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OIE-LISTED ANIMAL DISEASES AND THEIR DIAGNOSIS 

N. K. Kakker, Akhil Gupta, Jaideep Kumar, Vijay and Neena Gupta 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

The Office International des Epizooties (OIE), Paris, France, an international body for 

monitoring of animal diseases particularly, international movement of animals, their germ 

plasm and products, have listed the diseases of veterinary importance.  The International 

Committee and Regional Commissions recommended the OIE to draw a single OIE list of 

notifiable terrestrial and aquatic animal diseases to replace the former Lists ‗A‘ and ‗B‘ with 

the aim to be in line with the terminology of the Sanitary and Phytosanitary (SPS) Agreement 

of the World Trade Organization, and giving all listed diseases the same degree of 

importance in international trade. 

OIE-LISTED ANIMAL DISEASES, INFECTIONS AND INFESTATIONS 

The OIE list of diseases is reviewed on a regular basis and the new list incorporating 

the modifications adopted by the World Assembly of Delegates (General Session) comes into 

force on 1 January of the following year. For the year 2020, the OIE list includes 117 animal 

diseases, infections and infestations under different headings viz. multiple species, cattle, 

sheep and goats, swine, lagomorphs, equines, aves and other species. The complete list as 

available on OIE website is as under: 

A. Multiple Species Diseases, Infections and Infestations (24) 

 Anthrax 

 Crimean Congo Haemorrhagic Fever 

 Equine Encephalomyelitis (Eastern) 

 Heartwater 

 Infection with Aujeszky'sDisease Virus 

 Infection with Bluetongue Virus 

 Infection with Brucella abortus, Brucella melitensisand Brucella suis 

 Infection with Echinococcusgranulosus 

 Infection with Echinococcusmultilocularis 

 Infection with Epizootic Haemorrhagic Disease Virus 

 Infection with Foot And Mouth Disease Virus 

 Infection with Mycobacterium tuberculosis Complex 

 Infection with Rabies Virus 

 Infection with Rift Valley Fever Virus 

 Infection with Rinderpest Virus 

 Infection with Trichinella spp. 

 Japanese Encephalitis 

 New World Screwworm (Cochliomyia hominivorax) 

 Old World Screwworm (Chrysomya bezziana) 

 Paratuberculosis 

 Q fever 

https://www.oie.int/en/animal-health-in-the-world/the-world-animal-health-information-system/old-classification-of-diseases-notifiable-to-the-oie-list-a/
https://www.oie.int/en/animal-health-in-the-world/the-world-animal-health-information-system/old-classification-of-diseases-notifiable-to-the-oie-list-b/
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 Surra (Trypanosoma evansi) 

 Tularemia 

 West Nile Fever Virus 

B. Cattle diseases and infections (13)  

 Bovine Anaplasmosis 

 Bovine Babesiosis 

 Bovine Genital Campylobacteriosis 

 Bovine Spongiform Encephalopathy 

 Bovine Viral Diarrhoea 

 Enzootic Bovine Leukosis 

 Haemorrhagic Septicaemia 

 Infectious Bovine Rhinotracheitis/Infectious Pustular Vulvovaginitis 

 Infection with Lumpy Skin Disease Virus 

 Infection with Mycoplasma mycoides subsp. mycoides SC (Contagious Bovine 

Pleuropneumonia) 

 Theileriosis 

 Trichomonosis 

 Trypanosomosis (tsetse-transmitted) 

C. Sheep and goat diseases and infections (11) 

 CaprineArthritis/Encephalitis 

 Contagious Agalactia 

 Contagious CaprinePleuropneumonia 

 Infection with Chlamydophila abortus (Enzootic abortion of ewes, Ovine 

Chlamydiosis) 

 Infection with peste des petits ruminants virus 

 Maedi-Visna 

 Nairobi Sheep Disease 

 Ovine Epididymitis (Brucella ovis) 

 Salmonellosis (S. abortusovis) 

 Scrapie 

 Sheep Pox and Goat Pox 

D. Swine diseases and infections (6) 

 Infection with African Swine Fever Virus 

 Infection with Classical Swine Fever Virus 

 Infection with Porcine Reproductive and Respiratory Syndrome Virus 

 Infection withTaeniasolium (Porcine Cysticercosis) 

 Nipah Virus Encephalitis 

 Transmissible Gastroenteritis 
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E. Lagomorph diseases and infections (2) 

 Myxomatosis 

 Rabbit haemorrhagic disease 

F. Equine diseases and infections (11) 

 Contagious Equine Metritis 

 Dourine 

 Equine Encephalomyelitis (Western) 

 Equine Infectious Anaemia 

 Equine Influenza 

 Equine Piroplasmosis 

 Infection with African Horse Sickness Virus 

 Infection with Equid Herpesvirus-1 (EHV-1) 

 Infection with Equine Arteritis Virus 

 Infection with Burkholderia mallei (Glanders) 

 Venezuelan Equine Encephalomyelitis 

G. Avian diseases and infections (13) 

 Avian Chlamydiosis 

 Avian Infectious Bronchitis 

 Avian Infectious Laryngotracheitis 

 Avian Mycoplasmosis(Mycoplasma gallisepticum) 

 Avian Mycoplasmosis (Mycoplasma synoviae) 

 Duck Virus Hepatitis 

 Fowl Typhoid 

 Infection with Avian Influenza Viruses 

 Infection with Influenza A Viruses of high pathogenicity in birds other than poultry 

including wild birds 

 Infection with Newcastle Disease Virus 

 Infectious Bursal Disease (GumboroDisease) 

 PullorumDisease 

 Turkey Rhinotracheitis 

H. Bee diseases, infections and infestations (6) 

 Infection of honey bees with Melissococcusplutonius (European foulbrood) 

 Infection of honey bees with Paenibacillus larvae (American foulbrood) 

 Infestation of honey bees with Acarapiswoodi 

 Infestation of honey bees with Tropilaelaps spp. 

 Infestation of honey bees with Varroa spp. (Varroosis) 

 Infestation with Aethinatumida (Small hive beetle). 

I. Fish diseases (10)  

 Infection with Aphanomycesinvadans (Epizootic Ulcerative Syndrome) 



34
th

 ICAR-CAFT course ―Issues in Export of Livestock and Livestock products: Implementing SPS Agreement” 

organized by Department of Veterinary Microbiology, LUVAS, Hisar during Feb. 7-27, 2020. 

Naresh K. Kakker, Jagveer Rawat and Parveen Kumar (Editors), Dept. of Vet. Microbiology, LUVAS Page 4 

 

 Infectionwith Epizootic Haematopoietic Necrosis Virus 

 Infection with Gyrodactylussalaris 

 Infection with HPR-deleted or HPRO Infectious Salmon Anaemia Virus 

 IInfection with Infectious Haematopoietic Necrosis 

 Infection with Koi Herpesvirus  

 Infection with Red Sea Bream Iridovirus 

 Infection with Salmonid Alphavirus 

 Infection with Spring Viraemia of Carp Virus 

 Infection with Viral Haemorrhagic Septicaemia Virus 

 

J. Mollusc diseases (7) 

 Infection with Abalone Herpesvirus 

 Infection with Bonamiaexitiosa 

 Infection with Bonamiaostreae 

 Infection with Marteiliarefringens 

 Infection with Perkinsusmarinus 

 Infection with Perkinsusolseni 

 Infection with Xenohaliotiscaliforniensis 

K. Crustacean diseases (9) 

 Acute Hepatopancreatic Necrosis Disease 

 Infection with Aphanomycesastaci (Crayfish Plague) 

 Infection with Hepatobacterpenaei (NecrotisingHepatopancreatitis) 

 Infection with Infectious Hypodermal and Haematopoietic Necrosis Virus 

 Infection with Infectious Myonecrosis Virus 

 Infection with Macrobrachiumrosen bergii Nodavirus (White Tail Disease) 

 Infection with TauraSyndrome Virus 

 Infection with White Spot Syndrome Virus 

 Infection with Yellow Head Virus Genotype 1 

L. Amphibians(3) 

 Infection with Batrachochytriumdendrobatidis 

 Infection with Batrachochytriumsalamandrivorans 

 Infection with Ranavirus species 

M. Other diseases and infections (2) 

 Camelpox 

 Leishmaniosis 

IMMUNOASSAYS FOR THE DIAGNOSIS OF ANIMAL DISEASES 

The description of the OIE listed diseases in the past also included the diagnostic tests 

for the diagnosis of these diseases in two categories: ‗prescribed‘ and ‗alternative‘. The 
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prescribed tests were those that were required by the International Animal Health Code for 

the testing of animals before they were moved internationally and were considered optimal 

for determining the health status of animals. The alternative tests were those that were 

suitable for the diagnosis of the diseases with in a local setting, and could also be used in the 

import/export of animals after bilateral agreement. The concept of prescribed test has now 

been abandoned and available tests have been ranked against the purposes for which they are 

recommended based on validation criteria. The former ―prescribed tests‖ correspond to the 

purpose ―individual animal freedom from infection prior to movement‖. However, for some 

of the diseases, the table of tests and the purposes for which they are recommended is not 

available and thus continue to be identified as ―prescribed tests for international trade‖.  

One of the key objectives of OIE is to control the animal diseases. The additional 

objectives are to preserve the subsistence of certain populations, to reduce poverty, and to 

support the economy and protect international trade. The OIE encourages its Members for 

timely reporting & sharing of information on listed diseases of all outbreaks and to initiate 

vaccination programs ahead of virus entry in risk areas with the aim of ensuring a good 

epidemiological understanding of the current risk situation & preparedness purposes. 

The eradication of Rinderpest in 2011, the first animal disease eradicated from the 

globe, remains an example which has served as a basis for certain strategies currently 

undertaken by the OIE and its partners. 

 

Bibliography: 

World Organization for animal health.https://www.oie.int/en/animal-health-in-the-world/oie-

listed-diseases-2020/ 

 

  

https://www.oie.int/en/animal-health-in-the-world/oie-listed-diseases-2020/
https://www.oie.int/en/animal-health-in-the-world/oie-listed-diseases-2020/
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HAEMORRHAGIC SEPTICEMIA VACCINATION MONITORING IN BOVINES 

N. K. Kakker, Akhil Gupta, Jaideep Kumar, Vijay and Neena Gupta 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

  Haemorrhagic septicaemia (HS) is a major economic important disease primarily of 

cattleand water buffaloes (more susceptible). The disease is caused by Pasteurella multocida 

(type B:2 in India) and characterised by an acute, highly fatal septicaemia with high 

morbidity and mortality,especially in buffaloes. The practical approach for the control of HS 

is adoption of immuno-prophylactic measuresand the immunity is primarily conferred by 

antibodies to the bacteria. In the tropical regions, vaccination against HS is widely practiced 

employing different types of inactivated vaccines, with or without adjuvants. In several states 

of India including Haryana, HS vaccine prepared with P52 strain of the bacteria is used to 

vaccinate the animals every six months. Recently, based on the preliminary data generated by 

the Scientists of Deptt. Veterinary Microbiology, the Govt. of India has allowed the use of 

FMD+HS combined vaccine in Haryana initially for two years under FMD Control 

Programme. The anti-P.multocida antibodies generated in response to the HS or FMD+HS 

vaccinationor P. multocida infection can be monitored by single dilution indirect ELISA 

developed under DBT Project. 

Principle 

  The assay is based on indirect ELISA principle using sonicated antigens of the P52 

strain of the P. multocida as coating antigen on to the surface of the ELISA plate wells. The 

binding of the anti-P. multocida antibodies in cattle/ buffalo serum samples withcoating 

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 sera. 

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 as per lay out plan (Fig. 1). 

Test Procedure 

A. Coating of Plate 

1. Coating of 96 well ELISA Plate with appropriate dilution of P. multocida 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.  
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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. Incubate 4 °C 

overnight. 

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 

Fig. 1: Lay out Plan of ELISA plate for indirect ELISA against P. multocida 

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 appropriately diluted anti-buffalo IgG2 MAb (A:2, reacting 

equally with cattle & buffalo IgG) in all the wells of 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 appropriately 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 TMB substrate (3,3‘,5,5‘–Tetramethylbenzidine, Sigma Aldrich, 

USA) to all the wells, incubate 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). 
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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 <1.49 log10    : Not protected 

  Antibody titer > 1.5 log10 and < 1.79 log10  : Partially protected 

  Antibody titer >1.8 log10    : Protected 

 

Composition of Buffers for indirect ELISA against P. multocida 

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. Stopping Solution (1M H2SO4) 

  H2SO4       5.55 ml 

MilliQ H2O ad      100 ml  
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DETECTION OF VIRAL INFECTION IN LIVESTOCK AND LIVESTOCK 

PRODUCTS USING CELL CULTURE SYSTEM 

Anshul Lather, Sanjeevna, Swati Dahiya and Akhil K. Gupta 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

 

Six decades ago Enders and his associates found that polioviruses could be grown in 

cell cultures of non neural origin for the first time. Subsequently this resulted in extensive use 

of cell cultures for isolation and detection of a number of viruses. Isolation of viruses from 

livestock and their products is empirical for surveillance studies and is routinely performed in 

embryonated eggs or cell culture. Cell cultures are more advantageous than eggs being less 

expensive and easy in examining microscopically for detection of viral proliferation, and 

have provided a useful environment for the detection and isolation of many viral pathogens. 

