTG stock solution 

4. Conical flasks (250ml, 500ml, 1000ml), sterilized 

5. 250 ml bottles for centrifugation of cultures 

6. 50 ml sterile culture/centrifuge tubes 

7. Spectrophotometer for OD600 measurement 

8. Shaking Incubator or shaker water bath 

9. Cooling centrifuge 

10. Pipettes, disposable (2 ml & 10 ml)  

11. Eppendorf tubes & stand 

12. 96-well microtitre plate  

13. Micropipettes & microtips 

14. Refrigerator & deep-freezer 

15. SDS-PAGE assembly and reagents 

Procedure 

1. Inoculate 50 µl of a VHH-pET/BL21 clone in 10 ml LB /amp broth (100μg/ml)  in 50 

ml sterile culture tube and incubate at 37ºC in a shaking incubator overnight (O/N). 

2. Next day, inoculate 300 ml of LB/amp broth with 6 ml (1:50) of O/N grown culture. 

Grow the culture at 37°C with shaking until the OD600 reaches between 0.4-0.6.  
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3. Then, add IPTG to a final concentration of 1 mM in the culture flask and further 

incubate it at 37°C for 10-12 hrs in the shaking incubator. 

4. Take 1.0 ml samples of the culture at zero hour just before IPTG induction and 10 hrs 

after induction. 

5. Pellet bacterial cultures in 1.5 ml Eppendorf tubes, decant supernatant from each and 

prepare the bacterial lysate by adding 50 µl of 1xLaemmli‘s sample buffer.  

6. Analyze the dAb expression by SDS-PAGE in 15% polyacrylamide gel using 

discontinuous buffer system of Laemmli. 

7. Boil the lysate samples for 5 min. before loading in 15% polyacrylamide gel. Load Mr 

size markers in one lane of the gel. Run electrophoresis under constant current 

conditions. 

8. Stain the gel with Coomassie brilliant blue R250 solution and destain using methanol: 

acetic acid: water mixture (40:10:50). 

9. Record results by photography and present as shown in Fig. below. 

 

Figure: SDS-PAGE of dAb Cl18 of ~ 17.0 kDa size bands expressed in BL21 (DE3) 

[Lane Mr: Protein Marker; Lane 1: uninduced culture of Cl18 after 10 hour; Lane 2: 

IPTG induced culture of Cl18 after 10 hour] 
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PURIFICATION OF PROTEINS OF DIAGNOSTIC IMPORTANCE: A SIMPLIFIED 

MAGNETIC BEADS BASED METHOD FOR ISOLATION OF ACUTE PHASE 

PROTEINS FROM MASTITIC MILK 

Vijender Singh 

Department of Veterinary Physiology and Biochemistry, 

College of Veterinary Sciences, 

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

In the enticing field of protein science and technology, purification remains a 

daunting task. The major challenge in obtaining large amount of a protein in reasonably 

purified form, is a multistep and cumbersome process. To make things simple going, 

scientists have engineered proteins with affinity tags that bind to a specific ligand. Widely 

used tags include a small peptide of six histidine residues (6XHis), a calmodulin-binding 

peptide, the streptavidin/biotin, the cellulose-binding tag, the maltose-binding protein 

(NusA), Fc fusions, and glutathione S-transferase (GST) (Bonetta, 2006). The recombinant 

DNA technology designed such vectors for expressing tagged proteins. However, tools for 

purification of proteins that are not tagged such as cellular proteins, serum, milk proteins, and 

other body fluid proteins) are not in vogue and still a conundrum for scientific society.  

What we have?  

In the direction of tag-less protein purification, conventionally various bio-physical 

and bio-chemical principles have been exploited. For instance, various chromatography 

techniques viz. size exclusion, affinity and ion-exchange. Out of current chromatographical 

procedures, ion-exchange chromatography is one of the most commonly used. It 

fundamentally, relies on the charge-charge interactions between the proteins in the mixture 

and the charges immobilized on the ion-exchange resins (figure 1). The ion-exchange resins 

are of two types: cation and anion. If the net surface charge of the proteins is positive, they 

bind to the cation-exchange resin. Moreover, it is of utmost importance that the pH of the 

binding buffer should be below the isoelectric point (pI) of protein of interest for successful 

binding to the cation-exchange resin. Some of the routinely used cation-exchange resins 

contain sulphate derivatives (S-resins), whereas the anion-exchangers (CM resins) have 

carboxylate-derived ions. Unfortunately, it rarely provides single-step purification (Chern et 

al., 2009). 

 

 

Figure1: Ion-exchange chromatography 
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What we Need?  

Although aims of scientific discoveries are multifaceted, but two top priority dimensions 

are: firstly, how things can be made as simple as a monkey can do and secondly, can be 

performed with lightning speed. Protein purification is not an exception; we want it simple 

and as well as fast. With the advent of magnetic isolation technique (Figure 2), the second 

dimension (rapidness) is elegantly addressed and market is burgeoned with so many protein 

purification tools employing magnetic isolation. But most of the magnetic isolation tools 

alleviated the problems associated with tagged protein purification. Thus, we are still lagging 

behind for a tool which should have following properties:  

1. Universal: Can be applied to almost all proteins  

2. Simplified: Should not have multiple tedious steps   

3. Fast: Can be completed within a few minutes       

 

 

Figure 2: Magnetic Isolation 

What can be done?  

Learn little biochemistry! Just brush-up your knowledge from undergraduate level 

biochemistry! Look at an angle different from undergraduate scary examination, on magical 

Henderson-Hasselbalch equation and standard definition of Isoelectric point/ pH (pI). 

These two are good enough to purify a protein of interest!  

What is pI? pH at which net charge on protein in zero.  

What is Henderson-Hasselbalch equation?  

 

Each protein is endowed with different properties. According to the Henderson-

Hasselbalch equation, there should be enough binding (~90%) even at 1 pH unit below/ 

above the pI (pI±1) of the protein (pH scale is logarithm one). Now, further decreasing/ 

increasing the pH, despite improving specific binding, invites contaminating proteins to bind. 

In fact, selection of a narrow pH window and a precise salt gradient help significantly 

improve protein purification efficiency by providing high specificity in regard to binding and 

elution of proteins to and from the ion-exchange column (Adhikari et al., 2010). If this 

information combines with modern magnetic isolation technique, protein purification will be 

simplified and fast.  
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How to apply?  

Following information is a must before starting protein purification process:  

1. Amino acids sequence of protein of interest: Sleuthing on NCBI or Protein data bases  

2. Predict theoretical isoelectric pH (pI): Use online tools like ExPASy of Swiss Institute 

of Bioinformatics.  

3. Select pH of purification buffer as per predicted pI: Select from range of buffers.  

You are done! How? Wait, you will learn in practical session.  

AIM: ISOLATION OF ACUTE PHASE PROTEINS FROM MASTITIC MILK 

Mandatory Information Needed 

1. Retrieve amino acids sequence of milk amyloid A (MAA):  

NCBI: https://www.ncbi.nlm.nih.gov/protein/AHY20046.1 

                1    mnlstgiifcflilgvssqrwgtflkeagqgakdmwrayqdmkeanyrgadkyfhargny 60 

 61  daarrgpggawaakvisnaretiqgitdplfkgmtrdqvredskadqaanewgrsgkdpn 120 

 121  hfrpaglpdky 131 

2. Predict theoretical isoelectric pH (pI) of MAA:  

ExPASy (SIB): http://web.expasy.org/cgi-bin/compute_pi/pi_tool 

Theoretical pI/Mw: 9.48 / 14647.43 

3. Select pH of purification buffer as per predicted pI: Select from range of buffers 

0.2M Sodium carbonate-Sodium bicarbonate buffer (pH 10.5) 

Materials 

Iron oxide magnetic particles (Homemade) 

0.2M Sodium carbonate-Sodium bicarbonate buffer (pH 10.5) 

Microcentrifuge tubes 

Micropipette 

Magnet (Strong) 

Vortex mix  

Milk sample (control and mastitic) 

Purification Protocol 

1. Transfer100µl of thoroughly re-suspended iron oxide magnetic particles to a 

microcentrifuge tube.  

2. Place the tube on a magnet until the particles/ beads have migrated to the side of the 

tube and the liquid is clear.  

3. Discard the supernatant.  

4. Equilibrate the beads by washing with 1 ml carbonate-bicarbonate buffer (200mM, 

pH 10.5).  

5. Again separate the beads from the buffer using a magnet and discard the buffer. 

Repeat steps 4 and 5 for 3 times. 

6. Resuspend the beads in 500µl carbonate-bicarbonate buffer (200mM, pH 10.5).  

https://www.ncbi.nlm.nih.gov/protein/AHY20046.1
http://web.expasy.org/cgi-bin/compute_pi/pi_tool
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7. Add the 500µl of milk sample to the beads.  

8. Vortex at room temperature for 5 min.  

9. Place the tube on a magnet until the beads have migrated to the side of the tube, then 

remove the supernatant. 

10. Wash 3 times with 500µl carbonate-bicarbonate buffer (200mM, pH 10.5) 

11. Resuspend the beads thoroughly between each washing step. 

12. Place the tube on a magnet until the beads have migrated to the side of the tube and 

the liquid is clear, and then discard the supernatant. 

13. Add 50µl 1X SDS-PAGE loading buffer.   

14. Boil for 5-10 minutes. 

15. Load ~ 40 µl on 14% SDS-PAGE gel and run gel till dye reach end.   

16. Stain with fast CBB (Coomassie Brilliant Blue dye) staining method. Bands will 

appear with 25-30 minutes.  

17. Check for APPs and correlate with other data.  

Conclusion 

This new methodology designed by blending the classical concepts of Biochemistry, 

such as pI and the Henderson–Hasselbalch principle along with the information about protein 

of interest, will definitely be useful in routine laboratory protein purification. 
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SOLID PHASE PEPTIDE SYNTHESIS 

Vinay G Joshi, Vikas Verma, Punnet Ranjan
 

Department of Animal Biotechnology, College of Veterinary Sciences, 

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

 

 There are two different chemistries followed for solid phase peptide synthesis namely 

Boc chemistry and Fmco chemistry both of them has some advantages and disadvantages. 

Sr No Specification Boc chemistry Fmoc Chemistry 

1 Requires special equipment Yes No 

2 Cost of reagents Lower  Higher 

3 Purity of peptide product Moderate to high Low to moderate 

4 Cleavage reagent HF TFA 

5 Safety consideration Involves hazardous 

chemicals like HF 

Relatively safe  

 As in solid phase synthesis first amino acid loading on resin is crucial step and 

chemistry to be used for coupling is governed by nature of resin used, therefore in case of 

Wang resin first amino acids should be added using preformed symmetrical anhydrides made 

using two equivalent of Fmoc-amino acid and one equivalent DIPIC at 0 ºC for 30 min in 

DMF. While using Rink amide resin Fmoc-amino acid can be added directly by making its in 

situ active ester using HBTU-oxyme pure. Always for first amino acid coupling active Fmoc-

amino acid was taken 3 times more equivalent to the loading efficiency of the Resin. Loading 

of first amino acid was determined by quantifying Fmoc group on the resin 

spectrophotometrically as follows.  

Loading efficiency or coupling efficiency was determined by estimating Fmoc group 

per amount of resin, which was removed by treating with 20% piperidine in DMF. The UV 

absorbance at 290 nm was checked for estimating coupling efficiency. Following steps were 

performed  

 Take a small amount of resin from the vessel, washed four times with DMF and 

dried by washing with dry methanol.  

 1 mg of dried Fmoc-amino acid resin is taken in micro centrifuge tube in triplicate  

 3.3 ml of freshly prepared 20% piperidine in DMF (v/v) was dispensed in each 

tube containing 1 mg of Fmoc-amino acid resin. The resin beads were agitated for 

2-3 min and centrifuged to settle down the resin. 

 The OD of solution was read at 290nm considering 20% piperidine solution as 

blank. Coupling efficiency determined from the correlation table and mean of 

three samples was taken. 

 After removal of Fmoc group from anchoring amino acid on the resin, made using 

treatment of 25% pipridine in DMF (v/v). 

 Fmoc-amino acids can be coupled using HBTU – oxyme pure activation and 

coupling for 3 hrs.  DIEA concentration of 6%(v/v) should be maintained. 

Coupling reactions to facilitate the amino acids coupling and elongation of peptide 

chain on the resin. 

  For first amino acid coupling on to resin N‘N‘ Dimethylacetamide can be used as 

solvent instead of DMF used in subsequent couplings and synthesis steps.  
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 The peptides after de-protection and cleavage from the resins and precipitated out 

of  TFA as cleavage reagents using dry and chilled diethyl ether (10 fold volume) 

and precipitated peptides were filter/ centrifuged out and were desalted 

Characterizations of peptide and peptide concentration determination: 

The peptide has a chromophore in the sequence (W or Y residues), peptide 

concentration can be conveniently determined based on the extinction coefficient of these 

residues.  The following steps can be used for the calculations: 

1. Molar extinction coefficients of chromophoric residues at 280nm at neutral pH using a 1-

cm cell: 

Tryptophan  5560AU/mmole/ml 

Tyrosine  1200 AU/mmole/ml 

2. The extinction coefficient of each chromophore in the peptide sequence is generally 

considered to be additive, that is, the overall molar extinction coefficient of the peptide 

depends on the types and number of these choromophoric residues in the sequence. 

3. Calculations: mg peptide per ml = (A280 x DF x MW) / e 

where A280 is the actual absorbance of the solution at 280 nm in a 1-cm cell, DF is the 

dilution factor, MW is the molecular weight of the peptide and e is the molar extinction 

coefficient of each chromophore at 280nm 

4. Hypothetical example: A 50X diluted solution of a peptide with the sequence 

RRNWNQYKIQFGYSFSNSE  (MW = 2414) reads 0.5 AU at 280nm in a 1-cm cell. To 

calculate the original peptide concentration in the stock peptide solution: 

Mg peptide/ml    =  (0.5AU x 50 x 2414 mg/mmole) 

                             [(1 x 5560) + (2 x 1200)] AU/mmole/ml  

                             =  7.58 

a. It is possible to determine the concentration of peptides that do not contain aromatic amino 

acids by measuring absorbance at 205nm. However this measurement is far more prone to 

external influence, since many solvents and other chemicals will absorb at this wavelength. A 

high quality, dual-beam spectrophotometer is required in order to reduce the effects of non-

specific absorption and to measure low concentrations. For a high level of reproducibility, a 

combination of absorption measurements at a range of wavelengths is recommended. 

b. If routine analysis is required, then HPLC analysis with measurement at 205nm would be a 

far superior option because of its ability to resolve the peptide from the buffer constituents, 

thus allowing for more accurate concentration determination. Integration of the peak of 

interest will allow for accurate determination of peptide quantity. Using control peptide 

solutions to determine the absorbance at 205nm that corresponds to a fixed concentration of 

peptide is recommended. 

 

 

 

 

 

 



ICAR-CAFT 30th Course ‘Microbial Genomics and Proteomics in Diagnosis and Control of Diseases of Veterinary Importance’, 
Department of Veterinary Microbiology, LUVAS, Hisar, November 7-27, 2017. 
 

Sanjay Kapoor, N. K. Kakker and Rajesh Chhabra (Editors), LUVAS, Hisar 87 
 

USE OF BIOINFORMATICS FOR STUDYING MOLECULAR EPIDEMIOLOGY 

OF IMPORTANT VIRAL DISEASES OF ANIMALS 

Parveen Kumar and Sakshi Bhadouriya 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

Viral sequence data has been recognized as a major asset in the characterization of 

both animal and human pathogens. Viral genetic diversity is generally generated by natural 

selection or other ecological forces and their study could help in studying evolutionary and 

epidemiological events of past viral infections. Molecular epidemiology complements 

traditional epidemiological studies because they primarily focus on the etiological agent 

rather than host.  

In the absence of historical information of infecting viruses, the evolutionary history 

of viruses in current circulation can be hypothesized based on the sampling of current genetic 

markers to infer the most likely series of events which best explain the observed 

relationships. The historical information contained in viral gene sequences contributes to a 

better insight in emergence and early transmission dynamics, even before systematic 

epidemiological surveillance has been initiated, or it enables tracking its global trajectories 

once it has grown too large for individual cases to be examined. Fundamental to 

reconstructing such an evolutionary history is the comparison of homologous characters 

(often nucleotide or amino acid sequence positions); i.e. those which descend from a common 

ancestor. In practice, this involves creating an alignment of sequences which represents a 

hypothesis of positional homology and provides the basis for reconstructing evolutionary 

history based on a mathematical model of evolution. 

For many years, phylogenetic analysis has been the primary tool in molecular 

epidemiology. By reconstructing a phylogenetic tree, we are able to study the evolutionary 

history of the viral strains and assess epidemiological linkage amongst different viral isolates. 

Some of important viruses and their respective genomic segments used for studying 

molecular epidemiology and genetic typing are enlisted below: 

Table: Genomic segments commonly used for studying molecular epidemiology of 

viruses  

S. No. Name of the virus Segment used for phylogeny 

1.  Foot and Mouth Disease virus  VP1  

2.  Peste des Petits Ruminants virus  N gene 

3.  Influenza virus  HA, NA gene   

4.  New Castle Disease virus  F gene  

5.  Infectious Bursa Disease  VP2 

6.  Chicken Anaemia virus  VP1 

7.  Classical Swine Fever  5‘NTR, E2, NS5B 
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8.  Bovine Viral Diarrhoea  5‘NTR, E2, NS5B 

9.  Rabies virus N gene  

10.  Canine Distemper  H, P gene  

11.  Canine Parvo virus  VP2 

12.  Rotavirus  VP7, VP1, VP8 

13.  Blue tongue virus  VP7, Vp3, S7 

14.  Bovine Herpes virus  gB, gD, gC 

15.  Sheep, goat pox  P32, GPCR, RPO30 gene 

Steps for development of Phylogenetic tree using MEGA 6 software: 

 Part A: Adding genomic sequences to generate FASTA file of sequences. 

 Part B: Aligning sequences. 

 Part C: Building phylogenetic tree.  

 Part D: Viewing and publishing the phylogenetic tree. 

A. Developing FASTA file of sequences: 

 Open FASTA sequences to be aligned in either FASTA, seq, word or text format. 

Download other sequences to be aligned from NCBI site 

(http://www.ncbi.nlm.nih.gov/).  

 Prepare a FASTA file containing all the sequences by copying all the files in notepad 

file. All the sequences should start with >1
st
 SEQUENCE 

NAME↵SEQUENCE(A/T/G/C) ↵>2
nd

 SEQUENCE NAME↵ 

SEQUENCE………….. 

 Save the notepad file with .fas extension to convert it to a FASTA file. 

B. Aligning Sequences 

B. 1. Opening an Alignment 

The Alignment Explorer is the tool for building and editing multiple sequence 

alignments in MEGA. 

 Launch the Alignment Explorer by selecting the Align | Edit/Build Alignment on the 

launch bar of the main MEGA window. 

 Select Create New Alignment and click Ok. A dialog will appear asking ―Are you 

building a DNA or Protein sequence alignment?‖ Click the button labeled ―DNA”. 

 From the Alignment Explorer main menu, select Data | Open | Retrieve sequences 

from File. Select the desired file.  

B.2. Aligning Sequences by ClustalW/ Muscle 

You can create a multiple sequence alignment in MEGA using either the ClustalW or 

Muscle algorithms. Here we align a set of sequences using the ClustalW option. 

 Open the alignment file (using the instructions above). 

http://www.ncbi.nlm.nih.gov/
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 Select the Edit | Select All menu command to select all sites for every sequence in 

the data set. 

 Select Alignment | Align by ClustalW from the main menu to align the selected 

sequences data using the ClustalW algorithm. Click the ―Ok‖ button to accept the 

default settings for ClustalW. 

 Once the alignment is complete, save the current alignment session by 

selecting Data | Save Session from the main menu. Give the file an appropriate name 

(.mas). This will allow the current alignment session to be restored for future editing. 

Export the aligned file to MEGA file.  

 Exit the Alignment Explorer by selecting Data | Exit Aln Explorer from the main 

menu. 

Note: We have aligned some sequences and they are now ready to be analyzed. Whenever 

you need to edit/change your sequence data, you will need to open it in the Alignment 

Editor and edit or align it there. Then export it to the MEGA format and open the resulting 

file. 

C. Building Trees from Sequence Data 

Building a Neighbor-Joining (NJ)/ maximum likelyhood/ minimum evolution Tree 

In this example, we will illustrate the basics of phylogenetic tree re-construction 

using MEGA and become familiar with the Tree Explorer window. 

 From the main MEGA launch bar, select Phylogeny | Construct/Test Neighbor-

Joining Tree /maximum likelyhood/ minimum evolution menu option. 

 Click Compute to accept the defaults for the rest of the options and begin the 

computation. A progress indicator will appear briefly before the tree displays in the 

Tree Explorer window. 

D. Viewing and Publishing the Phylogenetic Tree 

 You can display the numerical branch lengths in the Topology Only option by 

selecting View | Options and clicking on the Branch tab. Check the box labelled 

Display Branch Length and click Ok.   

 Windows users can print directly from Tree Explorer or save it to a PNG, PDF or 

EMF file.   
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PRACTICAL DEMONSTRATION OF CD4
+
 AND CD8

+
 CELLS FROM MASTITIC 

MILK 

Rajesh Chhabra, Mahavir Singh, Bal Krishan Sharma and Garima Shrinet  

College Central Laboratory, College of Veterinary Sciences,  

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

Principle of Flow Cytometry 

Flow cytometry is a powerful and fast technique where fluorescent and light 

scattering properties of cells or particles are analyzed. Particles are lead through an 

illuminating beam of coherent light, usually originating from a laser. The scattered laser light 

and emitted fluorescence is translated to information about the cell. Flow cytometry can be 

used to analyse intracellular and surface properties of cells and particles, distinction between 

live and dead cells can be made and physical sorting of cells with interesting properties can 

be performed. 

Procedure 

A) Isolation of Leucocytes from milk  

1. Aseptically collect the milk into sterile flasks and then centrifuged at 3000 rpm for 

20min at 4°C.  

2. Remove the creamy layer with sterile spatula and gently decant milk. Resuspend the 

cell pellet in 20 ml of PBS. Layer the cell suspension on to histopaque gradient (Sigma 

Chemicals Company, U.S.A.) and centrifuged at 1200 rpm for 30 min at 4°C.  

3. Separate Mononuclear cells at interface by sterile pasture pipette.  

4. Resuspend the cell pellet in 10 ml PBS and centrifuged at 1200 rpm for 20 min at 4°C 

in refrigerated centrifuge. Discarded the supernatant and finally resuspend cells in 5 ml 

of PBS. 

B) Immunofluorescent Staining of Cells 

1. Incubate approximately 1x106 mammary mononuclear cells with lineage-specific 

monoclonal antibodies against T lymphocyte antigens (Table 1) for one hr at 4°C.  

2. After incubation, wash cells thrice with PBS containing 0.1 per cent sodium azide and 

incubated with 1:80 diluted fluorescein isothiocyanate (FITC) - conjugated goat 

antimouse immunoglobulin G for one hr at 4°C.  

3. Following incubation wash the cells thrice with PBS containing 0.1 per cent sodium 

azide and resuspend in PBS-sodium azide containing 3 per cent BSA and 2 per cent 

formaldehyde 

Data Acquisition 

A Becton-Dickinson C6 Accuri flow cytometer and C Flow Plus Software is used for 

data acquisition. Calculate the percentage of positive cells out of 10,000 by 

substracting background staining with flourescent conjugate control. 
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Protocol for Flow cytometer BD C6 Accuri 

 Ideally 10
6
 cells/ml per sample 

 Samples can be as small as 25µl, but it is better to use 50-100 µl (50000 counts is 

good enough). 

 Always include unstained controls 

 FITC-FL1 channel 

General Instructions: 

1. Instrument will need around 30 minutes to warm up. 

2. Switch on by touching the screen. 

3. Check all bottles are blue. 

4. Instrument has 3 lasers: 405 (violet, V1), 488 (blue, B1-B4), 635 (violet, R1-R2). 

5. Can work on eppendorfs.  

6. Need to create a user folder. 

7. Switch symbol – acquisition. 

8. Priming (cleaning/washing instrument, around 5 minutes). 

9. Green light: ready. 

10. Go to experiment and choose your setting, if settings have already been chosen go to 

open: instrument setting: analysis template. 

Setting include speed (low is best), uptake volume, sample volume, mixing.  

11. Select the channels you want to work with, always select FSC and your stain, in this 

case FITC. 

12. Always wash after using the instrument, once/month wash with bleach. 

13. If the machine is blocked use ―back flush‖. 

14. Switch off (will take 7 minutes to switch off) 

 

Table 1: Details of specific monoclonal antibodies (Thermo Fisher Scientific) against T 

lymphocytes 

 

 
 

 

 

 

 

 

 

S No. Clone Specificity Ig isotype 

1 38.65 CD8 Mouse / IgG2a 

2. CC8 CD4 Mouse / IgG2a 



ICAR-CAFT 30th Course ‘Microbial Genomics and Proteomics in Diagnosis and Control of Diseases of Veterinary Importance’, 
Department of Veterinary Microbiology, LUVAS, Hisar, November 7-27, 2017. 
 

Sanjay Kapoor, N. K. Kakker and Rajesh Chhabra (Editors), LUVAS, Hisar 92 
 

MICROBIAL IDENTIFICATION AND ANTIMICROBIAL SUSCEPTIBILITY 

TESTING USING VITEK
® 

2 COMPACT SYSTEM 

Vijay J. Jadhav, Pallavi Moudgil and Ashok Kumar 

Department of Veterinary Public Health and Epidemiology College of Veterinary Sciences,  

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

 

VITEK
® 

2 is an automatic system for the identification and antimicrobial 

susceptibility testing of bacteria and yeast routinely isolated in a microbiological laboratory. 

It was originally designed as an on board system for the detection and identification of 

urinary tract pathogens from astronauts in spacecraft and first introduced in clinical 

laboratories in 1979. VITEK
®
 2 systems are only intended to be used with the proprietary 

VITEK
®
 2 identification (ID) and susceptibility (AST) test cards operated through Advanced 

Expert System™ software.   

The testing requires a saline suspension of organism to be inoculated into a test cards 

which are single-use disposables according to the set procedure. The cards are prepared with 

an organism inoculum from a pure culture according to good laboratory practices. In case of 

mixed cultures, a re-isolation step is required. It is recommended that purity check should be 

performed to ensure that a pure culture is used for testing. Figure 1 shows the VITEK
®
 2 

compact system. 