Isolation of virus in cell cultures is considered as the gold standard for virus detection, and till 

now all other diagnostic tests have been compared to this method. By selective use of 

pertinent cell lines, the number of new viruses discovered has increased dramatically. For this 

purpose, a variety of cell lines can be used like insect origin KC cell line taken from 

Culicoides sonorensis, or from mammalian cell lines, like baby hamster kidney cells (BHKs), 

or African green monkey kidney cells (Vero). Despite various advancements in diagnostics, 

varying from with monoclonal antibody development to next generation sequencing for early 

detection of viral infections, the need and use of cell cultures has not decreased. In fact, they 

are used in evaluating sensitivity and specificity of all newer rapid tests. Combination of 

virus isolation in cell culture with various molecular techniques is very important in 

identifying viruses that were unrecognized previously. 

Susceptible cell culture systems are available for the isolation of the tentatively 

selected viral causative agent. The viruses may be detected and isolated from many samples 

including milk, various types of tissues, semen and whole carcass. Tissues should be 

collected aseptically and rapidly transported to the laboratory in leak proof vials having Viral 

Transport Media. Tissue pieces from a variety of organs are taken, homogenized and placed 

in PBS with antibiotics. Collected tissues or fluids should be divided for virus isolation, 

nucleic acid detection by molecular methods and for immunohistochemical examination. The 

aliquots for virus isolation should be immediately frozen at -70
o
C in an ultrafreezer. To 

prevent the inactivation of virus, aliquots for virus isolation should be kept frozen constantly 

avoiding freeze thaw cycles. Processed samples after filtration should be inoculated into 

susceptible cell culture with a minimum of delay.  

Virus isolation remains a gold standard technique in many laboratories because of 

several reasons. Until recently it was the only technique that could detect the unexpected—

that is, identify a totally unanticipated virus, or even discover an entirely new agent. 

Accordingly, even those laboratories well equipped for rapid diagnosis may also inoculate 

cell cultures in an attempt to isolate a virus. Next generation sequencing and Metagenomics 

can detect unknown agents (so-called pathogen mining), and more laboratories are applying 

this technology to virus discovery. However, cell culture isolation remains the easiest method 
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of producing a supply of live virus for further examination by molecular methods (genome 

sequencing, antigenic variation etc.). Research and reference laboratories, in particular, are 

always in a search for new viruses because of emerging and re-emerging diseases; such 

viruses require comprehensive characterization, as recently shown by the quickly evolving 

highly pathogenic H5N1 strain of influenza virus. Moreover, large quantities of virus must be 

grown in cultured cells to produce diagnostic antigens and reagents such as monoclonal 

antibodies. The virus is first cultivated in cell culture system to increase its number/nucleic 

acids, and remove inhibitors, before using molecular techniques like real time-PCR or other 

variants depending on virus type. This integrated use of cell culture and molecular techniques 

shorten the time to detect the virus particles and has been used in many cases like 

enteroviruses, adenoviruses, Hepatitis A Virus and astroviruses. 

The choice of cell culture for the detection and primary isolation of an unknown virus 

from livestock products is largely empirical. Primary cells derived from living natural host 

species usually provide the most sensitive cells for virus isolation. Continuous cell lines 

established from the homologous organisms are an acceptable alternative. As more and more 

wildlife diseases are being reported, the concerned laboratories have started to maintain the 

necessary cell cultures to ―match‖ with the affected species. In complicated outbreaks or 

emerging diseases, the virologist or the diagnostic laboratory use different cell lines as per 

their knowledge and conscience, although the complete case history with tentative diagnosis 

of the affected animals will often suggest which virus might be present. Many laboratories 

also use a cell line that is known to allow growth of many types of viruses, in case an 

unknown agent is present. Arthropod cell lines are also used frequently for isolating 

―arthropod borne viruses‖ as a parallel system. 

Processing of Livestock Products: In a sterile pestle and mortar, 1-2g of livestock product 

like meat is taken and 10-15% (w/v) suspension in PBS having antibiotics is made. It may be 

triturated vigorously with some sterile sand. After trituration, contents are centrifuged at 

3000rpm for 10 mins. Then supernatant is collected and passed through a Millipore filter. 

This filtrate is used for virus detection. Milk is directly centrifuged at 5000 rpm for 10 mins 

and supernatant below fat layer is collected and filtered through Millipore filter for further 

use. If meat swabs have been collected from tissue pieces, then the medium containing the 

swab is vortexed and the swab is discarded. The liquid medium is then centrifuged. The 

supernatant obtained is then filtered for use in cell culture. In this method, fungi, cells, 

bacteria, and blood remain at the bottom of tube (pellet form), whereas viruses remain 

dispersed in the liquid. There are various methods for isolating viruses from semen. However, 

some of these methods are highly specialized and used only when a specific agent is being 

sought. The major obstacle in isolating viruses from semen is that spermatozoa and seminal 

plasma are extremely toxic to tissue culture cells. For virus isolation, their toxicity is removed 

by dilution (like 1:10 in Tissue culture medium or PBS) or by preincubation with a trypsin 

inhibitor (like FBS). 

Detection of Virus in Cell Culture: A cell culture flask of susceptible cell line monolayer is 

inoculated with filtrate and observed for production of cytopathic effects (e.g., swelling, 

shrinking, syncytium formation) for 4-14 days. According to the type of cell line used for cell 

culture, type of specimen, the incubation period, and form of the CPE, the type of virus can 

be predicted. A portion of the cell culture supernatant can be collected and tested for the 
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presence of virus by molecular techniques like PCR. If cytopathic effects are not observed 

after first passage, then few blind passages are given to get positive results. Virus 

identification from cell cultures can be done by serum neutralization or plaque inhibition test 

using reference antisera. 

1. Take out two tissue culture flasks from the BOD incubator having susceptible cell line 

monolayer and exmine it for any contamination. 

2. Decant the growth media form the tissue culture flask. 

3. Wash the monolayer with PBS/HBSS. 

4. Inoculate the monolayer with 0.5-1.0ml of the filtrate prepared previously on the cell 

monolayer. Mock infect another bottle of cell line by adding 1ml of PBS. 

5. Incubate the bottles at 37
o
C for 1hr for virus adsorption. 

6. After 1hr, decant the added filtrate and add 5-7ml of maintenance medium. 

7. Observe daily for the development of cytopathic effects (CPE). 

8. If no CPE is observed, then freeze thaw the infected bottle thrice by keeping the 

inoculated bottles alternately in deep freezer (-20
o
C) and BOD incubator (37

o
C). 

9. Take the lysed cell contents in a centrifuge tube and centrifuge at 2500rpm for 10 

mins. 

10. Use the supernatant for further passage in cell culture or for virus identification by 

various tests. 

 

Composition of Reagents used in Cell Culture  

Phosphate buffer saline (pH 7.4) 

 Sodium chloride (Sigma)    8.000 g 

Potassium chloride (Sigma)    0.200g 

 Disodium hydrogen phosphate (Riedel-deHaen)  1.440 g 

Potassium dihydrogen phosphate (Sigma)  0.240 g 

 TGDW      1000 ml 

 Phenol red      0.020 g 

Contents were dissolved, dispensed in 100 ml volumes and autoclaved at 15 lb psi for 

15 min. 

MEM (0.935 per cent) 

 MEM with Earle‘s salt (Sigma)    9.35 g 

 TGDW      1000 ml 

 Contents were dissolved, dispensed in 100 ml volumes and autoclaved at 15 lb psi for 

15 min. 

Stock antibiotic solution (100X) 

 Benzy1 penicillin G (sodium.) (Sigma)   10,00,000 I.U. 

 Streptomycin sulphate  (Sigma)   1.0 g 

 PBS sterile      100 ml 

Sterilized by 0.22 µm Membrane filter and stored at -20ºC in five ml aliquots. 

L-Glutamine (3 per cent) 

L-Glutamine (GIBCO-BRL)    3 g 

HBSS        100 ml 
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Sterilized by filtration and stored in five ml aliquots at -20ºC. 

Sodium bicarbonate solution (7.5 per cent) 

 Sodium bicarbonate (Sigma )    7.5 g 

 TGDW      100 ml 

Autoclaved at 15 lb psi for 15 min., dispensed in five ml screw capped vials and 

stored at 4ºC. 

HEPES (1 M) 

 HEPES (Sigma)      23.83 g 

 TGDW      100 ml 

Contents were dissolved, dispensed in 10 ml volumes and autoclave, at 15 lb psi for 

15 min. 

Complete Growth medium 

 MEM (0.935% solution)      85 ml 

 Foetal calf serum (LifeTech)      10 ml 

 Stock antibiotic solution (100X)      1.0 ml 

 L-Glutamine (3%)        1.0 ml 

 Sodium bicarbonate solution (7.5%)     1.5 ml 

 HEPES (1 M)        1.0 ml 

Adjust pH (Approx. 7.2) with 0.5 N NaOH  

Maintenance medium 

 MEM (0.935% solution)     93 ml 

 Foetal calf serum (LifeTech)     2 ml 

 Stock antibiotic solution (100X)     1.0 ml 

 L-Glutamine (3%)       1.0 ml 

 Sodium bicarbonate solution (7.5%)   1.5 ml 

 HEPES (1 M)      1.0 ml 

Adjust pH (Approx. 7.2) with 0.5 N NaOH  

Stock trypsin solution (5.0 per cent) 

 Trypsin powder (Sigma)    5.0 g 

 Glucose      2.5 g 

 Disodium EDTA     0.2 g 

 PBS sterile      100 ml 

Dissolved by stirring on a magnetic stirrer for 2 hours at 4ºC, sterilized by filtration 

and stored in five ml aliquots at -20ºC. 

Working solution of trypsin (0.25 per cent) 

 Stock trypsin solution     5.0 ml 

 PBS sterile      95 ml 
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CONSERVATION AND DEVELOPMENT OF BOVINE GENETIC RESOURCES OF 

HARYANA  

Sonika Ahlawat, Rekha Sharma and Reena Arora  

ICAR-National Bureau of Animal Genetic Resources 

 

India is a globally acknowledged as one of the largest livestock diversity center of the 

world. India possesses huge as well as diverse livestock population distributed over a large 

range of geographical, ecological and climatic regions which play a considerable role in 

improving the socio-economic conditions of rural households. Since time immemorial, 

traditional livestock and poultry husbandry has involved domestication of different species 

viz. cattle, buffalo, sheep, goat, pig, camel, horse, donkey, yak and mithun.  In poultry, apart 

from chicken, domesticated strains of avis such as ducks, geese, quails, turkey, pheasants and 

partridges also exist in India.  

 
Figure 1: Share of major livestock species in total livestock population of the country 

(Livestock census, 2019) 

 

Table 1: Livestock Population –Major species  

Category Population 

(In million) 2012 

Population 

(In million) 2019 

% growth 

Cattle 190.90 192.49 0.83 

Buffalo 108.70 109.85 1.06 

Sheep 65.07 74.26 14.13 

Goat 135.17 148.88 10.14 

Pig 10.29 9.06 -12.03 

Mithun 0.30 0.38 26.66 

Yak 0.08 0.06 -25.00 

Horses & ponies 0.63 0.34 -45.58 

Mule 0.20 0.08  -57.09 

Donkey 0.32 0.12  -61.23 
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Camel 0.40                                                                 0.25 -37.05 

Total Livestock 512.06 535.78 4.63 

 

Cattle constitute a major proportion (35.93%) of the total livestock population in India 

and contribute significantly in ensuring that India remains the largest producer of milk in the 

world. However, only a small proportion (11-12% approx) of total cattle belongs to pure 

indigenous breeds and they represent 43 registered breeds that are distributed across the 

country. More than 70% cattle are classified as non-descript since they are a mixture of 

different breeds or populations which need to be described. The proportion of crossbred and 

exotic cattle is 26.18% in the country which includes Holstein Friesian, Jersey and Brown 

Swiss crosses (20
th

 Livestock Census). As per 2017-18 estimates, contribution of cattle to 

total milk production is 37%. In India, buffalo population is 109.8 million which represents 

20.50% of the total livestock population in India. Despite being the third largest livestock 

species in terms of number after cattle and goats, their contribution to total milk produced is 

maximum (49%) (BAHS, 2019). The total number of registered buffalo breeds in India is 16 

(nbagr.res.in). 