 

 

Figure 1: Vitek
® 

2 Compact System 

A. Principle 

The VITEK
® 

2 Compact performs microbial identification by detecting metabolic 

changes (biochemical analysis). It is an optical system that combines multichannel 

fluorimeter and photometer readings to record fluorescence, turbidity and colorimetric 

signals. The system allows kinetic analysis by reading each test every 15 min. 

VITEK
®
 2 Compact is highly automated system for the rapid and accurate 

identification of bacterial strains as early as two hours. In addition to being able to identify 

bacteria, it also identifies multiple species of yeast. In nutshell it can be said that the system‘s 

database is capable of identifying a variety of microorganisms. 

B. Materials and Methods 

a. Reagent Cards 

Each reagent card contains 64 wells and each well contains an individual test 

substrate (Figure 2). The substrates measure various metabolic activities such as acidification, 

alkalinization, enzyme hydrolysis and growth in the presence of inhibitory substances. An 
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optically clear film present on both sides of the card allows for the appropriate level of 

oxygen transmission while maintaining a sealed vessel that prevents contact with the 

organism-substrate admixtures. Each card has a pre-inserted transfer tube used for 

inoculation. Cards have bar codes that contain information on product type, lot number, 

expiration date and a unique identifier that can be linked to the sample either before or after 

loading the card onto the system. 

 

 

Figure 2: VITEK
®
 2 GP Colorimetric Identification Card 

b. Preparation of Suspension 

1) Grow the organism to be tested on appropriate agar medium and select the isolated 

and purified colonies from agar plate. 

2)  Aseptically transfer 3.0 mL of sterile saline (aqueous 0.45% to 0.50% NaCl, pH 4.5 

to 7.0) into a clear plastic (polystyrene) test tube (12 mm x 75 mm). 

3) Using a sterile nichrome inoculation loop, transfer sufficient number of 

morphologically similar colonies to the saline tube. 

4) Prepare a homogenous organism suspension with a density equivalent to as mentioned 

in Table 1 using a turbidity meter called the DensiCHEK™ Plus. 

Table 1: Suspension turbidity used for card inoculation 

Product McFarland Turbidity Range 

Gram negative (GN) 0.50-0.63 

Gram negative (GP) 0.50-0.63 

Bacillus 1.80-2.20 

Yeast 1.80-2.20 

c. Inoculation 

1) Place the test tube containing the microorganism suspension into a special rack 

(cassette) and the identification card is placed in the neighbouring slot while inserting 

the transfer tube into the corresponding suspension tube. The list of claimed species 

for each card is available on Manufacturer‘s website (http://www.biomerieux-

diagnostics.com).  

2) The cassette can accommodate up to 10 tests. 

3) The filled cassette is placed manually into a vacuum chamber station.  

http://www.biomerieux-diagnostics.com/
http://www.biomerieux-diagnostics.com/
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4) After the vacuum is applied and air is re-introduced into the station, the organism 

suspension is forced through the transfer tube into micro-channels that fill all the test 

wells. 

d. Card Sealing and Incubation 

Inoculated cards are passed by a mechanism, which cuts off the transfer tube and seals 

the card prior to loading into the carousel incubator. The carousel incubator can 

accommodate up to 30 or up to 60 cards. All card types are incubated on-line at 35.5 + 1.0ºC. 

Each card is removed from the carousel incubator once every 15 minutes, transported to the 

optical system for reaction readings and then returned to the incubator until the next read 

time. Data are collected at 15-minute intervals during the entire incubation period. 

C. Optical System 

A transmittance optical system allows interpretation of test reactions using different 

wavelengths in the visible spectrum. During incubation, each test reaction is read every 15 

minutes to measure either turbidity or coloured products of substrate metabolism. In addition, 

a special algorithm is used to eliminate false readings due to small bubbles that may be 

present.  

D. Interpretation of Results 

a. Test Reactions 

Calculations are performed on raw data and compared to thresholds to determine 

reactions for each test. On the VITEK
®
 2 Compact system, test reaction results appear as ―+‖ 

―–‖ ―(–)‖ or ―(+)‖. Reactions that appear in parentheses are indicative of weak reactions that 

are too close to the test threshold.  

b. Database  

The databases of the VITEK
®
 2 Compact identification products are constructed with 

large strain sets of well-characterized microorganisms tested under various culture 

conditions. These strains are derived from a variety of clinical and industrial sources as well 

as from public (e.g., ATCC) and university culture collections. 

c. Identification Levels 

An unknown bio pattern is compared to the database of reactions for each taxon and a 

numerical probability calculation is performed. Various qualitative levels of identification are 

assigned based on the numerical probability calculation. The different levels and associated 

information are shown in Table 2. 

 

d. Supplemental Testing  

All taxa appearing in low discrimination identification are viable choices should only 

be ruled out after additional testing. The lab report contains recommended supplemental tests 

that allow for differentiation of choices in low discrimination identifications.  

e. Non-Reactive Biopattern 

When a biopattern is calculated for an unknown organism that is either completely 

negative or consists of both negative tests and tests with reactions that lie too close to the test 

thresholds, the identification result will be ―Non-reactive biopattern.‖ If there is non-reactive 

biopattern, a note will appear that states: ―Organism with low reactivity bio-pattern – please 

check viability.‖ The species that can potentially trigger this note are shown in separate tables 

for each of the respective products described below. 
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Table 2: Identification levels 

ID message 

confidence level 

Choices % 

Probability 

Comments 

Excellent 1 96-99 N/A 

Very good 1 93-95 N/A 

Good 1 89-92 N/A 

Acceptable 1 85-88 N/A 

Low 

discrimination 

2 to 3 Sum of 

choices=100 

2 to 3 taxa exhibit same biopattern. Separate 

by supplemental testing. 

Unidentified 

organism 

>3 or 0 N/A Either >3 taxa exhibit same biopattern or very 

atypical biopattern. Does not corresponds to 

any taxon in the database. Check Gram 

staining and purity. 

E. Applications 

1. GN Card: The GN card is used for the automated identification of 135 taxa of the most 

significant fermenting and non-fermenting Gram-negative bacilli. There are 47 biochemical 

tests and one negative control well. Final identification results are available in approximately 

10 hours or less.  

2. GP Card: The GP card is used for the automated identification of 115 taxa of the most 

significant non-spore-forming Gram-positive bacteria (primarily cocci). There are 43 

biochemical tests measuring carbon source utilization, enzymatic activities and resistance. 

Final identification results are available in approximately eight hours or less.  

3. YST card: The YST card is used for the automated identification of 49 taxa of the most 

significant yeasts and yeast-like organisms. There are 46 biochemical tests and final 

identification results are available in approximately 18 hours.  

4. BCL Card: The BCL card is used for the automated identification of 38 taxa of the most 

significant aerobic endospore-forming species of the family Bacillacea. There are 46 

biochemical tests which take 14 hours for arriving at final identification results are available 

in approximately 14 hours.  
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MULTIPLEX MOLECULAR ASSAY FOR IDENTIFICATION OF Bovine herpesvirus 

1, Brucella abortus AND PATHOGENIC Leptospira spp. 

Aman Kumar, Sushila Maan and Trilok Nanda 

Department of Animal Biotechnology, College of Veterinary Sciences,  

Lala Lajpat Rai University of Veterinary and Animal Sciences (LUVAS), Hisar 

 Bovine herpesvirus 1(BoHV1), Brucella abortus and pathogenic Leptospira spp. are 

the major pathogens responsible for mid to late abortion in dairy animals thereby causing 

major economic losses to the dairy industry. The diagnosis of these abortogenic agents are 

essential to allow for the appropriate clinical intervention, to reduce infection spread, and also 

to support epidemiological studies which in turn will better the understanding of infectious 

disease transmission and control. The polymerase chain reaction (PCR) has replaced 

traditional detection methods as the gold standard diagnostic technique for many pathogens, 

however replacing traditional detection methods with multiplex real-time PCR is not 

widespread. 

  Multiplex PCR refers to the amplification of more than one target in a single PCR 

reaction/tube. In multiplex real-time PCR the amplification of the multiple targets are 

observed in real-time. The PCR reaction can take place and be measured in a single tube with 

no need for further gel based electrophoretic analysis and hence called as a ‗closed tube 

technique‘. Several real-time PCR chemistries exist; however use of TaqMan chemistry 

based specific probe increases the specificity of the reaction. In multiplex system, each and 

every specific probe is labeled with a unique fluorescent dye. The signal from each dye is 

detected by the real-time PCR instruments, and used to determine the amount of each target. 

A. Principle of TaqMan Chemistry: TaqMan probes are hydrolysis probes consisting of a 

fluorophore/reporter dye covalently attached to the 5‘-end of the oligonucleotide probe and a 

quencher at the 3‘-end. There are numbers of fluorophores e.g. 6-carboxyfluorescein (FAM), 

or tetrachlorofluorescein (TET) and quenchers e.g. tetramethylrhodamine (TAMRA) 

available. The quencher molecule quenches the fluorescence emitted by the fluorophore when 

excited by the cycler‘s light source via FRET (Flourescence Resonance Energy Transfer). As 

long as the fluorophore/reporter and the quencher are in proximity, quenching inhibits any 

fluorescence signals. 

TaqMan probes are designed such that they anneal within a DNA region amplified by 

a specific set of primers. As the Taq polymerase extends the primer and synthesizes the 

nascent strand (again, on a single-strand template, but in the direction opposite to that shown 

in the diagram, i.e. from 3' to 5' of the complementary strand), the 5' to 3' exonuclease 

activity of the Taq polymerase degrades the probe that has annealed to the template (Fig. 1). 

Degradation of the probe releases the fluorophore from it and breaks the close proximity to 

the quencher, thus relieving the quenching effect and allowing fluorescence of the 

fluorophore. Hence, fluorescence detected in the quantitative PCR thermal cycler is directly 

proportional to the fluorophore released and the amount of DNA template present in the PCR. 

B. Factors Affecting the Reliability of Multiplex PCR 

 Competition or inhibition between assays through interactions among the various 

primer pairs, probes, targets, amplicons, or any combination of these factors. 

 The relative expression levels of targets (including endogenous controls), and the 

dynamic range of their expression. 



ICAR-CAFT 30th Course ‘Microbial Genomics and Proteomics in Diagnosis and Control of Diseases of Veterinary Importance’, 
Department of Veterinary Microbiology, LUVAS, Hisar, November 7-27, 2017. 
 

Sanjay Kapoor, N. K. Kakker and Rajesh Chhabra (Editors), LUVAS, Hisar 97 
 

 
Fig. 1. Mechanism of TaqMan probe chemistry 

C. Important Considerations for Optimization of Multiplex PCR 

a. Primer Design: The melting temperature (Tm) of each PCR primer should be between 58-

60°C, and the Tm of both primers should ideally be within 1-2°C of each other. 

b. Probe Design: Probes may be 9-40 bases in length. The Tm of TaqMan® probes should 

be ~10°C higher than the Tm of the primers (approximately 68–70°C). Probe GC content 

may be 30-80% preferably with a greater number of Cs than Gs. For optimal efficiency of 

dual-labeled probes, the 5‘-terminal of the probe (carrying the reporter dye) should be as 

close as possible to the 3‘-end of the forward primer. A ―G‖ placed at the extreme 5‘ end of 

the probe adjacent to the reporter dye should be avoided. This may lead to spontaneous 

fluorophore quenching. In case of custom designed probes, please refer to the ―Primer 

Express® Software Version 3.0 Getting Started Guide‖ for guidance on designing primers 

and probes for multiplex PCR.  

c. Primer and Probe Design Software and Web Sites: Several software programs can be 

used to design primers and probes, but software cannot guarantee a perfect design. 

Designing Primers: Primer 3.0 

Designing TaqMan Probes or Molecular Beacons Probes: Beacon Designer from Premier 

Biosoft 

Designing Scorpions Probes: DNA Software at dnasoftware.com 

Designing FRET Probes (LightCycler Probes): Light Cycler Probe Design Software 2.0 

Designing LNA Probes or Oligos: A combination of different types of software must be used 

d. Primer and Probe Selection for Multiplex PCR: A multiplex reaction can contain up to 

eight primers and four probes (to produce four amplicons). If the amplicon coordinates are 

not known, two web-based tools can be used for verification of coordinates including the 

UCSC Genome Browser In Silico PCR utility at: genome.ucsc.edu/cgi-bin/hgPcr, or the 

NCBI e-PCR resource at: www.ncbi.nlm.nih.gov/tools/epcr. It is also important to make sure 

that amplicons are all approximately the same size, and that primer and probe dimers do not 

form (across all primer pairs). 

http://www.ncbi.nlm.nih.gov/tools/epcr


ICAR-CAFT 30th Course ‘Microbial Genomics and Proteomics in Diagnosis and Control of Diseases of Veterinary Importance’, 
Department of Veterinary Microbiology, LUVAS, Hisar, November 7-27, 2017. 
 

Sanjay Kapoor, N. K. Kakker and Rajesh Chhabra (Editors), LUVAS, Hisar 98 
 

e. Dye Selection: Choose dyes with little to no overlap in their emission spectra (Fig. 2). It is 

essential to match dye intensity with target abundance by pairing the brightest dye with low 

abundance targets, and the dimmest dye with high abundance targets (e.g., an internal 

positive control). 

 

Fig.2: Fluorescence Emission Spectra of FAM, VIC, ABY and JUN dyes  

f. PCR Reaction Buffer: In multiplex assays, all the assays are amplified in the same tube, 

and thus, they compete for the same reagents (dNTPs, Mg
2+

, polymerase, etc.). The more the 

targets assayed in a multiplex reaction, the more likely it is that there will be competition for 

reagents and inhibition between assays. Master mixes specifically designed for performing 

multiplex PCR should be used to offset the effect of competition for reagents. 

g. Experimental Overview: In multiplex reactions, confirm that results obtained from 

multiplexing are the same as that of singleplex reactions. The general procedure is as follows: 

 Run your singleplex reactions and confirm amplification. 

 After establishing conditions for performing singleplex reactions, set up conditions for 

multiplex reactions. Ensure amplification occurs and analyze data. 

 Determine whether the singleplex and multiplex reactions give the same Ct values. 

 If the singleplex and multiplex reactions do not give the same Ct values, optimize 

primer/probe concentrations if necessary to obtain the desired ΔCt. 

 

D. Protocol: A multiplex real-time PCR assay designated as BBLex-mqPCR Assay has been 

developed for detection and identification of BoHV1, Brucella abortus and pathogenic 

Leptospira spp. The component of reaction mixture and temperature cycling parameters for 

optimized BBLex-mqPCR Assay are given in the table 3 and fig. 3, respectively. The PCR 

reaction will be performed on StepOnePlus (ABI) platform. 

 

              Table.3. Reaction mixture of optimized Multiplex real-time PCR (mqPCR) 

Reaction mix Volume (µl) 

Universal Master mix(ABI) (2X) 10.0 

BoHV-1 (Forward) primer (20 µM) 0.6 

BoHV-1(Reverse) primer (20 µM) 0.6 

BoHV-1Probe (10µM) 0.6 

Bru (Forward) primer(20 µM) 0.5 

Bru (Reverse) primer(20 µM) 0.5 

Bru (Probe) (10 µM) 0.5 
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Lepto (Forward) primer(20 µM) 0.6 

Lepto (Reverse) primer(20 µM) 0.6 

Lepto (Probe) (10µM) 0.6 

Nuclease free water 2.9 

Template (10ng/µl) 2.0 

Total 20.0 

 

 
 

Fig.3. Real Time PCR cyclic conditions for amplification of multiple targets using TaqMan 

Chemistry. 
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LUMINEX ASSAYS FOR SIMULTANEOUS DETECTION OF INFECTIOUS 

PATHOGENS OF LIVESTOCK 

Sushila Maan, Anita Dalal, Nitish Bansal, Deepika Chaudhary and Aman Kumar 

Department of Animal Biotechnology, College of Veterinary Sciences,  

Lala Lajpat Rai University of Veterinary and Animal Sciences (LUVAS), Hisar 

Luminex technology uses colored beads to carry biological assays similar to ELISA or 

nucleic acid hybridization assays. By color-coding microscopic beads into many spectrally 

distinct sets, each bead set can be coated with a nucleic acid or protein capture molecule 

specific to a particular biological target, allowing the simultaneous capture of multiple 

analytes from a single sample using a cocktail of biotinylated detection antibodies or PCR 

product and a streptavidin-phycoerythrin conjugate. Because of the microscopic size and low 

density of these beads, assay reactions exhibit virtually solution-phase kinetics. The luminex 

assays can significantly reduce time and sample volume requirements. For veterinary and 

medical applications, the analytes can be host immune proteins (i.e., antibody, 

immunoglobulin, or immune cytokine), or nucleic acid or infectious agents (viruses, bacteria, 

fungi, or protozoa). 

In luminex immunoassays, the unknown samples are added to a mixture of color-coded 

beads, pre-coated with analyte-specific capture antibodies. The antibodies bind to the 

analytes of interest. Biotinylated detection antibodies specific to the analytes of interest are 

added and form an antibody-antigen sandwich. Phycoerythrin (PE)-conjugated streptavidin is 

then added which binds to the biotinylated detection antibodies. Polystyrene beads are read 

on a dual-laser flow-based detection instrument, such as the Luminex
®
 100

™
, Luminex 

200
™

 or Bio-Plex
®
 analyzer. The detection of samples is based on laser systems. Two types 

of lasers are present in these instruments; one laser classifies the bead and determines the 

analyte that is being detected. The second laser determines the magnitude of the PE-derived 

signal, which is in direct proportion to the amount of analyte bound. In addition to the 

Luminex 100, Luminex 200 or Bio-Rad Bio-Plex dual-laser, flow-based analyzers, magnetic 

beads can be read using the Luminex MAGPIX
®
 Analyzer. A magnet in the MAGPIX 

analyzer captures and holds the magnetic beads in a monolayer, while two spectrally distinct 

light-emitting diodes (LEDs) illuminate the beads. One LED identifies the analyte that is 

being detected and, the second LED determines the magnitude of the PE-derived signal. Each 

well is imaged with a CCD camera. 

A. Assay Design 

Luminex technology is adaptable to a number of biological assays, including 

immunoassays, nucleic acid assays and enzyme activity assays. Immunoassays have become 

established as one of the most popular analytical techniques in clinical and veterinary 

medicine, drug discovery and rapidly emerging areas such as bio threat and food safety. 

Single-analyte ELISA has been an industry standard for decades and has led to more novel 

techniques such as highly multiplexed immunoassays for measuring potentially hundreds of 

analytes simultaneously. Such multiplex assays can be used to generate profiles of clinical 

samples that can facilitate accurate disease diagnoses or prediction of drug responses. For 

multiplex immunoassays, the effective biological range of each analyte must be considered to 

ensure that reporter fluorescence will fall into the dynamic range of the assay. 

Multiplex nucleic acid assays require mostly different optimization steps from 

immunoassays, although some similarities exist. Similar to immunoassays, sensitivity of 

nucleic acid assays may be affected by the amount of capture oligonucleotide and the amount 
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of beads used. Depending on the purpose of assay (gene expression, genotyping or simply 

sequence detection), there are different requirements for the type of starting nucleic acid used 

in the assay and the chemistry required to generate reporter molecules.  

B. Development of an Assay 

The development process for luminex multiplex assays is comparatively simple, but 

does require a few unique considerations compared to monopole assays. The following 

describes the general workflow of a luminex assay development (Fig. 1). 

 

Fig. 1: Development of an assay (adopted from www.luminexcorp.com) 

C. Steps Involved in Luminex Assay  

1. Color-coded beads, pre-coated with analyte-specific capture antibody for the molecule 

of interest, are added.  

2. Analyte-specific antibodies capture the analyte of interest. Biotinylated detection 

antibodies specific to the analyte of interest are added and form an antibody-antigen 

sandwich. 

3. Phycoerythrin (PE)-conjugated Streptavidin is added. 

4. The beads are read on a dual-laser flow-based detection instrument, such as the 

Luminex 200™ or Bio-Rad
®

Bio-Plex analyzer.  

D. Protocols 

a. Antibody coupling for Immunoassays 

1. Resuspend the stock uncoupled microsphere suspension according to the instructions 

described in the Product Information Sheet provided with your microspheres.  

2. Transfer 5.0 x 10
6
 of the stock microspheres to a recommended microcentrifuge tube.  

3. Place the tube into a magnetic separator and allow separation to occur for 30 to 60 

seconds. 

4. With the tube still positioned in the magnetic separator, remove the supernatant. Take 

care not to disturb the microspheres.  

5. Remove the tube from the magnetic separator and resuspend the microspheres in 100 

μL dH2 O by vortex and sonication for approximately 20 seconds.  

6. Place the tube into a magnetic separator and allow separation to occur for 30 to 60 

seconds. 
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7. With the tube still positioned in the magnetic separator, remove the supernatant. Take 

care not to disturb the microspheres. 

8. Remove the tube from the magnetic separator and resuspend the washed microspheres 

in 80 μL 100 mM Monobasic Sodium Phosphate, pH 6.2 by vortex and sonication for 

approximately 20 seconds.  

9. Add 10 μL of 50 mg/mL Sulfo-NHS (diluted in dH2 0) to the microspheres and mix 

gently by vortex.  

10.  Add 10 μL of 50 mg/mL 1-Ethyl-3-[3-dimethylaminopropyl] carbodiimide 

hydrochloride (EDC diluted in dH2 0) to the microspheres and mix gently by vortex. 

11.  Incubate for 20 minutes at room temperature with gentle mixing by vortex at 10 

minute intervals.  

12. Place the tube into a magnetic separator and allow separation to occur for 30 to 60 

seconds. 

13. With the tube still positioned in the magnetic separator, remove the supernatant. Take 

care not to disturb the microspheres. 

14. Remove the tube from the magnetic separator and resuspend the microspheres in 250 

μL of 50 mM MES, pH 5.0 by vortex and sonication for approximately 20 seconds.  

15. Repeat steps 13 and 14 for a total of two washes with 50 mM MES, pH 5.0.  

16.  Remove the tube from the magnetic separator and resuspend the activated and 

washed microspheres in 100 μL of 50 mM MES, pH 5.0 by vortex and sonication for 

approximately 20 seconds.  

17. Add 125, 25, 5 or 1 μg protein to the resuspended microspheres. (Note: We 

recommend titration in the 1 to 125 μg range to determine the optimal amount of 

protein per specific coupling reaction.) and bring total volume to 500 μL with 50 mM 

MES, pH 5.0.  

18. Mix coupling reaction by vortex.  

19. Incubate for 2 hours with mixing (by rotation) at room temperature.  

20. Place the tube into a magnetic separator and allow separation to occur for 30 to 60 

seconds. 

21. With the tube still positioned in the magnetic separator, remove the supernatant. Take 

care not to disturb the microspheres. 

22. Remove the tube from the magnetic separator and resuspend the coupled 

microspheres in 500 μL of PBS-TBN by vortex and sonication for approximately 20 

seconds.  

23. Optional – Incubate for 30 minutes with mixing (by rotation) at room temperature. 

Note: Perform this step when using the microspheres the same day. 

24. Place the tube into a magnetic separator and allow separation to occur for 30 to 60 

seconds. 

25. With the tube still positioned in the magnetic separator, remove the supernatant. Take 

care not to disturb the microspheres.  

26. Remove the tube from the magnetic separator and resuspend the microspheres in 1 

mL of PBS-TBN by vortex and sonication for approximately 20 seconds.  

27. Repeat steps 25 and 26. This is a total of two washes with 1 mL PBS-TBN.  

28. Remove the tube from the magnetic separator and resuspend the coupled and washed 

microspheres in 250-1000 μL of PBS-TBN.  

29. Count the number of microspheres recovered after the coupling reaction using a cell 

counter or hemacytometer.  

30. Store coupled microspheres refrigerated at 2-8°C in the dark. 
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b. Confirmation of Antibody Coupling  

1. Select the appropriate antibody-coupled microsphere set or sets. 

2. Resuspend the microspheres by vortex and sonication for approximately 20 seconds. 

3. Prepare a working microsphere solution by diluting the coupled microsphere stocks to 

a final concentration of 50 beads/μL in assay buffer. 

4. Prepare a solution of phycoerythrin-labeled anti-species IgG detection antibody at 4 

μg/mL in assay buffer. Prepare a 1:2 dilution series of that detection antibody solution 

to a concentration of 0.0625 μg/mL 

5. Aliquot 50 μL of the microsphere solution prepared in Step 3 into each well in two 

columns of the 96-well plate (16 wells total). 

6. Add 50 μL of assay buffer, as a blank sample, into the wells in A1 and A2 containing 

the microsphere solution. 

7. Add 50 μL of each of the diluted detection antibody solutions prepared in Step 4 into 

the appropriate wells. 

8. Mix the reactions gently by pipetting up and down several times with a pipette. 

9. Cover the plate and incubate for 30 minutes at room temperature on a plate shaker. 

10. Clip the plate in place on the Luminex Magnetic Plate Separator and rapidly and 

forcefully invert over a biohazard receptacle to evacuate the liquid from the wells. 

11. Wash each well with 100 μL of assay buffer by gently pipetting up and down several 

times with a pipette, and remove the liquid by using the procedure described in the 

previous step. 

12. Repeat step 11 for a total of 2 washes. 

13. Resuspend the microspheres in 100 μL of Assay Buffer by gently pipetting up and 

down several times with a pipette. 

14. Analyze 50-75 μL on the Luminex analyzer according to the system manual. 

A detailed protocol for verifying antibody coupling is provided in map cookbook, 

Chapter 3.3.2, Page 17-18  - www.luminexcorp.com. A dose response increase in MFI 

should be observed as concentration of labeled detection antibody increases. In general, 

an antibody coupling should yield at least 10,000 MFI (at standard PMT setting or on 

MAGPIX® instrument) at saturation for optimal use in immunoassays. 

c. Nucleic Acid Coupling for Nucleic Acid Based Assays 

1. Bring a fresh aliquot of -20°C, desiccated Pierce EDC powder to room temperature.  

2. Resuspend the amine-substituted oligonucleotide (―probe‖ or ―capture‖ oligo) to 1 

mM (1 nanomole/μL) in dH2 O.  

3. Resuspend the stock uncoupled microspheres by vortexing and sonication according 

to the instructions described in the product Information Sheet provided with your 

microspheres.  

4. Transfer 5.0 x 106 of the stock microspheres to a USA Scientific microcentrifuge 

tube.  