 

 
 

Figure 2: Species wise milk contribution in 2017-18 

 

Bovine genetic resources of Haryana 

Livestock population of the state is 6.93 million, which includes 26.24% cattle, 

62.95% buffaloes, 4.15% sheep, 4.82% goats, 1.56% pigs and 0.15% equines (Horses, 

ponies, mules and donkeys). Total cattle and buffalo population of Haryana is 1.82 million 

and 4.36 million, respectively in 2019 and an increase in number has been registered for 

cattle and decrease in number has been recorded for buffaloes during the inter census period 
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(2012-2019). Buffaloes contribute maximally to the state‘s milk production followed by 

exotic/crossbred cattle, indigenous cattle and goat.  

 

Table 2: Bovine population in Haryana (in millions) 

Category  2007 2012 2019 

Exotic/Crossbred cattle 0.56 0.99 0.87 

Indigenous cattle 0.98 0.81 0.95 

Total cattle 1.55 1.80 1.82 

Buffalo  5.95 6.08 4.36 

Total Bovines  7.50 7.89 6.18 

 

Registered breeds of cattle of the state are Hariana, Sahiwal and Belahi. Murrah is the 

only registered breed of buffalo that is native to Haryana. However, a good number of 

Tharparkar cattle and Nili Ravi buffaloes are also found in the state. Districts with maximum 

number of cattle are Sirsa, Hisar and Karnal and highest population of buffaloes is found in 

Bhiwani, Hisar and Jind. A large proportion of bovine genetic resources of Haryana has not 

been characterized and hence, cannot be classified into any known breed of the state. 

Therefore, efforts should be made to characterize and adequately document the existing 

bovine genetic diversity of Haryana. 

 

Table 3: Major breeds of cattle and buffalo found in Haryana 

 

Species Breed Utility Physical characteristics Population 

(Breed survey 

2012) 

Cattle Hariana Dual 

purpose 

White or light gray colour, compact 

body, long and narrow face, flat 

forehead, small to medium ears, 

small dewlap. 

Pure: 2,38,524 

Graded: 

1,89,677 

Sahiwal Milch Reddish dun, pale red or brown 

colour, long body, moderate 

forehead, short and stumpy horns, 

medium size ears, capacious udder. 

Pure: 17,050 

Graded: 48,215 

Belahi Dual 

purpose 

Migratory cattle with medium size, 

white and reddish brown body 

colour. Mouth, dewlap, lower neck 

and lower part of the body are white, 

sickle shaped horns.  

Not covered in 

the survey 

Tharparkar Milch White or light gray colour, broad and 

flat forehead, curving horns, 

capacious udder. 

Pure: 697 

Graded: 2,453 

Buffalo Murrah 

 

Milch Massive in size, jet black in colour, 

horns are short and tightly curved in 

Pure: 24,04,362 

Graded: 
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a spiral fashion, long tail and 

capacious udder. 

26,06,783 

Nili-Ravi 

 

Milch Similar to Murrah except for some 

white markings on extremities 

(forehead, face, muzzle, legs and 

tail), walled eyes, horns are slightly 

less tightly curved than those of 

Murrah. 

Pure: 36,780 

Graded: 80,242 

 

Production and productivity of bovines in Haryana 

Total milk production in the country for the year 2018-19 is 187.75 million tonnes 

and an annual growth rate of 6.5% has been recorded over the previous year. The largest 

producer of milk in India is Uttar Pradesh with a contribution of 16.3% and Haryana stands at 

eighth position with its share of 5.7%. A progressive trend in milk production has been 

observed for Haryana from 2013 to 2018. In Haryana, milk production in 2013-14 was 7.4 X 

10
6
 tonnes, which increased to 8.3 X 10

6
 tonnes in 2015-16 and has now reached 10.7 X 10

6
 

tonnes in 2018-19. This consistent growth has been possible because of various initiatives 

taken by the state government to increase milk production in order to support growing human 

population. 

 

 
Figure 3: Percentage share of milk production of states for 2018-19 

 

As far as per capita availability of milk is concerned, northern states of Punjab and 

Haryana occupy first and second position with availability of 1181 and 1087 gram of milk 

per day, respectively. These values are much higher than the national average of 394 gram of 

milk per day (BAHS, 2019).  

 

Table 4: Bovine husbandry statistics of India and Haryana (2018-19) (BAHS, 2019) 

S.No Particulars All India Haryana 

1. Estimates of milk production (in 000 tonnes) 187749.46 10726.09 

2. Number of animals in milk of exotic/crossbred cows  17674.96 473.10 
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(figures in 000 nos.) 

3. Average yield per in milk animal from exotic/crossbred 

cows (in kg/day) 

7.95 8.92 

4. Estimates of milk production from exotic/crossbred cows  

(in 000 tonnes) 

51259.13 1540.61 

5. Number of animals in milk of non-descript/indigenous cows  

(figures in 000 nos.) 

35166.85 209.87 

6. Average yield per in milk animal from non-

descript/indigenous cows (in kg/day) 

3.01 5.91 

7. Estimates of milk production from non-descript/indigenous 

cows (in 000 tonnes) 

38574.46 452.64 

8. Number of animals in milk of buffaloes (figures in 000 

nos.) 

44767.06 2610.31 

9. Average yield per in milk animal from buffaloes (in kg/day) 5.62 9.11 

10. Estimates of milk production from buffaloes (in 000 tonnes) 91817.14 8682.58 

 

 

Conservation and development of bovine genetic resources of Haryana 

Conservation is defined as ―the management of human use of the biodiversity so that 

it may yield the greatest sustainable benefit to present generation while maintaining its 

potential to meet the needs and aspirations of future generations‖. Conservation of animal 

genetic resources is an important Strategic Priority Area of the Global Plan of Action. 

Effective conservation of genetic resources is possible only if the existing biodiversity is 

identified and documented adequately, and there is a full participation towards conservation 

efforts of communities keeping the animals. 

Conservation actions are commonly grouped into three categories (FAO, 2015):  

1. In situ conservation: In situ conservation primarily involves the active breeding of 

animal populations in such a way that diversity is optimally utilized in the short term and 

maintained for the longer term. It ensures that breeds are maintained in a dynamic state since 

they evolve by slow and balanced adaptation to the conditions in which they are maintained. 

In situ maintenance of the genetic diversity is primarily the responsibility of the breeders for 

which the following activities are important: 

 Promotion of indigenous germplasm via association of breeds with products having 

geographical indications or traditional importance 

 Development of niche marketing facilities that provide breeders with an economic 

incentive for raising respective breed 

 Provision of incentives or subsidies (e.g. from the government) for keeping at-risk 

breeds 

 Recognition of breeders contributing to conservation in the form of awards or honours 

 Extension programmes to improve management of at-risk breeds 

 Awareness generation regarding the unique traits of indigenous animals that may be 

valuable in particular circumstances 
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 Conservation breeding programmes that maintain breed specific traits and limit 

inbreeding 

 Genetic improvement programmes that aim to increase production and/or productivity 

of animals 

 Community-based conservation programmes wherein the local people are the primary 

stakeholders responsible for the development and conservation of AnGR 

 

2. Ex situ in vivo conservation: This is achieved by maintenance of small population of 

a breed at a place away from the main breeding tract. This type of conservation is particularly 

important for genetically eroded breeds that have very small populations and are sparsely 

scattered in their home regions. This may be in the form of organized herd maintained in a 

research institution, bull mother farm, state owned livestock farm, zoo or breed park. These 

farms generally maintain economically important breeds of various animal species, and are 

used as demonstration centers as well as for the production and dissemination of superior 

germplasm. This population can be subsequently used for regeneration of an endangered 

breed if need arises. However, the genetic constitution of a small population at a farm can 

change rapidly and is prone to reduction in genetic variability. So, the most important 

challenge in managing the population in ex situ conservation is to ensure that sufficient 

genetic diversity is maintained. 

 

3. Ex situ in vitro conservation: It basically involves cryoconservation of semen, ova, 

embryos or cells for potential future use in breeding or regenerating animals. 

 

Schemes for conservation and development of bovine genetic resources of Haryana  

1. Scheme for integrated Murrah development:  

Murrah buffaloes are considered to be pride of Haryana and are acknowledged worldwide 

for their milk production, high fat content of milk and efficient feed conversion ability. Many 

states across the country procure Murrah breeding stock from Haryana for genetic up-

gradation of their animals. This scheme has been implemented to ensure conservation, 

development and further propagation of this valuable germplasm by encouraging the farmers 

to conserve and up-grade these buffaloes. Under this scheme, top quality Murrah germplasm 

needs to be identified through performance recording, preserved and further multiplied. Long 

term expected impacts of this scheme would be availability of ―In situ Murrah germplasm 

bank‖ as well as certified elite young bulls for Semen Production Centers and natural mating. 

Objectives of this scheme are: 

 Identification of top quality germplasm and their insemination with high quality 

semen for sustainable genetic improvement. 

 Procurement and raising of pedigreed young Murrah calves as breeding bulls for 

supply to Panchayats and other states. 

 Encouraging the farmers to rear high genetic merit animals. 

            

2. Scheme for the conservation and development of indigenous cattle 

(Gausamvardhan) 
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Livestock dynamics of Haryana has indicated that over the last few years there is decline 

in population of indigenous cattle but exotic/crossbred cattle are steadily increasing. Another 

significant problem is poor productivity of indigenous cows because of indiscriminate 

breeding, poor managemental conditions and unscientific feeding practices. Therefore, 

concerted efforts are required for conservation, genetic improvement and development of our 

indigenous cattle breeds (Hariana, Sahiwal and Belahi). Long term goal of this scheme is to 

increase milk production and productivity and up-gradation of indigenous breeds through 

selective breeding. 

Objectives of this scheme are: 

 Identification of top quality cattle germplasm and insemination with quality semen for 

sustainable genetic improvement. 

 Procurement and raising of pedigreed young indigenous cow bulls (male calves) for 

supply to other states. 

 Encouraging the farmers to rear high yielding indigenous animals of genetic merit. 

 

3. Special livestock insurance scheme 

In Haryana, about 8.86 lakh scheduled caste families are associated with animal 

husbandry & agriculture (44%) and others sectors including service sector (56%). Although 

these families generally possess animals of low genetic merit, nevertheless, 60-80% of sheep, 

goats and pigs and 16% of milch animals are reared by them. Considering the contribution of 

these scheduled caste families in animal husbandry, the state government has started this 

scheme to aid in establishment of livestock units i.e. dairy, piggery, sheep and goat units and 

to provide insurance of the animals of these units. In addition, milch cattle, milch buffalo, 

sheep, goat, pigs, pack animals and camel would also be insured free of cost. 

 

4. Scheme for establishment of Hi-tech and Mini Dairy Units 

Keeping in view the immense potential for employment generation that is present in 

animal husbandry and dairying sector, this scheme has been adopted by the government of 

Haryana. The primary aim of this scheme is to assist unemployed persons to establish dairy 

units of 3-5, 6-10, 11-20 and 21-50 milch animals. In addition to interest subsidy on loan 

availed by the beneficiary from banks, there is provision for insurance of the milch animals. 

This scheme has delivered promising results in the past by improving socio economic status 

of the weaker sections of the society as well as facilitating commercialization of dairy units.   

Haryana Livestock Development Board (HLDB) 

HLDB has a network of Government Livestock Farms (GLF) and Semen Banks to 

cater to the breeding needs of farmers. At GLFs, Hariana, Tharparkar & Sahiwal as well as 

crossbred cattle are being reared following an integrated approach of animal management 

focused on breeding, nutrition and health management. Elite pedigreed bulls of indigenous as 

well as exotic breeds are produced for breed improvement. Semen Banks of the state are 

being strengthened with latest infrastructure and equipments for production of high quality 

semen. Requirements of fodder and good quality seed are being met by fodder seed farm. The 

animals maintained at these farms serve as in situ herds that facilitate genetic improvement 

and conservation of the breeds. The organized herd of cattle at GLF, Hisar has been an 
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integral part of All India Coordinated Project on Cattle (indigenous cattle). This activity has 

also provided momentum to the goal of genetic improvement of our indigenous animals. 

 

Breeding policy of Haryana 

The breeding policy is a document that is prepared for genetic improvement of 

livestock resources keeping in view the livestock wealth of the state, their production level 

and utility, infrastructure and available resources. The primary focus of this policy is to 

ensure judicious use of input per unit of output to attain sustainable animal production and 

management. According to breeding policy of Haryana, selective breeding of indigenous 

cattle such as Hariana, Sahiwal and Belahi should be carried out. However, in urban areas, if 

demanded by the owner, crossbreeding with Holstein Friesian may be adopted. Non-descript, 

indigenous cattle should be upgraded by crossing with Holstein Friesian and exotic 

inheritance should be maintained at 50%. Crossbreeding with the Jersey has been 

discontinued. The state is the home tract of Murrah which is the best breed of buffalo in the 

world. Selective breeding of Murrah and upgrading of non-descript as well as buffaloes of 

other breeds with Murrah should be taken up. Minimum production standards for cattle and 

buffalo breeding bulls to be used for artificial insemination/ natural service have also been 

defined in terms of dams best lactation milk yield (305 days milk yield). 