5.  Pellet the stock microspheres with a tube magnet or by microcentrifugation at ≥ 8000 

x g for 1-2 minutes.  

6. Remove the supernatant and resuspend the pelleted microspheres in 50 μL of 0.1 M 

MES, pH 4.5 by vortexing and sonication for approximately 20 seconds.  

7. Prepare a 1:10 dilution of the 1 mM capture oligo in dH2 O (0.1 nanomole/μL).  

8. Add 2 μL (0.2 nanomole) of the 1:10 diluted capture oligo to the resuspended 

microspheres and mix by vortex.  

9. Prepare a fresh solution of 10 mg/mL EDC in dH2 O.  
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10.  One by one for each coupling reaction, add 2.5 μL of fresh 10 mg/mL EDC to the 

microspheres (25 μg or ≅ [0.5 μg/μL]final) and mix by vortex.  

11. Incubate for 30 minutes at room temperature in the dark.  

12. Prepare a second fresh solution of 10 mg/mL EDC in dH2 O.  

13. One by one for each coupling reaction, add 2.5 μL of fresh 10 mg/mL EDC to the 

microspheres and mix by vortex.  

14. Incubate for 30 minutes at room temperature in the dark.  

15. Add 1.0 mL of 0.02% Tween-20 to the coupled microspheres and pellet the coupled 

microspheres with a tube magnet or by microcentrifugation at ≥ 8000 x g for 1-2 

minutes.  

16. Remove the supernatant and resuspend the coupled microspheres in 1.0 mL of 0.1% 

SDS by vortex.  

17. Pellet the coupled microspheres with a tube magnet or by microcentrifugation at ≥ 

8000 x g for 1-2 minutes.  

18. Remove the supernatant and resuspend the coupled microspheres in 100 μL of TE, pH 

8.0 by vortex and sonication for approximately 20 seconds.  

19. Enumerate the coupled microspheres by hematocytometer or other particle/cell 

counter. Store coupled microspheres refrigerated at 2-8°C in the dark 

Note: All work should be carried in dark because beads are light sensitive. If labelled 

beads are stored properly they can be work upto 1 year. 

d. Confirmation of Oligonucleotide Coupling  

1. Select the appropriate individual MagPlex coupled bead sets and resuspend by 

vortexing and sonication for 20 seconds each. 

2. Dilute/concentrate an aliquot of each to 75 microspheres/μL in 1.5X TMAC 

Hybridization Solution. Vortex and sonicate for approximately 20 seconds. (Note: 33 

μL are required for each reaction to give 2,500 beads/reaction). 

3. Add 33 μL of the 75 microspheres/μL aliquot to each well of a bead hybridization 

plate as needed for each reaction. 

4. Add 17 μL of dH2O to each background well. 

5. Add 5 to 20 μL of complementary biotin-oligonucleotide (5 to 200 femtomoles) to 

appropriate sample wells. 

6. Adjust the total volume to 50 μL by adding the appropriate volume of dH2O or TE to 

each sample well. 

7. Cover the plate with MicroSeal A film to prevent evaporation. Process in a thermal 

cycler with the following program. 96°C for 90 seconds,  37-60°C for 15 minutes 

8. Dilute SAPE to 10 μg/mL in 1X TMAC Hybridization solution. (Note: 25 μL are 

required for each reaction.) 

9. Add 25 μL 10 μg/mL SAPE to each well and mix by gently pipetting up and down 

several times. (Note: Final concentration of SAPE should be 2-4 μg/mL). 

10. Incubate at hybridization temperature for 5 minutes. 

11. Analyze 50 μL at hybridization temperature on the Luminex analyzer according to 

the system manual. 
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The following is the summary of confirmation of oligonucleotide coupling reactions. 

For details please read the Chapter 3.3.4 of xMAP cookbook, page 22-25 - 

www.luminexcorp.com 

 

 

 

 

E. Optimization of Multiplexing 

Once the best antibody pairs or nucleic acid reagent ratios are determined for each 

analyte, assays should be combined into a multiplex and checked for cross reactivity at each 

step. The multiplexed coupled microsphere set should be tested with each individual analyte 

and detection antibody or oligonucleotide target to evaluate performance and determine 

specificity. Factors such as specific cross-reactivity among individual assays, non-specific 

binding of other reagent components, or interference of sensitivity due to excess non-bound 

reagents may affect multiplex assay. 

REFERENCE 

xMAP® Cookbook. A collection of methods and protocols for developing multiplex assays 

with xMAP Technology. cdn2.hubspot.net/hub/128032/file-213083097-pdf/Luminex-

xMap_Cookbook.pdf .Accessed on 26
th

 October 2017. 

  

http://www.luminexcorp.com/
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MICROBIAL DNA SEQUENCING INCLUDING NEXT GENERTION 

SEQUENCING ANALYSIS IN LIVESTOCK DISEASE DIAGNOSIS 

Aman Kumar, Anita Dalal and Sushila Maan 

Department of Animal Biotechnology, College of Veterinary Sciences,  

Lala Lajpat Rai University of Veterinary and Animal Sciences (LUVAS), Hisar 

Microbial Identification based on gene sequencing has become the most important 

tool for microbiologists and diagnosticians. During the past 10 years, genomics-based 

approaches have had a profound impact on the field of veterinary microbiology and our 

understanding of microbial species. Since the first report on the complete genome sequence 

of Haemophilus influenzae in 1995, more than 300 other prokaryotic genome sequences have 

been completed, with another 750 projects underway. How nucleotide sequencing 

methodology evolved and impact of this evolution on microbial gene sequencing will discuss 

further in this chapter. 

A. Early DNA Sequencing Techniques 

In 1975, Sanger introduced the plus and minus method for DNA sequencing (Sanger 

and Coulson, 1975). Maxam and Gilbert (1977) developed a DNA sequencing method that 

was similar to the Sanger and Coulson method in using polyacrylamide gels to resolve bands 

that terminated at each base throughout the target sequence, but very different in the way that 

products ending in a specific base were generated.  

B. Chain-Terminator Sequencing 

Both the plus-minus and Maxam Gilbert methods were rapidly replaced by the chain-

terminator method (Sanger and Coulson, 1977), also known as Sanger or dideoxy 

sequencing, as it was more efficient and used fewer toxic chemicals and lower amounts of 

radioactivity. The key principle of the Sanger method is the use of dideoxynucleotide 

triphosphates (ddNTPs) as DNA chain terminators. The newly synthesized and labelled DNA 

fragments are heat denatured, separated on denaturing polyacrylamide-urea gel with each of 

the four reactions run in individual lanes (lanes A, T, G, C). The DNA sequence can be 

directly read from the X-ray or gel image. 

C. Dye-Terminator Sequencing 

In the dye-terminator variant of Sanger sequencing, each of the four 

dideoxynucleotide chain terminators is labelled with a different fluorescent dye, permitting 

sequencing in a single reaction rather than four. In 1986 the laboratory of Leroy Hood at 

Caltech, in collaboration with Applied Biosystems (ABI), published the first report of 

automation of DNA sequencing (Smith et al., 1986) and data could be collected directly to a 

computer. Sanger sequencing using dye-terminators became the dominant sequencing 

technique until the introduction of so-called next-generation sequencing technologies 

beginning in 2005. 

D. Automated Sequencing 

The ABI 370A DNA sequencer appeared very shortly, and was first used in 1987 to 

determine the sequence of a gene by Craig Venter and colleagues at NIH (National Institutes 

of Health in Bethesda, MD). In 1992 Venter established The Institute for Genomic Research 

(TIGR) to expand his sequencing operation to a facility with 30 ABI 373A automated 

sequencers and 17 ABI Catalyst 800 robots. This was a real factory with teams dedicated to 

different steps in the sequencing process such as template preparation, gel pouring and 

sequencer operation including data analysis.  
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E. Second/Next Generation Sequencing 

―Next Generation Sequencing (NGS)‖ also called ―Second-Generation Sequencing‖ 

refers to a group of new DNA sequencing technologies that can rapidly sequence DNA on the 

gigabase scale. NGS does not require target specific primers, as needed for Sanger 

sequencing. Second-generation technologies rely upon sequencing by ligation or sequencing 

by synthesis, including pyrosequencing and reversible chain termination. Commercially 

available instruments from Roche, Illumina, Helicos, and Life Technologies deliver several 

gigabase pair (Gbp) of DNA sequence per week in the form of short contiguous fragments or 

reads. In a single run, whole genome of a pathogen is sequenced at random by fragmentation 

of the genome since the maximum length a benchtop sequencer can sequence varies between 

100 and 1000 bases.  

There are3 next generation sequencing platforms that are commercially available and 

in widespread use. 

a) The first next generation method to be commercially available was 454 platform also 

known as pyrosequencing or Roche GS FLX. The method uses ―sequencing by synthesis‖ 

approach. In this methodology DNA is fragmented to 500-1000 bp, ligated to adaptors, and 

amplified on tiny beads by PCR (emulsion PCR). Beads (with DNA attached) are placed into 

tiny wells (one bead per well) on a PicoTiter Plate that has millions of wells. Each well is 

connected to an optical fiber. DNA is sequenced by adding polymerase and DNA bases 

containing pyrophosphate. When a base complementary to the template is added, the 

pyrophosphate is released and a burst of light is produced. The light is detected and used to 

call the base. Earlier, the original 454 read lengths were 100-150 bp, but now have been 

improved to 700-800 bp. One run produces about 1 million reads in 10 hours. In total, a 

machine can sequence >1 Gb per day. 

b) Solexa (Illumina): This method also uses a ―sequencing by synthesis‖ approach, similar 

to traditional Sanger sequencing, it uses fluorescently labeled terminators. Briefly, the 

genomic DNA to be sequenced is broken into small fragments and ligated to an adaptor. 

DNA is sequenced by adding polymerase and labeled reversible terminator nucleotides (each 

base with a different color) which is determined by fluorescence. Then the fluorescent label is 

removed from the terminator and the 3‘ OH is unblocked. This allows a new base to be 

incorporated and the process repeats. The original Solexa read lengths were 35 bp only, but 

now has increased to 100 bp-200 bp. One run of the machine can give 150 million reads. The 

output is >1 Gb per day.  

c) SOLiD (ABI): This is a ―sequencing by ligation‖ method. Instead of using DNA 

polymerase, it uses DNA ligase enzyme for sequencing. Here, DNA is broken into small 

fragments and ligated to an adaptor. The fragments are attached to beads and amplified by 

emulsion PCR. Beads are attached to the surface of a glass slide. DNA is sequenced by 

adding 8mer fluorescently labeled oligonucleotides. If an oligo is complementary to the 

template, it will be ligated and 2 of the bases can be called. The attached oligo is then cut to 

remove the label and the next set of labeled oligos are added. The original SOLiD read 

lengths were 25 bp, but now have been increased to up to 50-100 bp. One run of the machine 

can give 85 million reads. The output is >1 Gb per day. 

F. 3rd Generation Sequencing or Long Read Sequencing 

a) Single Molecule Real Time (SMRT) Sequencing: SMRT sequencing is based on the 

―sequencing by synthesis‖ approach. The DNA is synthesized in zero-mode wave-guides 

(ZMWs) which are small wells with the capturing tools, unmodified polymerase and freely 

flowing solution of fluorescently labelled nucleotides. But the wells are designed in manner 
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that only the fluorescence emitted at the bottom of a well is detected. The fluorescent label is 

detached from the nucleotide upon its incorporation into the DNA strand, leaving an 

unmodified DNA strand. This approach allows reads of 20,000 nucleotides or more, with 

average read lengths of 5 kilobases. In 2015, Pacific Biosciences announced the launch of a 

new sequencing instrument called the Sequel System, with 1 million ZMWs compared to 

150,000 ZMWs previously in the PacBio RS II instrument.  

b) Oxford Nanopore Sequencing: Oxford Nanopore MinION is sequencing machine too 

small to be kept in pocket, the first commercially available sequencer using the nanopore 

technology. A nanopore is a nano scale hole, used to identify nucleotide. An ionic current is 

passed through the nanopore by setting a voltage across this membrane. When an analyte 

DNA strand (nucleotide) passes through 1 nm pore, it will create a characteristic disruption in 

current. Therefore, the analyte is identified by measuring the current. The average length of 

the sequences generated by MinION ranges 5.4 kb to 10 kb, therefore DNA strands of 

thousands bases long can decoded in a single pass (Maitra et al., 2012). MinION (Oxford 

Nanopore) and the Sequel (Pacific Biosciences), both can sequence larger fragments. 

However, these sequencers are not yet used in the clinical microbiology laboratory, due to 

their lack of affordability, the lower quality of the sequences, and the low throughput. 

NGS Data Analysis 

After sequencing, the sequenced fragments (reads) can be denovo assembled (genome 

assembly). In this, the reads are aligned against each other without the use of a reference 

organism. In general, the larger the fragments, the easier and more accurate the genome 

assembly will be. Hence, 3
rd

 generation sequencing will be proved to better. Software 

packages, such as CLC Genomic Workbench (Qiagen), SPAdes, Velvet and others, are being 

used to assemble the genomes. The genetic relationship between isolates can be investigated 

by using a gene-by-gene comparison using a multi-locus sequencing typing (MLST) 

approach, either by studying the conserved core genome (cgMLST), or the whole genome 

(wgMLST), which includes a set of variable accessory genes. Several software packages, 

such as SeqSphere (Ridom) and BioNumerics (Applied Maths, Biomérieux), or online tools, 

such as EnteroBase and BIGSdb (Bacterial Isolate Genome Sequence Database) can be used. 

Several tools to analyse NGS data are there on the website of the Center for Genomic 

Epidemiology.  

Applications 

The High Throughput Sequencing (HTS) technology is well suited for the detection 

and identification of various infectious agents involved in complex or multifactorial diseases 

e.g. whole virome detection in pig faeces suffering of diarrhoea. By comparing the viromes 

of healthy and diarrhoeic pigs, an indication of the aetiological agents may be obtained. The 

increased need for livestock production and the exploitation of wildlife habitats for animal 

agriculture make it prudent to monitor the pathogenic status of wildlife with increased 

vigilance. HTS has also been useful as a tool for virus discovery and phylogeny of new 

variants of various viruses e.g. first detection of PPV-4 in wild African suids, and novel 

variants of TTSuV-1 and 2 identified in bush pigs. Characterisation and phylogeny of new 

variants of bluetongue virus infectious disease of sheep and cattle has been made possible by 

this technique. HTS has the capacity to resolve out the intricacies of the host–pathogen 

relationship, thereby achieving a greater knowledge of infection pathology. 

HTS data analysis would also help in understanding differences in virus serotypes e.g. 

foot and mouth disease viruses show different pathophysiology of disease i.e., greater 

severity of disease by FMDV serotype O than other serotypes. Likewise, detection of 
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unknown and ‗unexpected‘ pathogens has also been made possible by use of HTS e.g. 

proventricular dilatation syndrome (PDS) and turkey viral hepatitis (TVH) in birds. In the 

case of PDS, sequencing of complementary DNA from the brains of infected parrots revealed 

two strains of a novel bornavirus. The same approach identified a novel picornavirus in RNA 

material from the liver of turkey poults with TVH. 

Limitations 

The main disadvantage of NGS or 3
rd

 generation sequencing in the clinical setting is 

putting in place the required infrastructure, such as computer capacity and storage, and also 

the personnel expertise required to comprehensively analyse and interpret the subsequent 

data. In addition, the volume of data needs to be managed skillfully to extract the clinically 

important information in a clear and robust interface. A contrasting feature of decreasing 

sequencing costs, the costs for data storage and data analyses have increased due to the 

generation of huge amounts of data, and the complexity of it. 
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DETECTION OF ANTIBODIES IN CATTLE AND BUFFALOES VACCINATED 

AGAINST HAEMORRHAGIC SEPTICAEMIA USING SONICATED ANTIGENS OF 

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

Haemorrhagic septicaemia (H.S.) is an important disease of cattle and buffaloes 

caused by Pasteurella multocida (B:2 type) in India. The disease 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. The antibodies generated in response to the P. multocida infection or vaccination 

can be monitored at large scale by single dilution indirect ELISA developed in our 

department under DBT Project. 

Principle 

  The assay is based on indirect ELISA using outer membrane proteins (inducing 

protective antibodies) of the P-52 strain of the bacteria as antigen coated on to the surface of 

well. The binding of the H.S. antibodies in cattle/ buffalo serum samples with plate surface 

bound antigen, is detected by mouse monoclonal antibody (reacting equally with both cattle 

and buffalo IgG immunoglobulins) and anti-mouse horse radish peroxidase conjugate. Using 

a regression equation, antibody titres are calculated from the intensity of colour developed in 

the test serum sample. 

Materials Required 

ELISA plates, Buffer and Reagents as in Appendix, Micropipettes, Disposable 

microtips, Reagent troughs, Pipettes Glass vials, Blotting paper pad, Wash bottle 

Lay out Plan 

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. 1 9 17 25 33 41 49 57 65 73 81 

B Negative 

Control 

Wells 

(Wells B1  

 To F-1) 

           

C            

D            

E            

F            

G Positive 

control wells 

(G1 & H1) 

           

H 8 16 24 32 40 48 56 64 72 80 88 
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Test Procedure 

A. Coating of  Plate 

1. Coating of ELISA Plates with 1:500 dilution of P. multocida OMP antigen. 

2. Incubate 37 °C, 1 hour; transfer to 4 °C overnight. 

B. Washing of Plate 

1. Next day, take out the test sera sample and thaw.  

2. Wash the ELISA plate by flooding wells with washing buffer and decanting 

immediately by flick of wrist, three times. 

3. Tap the inverted plate on pad of blotting paper to blot it dry. 

C. Dilution of Sera Sample 

1. Add 50l of the diluent buffer to well A1 of Column 1 of the ELISA plate and 

45l to all the remaining wells of the ELISA plate. 

2. Add 5l of test serum sample to each well (1-88) of the ELISA plate (final 

dilution 1:10 in 50l volume). Add 5l known negative (B1 to F1) and known 

positive serum (G1 and H1) to the designated wells of Column 1. 

3. Incubate 4 °C overnight. 

D. Tracing by MoAb followed by Antibody Conjugate 

1. Wash and dry the ELISA plate as done in step B, above. 

2. Add 50l of the 1:1000 diluted anti-buffalo IgG2 MAb (A:2, cross reacting 

equally with cattle & buffalo IgG) in all the wells of the ELISA plate and 

incubate 37 °C, 1 hour. 

3. Wash and dry the ELISA plate as done in step B, above. 

4. Add 50l of the 1:1000 diluted rabbit anti-mouse IgG-HRPO conjugate to all the 

wells of ELISA plate and incubate 37 °C, 1 hour. 

E. Development of Reaction by addition of Substrate 

1. Wash and dry the ELISA plate as done in step B, above. 

2. Add 50l of the 1:100 diluted TMB substrate (prepared from stock preparation) 

to all the wells, incubator 37
0
C for 5 min (blue colour develops in positive cases). 

3. Stop the colour developing reaction by adding 50l of the stopper solution (1M 

H2SO4) to all the wells (blue colour turns to yellow). 

F. Measurement of O.D. and Calculation of Antibody Titres 

1. Read optical density (O.D.) of the colour developed in ELISA Reader at 450nm. 

The well A-1 is kept as blank.  

2. Calculate the antibody (log10) titres  by placing the OD value in the equation  

G. Interpretation of Results 

  Antibody titer <1.5 log10    : Not protected 

  Antibody titer > 1.5 log10 and < 1.8 log10  : Partially protected 

  Antibody titer >1.8 log10    : Protected 
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Composition of Buffers for Single Dilution H.S. ELISA 

A. Coating Buffer (0.05 M carbonate-bicarbonate buffer, pH 9.6) 

Carbonate-Bicarbonate Buffer capsule (Sigma) 1 

MilliQ H2O ad      100 ml 

Filter-sterilized and stored at 4°C. 

B. Phosphate buffered saline (100mM PB, pH 7.0, 150 mM NaCl) 

Na2HPO4      8.340 g 

KH2PO4      5.620 g 

NaCl       8.770 g 

MilliQ H2O ad      1000 ml 

Filter-sterilized and stored at 4°C. 

C. Washing Buffer (PBS-Tween 0.05%) 

PBS, pH 7.0      1000 ml 

Tween 20      0.500 ml 

Make fresh for use on the same day. 

D. Diluent Buffer (PBST-1%BSA) 

BSA, Fraction V     1.0 g 

PBS, pH 7.0     100 ml 

Tween 20      50 l 

Make fresh just before use. 

E. Substrate Buffer (0.05 M Phosphate-Citrate Buffer) 

Phosphate-Citrate Buffer Tablet (Sigma)  1 

MilliQ H2O ad      100 ml 

Filter-sterilized and stored at 4°C. 

F. Substrate (3,3’,5,5’–Tetramethylbenzidine, TMB)  

TMB (100X, Sigma, USA)    50 l 

Substrate Buffer     5.0 ml 

Made fresh just before use. 

G. Stopping Solution (1M H2SO4) 

  H2SO4       5.55 ml 

MilliQ H2O ad      100 ml 
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DEVELOPMENT OF MONOCLONAL ANTIBODY BASED DIAGNOSTIC ASSAY 

FOR DETECTION OF Trypanosome evansi 

Akhil K. Gupta and Ajit Singh 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

The true potential of antibodies as specific targeting agents was not realized until 

ground breaking work by Kohler and Milstein in 1975 resulted in the production of 

monoclonal antibodies (mAbs). The mAbs were produced by fusing the antibody producing 

mouse spleen cells with an immortal mouse myeloma cell line, resulting in the formation of 

an immortal cell line, known as a hybridoma, expressing a single antibody with specificity for 

one particular epitope on an antigen. Hybridomas can be cultured in vitro indefinitely 

allowing the relatively easy purification of large quantities of mAbs and can be widely used 

in biomedical research. Monoclonal antibodies are universal binding molecules with a high 

specificity for their target and are indispensable tools in research, diagnostics and therapy. 

Trypanosoma evansi is a flagellate hemo-protozoan that causes ‗surra‘ or 

trypanosomosis in several domestic and wild mammalian species in Asia, Africa, and Central 

and South America. The infected animals present a spectrum of clinical signs and symptoms. 

Conventional diagnosis is based on clinical signs and symptoms, microscopic examination of 

the parasite in blood smears and wet blood film, micro-hematocrit test and mouse 

inoculation. However, alternative tests have been/are being developed to address the 

problems associated with the conventional tests. 

Principle and Theory 

For detection of Trypanosome evansi antigen in our laboratory, MoAb coated latex 

beads reagent is used for demonstrating presence of circulating antigen in serum samples 

from ‗surra‘ suspected animals.  Monoclonal antibody-based latex agglutination test for T. 

evansi antigen detection (called TE-LAT) is rapid, sensitive, specific, simple to perform and 

easy to interpret. It can be easily learnt by veterinary compounders/technicians. Therefore, it 

fulfills all the requirements of a field-adaptable test. 

 The latex (polystyrene) beads of <1.0 µm diameter are coated with mAb (anti- T. 

evansi antigen) and suspended in a suitable buffer. Use of colored beads improves visibility 

of the reaction. Mixing of the TE-LAT reagent on a cavity/plane glass slide with equal 

volumes of the serum sample from suspected animal results in agglutination or clumping of 

the beads within a few minutes. In case of the negative samples, the latex suspension remains 

without granular aggregates or flakes during the cut-off time.    

Reagents, Materials and Equipments  

1. Anti-T. evansi (1D7) mAb coated blue latex (beads of <1.0 μm diameter) reagent 

(TE-LAT reagent) 

2. Test sera samples or blood for serum collection  

3. TE buffer (see Appendix) 

4. Cavity glass slides  

5. Micropipettes with tips 

6. Microcentrifuge tubes 

7. Bench-top centrifuge  
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Procedure: 

1. Take a clean cavity glass slide and pour 25 μl of the test sera in marked cavity spots 

and a negative serum in one cavity.  

2. Add 25 μl of the TE-LAT reagent to each serum sample in cavity and mix properly by 

twirling the slide. 

3. Wait for the agglutination reaction to occur within 5 min, 10 min or 15 min, with 

swirling the suspension before observation every time. 

4. Record the results as positive (granular or curdling type clumps) with or without 

grading or negative (homogeneous blue solution at the end of 15 min) (Please see 

figure). 

 

 

 

Figure: TE-LAT Positive and Negative results  
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DIAGNOSIS OF EQUINE HERPES VIRUS 1 INFECTION USING REAL-TIME PCR 

AND PEPTIDE ELISA  

Baldev R. Gulati, Sarika Poonia and Rucha Soman 

ICAR-National Research Centre on Equines, Hisar-125001, Haryana 

  Equine herpesvirus 1 (EHV1) is a highly contagious respiratory pathogen associated 

with a variety of disease conditions in horses. It is estimated that 80 to 90% of horses have 

been exposed to EHV1 infections by two years of age. EHV1 infection causes upper 

respiratory tract infection in young horses, abortion in pregnant mares, neonatal foal mortality 

and neurological disorders. Abortion is the most economically crippling outcome of EHV1 

infection with 95% of EHV1 associated abortions occurring in the last four months of 

pregnancy. Respiratory disease associated with EHV1 is most commonly seen in young 

animals at the time of weaning. The genome of EHV1 is a linear double-stranded DNA 

composed of a unique long region, joined to a unique short region that is flanked by an 

identical pair of inverted repeat regions, the terminal repeat and the internal repeat regions. 

The EHV1 genome is approximately 150 kb in size and encodes for 76 open reading frames. 

  Laboratory diagnosis of EHV1 is done by direct means such as virus isolation, viral 

nucleic acid detection, demonstration of viral antigen detection by tests such as PCR, or 

indirect means by serological assays comprising of virus neutralization test or ELISA. Virus 

isolation requires a fair bit of time and is laborious, also there is a chance that virus may 

contaminate the environment. Molecular tests like PCR or real-time PCR require help in 

quick diagnosis, if facilities are available. Serological tests such as virus neutralization (VN) 

and ELISA are commonly employed. Serological assays require paired serum samples for 

confirmation of infection and are also time consuming. VNT takes 3-5 days to give proper 

results. ELISA is a sensitive test but recognizes cross reactive epitopes of EHV1 and EHV4, 

as both the viruses have significant antigenic cross-reactivity. The synthetic peptides, which 

have been developed based on the sequences of linear antigenic epitopes, can also be used for 

the development of peptide-based assays. Our laboratory has developed an ELISA using 

linear epitope on glycoprotein E of EHV1 for specific serodiagnosis. In this practical, a 

quantitative real-time PCR using TAQMAN chemistry will be done for demonstration of 

EHV1 infection from clinical samples. 