 

Recommendations 

 Characterization and documentation of Animal Genetic Resources (AnGR) of the 

state so that non-descript animals can be transformed into defined breeds 

 Genetic improvement and conservation of indigenous livestock to ensure their 

sustainable utilization 

 Awareness generation about conservation of indigenous livestock among livestock 

keepers and their skill up-gradation for such purpose 

 Value addition, creation of niche marketing and branding of animal products having 

specialty of a breed  

 Impact assessment of the schemes adopted for genetic improvement and conservation 

of animals of the state by independent agencies. 

 

Suggested readings 

1. FAO (2015) The second report on the state of world‘s animal genetic resources for 

food and agriculture. 

2. Department of Animal Husbandry Dairying and Fisheries, Ministry of Agriculture 

and Farmers Welfare, Government of India. Annual Report 2017-18; 

www.dahd.nic.in. 

3. Basic Animal Husbandry & Fisheries Statistics 2018; www.dahd.nic.in. 

4. www.nbagr.res.in. 

5. Livestock census 2012; www.dahd.nic.in. 

6. pashudhanharyana.gov.in. 

7. Breeding policy of Haryana. Haryana Government gazette notification No. 5125.AH-

4.2009/917 dated 28.01.2010.  

http://www.dahd.nic.in/
http://www.dahd.nic.in/
http://www.nbagr.res.in/
http://www.dahd.nic.in/
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MOLECULAR APPROACHES FOR EVALUATION OF GENETIC DIVERSITY IN 

LIVESTOCK 

Sonika Ahlawat, Rekha Sharma and Reena Arora  

ICAR-National Bureau of Animal Genetic Resources 

 

Genetic erosion of livestock diversity has emerged as a global concern over the last 

few decades due to preference for highly specialized breeds, neglect of the local breeds, 

increasing mechanization in agriculture and many unforeseen factors in different parts of the 

world. The introduction of exotic germplasm especially of cattle, chicken, pig and sheep from 

agriculturally advanced countries has contributed to severe depletion of highly adapted 

animal genetic resources of many developing countries including India. Additionally, 

shrinkage in grazing land and unavailability of breeding males of known genetic merit has 

further escalated the erosion of animal genetic resources. All these factors have jeopardized 

the sustainability of livestock production systems worldwide. As per breed-wise livestock 

survey (2012) of India, about 20% of the total indigenous livestock breeds have been reported 

to be under threat. The proportion of breeds under threat is much higher in minor species 

such as camel and horses. In order to ensure sustained utilization and long term preservation 

of farm animal diversity, a composite approach needs to be adopted which should include 

identification of unknown populations, their characterization and documentation, 

identification of breeds at risk and efforts for their conservation. 

Genetic variability is a prerequisite for devising genetic improvement strategies at 

present and to tackle emerging challenges such as climate change in future. Conservation of 

local breeds is possible only if there is a clear understanding of the genetic structure and 

diversity of the breeds as well as relationship between their genetic makeup and performance 

characteristics. FAO (Food and Agriculture Organization) included the issue of conservation, 

evaluation and use of animal genetic resources in its fields of interest four decades ago. There 

has been rapid advancement in the tools for genome analysis based on molecular markers 

which has generated a vast amount of information regarding variation within and between 

livestock breeds. They have also become extremely popular for phylogenetic analysis, 

thereby adding new dimension to the evolutionary theories. Other applications of molecular 

markers include mapping and tagging of genes, genetic distance estimation, marker assisted 

selection and parentage determination. This chapter discusses most commonly used 

molecular markers for genetic diversity studies of livestock. 

 

1. Microsatellite markers 

Microsatellites are simple sequence tandem repeats (SSTRs) and the repeat units are 

commonly di-, tri- tetra- or pentanucleotides. For example, ACn, where the two nucleotides A 

and C are repeated in bead-like fashion a variable number of times (n could vary between 8 

and 50). The dinucleotide repeats -GT and CA- are believed to be the most common 

microsatellites within vertebrates. These are prevalent in the non-coding regions of the DNA, 

although a few human genetic disorders are caused by (trinucleotide) microsatellite regions in 

coding regions. Flanking region on each side of the repeat unit consists of "unordered" DNA. 

These are critical for designing locus-specific primers to amplify the microsatellites with 
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PCR (Polymerase Chain Reaction). That is, for a stretch of 30-50 bp unordered DNA, the 

probability of finding that particular stretch more than once in the genome becomes 

vanishingly small (consider the four nucleotides occur with equal probability then the 

probability of a given 50 bp stretch is 0.25
50

). In contrast, a given repeat unit (say GT18) may 

occur in thousands of places in the genome. The combination of widely occurring repeat units 

and locus-specific flanking regions is exploited for finding and developing microsatellite 

primers. The primers for PCR can be sequences from these unique flanking regions.  By 

having a forward and a reverse primer on each side of the microsatellite, it is possible to 

amplify a fairly short (100 to 500 bp) locus-specific microsatellite region. Microsatellites 

have been recommended by FAO as first priority molecular tools for the Measurement of 

Domestic Animal Diversity (MoDAD). In spite of the growing competition from new 

genotyping and sequencing techniques, microsatellite markers are still regarded as the most 

powerful DNA tools for genetic analysis owing to their several unique characteristics and are 

globally being exploited to establish genetic profiles of animal genetic resources. 

 

Advantages of microsatellites markers 

1. Microsatellite loci are found in large numbers throughout the genome and are highly 

polymorphic. 

2. They are mostly neutral which makes them compatible with the assumptions of most 

population genetic theories. 

3. These markers follow a typical Mendelian inheritance, which usually expresses in a 

codominant fashion and are often multi-allelic giving mean heterozygosity of more 

than seventy percent. 

4. They are locus-specific (in contrast to multi-locus markers such as minisatellites or 

RAPDs). 

5. They are PCR-based and there is need of only tiny amounts of biological material. 

6. They are suitable for automated analysis. 

 

Uses of microsatellites 

Microsatellites are useful markers for a wide range of analysis due to codominant 

transmission, locus-specific nature, high information content, relative abundance with 

uniform genome coverage and higher mutation rate than standard. Until recently, they were 

the most important tool in mapping genomes, such as the widely publicized mapping of the 

human genome.  

 They serve a role in biomedical diagnosis as markers for certain disease conditions. 

Microsatellite alleles in these cases are associated (through genetic linkage) with 

mutations in coding regions of the DNA that can cause a variety of medical disorders.  

 They have also become the primary marker for DNA testing in forensics, both for 

human and wildlife cases. The reason for popularity as a forensic marker is their high 

specificity. Match identities for microsatellite profiles can be very high (probability 

that the evidence from the crime scene is not a match with that of the suspect is < one 

in many millions in some cases).  
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 In a biological/evolutionary context they are useful as markers for parentage analysis. 

They can also be used to address questions concerning degree of relatedness of 

individuals or groups.  

 For captive or endangered species, microsatellites can serve as tools to evaluate 

inbreeding levels (FIS). From there, we can move up to the genetic structure of 

subpopulations and populations (using tools such as F-statistics and genetic 

distances).  

 They can be used to assess demographic history (e.g., to look for evidence of 

population bottlenecks), to assess effective population size (Ne) and to assess the 

magnitude and directionality of gene flow between populations.  

 Microsatellites provide data suitable for phylogeographic studies that seek to explain 

the concordant biogeographic and genetic histories of the floras and faunas of large-

scale regions. They are also useful for fine-scale phylogenies, up to the level of 

closely related species. 

  

Microsatellite data analysis 

Microsatellite analysis is done by individual genetic profile, determining the 

interrelations between different individuals and evaluating their allele frequency in 

populations. Microsatellite analysis involves the following steps: i) Sample collection; ii) 

DNA extraction, purification and evaluation; iii) PCR amplification; iv) Evaluation of 

amplified fragments by electrophoresis in polyacrylamide gels or by automatic genotyping 

using capillary electrophoresis and amplicons fluorescence detection. The resulting products 

are compared with molecular weight standards that ensure the accuracy and precision of 

determinations. 

For a neutral marker, the degree of polymorphism is proportional to the mutational 

rate. Rates of mutations and their effects are important factors in the calculation of genetic 

distance based on data obtained from microsatellite analysis. Researchers can determine the 

period of time passed since the separation of two populations or measure the degree of allele 

transfer between them by applying theoretical models of empirical data obtained. Thus, 

genetic diversity and phylogenetic relationships between different populations can be 

assessed. Genetic diversity is determined by multiple alleles and genotypes established for a 

study group (population, species or species group). According to the Hardy-Weinberg 

equilibrium principle, allele frequencies and genotypes in a population remain constant - 

meaning that they are in equilibrium - from generation to generation, except in the case of 

outside influences. These influences could be controlled by mating, mutations, small 

populations, genetic drift and gene exchange. Hardy-Weinberg equilibrium is extremely 

important in conservation studies and genetic evolution. It provides basic information to 

identify random mating, occurrence of mutations or inbreeding effects. Deviations from 

expected values for the Hardy-Weinberg equilibrium can have several causes, such as low 

population size, inbreeding, or presence of null alleles among populations that can lead to an 

excess of false homozygosity. Analysis of a larger number of loci can provide an accurate 

picture of genetic diversity because each locus will contain an independent history of the 

population which depends on the proportion of mutations, the genetic drift or migration.  
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Heterozygosity is one of the most important parameters that can give us information 

about diversity and even the history of a population. Values vary from 0 (absence of 

heterozygosity) and 1 (where a large number of alleles have the same frequency). Higher 

values of average heterozygosity are equal to high levels of genetic variation. Conversely, if 

the average heterozygosity is reduced, genetic diversity is also reduced. Over time, as a result 

of human intervention, many populations of animals around the world have been fragmented. 

The impact of fragmentation on genetic diversity, inbreeding and extinction risk of these 

populations depends largely on the gene exchange occurring between different sub-

populations. Subsequent to the fragmentation of a population, there are gradual differences 

between these sub-populations.  

The degree of differentiation between different sub-populations is directly correlated 

with inbreeding coefficients in both populations and inter-populations. The inbreeding 

coefficient of the whole population (FIT = Factor of Inbreeding in the Total population) can 

be divided into: i) inbreeding coefficient of individuals in relation to a subpopulation which 

includes individuals (FIS = Factor of Inbreeding relative to subpopulation); ii) inbreeding 

coefficient due to differences between sub-populations, to the whole population at baseline 

(FST = Factor of Inbreeding Relative to Total Population). FST is decreased when the 

exchange of genes between subpopulations is large. If the exchange rate drops, FST grows and 

subpopulations are separated and distinguished from one another. Regarding FIS, a positive 

value shows a deficit of heterozygosity. The deficit is even greater as the value obtained is 

higher, which means a high level of inbreeding. In general, the values obtained for FIS vary 

between -1 (no inbreeding) to 1 (complete identity).  

 

Construction of phylogenetic trees based on microsatellite frequencies  

To study the phylogenetic relationships between closely related species or 

populations, microsatellites are the markers to be used. Based on their frequency, genetic 

distances are calculated and are subsequently used to build phylogenetic trees. Some of the 

genetic distances used are the following: the Nei standard distance, the Cavalli-Sforza 

distance and the Reynolds genetic distance. The analysis of phylogenetic relationships is 

based on the definition of that sequence of steps (algorithms) which can build the best 

phylogenetic tree. A phylogenetic tree is the graphic representation of the phylogeny of a 

group of organisms. To obtain phylogenetic trees, the following algorithms must be followed: 

obtaining microsatellites data, comparing the data, selecting optimal phylogenetic methods, 

constructing and evaluating the trees. 

 

2. Mitochondrial DNA based markers 

Mitochondrial DNA (mtDNA) is another commonly used genetic marker to examine 

variation and evolutionary relationship among species. Mitochondrion is the energy power 

plant of the cell and is a membrane-bound cytoplasmic organelle that has its own DNA. 

Many mitochondria are present in each cell, and the average number of mtDNA copies per 

cell is 500. These mitochondrial DNA molecules can differ from one another within a single 

mitochondrion, cell, or individual- a state referred to as heteroplasmy. The animal mtDNA is 

a circular molecule containing 22 tRNAs, 2rRNAs and 13 protein coding genes. The non-

coding or control region (also referred to as D-loop or displacement loop), helps in 
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replication and transcription of the mtDNA. The D-loop region is characterized by highly 

polymorphic regions known as hypervariable region I and II (HVI and HVII) which have 

proven to be useful for study of evolutionary history of vertebrates. The D-loop region of 

mtDNA is known to be more variable in sequence than other regions and has been frequently 

used for phylogenetic analysis of closely related groups. Mitochondrial DNA polymorphisms 

have been used to elaborate genetic variations between species, within species and within a 

breed.  The evolution of mtDNA in various animal species has been studied using primers 

designed from the conserved regions.  

 

Advantages of mitochondrial DNA markers 

1. Mitochondrial genes are single copy genes, obviating the need for comparisons of 

paralogous genes. 