A. Real-time PCR  

  A real-time PCR has been standardized targeting glycoprotein B gene. The clinical 

samples in case of respiratory infection is nasal swab and blood, while in case of abortion,  

placenta, aborted fetus stomach content, aborted fetal tissues (liver, spleen, kidneys, lung, 

heart) or whole blood is collected for EHV1 diagnosis. A 10% homogenate of tissue samples 

is made and used for viral DNA isolation. 

a. DNA Isolation: Viral nucleic acid (DNA) is extracted from clinical sample/tissue culture 

supernatant using the Qiagen DNeasy blood and tissue kit according to the manufacturer‘s 

instructions. Briefly, 

1. 200 µL tissue fluid/triturated tissue sample is taken in a 1.5 ml microcentrifuge tube. To it, 

add 20 μl proteinase K and 200 μl Buffer AL. Mix by vortexing and incubate at 56°C for 

10 min.  

2. Then 200 μl of ethanol (96–100%) is added to the sample, and mixed by vortexing. 

3. The mixture is pipetted into the DNeasy Mini spin column and centrifuged at 8000 rpm for 

1 min in table top refrigerated centrifuge 3-18K (Sigma SVI). The flow-through is 

discarded and the spin column is kept back into the collection tube. 
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4. Add 500 μl Buffer AW1 to the spin column and centrifuge at 8000 rpm for 1 min. Discard 

flow-through and keep the spin column back into the collection tube. Add 500 μl Buffer 

AW2 to the spin column and centrifuge for 4 min at 12000 rpm. 

5. Place the DNeasy Mini spin column in a clean 1.5 ml microcentrifuge tube. Pipette 40 μl 

Buffer AE directly onto the DNeasy membrane inside the spin column. Incubate at room 

temperature for 1 min, and then centrifuge at 8000 rpm for 1 min to elute the DNA. Store 

the isolated DNA at -20⁰C until further use. 

b. Real Time PCR Protocol: The gB forward primer (gBF-RT), gB reverse primer (gBR-

RT), and gB-probe coupled with FAM dye are used in real-time PCR, using Quantitect 

multiplex PCR NoRox Kit (Qiagen, Hilden, Germany). The reactions are conducted in a total 

volume of 20 µl. The following reagents are taken in a 0.2 ml optical PCR tubes (BioRad). 

Components Amount (Volume) Final Concentration 

2X Quantitect Multiplex Master Mix  10.0 μL 1X 

Forward Primer (10000 nM) 1.0 μL 500 nM 

Reverse Primer (10000 nM) 1.0 μL 500 nM 

Probe  (2000 nM) 1.0 μL 100 nM 

Template DNA 2.0 μL - 

Water, nuclease-free 5.0 μL - 

Total volume 20.0 μL  

  The PCR components are mixed properly and set with the amplification condition as 

follows: 50°C for 2 min, initial denaturation at 95°C for 10 min, 40 cycles of 95°C for 15 s 

and 60°C for 60 sec. Each sample is run in duplicate, including a positive control, negative 

control and no-template control. The Bio Rad CFX96 Real Time PCR machine is used to run 

PCR and CFX manager software is used for the data analysis and calculation of Cq mean. 

The PCR products are stored at -20
o
C till further use. 

c. Result Interpretation: Sample with aCq value below 35 is considered positive and Cq 

value above35 are weak reactions indicative of negative reactions which could represent an 

environmental contamination. 

B. Peptide ELISA for Diagnosis of Equine Herpesvirus1 Antibodies 

A synthetic peptide-based indirect ELISA has been developed and optimized for 

detection of antibodies to EHV1 in equine serum sampels. For this, amino acid sequence of 

glycoprotein E (gE) were used for the prediction of EHV1-specific linear epitope regions by 

online tool at Immune Epitope Database Analysis Resource (IEDB). Optimal concentration 

of streptavidin, peptides, serum and anti-horse HRPO conjugate were determined by 

checkerboard titration. The ELISA so developed is being used for screening of field sera 

using following protocol: 

1. Each well of 96-well ELISA plate (Maxisorp, Nunc,) is coated for 1h at 37
o
C with 100 

µl/well of streptavidin (1 g/ml in PBS).  

2. Plate is washed three times with washing buffer (PBS with 1% Tween 20) and then 

incubated with 100µl/well of biotinylated peptide (1 g/ml in PBS) for 1 h at 37
o
C.  

3. After three washings, wells are blocked with 200 µl/well of blocking solution (5% rabbit 

serum in PBS) for 1 h at 37
o
C.  
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4. After three washings, 100 µl of test horse serum dilution (1:400) in blocking solution is 

added in duplicate wells and incubated for 1 h at 37
o
C. Known EHV1 positive and 

negative horse sera are included as control in each plate. 

5. On washing, the plate is incubated with 100µl/well of rabbit anti-horse IgG-peroxidase 

diluted 1:10000 in blocking solution for 1 h at 37
o
C.  

6. After washing, 100µl/well of TMB substrate solution is added (Appendix I) for 10 min.  

7. The reaction is stopped using 100µl/ well of 1M sulphuric acid.  

8. The optical density at 450 nm is measured using ELISA reader (SUNRISE Tecan). The 

cut off value is determined using mean + 3SD of OD value of known negative horse serum 

samples.  

Annexure I. Buffers and Reagents for ELISA 

Coating Buffer (PBS, pH 7.2) 

Na2HPO4    1.150 g 

KH2PO4    0.2 g 

KCl     0.2 g 

NaCl     8.0 g 

MilliQ H2O                 ad  1000 ml 

Autoclave at 15 Psi for 30 min and store at 4⁰C. 

Washing Buffer (PBS-T) 

PBS, pH 7.2    1000 ml 

Tween 20    1 ml 

Blocking Buffer (PBS- 5% rabbit serum ) 

Rabbit Serum    4 ml 

PBS, pH 7.2    80 ml 

Made fresh for use on the same day 

Substrate Buffer [Citrate phosphate buffer (CPB), pH 5.0] 

Citric acid    47 mg 

Na2HPO4    73 mg 

MilliQ H2O    10 ml 

Membrane-filtered and stored at RT. 

Substrate Solution  

3,3',5,5'-Tetramethylbenzidine 0.1ml 

CPB        10 ml 

Made fresh just before use and used immediately keeping away from light. 

Stopping Solution (4N H2SO4) 

Concentrated H2SO4   27.24 ml 

MilliQ H2O    62.76 ml 

Stored at RT. 
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RESAZURIN CYTOTOXICITY ASSAY 

Anju Manuja and Balvinder Kumar 

ICAR-National Research Centre on Equines, Hisar 

Resazurin can be utilized as a simple and quantitative method for measuring cell 

proliferation, viability, and cytotoxicity. It is a non-toxic, water soluble, redox-sensitive dye 

that changes from its blue/non-fluorescent state to a pink/highly-fluorescent state upon 

reduction by viable cells. Resazurin (7-Hydroxy-3H-phenoxazin-3-one 10-oxide) is a blue 

dye, itself nonfluorescent until it is reduced to the pink colored and highly red 

fluorescent resorufin. It is used mainly as an oxidation-reduction indicator in cell viability 

assays for bacteria and mammalian cells. Usually it is available commercially as the 

sodium salt. 

Procedure  

1. Harvest an appropriate cell line (for example Vero cell line) by trypsinization and 

subsequent trypsin inhibitor treatment.   

2. Centrifuge cells, resuspend in growth medium and count. Calculate the total cell 

number and adjust to 1x10
4
 cells/ ml.  

3. Add 100μl of cell suspension to each well. Incubate at 37° in 5% CO2 atmosphere for 

the number of days required for the particular cell line to be in log phase. 

Exposing Cells to Test Agents 

1. Prepare appropriate dilutions of nanoformulation in growth media. 

2. Remove cultures from incubator into laminar flow hood. Aspirate spent growth 

medium from the wells and add 100μl of each dilution of test agent to the wells. 

3. Add resazurin dye solution in an amount equal to 10% of the culture medium. 

4. Gentle mixing in a gyratory shaker will enhance distribution of the dye. 

5. Return cultures to incubator for 2-4 hours depending on cell type and maximum cell 

density. Incubation times should be consistent when making comparisons. 

6. Measure the absorbance at 590 nm of the control wells (without treatment, without 

cells) and test samples. The reduction from blue to pink color is directly proportional to 

metabolic activity of cells. Calculate percentage of cytotoxicity with reference to 

untreated cells after normalizing background absorbance of media. 

7. Alternatively, samples can be measured fluorometrically by monitoring the increase in 

fluorescence at a wavelength of 590 nm using an excitation wavelength of 560 nm.  

NOTE: Fluorometric detection is much more sensitive than spectrophotometric detection and 

the number of cells used in the assay should be reduced proportionally. Tests performed in 

multiwell plates can be read using an appropriate type of plate reader or the contents of 

individual wells may be transferred to appropriate size cuvettes for fluorometric or 

spectrophotometric measurement. 

Possible Sources of Error 

1. Microbial contamination will contribute to the reduction of the resazurin dye yielding 

erroneous results. 

2. Uneven evaporation of culture fluid in wells of multiwell plates may cause erroneous 

results. 

3. Media and salt solutions with phenol red can be used but will contribute to higher 

background absorbance and can decrease sensitivity. 

  

http://en.wikipedia.org/wiki/Viability_assay
http://en.wikipedia.org/wiki/Viability_assay
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FLUORESCENCE POLARIZATION ASSAY FOR QUICK DIAGNOSIS OF 

BRUCELLOSIS IN ANIMALS 

Dinesh Mittal, Mahavir Singh and N K Mahajan 

College Central Laboratory, College of Veterinary Sciences, 

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

The Fluorescence Polarization Assay (FPA) is a simple and rapid field technique for 

measuring antigen/antibody interaction. The test is simple to perform, rapid, highly 

reproducible across laboratories and reduces the human error and variability that occurs when 

reading agglutination tests such as the card test, the standard plate test, and other similar test. 

The entire assay is done in solution, in a single tube or microtiter plate with no precipitation 

or washing steps. Therefore, it is readily adaptable to field implementation. 

The diagnostic sensitivity and specificity of the FPA for bovine brucellosis are almost 

identical to those of the C-ELISA. The FPA is based on the observation that when a 

fluorescent molecule is excited with polarized light, it will emit light of the same polarization 

assuming the molecule does not rotate during its emission lifetime. Molecules however rotate 

and the planes into which light is emitted can be very different from the plane used for initial 

excitation. The polarization of a molecule is proportional to the molecule`s rotational 

relaxation time, or the time it takes to rotate through an angle of 68.5°. Depolarization, or a 

decrease in light being emitted in the same polarization direction, occurs when the molecule 

rotates during its emission lifetime. Rotational relaxation time is related to viscosity, absolute 

temperature, molecular volume and the gas constant. 

If the tracer is bound by a larger molecule, its effective molecular volume is 

increased. The tracer‘s rotation is slowed so that the emitted light is in the same plane as the 

excitation energy. The bound and free states of the tracer each have an intrinsic polarization 

value: a high value for the bound state and a low value for the free state. The measured 

polarization is a weighted average of the two values, thus providing a direct measure of the 

fraction of tracer bound to receptor. The technique has been successfully used to diagnose 

various viral and infectious diseases in humans and animals, to monitor therapeutic drug 

levels and to determine food born pathogens, grain mycotoxins and pesticides. It has also 

been used in monitoring enzyme catalyzed hydrolysis, protein-protein interactions, DNA 

diagnostics and high throughput screening during the course of drug discovery. 

Principle 

When a fluorescent molecule is excited with plane polarized light, light is emitted in 

the same polarized plane, provided that the molecule remains stationary throughout the 

excited state (which has a duration of 4 nanoseconds for fluorescein). If the molecule rotates 

and tumbles out of this plane during the excited state, light is emitted in a different plane 

from the excitation light. If vertically polarized light is exciting the fluorophore, the intensity 

of the emitted light can be monitored in vertical and horizontal planes (degree of movement 

of emission intensity from vertical to horizontal plane is related to the mobility of the 

fluorescently labeled molecule). If a molecule is very large, little movement occurs during 

excitation and the emitted light remains highly polarized. If a molecule is small, rotation and 

tumbling is faster and the emitted light is depolarized relative to the excitation plane. 

 

I= ... Intensity with polarizers parallel 

 I⊥ ... Intensity with polarizers perpendicular 
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The FPA can be applied for the detection of bovine antibody to Brucella spp. The 

assay, which can be completed in a few minutes, requires a one-step serum dilution, 

assessment of background fluorescence, addition of labelled antigen and, finally, 

measurement of antigen–antibody interaction.  

Material Required: Serum samples, positive control, negative control, sample diluent buffer, 

conjugate (tracer), and FPA instrument, 10x75 mm borosilicate glass test tubes for single 

tube FPA instrument, 96 well black flat bottom microtitre plates tube vortex mixer and 

microtitre plate shaker. 

Procedure   

A. Single Tube Testing Procedure 

1. Place 10x75 mm borosilicate glass test tubes into rack. Use one tube per sample and the 

Positive Control and three tubes for triplicate of the Negative Control.  

2. Make labelling or identification mark at the top of test tubes to assure consistent 

orientation for different reads of the same tube. 

3. Add 1 mL of sample diluent into all borosilicate glass test tubes.  

4. Add 10 μL of positive control, negative control and serum sample in respective glass 

test tubes.  