2. The haploid mtDNA, carried by the mitochondria in the cell cytoplasm, has a 

maternal mode of inheritance (individuals inherit the mtDNA from their dams and not 

from their sires). 

3. Uniparental inheritance also reduces the effective population size of mitochondrial 

genes, which means that variants tend to be fixed more quickly between speciation 

events. 

4. High mutation rate without any recombination. 

5. Mitochondrial DNA also has a much higher rate of base substitution than most 

nuclear genes. 

6. Ease of amplification. 

7. Nearly neutral nature as mitochondrial-encoded genes involved in basic metabolic 

functions (respiration), are less likely than other genes to be involved in adaptive 

processes. 

8. High variability between and within species. 

9. Mitochondrial DNA also has a much higher rate of base substitution than most 

nuclear genes. 

10. Mitochondrial gene content is strongly conserved across animals, with very little 

duplication, no intron, and very short intergenic regions. 

11. Variable regions (e.g. the control region) are typically flanked by highly conserved 

regions (e.g. ribosomal DNA), in which PCR primers can be designed. 

 

Applications of mitochondrial markers 

Insights into the process of livestock domestication have been provided by analyzing 

the polymorphisms in the sequence of the hypervariable region of the D-loop or control 

region of mtDNA. It has been possible to identify the wild progenitors of domestic species 

and also establish geographic patterns of genetic diversity. Multiple maternal lineages have 

been identified in cattle, goats, sheep and Asian chickens. For instance, diversity at the 

control region of mitochondrial DNA has been widely used to assess the origin, phylogeny, 

maternal lineages and population structure of sheep breeds around the world. Five maternal 

lineages (haplogroups A-E) have been reported to have contributed in the process of 

domestication of this species. These include two major (A and B) and three minor (C, D, and 

E) maternal lineages. Haplogroup A is of Asian origin including Chinese sheep, haplogroup 
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B of European origin, while haplogroups C, D and E originated in the Near East. Detection of 

hybridization between livestock species or subspecies is another important application of 

mtDNA markers. 

It is possible to reconstruct evolutionary relationships between and within species by 

assessing the patterns of mutations in mtDNA. The use of mtDNA is particularly associated 

with DNA barcoding for taxonomic identification and investigation of biodiversity. In DNA 

barcoding, a short stretch of DNA (‗barcode‘) is commonly used to allocate an unidentified 

individual to a species. A mitochondrial fragment, COX1 has been elected as the 

standardized tool for molecular taxonomy and identification. 

3. Single nucleotide polymorphisms (SNP's) 

SNPs are variations in the nucleotide present at a specific position on a chromosome. 

A position is referred to as an SNP when it exists in at least two variants and all the three 

genotypes are observed in a population. For such a base position with sequence alternative 

within genomic DNA to be considered as an SNP, the least frequent allele should have a 

frequency of 1% or greater. SNPs are becoming especially important as markers because they 

are very stable, i.e. have very low mutation rates; and they can be amplified with PCR. SNP 

can occur in genes (promoter, exons, or introns) or between genes (intergenic regions) but 

most are in the non-coding regions, which comprise most of the chromosomes. SNPs are 

inherited as codominant traits and are especially useful as genetic markers because of their 

very low mutation rate. These markers offer several advantages over other types of DNA 

marker systems and are rapidly becoming the markers of choice for many applications in 

genome analysis due to their abundance (especially important in linkage disequilibrium based 

mapping approaches) and also because high throughput genotyping methods are being 

developed for their analysis. The additional advantage offered by this approach lies in the 

phylogenetic information gathered through sequence variation analysis that allows drawing 

inferences on allele and population history that cannot be gathered with any of the other 

marker systems available. SNPs are also evolutionarily stable (i.e. do not change much from 

generation to generation) making them easier to follow in population studies.  

There are four major reasons for the increasing interest in the use of SNPs as markers 

for genetic analysis.  

 They are prevalent and provide more potential markers near or in any locus of interest 

than other types of polymorphism such as microsatellites. For example, in human 

genomic DNA, there appears to be an SNP approximately every 1000 bases. 

 Some SNPs are located in coding regions and directly affect protein function. These SNPs 

may be directly responsible for some of the variations among individuals in important 

traits.  

 SNPs are more stably inherited than the microsatellites, making them more suitable as 

long term selection markers.  

 SNPs are more suitable than microsatellites for high throughput genetic analysis, using 

DNA microarray technology or next generation sequencing approaches. 
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4. Copy number variations (CNVs) 

Copy number variations are a form of genomic structural variation, defined by DNA 

segments ranging from kilobases (kb) to megabases (Mb) in size, exhibiting differences in 

copy numbers when comparing two or more genomes. They frequently span entire genes 

leading to different gene copy numbers between individuals, or alter the intron/exon structure 

of genes by disrupting exons or fusing genes together. CNVs can lead to striking phenotypic 

consequences by altering gene dosage, disrupting coding sequences, or perturbing long-range 

gene regulation by position effects. This variation may either be inherited or caused by de 

novo mutation. CNVs are present genome-wide in the genome of humans as well as farm 

animals including cattle, sheep, goat, horse, pigs and poultry. About 5% to 16% of the human 

genome is covered by CNVs. Although CNVs are far less numerous than SNPs,  they affect 

from 1 kb to several mega bases of DNA per event, adding up to a substantial fraction of the 

genome which is several magnitudes larger compared to SNPs. In terms of the total number 

of DNA base-pairs, CNVs are responsible for more heritable sequence differences (0.5-1%) 

between individuals than SNPs (0.1%). Some estimates suggest that up to 12% of the genome 

may be variable in copy number, and that the cumulative result of CNV inheritance may 

constitute more than 10% of the genome. Next generation sequencing approaches have made 

it possible to systematically identify CNVs at genome-wide level. CNVs can improve our 

understanding of genetic variation and are an important tool for deciphering the heritability of 

complex traits. They are emerging as a promising resource for exploring the genetic basis of 

phenotypic variation within and among breeds. Therefore, CNVs are increasingly being 

recognized as important and abundant source of genetic variation and phenotypic diversity. 

 

Conclusion 

Indian subcontinent is home to diverse livestock germplasm but this vast biodiversity 

is facing the threat of erosion and dilution. So the need of the hour is to spell out clear cut 

conservation strategies for our precious and irreplaceable germplasm. A major stumbling 

block in formulation and implementation of conservation, breeding and management policies 

for indigenous animal genetic resources is the lack of information regarding their current 

genetic status. The amount of genetic divergence between populations is regarded as a major 

criterion for deciding their uniqueness and therefore prioritizing their conservation. 

Therefore, an understanding of the genetic richness is imperative to conserve our breeds. 

Genetic markers are useful and robust tools for analysis of genetic and functional diversity of 

animal genetic resources. Genetic markers for breeding and selection promise greater 

opportunities for improvement of farm animals.  
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Bovine tuberculosis is an infectious disease primarily caused by Mycobacterium bovis, which 

affects animal as well as human health. Bovine gamma interferon (BOVIGAM) ELISA is a 

rapid blood based assay for the diagnosis of bovine tuberculosis infection in bovines. The 

assay is based on the release of IFN-γ from sensitised lymphocytes during a 16–24-hour 

incubation period with specific antigen (PPD-tuberculin). Mycobacterial antigens, those 

present in tuberculin PPDs (PPD B and PPD A) are presented to lymphocytes in whole blood 

cultures and the production of IFN-γ from the stimulated T cells is detected using monoclonal 

antibody-based sandwich enzyme immunoassay (EIA). 

Antigen preparation: Antigen solutions (PPD B, PPD A and Pokeweed mitogen) are 

prepared at 11x the final target concentration, e.g. if the final target concentration is 10 µg/ml 

then make up the antigen solution at 110 µg/ml so that final conc. will be 1x after addition of 

blood. 

Preparation of PPD-B and PPD-A 

PPD-B and PPD-A (Prionics, Switzerland) of stock concentration of 30,000 IU/ml and 

25,000 IU/ml respectively are used at final conc. of 300 IU/ml and 250 IU/ml in the whole 

blood assay. The 11x antigen stock solutions will contain 3300IU/ml for PPD-B and 2750 

IU/ml for PPD-A. 

Preparation of Poke Weed Mitogen (PWM) 

Reconstitute the 5 mg vials of lyophilized PWM vial (Sigma, USA) contents with 5 ml of 

sterile PBS, resulting in a concentration of 1 mg/ml. Prepare 0.25 ml aliquots of the 

reconstituted PWM solution and these aliquots should be stored at -80°C for use in 

subsequent assays.  

Preparation of 96 well flat bottom cell culture antigen pates 

All antigens including RPMI 1640 media control, should be dispensed in 25μl volumes in  

wells of a 96-well flat-bottomed culture plate. This should be done as per the layout: 

 
 

Whole blood culture assay for the BOVIGAM IFN-γ assay 

The 250 µl aliquots of heparinized blood should be dispensed into each of the respective 

wells of a pre-prepared antigen plate. Blood dispensing should be performed under aseptic 

conditions in a Class II safety cabinet using a multichannel pipette with sterile pipette tips. 
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Once set up, incubate whole blood culture plates for 16-24 hrs at 37°C in a humidified 

atmosphere with 5% CO2 (4.8 to 5.1%) in air. 

Harvesting supernatants 

After the incubation period, centrifuge 96-well culture plates for 15 minutes at 300 x g at 

15°C to facilitate ease of recovery of plasma supernatant. Harvest 110 μl of plasma 

supernatant from each well using a multichannel pipette and sterile pipette tips. Care needs to 

be taken not to harvest the red cellular material that sediments at the bottom of the wells. 

Dispense the collected supernatants into a new 96 well (storage) plate. Pool the contents of 

each replicate well into a single well on the storage plate at the time of harvesting the plasma 

supernatants. If samples are not to be tested in the BOVIGAM IFN-γ EIA on the day of 

harvesting, they must be stored at -70°C until required. Each storage plate should be sealed 

using adhesive plate cover seals before storage. 

BOVIGAM ELISA: First of all equilibrate the BOVIGAM test plate at room temperatutre 

(RT) for atleast 30 minutes (min) before unsealing the plastic pouch.  

1. Reconstitution of positive and negative controls  

 Reconstitute appropriate vials with an appropriate volume of distilled water according 

to the manufacturer‘s guidelines.  

 Reconstituted controls may be stored at 2°C to 8°C for up to 3 months. 

 Reconstituted  controls must be must be brought to RT and it is mixed thoroughly just 

before use again. 

2. Green diluent must be brought to RT and mixed  thoroughly. It is used undiluted as plasma 

diluent buffer.  

3. Reconstitution of conjugates  

 Reconstitute freeze dried conjugate 100x concentrate with 2 ml distilled water. Ensure 

complete reconstitution.  

 Mixing should be performed carefully with a minimum of frothing.  

 Conjugate 100x concentrate must be kept at 2°C to 8°C at all times and it can be used  

within 3 months of reconstitution.  

 Bring blue diluent (conjugate diluent buffer) to RT.  

 Combine appropriate volumes of conjugate 100x concentrate and conjugate dilution 

buffer in sterile glass bottles or polypropylene containers.  

 Mix thoroughly before use. 

4. Enzyme substrate solution 

 Bring the enzyme substrate buffer and chromogen solution 100x concentrate to RT. 

 Ensure that each is thoroughly mixed before dilution. 

 Prepare the enzyme substrate solution just prior to use.  

 Combine appropriate volumes of chromogen solution 100x concentrate and enzyme 

substrate buffer in sterile glass bottles or polypropylene containers.  

 Enzyme substrate solution must be completely mixed and should be colourless. 

Discard if blue colouration occurs and it must be used within 10 min of preparation. 

NOTE: It is important that the high quality deionised or distilled water is used to 

reconstitute and dilute reagents as horseradish peroxidase is readily inactivated by 

pollutants common in laboratory water supplies. 
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5. Wash Buffer  

Prepare the wash buffer by diluting 20x wash buffer concentrate with deionized or 

distilled water prior to use.  

PROCEDURE  

1. Bring all regents including plasma except conjugate 100x concentrate to RT  before use.  

2. Add green diluent (50μl/well) to required wells of BOVIGAM plate using multichannel 

pipette. 

3. Add 50μl of collected supernatant to wells containing green diluents. All samples for the 

ELISA will be in duplicates. 

4. Cover the BOVIGAM plate and incubate at RT for 1 hour. 

5. After incubation period, wash the plates five times using an ELISA washer (The wash 

volume is 350 μl; The number of washes/cycles is 5; If ―plate‖ or ―strip‖ mode can be 

selected, use ―plate‖; There is a 5 second soak/shake period per cycle and Plates must not 

be left dry/empty for more than 2 minutes).  

6. After the last wash, tap the plates vigorously by facing down for  several times on the 

absorbent paper to remove the remaining wash buffer as much as possible. Ensure that 

no detergent bubbles remain in the wells before progressing to the next step. 

7. Add 100 μl/well of the freshly prepared blue diluent and incubate it at RT for 1 hour. 

8. After incubation, wash the plates using the washer equipment as mentioned above in step 

5 and 6 to remove the remaining wash buffer as much as possible. Ensure there is no 

detergent bubbles remain in the wells before progressing to the next step. 

9. Bring the enzyme substrate buffer and chromogen solution 100x concentrate to RT and 

ensure that each is thoroughly mixed just before use. Just prior to use freshly prepare the 

enzyme substrate solution by combining appropriate volumes of the chromogen solution 

concentrate and enzyme substrate buffer (refre reagent preparation table in BOVIGAM 

instruction manual). Enzyme substrate solution must be completely mixed and should be 

colourless. Discard if blue colouration occurs. (Note: Use the prepared solution within 10 

minutes after preparation. Use the plastic polypropylene disposable containers to prepare 

the enzyme substrate solution). 

10. Add 100 μl/well of freshly prepared enzyme substrate solution to wells. It is important to 

ensure that the enzyme substrate solution is at RT before addition to plate,  note that no 

bubbles are visible in the wells. 

11. Cover the plate and incubate for 30 min ± 5 min at RT for colour development. Exact 

timing may vary depending on the nature of sample (e.g. whole blood plasma or PBMC 

cell culture supernatant) and it may be necessary to stop the reaction earlier if the colour 

changes rapidly. (Note: Start the timer when starting to add the substrate solution to the 

first well. Sometimes precipitation starts to occur in the Pokeweed mitogen wells, please 

keep watch and end reaction accordingly). 

12. Add 50 μl/well of stopping solution to each well. (Stopping solution needs to be added to 

the wells in the same order as the enzyme substrate solution). 

13. Read absorbance at 450 nm within 5 min of stopping the reaction. (Make sure to include 

a brief step to shake the plate in ELISA plate reader program to ensure proper mixing). 

 Interpretation of results 

For quality control, the following parameters should be kept in mind.  
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 Plate positive control:  Sample should provide responses ≥ 0.7 OD at 450nm. 

 Plate negative control: sample should provide responses ≤ 0.15 OD at 450nm. 

 Pokeweed mitogen stimulated sample should provide responses ≥ 0.45 OD at 450nm. 

 Nil-antigen control sample should provide responses <0.3 OD at 450nm. 

Calculate the mean media, avian PPD, bovine PPD and PWM absorbance values for each 

sample. Compare the mean absorbance values of the media, avian and bovine PPD samples 

for each animal. 

Positive: OD bovine PPD-Media= More than or equal to 0.1 

OD bovine PPD-avian= More than or equal to 0.1 

Negative: OD bovine PPD-Media= Less than or equal to 0.1 

                 OD bovine PPD-avian= Less than or equal to 0.1 

 

References: Mycobacterium bovis Gamma Interferon Test Kit for Cattle BOVIGAM Thermo 

Fisher Scientific. 
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Swati Dahiya, Anshul Lather, Anita Dalal, N. K. Kakker 

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. 

Of these, FMDV serotype O is the most common. FMDV serotype C has not been reported 

from India since 1995. No incidence of FMDV serotype Asia-1 has been reported from 

Haryana after 2009.  

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. The basic principle of the test and 

plate setup is described in Figure 1.  

 

 
 

Fig. 1: FMD virus serotyping by Sandwich ELISA

1. Rabbit anti-FMDV type 
specific coating antibody

2. Test sample 
(FMDV antigen)

3. Guinea pig anti-FMDV type 
specific tracing antibody

4. Enzyme (HRPO) conjugated 
anti-guinea pig antibody

5. Substrate (OPD) 
+ H2O2

7. Coloured Product

ELISA plate

6. Stop reaction 

Positive reaction

Negative reaction
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Protocol:  

1. Mark the wells of ELISA plate as shown above in Fig. 1.  

2. Dilute all the three coating sera i.e. FMDV serotype O, A and Asia-1 optimally with coating 

buffer [One Carbonate-bicarbonate capsule (Sigma; Cat No. C3041) to be dissolved in 100 

ml distilled water. Check the pH as 9.6 and store at 4°C]. Dispense 50µl/well of rabbit anti-

FMDV type O specific coating sera into the wells of A and D row, anti-FMDV type A sera 

into B and E rows and anti-FMDV type Asia-1 coating sera into C and F rows. Tap the plate 

from sides so that the sera spread evenly in ELISA plate. Cover the plate and incubate at 4ºC 

overnight or for one hour in incubator at 37°C. 

3. Take out the ELISA plate from refrigerator if kept overnight and incubate at 37°C for 15 

min before washing five times with washing buffer [For one litre; dissolve 0.39 g of 

NaH2PO4.2H2O (0.0025M), 1.336 g of Na2HPO4.2H2O (0.0075M) and 29.325 g of NaCl 

(2.93%W/V) in distilled water upto 1 litre. Check the pH as 7.2-7.4 and finally add 0.5 ml of 

Tween 20 just before use]. 

4. As positive antigen controls, in column 1, dispense 50 µl/well of inactivated FMDV type O 

antigen in A1 and D1 wells, serotype A antigen in B1 and E1 wells, and serotype Asia 1 

antigen in C1 and F1 wells.  

5. Add 50 µl/well of PBS in wells of column 2 which 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 dispensed @ 50 

µl/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 using 

washing buffer. 

8. Optimally dilute the serotype specific tracing sera in freshly prepared blocking buffer [For 

blocking buffer, mix 450 mg of lactalbumin hydrolysate (LAH); 750 μl of rabbit serum; 750 

μl of newborn calf serum in washing buffer to make 15 ml]. 

9. Dispense 50 µl/well of diluted anti-FMDV serotype O specific tracing sera raised in guinea 

pig in all the wells of rows A and D; type A specific tracing sera in rows B and E; and Asia-

1 tracing sera in all the wells of rows C and F. 

10. Incubate the plate at 37ºC for 1 h, discard the contents and wash as described earlier. 

11. Optimally dilute the anti-guinea pig IgG-horseradish peroxidase conjugate in blocking 

buffer and dispense 50µl/well in all the wells of the ELISA plate. 

12. Incubate the plate at 37ºC for 1 h, discard the contents and wash as described earlier.  

13. Add 50µl/well of freshly prepared substrate solution [Mix 0.01 g OPD and 8 µl of H2O2 

(30%) in 15 ml substrate buffer [For 100 ml substrate buffer, dissolve one phosphate-citrate 

tablet (Sigma; Cat. No. P4809) in 100 ml distilled water. Check pH as 5.0 and store at 4ºC] 

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.  
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14. Stop the reaction by adding 50µl/well of freshly prepared 1M H2SO4 [5.55 ml of H2SO4  

(95-97%) in distilled water to make 100 ml] in all the wells of the ELISA plate. 

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

reference at 620 nm.  

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. Differentiation of FMDV Infected and Vaccinated Animals (DIVA strategy) using 

Indirect EISA 

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 adjuvanted 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. Immunised 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, 
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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. 

                
Figure 2: Indirect ELISA for differentiation of FMDV infected and vaccinated animals 

(DIVA strategy) 

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).  

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 them at 37°C for 15 minutes.  

4. Give three continuous wash (no hold time) with wash buffer (Appendix-I). 

5. In a low protein binding Perspex plate dilute the test serum @ 1:20 in diluent buffer. Only 

serum from bovine host is compatible with this test. 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.  

6. 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. 
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7. 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.  

8. 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. 

9. Give three washes of 3 minute soak period each. 

10. 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. 6ml of diluted conjugate solution is sufficient for one ELISA plate. 

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

12. 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. 

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

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 

Interpretation:  

The test will be 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%}, 
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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%  

 

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   Upto 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 

REFERENCES  

Chomczynski, P. 1993. A reagent for the single-step simultaneous isolation of RNA, DNA and 

proteins from cell and tissue samples. BioTechniques 15: 532-37.  
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DIAGNOSIS OF BRUCELLOSIS THROUGH USE OF SEROLOGICAL TESTS 

Mahavir Singh, Kuldeep Singh, Rajesh Chhabra, Archana Sharma 

College Central Laboratory, LUVAS 

Brucellosis is the most common zoonotic disease worldwide with significant economic loss to 

dairy business by affecting the reproductive potential of the animals. Brucella is a Gram-negative 

cocco-bacilli, facultative intracellular pathogen and eleven species are recognized within the 

genus namely Brucella abortus, B. melitensis, B. suis, B. ovis, B. canis, B. neotomae, B. microti, 

B. ceti, B. pinnipedialis, B. inopinata and B. papionis (OIE, 2018). Disease is characterized by 

late term abortion, retained placenta, endometritis, birth of weak or dead calves, orchitis, 

epididymitis and rarely, arthritis, with profuse excretion of the organisms in uterine discharges 

and in milk. The disease is usually asymptomatic in young animals and non-pregnant females. 

Abortion occurs once and subsequent delivery is normal; however, animal remains carrier of the 

disease. The infection is readily transmissible to human beings by direct contact with infected 

material, ingestion of contaminated dairy products and laboratory acquired infections. The 

symptoms in human beings are mainly undulant fever and may progress to chronic form with 

involvement of gastrointestinal, cardiovascular, genitourinary, nervous, pulmonary and ocular 

systems (OIE, 2018). 

 

Diagnosis of brucellosis: All late term abortions in animals as well as orchitis in male animals 

should be investigated for brucellosis. Definitive diagnosis of disease can be made only by the 

isolation and identification of Brucella, but sometimes bacteriological examination is not feasible 

so diagnosis must be based on molecular or immunological methods (OIE, 2018). Serological 

tests are widely used for diagnosis of brucellosis. 

Rose Bengal Plate agglutination test: This test is based on agglutination reaction using rose 

bengal stained antigen (ICAR-IVRI, Bareilly, U.P.) buffered to a low pH, 3.65 ± 0.05. Killed B. 

abortus S99 or S1119-3 cells resuspended in sterile phenol saline (0.5%) are used for preparation 

of antigen for this test. The low pH prevents some agglutination by IgM and encourages 

agglutination by IgG1 thereby reducing non-specific interactions. 

Test procedure 

i) Bring the serum samples and antigen to room temperature (22 ± 4°C); only sufficient antigen 

for the day‘s tests should be removed from the refrigerator. 

ii) Place 25–30 μl of each serum sample on a glass plate/slide.  

iii) Shake the antigen bottle well, but gently, and place an equal volume of antigen near each 

serum spot. 

iv) Immediately after the last drop of antigen has been added to the plate, mix the serum and 

antigen thoroughly (using a clean glass or plastic rod for each test) to produce a circular or oval 

zone approximately 2 cm in diameter. 

v) The mixture is agitated gently for 4 minutes at ambient temperature. 

vi) Read for agglutination immediately after the 4 minutes period is completed. Any visible 

reaction is considered to be positive.  
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Results interpretation: The RBT is very sensitive. However, like all other serological tests, it 

could sometimes give a positive result because of S19 vaccination or of false-positive serological 

reactions. Therefore positive reactions should be investigated using suitable confirmatory and/or 

complementary strategies (including the performance of other tests and epidemiological 

investigation). False-negative reactions occur rarely, mostly due to prozoning and can sometimes 

be detected by diluting the serum sample or retesting after 4–6 weeks. Nevertheless RBT appears 

to be adequate as a screening test for detecting infected herds or to guarantee the absence of 

infection in brucellosis-free herds. 

Competitive Enzyme linked immunosorbant assay (c-ELISA)   

The Competitive ELISA is the assay used for detection of specific antibodies to Brucella 

abortus, B. melitensis and B. suis in bovine, ovine, caprine and porcine serum. The c-ELISA is 

capable of discriminating between Brucella infected animals and animals vaccinated with 

Brucella abortus S-19 strain. Svanovir Brucella-Ab c-ELISA is a commercially available kit 

based on a solid phase competitive ELISA. In this procedure, the sera samples together with a 

mouse monoclonal antibody (mAb) specific for an epitope on the o-polysaccharide portion of the 

S-LPS antigen, are exposed to Brucella abortus smooth lipopolysaccharide (S-LPS) coated wells 

on microtiter plates. If Brucella antibodies are present in the test samples they will bind to the 

antigens in the well and block these antigenic sites. If Brucella antibodies absent in the sample, 

these sites will remain free and the mAb which was added together with the sample will bind to 

these free antigenic sites. After an incubation period the unbound materials are removed by 

rinsing and a goat anti-mouse horseradish peroxidise (HRP) conjugated IgG is added to the plate. 

The HRP conjugate will bind to the specific mAb in absence of Brucella antibodies in the 

sample. Unbound materials are removed by rinsing prior to the addition of the substrate. 

Subsequently a blue color develops which is due to the conversion of the substrate by the 

conjugate. A negative result is indicated by the development of a blue color. The reaction is 

stopped by addition of stop solution; the color change to yellow. The results can be read by a 

microplate photometer, where the optical density (OD) is measured at 450 nm. Serum samples 

from vaccinated animals do not compete with the mAb because of their low affinity leading to 

negative reaction. However, in some cases samples taken before 6 months post vaccination may 

react positively. 