5. Incubate test tubes at room temperature (16-26°C) for at least 5 minutes, up to 1 hour.  

6. Take blank intensity reading i.e. initial reading by placing each tube one by one in the 

FPA reader. 

7. Add 10 μL of conjugate (tracer) into each test tubes and vortex gently avoiding 

frothing.  

8. Incubate the test tubes at room temperature (16-26°C) for at least 2 minutes, up to 1 

hour.  

9. Now take the final reading by placing each tube one by one in the FPA reader and 

record the result in mP units.  

10. Calculate the mean mP for the three replicates of the Negative Control (mean Negative 

Control). 

11. Also Calculate the mP for Positive Control  

B. Microtitre Plate Testing Procedure 

1. Add 20 µL of positive and negative controls and samples into the wells of the black 96 

well microtitre plate. Add negative control in three and positive control in one well. 

2. Add 180 µL of sample diluent into all wells containing controls and serum samples. 

Mix gently and carefully.  

3. Incubate the plate for 3-5 minutes at room temperature (16-26°C). 

4. Place the microtitre plate in the FPA reader and obtain an initial reading referred to as 

the blank intensity reading. 

5. Now add 10 µL of conjugate into all the wells containing controls and serum samples. 

Mix gently and carefully. 

6. Incubate the plate for 2 minutes at room temperature (16-26°C). 

7. Now take the final reading by placing microtitre plate in the FPA reader and record the 

result in MP units.  

Interpretation 

Test is interpreted according to mP values above the mean Negative Control 

Negative:  < 10 mP ; Suspect: 10-20 mP ; Positive: more than 20 mP. 
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NANOBODIES AS PROBES FOR PROTEIN DYNAMICS 

Akhil Kumar Gupta 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

 In 1993, a Belgian scientific group found by serendipity that the camelids incorporate 

in their serum a unique class of antibodies that lack L-chains in presence of conventional 

ones. These L-chain lacking antibodies were called ‗heavy-chain only antibodies‘ (HCAbs). 

The HCAbs also lack the CH1 domains. The antigen-binding domains of these exceptional 

camelid HCAbs consist of only one domain, termed as variable domain of the heavy chain of 

the heavy-chain antibodies (VHH). Such a feature offers a large number of technological 

advantages in the generation of engineered antibodies, as compared with conventional 

antibodies, which require both the variable domains of the heavy chains (VH), in addition to 

that of the light chains (VL) to bind their specific antigen appropriately. These heavy chain-

only antibodies retain full antigen specificity and binding affinity and can be further truncated 

without significant loss of their antigen-recognizing properties to produce isolated variable 

domains (VHH). The VHHs from camelids were initially trademarked as Nanobodies, but 

VHHs from llama are now more commonly employed for research. VHHs are also known as 

single domain antibodies. 

The innate supremacy of HCAbs together with their small size, ability to recognize 

unique epitopes, sub-nanomolar binding affinity, outstanding solubility, great stability, high 

expression yields and scalable production in broad variety of expression systems have 

combined together to make them an interestingly useful class of biomolecules for various 

medical diagnostic and therapeutic applications. Several unique properties of VHHs define 

their potential as research tools distinct from the conventional antibodies. First, nanobodies 

are much smaller. Although the IgG antibody consists of four chains with multiple domains 

and has a molecular mass of about 150 KDa, the nanobody is a single domain with a 

molecular mass of only about 15 KDa. Second, nanobodies can be easily screened for affinity 

and specificity using a wide spectrum of approaches ranging from phage display to NMR. 

Most importantly, nanobodies can be cloned, genetically or chemically modified, and 

produced in a recombinant form in various cells, and, potentially, in live organisms. Bacterial 

expression systems enable generation of purified nanobodies in milligram quantities per liter 

of culture, offering an unlimited supply of a selective reagent with consistent properties. 

The occurrence of this distinctly unconventional antibodies have also been reported in 

the serum of wobbegong sharks (Orectolobus maculatus), nurse sharks (Ginglymostoma 

cirratum) and in ratfish as well. However, in these cartilaginous fishes they are commonly 

known as the IgNARs (Ig new antigen receptors). HCAbs in sharks have a fairly different 

structure compared to camelids, they are disulfide-bonded homodimers consisting of five 

constant domains and one variable domain, V-NAR responsible for targeting antigens. The 

antigen binding site of these antibodies is composed of only one domain, termed VHH for 

camelids and VNAR for sharks. 

A. Nanobodies vs fragments of conventional antibodies as tools for structural biology 

Abs are globular proteins of large size (150-970 kDa), varying in charge, amino acid 

composition and antigenic nature. The mammalian Abs or Igs are grouped into various 

classes, designated as IgM, IgG, IgA, IgE, IgD and subclasses within some classes, 

particularly IgG, designated differently depending on the animal species. Each Ig has two 

identical polypeptide chains of about 25-30 kDa size, designated as light chain (LC), and of 

50-70 kDa size, designated as heavy chain (HC). LC and HC are composed of about 220 and 
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440 or 550 amino acids (AAs) and the HCs are glycosylated. The LC and HC are joined 

together by interchain C-C disulphide bonds to make a structure. Variable (V) sequence and 

constant (C) sequence regions of LC and HC are folded into distinct domain structures, called 

‗Ig domain‘ (Fig. 1). LC has two ‗Ig domains‘, i.e., one N-terminal VL (110 AAs) and one C-

terminal CL (110 AAs), whereas HC 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. The six 

CDRs, three each from VL and VH segments, fold to make one antigen binding site or 

‗paratope‘. Thus, each Ab molecule is at least bivalent, having two identical paratopes to bind 

two identical epitopes in a multivalent Ag. Each paratope has a unique shape and chemical 

complementarity to that of the epitope for the best fit. 

The strength of binding of a paratope with an epitope is known as Ab affinity, and 

even small changes in the paratope structure can affect the Ab affinity. Affinities of different 

Abs range between 105/M to 1011/M. Ab specificity is the ability of an Ab molecule to 

discriminate between its binding to the inducing Ag and to the antigens structurally related to 

the inducing one. Ab specificity is determined by the structural and chemical 

complementarities between the Ab paratope and the epitope. Germline DNA has segmented 

Ig genes, which are rearranged in only in developing B lymphocyte clones. Several V, a few 

D and 4-6 J gene 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 encode for VH and VL domains, 

respectively. Molecular mechanisms generate millions of B lymphocyte clones, each of 

which producing unique antibody specificity. 

Because the association between the variable domains of the light and the heavy 

chains depends on the hydrophobic interactions, production and applications of the single 

isolated variable domains are hampered by poor protein solubility and aggregation. Although 

it is possible, in principle, to modify the amino acid sequence of VH or VL to eliminate the 

hydrophobic patches on the protein surface, such work is time-consuming and may be 

derailed by the unintended effects of such mutations. The heavy chain-only camelid 

antibodies, where variable domains (VHH) do not interact with any other domains, offer a 

much more practical starting point for producing the single domain antibodies. The antibody-

derived fragments, in particular Fab, have been widely used in structural biology to assist 

crystallization of difficult proteins. Antibodies can promote crystallization by inducing order 

in the flexible regions of the target protein, improving crystal contacts, and increasing the 

hydrophilic surface area of the complex. Nanobodies can be used to assist protein 

crystallization essentially in the same way. Examples of the protein structures solved with the 

help of nanobodies include several membrane receptors and transporters, proteins of bacterial 

secretion systems, and others. 

B. Nanobodies vs specific binding proteins designed on non-antibody scaffolds 

Natural antibodies inspired design of engineered proteins that bind to their targets 

with high affinity and specificity. In these constructs, a small protein domain with a high 

natural propensity for protein interactions is used as a scaffold for the target-specific binding 

sequences similar to the CDRs of the natural antibodies. Initially, a large library of potential 

binders with a partially randomized amino acid sequence in the binding site is created. The 

high-affinity binders are then selected by phage display or, recently, by ribosome display. 

Examples of such scaffold-protein affinity reagents (SPARs) include DARPins (designed 
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ankyrin repeat proteins), monobodies, designed on the scaffold of human fibronectin III 

domain 3, and also Affibody molecules and anticalins. 

C. Structural basis of the distinctive binding properties of the nanobodies 

The remarkable high stability and the ability of refolding of VHHs make them an 

exceptionally potential agent for numerous possibilities where harsh conditions are habitually 

encountered. Camelid sdAbs are recognized as structurally stable and highly soluble. Van der 

It has been experimentally demonstrated that VHHs retain their functionality at temperatures 

up to 90ºC. Besides the canonical disulfide bond between positions 22 and 92 that attributes 

the immunoglobin fold to VHs and VHHs, VHHs possess a Cys residue (~80% of cases) in 

the CDR3, which forms an additional disulfide bond with either a Cys in CDR1, position 45 

in FR2, or CDR2. This additional disulfide bond acts to restrict the degrees of freedom of a 

long CDR3 which results in entropically favorable binding energetics and an overall stable 

molecule. Furthermore, the positions of the Cys residues in the CDRs are not fixed, which 

generates a geometrical diversity in the paratope resulting in an increase of the antigen-

binding repertoire. 

These domains can be further enhanced by the introduction of an artificial disulfide 

bond at the hydrophobic core which allows for greater structural stability. Highly soluble 

non-aggregating antibodies are especially desirable in therapeutic formulations because they 

retain their functionality under a wide range of conditions. Additionally, aggregating proteins 

are known to increase immunogenicity thus necessitating the selection of small-sized protein 

therapeutics with non-aggregating properties. VHHs are the smallest known protein 

fragments with the ability to specifically recognize an antigen, these intact antigen-binding 

fragments measure about 2.4 nm in diameter and 4 nm height. VHHs tend to have increased 

antigen-binding surface area due to their relatively long CDRs 1 and 3, which has a higher 

rate of somatic mutations, compared to conventional VHs. An average VHH CDR3 is 16 

residues long whereas a human VH CDR3 averages 12 residues and a mouse VH CDR3 

averages 9 residues. There are several advantages of this. First, this results in an increased 

antigen-binding surface which compensate for the lack of a VL binding partner. Secondly, 

this imparts the ability to form long finger-like protrusions that can fit into small cavities and 

enzymatic active sites which may not be accessible with conventional rAbs. 

Indeed the crystal structure of VHHs in complex with lysozyme demonstrated that the 

VHHs were able to bind the active sites of these enzymes which are not typically recognized 

by larger rAb fragments. VHHs recognize a broad range of antigens with high specificity, 

including proteins, binding with dissociation constants (KDs) in the nanomolar and picomolar 

ranges. The antigen-binding of VHHs can be enhanced through pentamerization, i.e. by 

increasing avidity.. The small size and the longer CDR3 regions have the capacity to reach 

and recognize cryptic and hidden conformational epitopes that are otherwise inaccessible or 

not immunogenic for conventional antibodies, which makes them potent alternatives to 

conventional antibodies. 

D. Nanobodies and intrinsically disordered proteins 

Nanobodies have been used as crystallization chaperones for proteins with a high 

extent of intrinsic disorder, such as antitoxin MazE, a component of the programmed cell 

death system in bacteria Remarkably, only 45% of amino acid residues were ordered in that 

structure. An x-ray structure of the human prion protein represents another interesting 

example of using nanobodies to reveal structural propensities of intrinsically disordered 

proteins. This structure shows expansion of a β-sheet in the usually disordered N-terminal 

region of PrP
C
, the normal form of the prion protein. Interestingly, the discontinuous 
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nanobody epitope in PrP
C
 includes the connecting loop leading to the newly formed β-strand, 

but not the strand itself, suggesting that the nanobody may have triggered a natural transition 

between the two energetically close conformations, rather than forced an artificial structure 

formation. 

E. Nanobodies as probes of fast protein dynamics 

Nanobodies open new opportunities for correlating fast protein dynamics with the 

function of protein in the cell. NMR spectroscopy is the most powerful method for studying 

protein dynamics on the nanosecond scale. For protein NMR, the small size of the 

nanobodies offers unique advantages and truly sets them apart from the conventional 

antibodies or their derivatives. Unlike x-ray crystallography or electron microscopy, solution 

NMR is increasingly difficult to use with larger proteins. This is mostly a consequence of the 

relationship between the rate of molecular tumbling of the protein molecule and NMR 

relaxation rates. The slower tumbling of larger proteins leads to fast relaxation, which 

produces broad NMR lines that result in significant peak overlap, deterioration of signal 

intensity, and eventually major loss of spectral information. Although the size of protein 

envelope accessible by high resolution NMR has been constantly expanding, proteins above 

40 KDa remain challenging targets. Therefore complete IgG antibodies (150 KDa) and Fab 

fragments (50 KDa) are not well suited as tools for protein NMR. In contrast, nanobodies 

(12–15 KDa) can be successfully applied to studies of protein conformation and dynamics in 

solution by NMR. Nanobodies have been used to study the folding of the amyloid-forming 

variants of human lysozyme by NMR.  

In summary, nanobodies undoubtedly hold great potential for mechanistic studies of 

protein dynamics. A particularly exciting avenue is combining nanobody-assisted structural 

studies in vitro with the manipulation of the protein properties, activity, or localization in the 

cell, using the same nanobody expressed endogenously. A largely unexplored area is the use 

of nanobodies for protein folding studies, and their use in fast protein dynamics studies by 

NMR is just beginning. 

 

 

 

 