Materials, reagents & equipments required 

1. Pipettes (Capacity 200 µl and 10 µl) 

2. Sterile pipette tips 

3. Distilled, deionised or any similar high quality water 

4. Wash bottle, multichannel pipettor or plate washer 

5. Container: 1 to 2 litres for PBS-Tween 

6. ELISA reader 
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Preparation of reagents 

 PBS-Tween buffer:- 

 Dilute the PBS-Tween solution 20X concentrate 1/20 in distilled water. Prepare 500  ml 

 per plate by adding 25 ml PBS-Tween solution to 475 ml distilled water and mix 

 thoroughly. 

 mAb Solution: Reconstitute freeze dried mAb with 6 ml sample dilution buffer. Add the 

 buffer carefully into the bottle. Prepare immediately before use. Mix gently- do not use 

 vortex mixer. 

 Reconstituted mAb may be frozen and stored at -20
0
C for upto 4 weeks. The  reconstituted 

mAb may not be frozen and thawed more than twice. 

Precaution 

1. Store the kit and all reagents at 2-8
0
C. 

2. All reagents should equilibrate to room temperature 18-25
0
C before use. 

3. Do not mix components or instruction manuals from different test kit batches. 

4. Care should be taken to prevent contamination of kit components. 

5. Include positive, negative and weak positive serum controls on each plate or test strip 

 series. 

6. Use only distilled, deionised or any similar high quality water for preparation of reagents. 

7. The stop solution contains sulphuric acid, which is corrosive. 

Procedure 

1. All reagents should equilibrate to room temperature 18-25
0
C (64-77

0
F) before use. 

2. Add samples 

a) Add 45 µl of sample dilution buffer into each well that will be used for serum 

 samples,  serum control and conjugate controls. 

b) Add 5 µl of positive, weak positive and negative serum controls, into each of the 

 appropriate wells, respectively. For confirmation purpose it is recommended to run the 

 control sera in duplicates. 

c) Add 5 µl of sample dilution buffer into two appropriate wells (designed as Conjugate 

 control, Cc). 

d) Add 5 µl of test sample to each of the appropriate wells.  

3. Add 50 µl ul of mAb-solution into all wells used for controls and samples. 

 Note:- The time difference between control/sample and mAb-solution addition must not 

 exceed 10 minutes. 

4. Seal the plate and mix the reagents thoroughly for 5 minutes, either by using a plate  shaker 

or by tapping the sides of the plate. 

5. Incubate the plate at room temperature 18-25
0
C for 30 minutes. 

6. Rinse the plate/strip four times with PBS-Tween buffer: fill up the wells at each rinse, 

 empty the plate and tap hard to remove all remains of fluid. 

7. Add 100 µl of Conjugate solution into each well. Seal the plate and incubate at room 

 temperature 18-25
0
C for 30 minutes. 
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8. Rinse the plate/strip four times with PBS-Tween buffer: fill up the wells at each rinse, 

 empty the plate and tap hard to remove all remains of fluid. 

9. Add 100 µl substrate solution to each well and incubate for 10 minutes at room 

 temperature 18-25
0
C. Begin timing after the first well is filled. 

10. Stop the reaction by adding 50 µl of stop solution to each well and mix thoroughly. Add 

 the stop solution in the same order as the substrate solution was added. 

11. Measure the optical density (OD) of the controls and samples at 450 nm in a microplate 

 photometer. Measure the OD within 15 minutes after the addition of stop solution to  prevent 

fluctuation in OD values. 

Calculations 

1. Calculate the mean OD values for each of the controls and samples. 

2. Calculate the percent inhibition (PI) values for controls as well as samples, using the 

 following formula:         

                                                                 (OD Samples or Control × 100)                                          

                                               PI =100- 

                                                                 OD Conjugate control Cc 

 

Interpretation of the results  

Criteria for test validity 

To insure validity, the value of the controls must fall within the following limits: 

OD Cc            0.75-2.0 

PI  Positive control        80-100 

PI Weak Positive control      30-70 

PI  Negative control     (-10)-15 

For invalid test, technique may be suspect and the assay should be repeated. 

The status of a test sample is determined as follow: 

PI Status 

≤ 30 % Negative 

≥ 30% Positive 

References:  

OIE, 2018. Manual of diagnostic tests and vaccines for terrestrial animals. World  Organization 

for Animal Health. 2018: 355-398. 

 Svanovir Brucella Ab c-ELISA kit cat no. 10-2701-10. User manual. 
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APPLICATION OF DIFFERENT DIAGNOSTIC TESTS FOR MANAGEMENT OF 

VIRAL DISEASES OF RUMINANTS 

Ajit Singh 

Emeritus Scientist (ICAR) & Former Professor & Head, Department of Microbiology, 

LUVAS 

I. INTRODUCTION 

Diagnosis is inescapable route to the disease management arena- more so in case of viral 

diseases that require management in the absence of readily available and effective therapeutic 

interventions. Domestic ruminants (cattle, buffaloes, sheep, goats, yak and mithun) are reared 

for milk, meat, wool and other tradeable animal-source products, thereby contributing 

significantly to the agricultural economy of world. Infectious diseases, particularly viral 

diseases of ruminants are the leading causes of morbidity, mortality and economic losses 

worldwide, more particularly in tropical and subtropical countries, including India.Most of the 

viral diseases are trans-boundary requiring international cooperation for their prevention, 

control and management.  

Viral diseases can occur as sporadic, endemic outbreaks, epidemic, and few with 

pandemic potential. Fortunately, vaccines against several viral diseases of ruminants are 

available for prevention and control, some so successfully employed already that have led to 

elimination or eradication of these diseases.Unfortunately, on the other hand, several new 

pathogens have emerged or have been re-emerging for past few decades. Many of these 

pathogens are viral agents, have zoonotic potential, and most originating from wildlife. Both 

natural causes, global warming and climate change, and anthropogenic activities such as 

intensive farming, deforestation, human-animal-wildlife interactions, etc. are attributed to this 

new biological phenomenon of emerging pathogens. 

Although presumptive diagnostic methods are often employed, yet definitive diagnosis of 

the viral diseases most often done using laboratory methods is indispensable for planning and 

implementation of effective disease management strategies. Recently, rapid point-of-care/pen-

side or field-level diagnostic tests are being developed for early detection of emerging/re-

emerging viral disease outbreaks that helps resorting to rapid response for disease 

containment.This presentation aims to discuss application of traditional and ‗next-generation‘ 

diagnostic tests for management of economically important viral diseases of ruminants. 

II. ECONOMICALLY IMPORTANT AND TRANS-BOUNDARY VIRAL DISEASES 

OF RUMINANTS 

Ruminants are infected by several viruses belonging to the families that infect vertebrate 

hosts.  OIE has listed the following and viral diseases of ruminants as trans-boundary and all 

except few are economically important: Foot-and-mouth disease, infectious bovine 

rhinotracheitis/infectious pustular vulvovaginitis (IBR/IPV), bovine viral diarrhoea, lumpy skin 

disease, rabies,malignant catarrhal fever, enzootic bovine leukosis, Rift Valley fever, 
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rinderpest, Crimean-Congo hemorrhagic fever (CCHF), pseudorabies (Aujeszky‘s disease), 

vesicular stomatitis, peste des petit ruminants (PPR), blue tongue, sheep pox, Nairobi sheep 

disease and other bunyaviral diseases, ovine pulmonary adenocarcinoma (Jaagsiekte disease), 

Maedi-Visna and caprine arthritis/encephalitis, Border disease,etc.In addition, other viruses 

such as viral diarrhoea agents such as rotaviruses, coronavirus, astrovirus, and respiratory 

viruses such as bovine parainfluenza-3, rhinoviruses, respiratory syncytial virus, etc., buffalo 

pox and other viruses can also be significant in certain situations. Some of these diseases are 

emerging or re-emerging in different regions of the world. Some viral diseases such as 

rinderpest, FMD, IBR/IPV, pseudorabies, rabies, PPR and blue tongue have been successfully 

eliminated or eradicated from different regions or countries by implementing vaccination or 

stamping-out approaches.  

III. DIAGNOSTIC TESTS FOR VIRAL DISEASES 

In the 21st century, veterinary diagnostic laboratorieswith a reliable quality control 

system for the tests play a central role in optimizing the management of diseases, and surveying 

for epidemiology of viral diseases. A plethora of diagnostic tests for viral diseases of ruminants 

are currently in use and several are available commercially. Some of the diagnostic methods are 

already miniaturized, multiplexed and/or automated by a combination and integration of 

technologies. Systems biology, ‗omics‘ sciences, structural biology and bioinformatics in 

combination with rational sampling, innovative bio-sensing, processing, imaging, remote 

sensing and data analysis, high-throughput automation and robotic platforms are promising to 

make possible availability of cost-effective, time-saving and real-time ‗point-of-care‘ mobile 

healthcare systems and multiplex diagnostic platforms in near future.   

Although clinical signs and symptoms, biochemical, histopathological and blood cell 

profiling, body fluid analyses, history, etc. cannot be overlooked as each contributes to 

presumptive diagnosis, yet definitive diagnosis is arrived at by performing a combination of 

virus isolation, direct electron microscopy, viral neutralization test(s), molecular or immuno-

detection of virus nucleic acid or whole genomes, proteins or host‘s specific immune 

response(s) or molecular biomarkers, etc. Table 1 shows the OIE list of viral diseases of 

ruminants and the diagnostic tests employed for their management. 

Traditionally, viruses have been detected directly in the clinical sample in vitro (electron 

and immune-electron microscopy) or after culture and isolation in suitable animal cell cultures 

or embryonated eggs.Multiplex detection of several microbial species within a sample without 

culturing has recently been made possible with the use of different labelled (fluorescent or 

quantum dots) antibodies. The past decade has seen considerable development in the culture-

independent diagnostic tests (CIDTs), including nucleic acid amplification–based methods and 

mass spectrometry, for the diagnosis of infectious diseases. There are four CIDTs currently in 

use, namely, nucleic acid–amplification assays, mass-spectrometry assays, immunological 

assays, and next-generation sequencing/whole genome sequencing. CIDTs have such merits 

over traditional culture-based methods for being rapid, highly sensitive, easier to use, and able 
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to detect new, emerging, or rarely seen pathogens, with a better ability to detect co-infections. 

Current limitations of most CIDTs include inability to distinguish live from dead organisms. 

Immunodiagnostics tests have employed antisera and later monoclonal or recently 

recombinant Ab fragments for detection of virus antigens or host antibody response for more 

than a century and chronologically may be divided into four generations.For further details, 

please read recent other review articles. DIVA diagnostic tests accompanying ‗marker 

vaccines‘ have been developed for several viral diseases of ruminants such as FMD, IBR, 

pseudorabies, etc. In the 21st century, next generation immunoassays (NGIAs) are being 

developed and validated. Diagnostic utility of biomarkers has been clearly established. 

Biosensors based on SPR, electrochemical, microbalance, surface acoustic wave, etc. are being 

validated for detection of antigens, antibodies or biomarkers. Smartphone-based, turbidimetry, 

paper-based and interferometry-based immunoassays are also being developed.Multiplex 

immunoassays based on proteome microarrays, lateral flow biosensors, microbead-based 

Luminex technology, microfluidics-based ‗Lab-on-a-chip‘, etc. are also being developed and 

validated for viral disease diagnosis. Current trends in immunodiagnostics are ‗point-of-care‘ 

(POC) and microfluidics-based immunoassays, with potential for commercialization. 

Molecular diagnostic tests have merits of high sensitivity, specificity and additional 

information, and many have been validated for diagnosis of various viral disease. PCR has 

revolutionized diagnostics. Combined with reverse transcription, restriction enzymatic 

digestion patterns and sequencing, PCR yields immensely important information of not only 

the presence of  agent-specific nucleic acids in the clinical sample, but also their origin, 

relatedness, flow in populations, temporal and geographical distribution, etc. It has made 

isolation and culturing of pathogen unnecessary.Real-time quantitative PCR using fluorescent 

probes based on different chemistries, and later other nucleic acid amplification-based tests 

such as NASBA, LAMP, etc. are now available. Next generation nucleic acid sequencing 

techniques are making available whole genome sequences of several pathogenic 

microorganisms, facilitating selection of most appropriate target sequences for genus-, species-, 

serotype- or strain-specific detection. The arsenal of molecular diagnostic tests also includes 

gel-based PCR, phylogeny, molecular epidemiology, multiplex PCR, nucleic acid extraction 

and pipetting robotics, automation and quality control. The development of high-throughput 

molecular technologies and associated bioinformatics has enabled production, handling, and 

analysis of large amounts of genomic, transcriptomic, and proteomic data. Studies have 

demonstrated the value of NGS technologies for molecular characterization, ranging from 

metagenomic characterization of unknown pathogens or microbial communities to molecular 

epidemiology and evolution of viral quasi-species. Non-targeted identification of microbes is 

now possible directly in biological samples, based on whole-genome-NGS (WG-NGS) 

techniques. WG-NGS has become a standard tool in pathogen discovery, with great potential in 

diagnosis of viral diseases. Due to cheap and accurate whole-exome sequencing (WES) and 

whole-genome sequencing (WGS), the genome sequence-based clinical evaluation will become 

part of the healthcare system.  
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Availability of rapid, sensitive and specific ‗on-thespot‘/POC/‗penside‘ diagnostic tests 

can be of immense importance for effective and early containment of fast-spreading infectious 

diseases in unvaccinated populations, trans-boundary diseases and natural disasters. Moreover, 

the ‗penside‘ tests, which are economical and simple to perform and read, can be useful as 

routine diagnostic tests in endemic areas. At present, the ‗penside‘ tests can be categorized as 

immunodiagnostic, molecular diagnostic, biosensor or nano-diagnostic, depending on use of 

immunological reagents, molecular reagents, biosensor chip or nanomaterials in the test, 

respectively. ‗Penside‘ tests using biosensors, biochips and smartphones as platforms make the 

class of future diagnostics. Major ‗penside‘ diagnostic tests include immunodiagnostic tests 

such as LAT, LFDs, dot-ELISA, etc., and molecular diagnostic tests such as portable LAMP, 

PCR and real-time qPCR. While, LFDs and LATs are simple, rapid and cheap tests, molecular 

tests such as real-time qPCR and LAMP as portable platforms are highly sensitive and specific.  

POC diagnostic tests are best represented by nucleic acid amplification techniques (NAATs) 

and various formats of immunological assays. For surveillance, NAATs offer the widest 

application for a variety of sample matrices (clinical, food, water, environmental), because of 

their specificity in complex matrices. NAATs also tend to be more sensitive than antibody-

based detection methods, with real-time PCR assays being able to detect 10 or fewer 

microorganisms in as little as 30 minutes.  

The multi-aetiological association and multi-factorial nature of various viral diseases, 

particularly in gastrointestinal and respiratory diseases, calls for simultaneous, rapid and cost-

effective measurement of multiple analytes. Limited plexing (2-10) is achieved in PCR, flow 

cytometry, LFDs, LFBs, etc. Solid-phase microarrays (DNA chip and protein chip) and fluid-

phase microbead-based platforms offer typical high throughput multiplexing. Microfluidics 

LOCs and smartphone-based devices are constructed by integrated technologies and achieve 

high throughput multiplexing.  

The robust and fit-for-purpose diagnostic tests are a key component in the control of 

diseases. Obviously, OIE emphasizes on the use of validated fit-for-purpose diagnostic tests for 

infectious diseases. Unfortunately, not many validated tests are easily available, affordable or 

operable in developing countries. Sufficient funding for establishing veterinary diagnostic 

laboratories having QC and QA systems in place for the diagnostic tests can remove these non-

technical constraints. Simple, user-friendly, rapid, real-time, sensitive, portable, validated and 

cheap ‗point-of-care‘ or ‗penside‘ tests are highly desired but wanting. Moreover, multiple 

causative agents are found associated with some viral diseases, which would require multiple 

tests for detecting all of these agents to arrive at definitive diagnosis.  

Yet another challenge comes from the emerging, re-emerging, newly originated or trans-

boundary diseases. Rapid development of the diagnostic reagents and timely deployment of the 

tests can be challenging for these diseases. Constant research and development activities need 

to be encouraged and funded for preparedness to meet any eventualities. It is clear that valuable 

information on the molecular mechanism of diseases of animals of veterinary interest is being 
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and will be generated in the future as the technology becomes more applicable in studies 

designed to explore and explain the pathology of veterinary disease. Given that the analytical 

performance of these devices is well proven, the costs for developing countries remain a 

challenge. The field-portable mobile phone based on surface-enhanced fluorescence 

microscopy platform opens up various new prospects for POC sensing and molecular 

diagnostics in resource-scarce environments. Social acceptance, particularly in developing 

countries, for the use of diagnostics for animal diseases will also matter due to education levels 

for technology use, access, costs, attitude, etc.      

IV. CONCLUDING REMARKS 

Traditional methods of diagnosis, wherever employed properly, have benefitted for the 

control and management of animal viral diseases of major economic importance. Modern 

approaches to animal disease diagnosis heavily depend on laboratory detection of the causative 

agent or its components in clinical sample and/or specific immune response or any other 

biological indicators/biomarkers of disease state(s). Availability of validated diagnostic tests of 

high diagnostic sensitivity, diagnostic specificity and predictive values in combination with 

‗omics‘ and modern biology-based approaches would help generate clearer epidemiological 

picture and effective tools for control and management of major viral diseases of ruminants. 

Rapid POC tests, preferably with multiplex capability would be in demand for early detection 

and rapid response to containment of new emerging or re-emerging viral diseases. 
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Table 1. Diagnostic tests for OIE listed viral diseases of ruminants (source: OIE 

Terrestrial Manual 2018) 

Viral disease of 

ruminants 

Diagnostic test employed for 

Agent identification Immune response measurement 

FMD Virus isolation, Ag-ELISA, CFT, 

LFD, Real-time-RT-PCR, RT-

PCR 

NSP-ELISA, SP-ELISA, VNT, 

AGID 

IBR/IPV Virus isolation, Real-time PCR ELISA, VNT 

Pseudorabies Virus isolation, Real-time PCR  LAT, ELISA, VNT 

BVD Virus isolation, Ag-ELISA, Ag-

IHC, RT-PCR 

ELISA, VNT 

Rinderpest Virus isolation, AGID, Real time 

RT-PCR 

AGID, C-ELISA, VNT 

Rabies DFA, dRIT, ELISA, Virus 

isolation by cell culture or mouse 

inoculation, RT-PCR, Real time 

RT-PCR 

VNT, ELISA 

Enzootic Bovine 

leukosis 

Virus isolation, PCR AGID, ELISA 

Rift Valley fever Virus isolation by cell culture or 

suckling mouse inoculation, RT-

PCR, Ag-IHC 

ELISA, PRNT 

Lumpy skin disease Virus isolation, PCR, EM VNT, IFAT 

Vesicular stomatitis Virus isolation, IS-ELISA, CFT, 

RT-PCR 

LP-ELISA, C-ELISA, VNT, CFT 

CCHF Real time RT-PCR, Virus isolation 

in cell culture 

IgG-ELISA, C-ELISA, IgM-

ELISA 

Malignant catarrhal 

fever 

Virus isolation, PCR C-ELISA, VNT, IFAT, IPT 
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Blue-tongue Real time RT-PCR, RT-PCR, 

Virus isolation in cell culture 

C-ELISA (serogroup-specific), 

VNT (serotype-specific), AGID, 

CFT 

Sheep pox & goat 

pox 

Virus isolation, Ag-ELISA, PCR VNT, IFAT 

PPR RT-PCR, Real time RT-PCR, 

Virus isolation in cell culture, 

Immunocapture ELISA, LFD 

(penside), AGID, CIEP 

VNT, C-ELISA, AGID, CIEP 

Border disease Virus isolation, Ag-ELISA, Real 

time RT-PCR, NA-ISH 

VNT, ELISA 

Maedi-Visna/CAE Virus isolation, Ag-ELISA, PCR AGID, CFT, ELISA, VNT, IFAT 

Jaagsiekte/OPA PCR, Histopathology - 

Bunyaviruses: 

Nairobi sheep 

disease, Cache 

Valley, Akabane & 

Schmallenberg 

Virus isolation, VNT, IHC, FAT, 

Ag-ELISA, CFT, RT-PCR 

VNT, ELISA, CFT 

Abbreviations:Ab: antibody, Ag: antigen, AGID: agar gel immunodiffusion, BVD: bovine 

viral diarrhoea, C: competitive, CAE: caprine arthritis encephalitis, CCFHF: Crimean-Congo 

hemorrhagic fever, CIEP: counter immuno-electrophoresis, CFT: complement fixation test, 

DFA: direct fluorescent antibody; dRIT: direct rapid immunohistochemistry test, ELISA: 

enzyme-linked immunosorbent assay, EM: electron microscopy, FMD: foot-and-mouth 

disease, IBR/IPV: infectious bovine rhinotracheitis/infectious pustular vulvovaginitis, IFAT: 

indirect fluorescent antibody test, IHC: immunohistochemistry, IPT: immunoperoxidase test, 

IS: indirect sandwich, LAT: latex agglutination test, LFD: lateral flow device, NA-ISH: 

nucleic acid- in situ hybridization, LP: liquid phase blocking, NSP: non-structural proteins, 

OPA: ovine pulmonary adenomatosus, PCR: polymerase chain reaction, PPR: peste des petit 

ruminants, RT: reverse transcription, SP: structural proteins, VNT: virus neutralization test. 
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CAPACITY BUILDING FOR SCREENING OF BACTERIAL AND VIRAL 

INFECTIONS USING OIE LISTED MOLECULAR TECHNIQUES WITH SPECIAL 

REFERENCE TO IBR VIRUS 

Aman Kumar and Sushila Maan 

Department of Animal Biotechnology, LUVAS, Hisar Haryana 125004 

 

Bovine herpesvirus-1 (BoHV-1), also called infectious bovine rhinotracheitis (IBR)/ infectious 

pustular vulvovaginitis (IPV) virus, is a member of the subfamily Alphaherpesvirinae and is one 

of the most common viral pathogens found in bovine semen. Reproductive disorders caused by 

BoHV-1 include infectious pustular vulvovaginitis, endometritis, salpingitis, shortened oestrus 

cycles and abortions in susceptible female cattle and balanoposthitis in susceptible bulls. In 

BoHV-1 infection of the genital tract of the bull, the virus replicates in the mucosae of the 

prepuce, penis and distal part of the urethra, and semen is most likely to be contaminated during 

ejaculation by virus shedding from infected mucosae. 

Disease risk 

Infections with BoHV-1 strains, including attenuated live vaccine strains, have the ability to 

remain latent in clinically normal animals. Following reactivation, the virus is excreted in 

respiratory and ocular secretions, or in semen, and in the latter case excretion can be with or 

without a serum antibody response. BoHV-1 causes economically important genital, respiratory 

and neurological diseases in cattle populations world-wide. Infected animals may be 

immunosuppressed and thus be more susceptible to secondary bacterial infections. BoHV-1 

infection of the male genital tract can result in mild or severe clinical signs of balanoposthitis or 

can be clinically inapparent. Bulls play an important role in the dissemination of the disease 

because the virus is excreted in semen both during the acute phase of infection and also 

following the establishment of latent infection. When assessing the risk of semen containing 

BoHV-1, it is important to recognise that clinical signs of the disease may not always be 

observed in outbreaks of BoHV-1 infection in bulls , and that neither the presence of serum 

neutralising (SN) antibodies nor vaccination may completely prevent shedding of virus in semen. 

BoHV-1 has been detected in semen from infected AI bulls which showed no signs of 

balanoposthitis, rhinotracheitis or generalised disease. In some instances, semen may be 

contaminated by a primary local infection of the prepuce before production of neutralising 

antibodies has occurred. Moreover, animals latently infected with BoHV-1 may have very low 

antibody titres or be seronegative, especially if they have not been stressed and virus reactivation 

has not taken place for a long period of time. In addition, primary genital tract infection may 

induce very low antibody responses or even none at all. Studies in North America have shown 

that semen from BoHV-1 seropositive bulls can be free of virus for periods of several years when 

bulls are appropriately managed in a low-stress environment. 
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Diagnosis 

Diagnosis and control Methods of BoHV-1 detection currently used by diagnostic veterinary 

laboratories include virus isolation, examination of tissues by the fluorescent antibody (FA) 

technique and serological testing (SN test or enzyme-linked immunosorbent assay [ELISA]). 

Another method is the 'Cornell semen test', in which pooled samples of semen are inoculated into 

susceptible calves or sheep which are then monitored for neutralising antibodies to BoHV-1 . 

The traditional method for detection of BoHV-1 in bovine semen is virus isolation and 

identification in cultures of cells of bovine origin. Dilution of the semen (1:20 to 1:128), prior to 

its inoculation onto cell culture, decreases its cytotoxicity. Molecular-based techniques are also 

being developed and used to detect the virus. For example, polymerase chain reaction (PCR) 

assays can identify BoHV-1 contaminated semen within one day. As per the OIE recomendation 

the prescribed tests are given in the table1. 

 

OIE referral Lab for IBR are: 

1.Dr Martin Beer 

Institute of Diagnostic Virology 

Friedrich-Loeffler Institut, 

Federal Research Institute for Animal 

Health GERMANY 

Email: martin.beer@fli.de 

2.Dr Akbar Dastjerdi 

Animal and Plant Health Agency 

New Haw, Addlestone 

Surrey KT15 3NB 

UNITED KINGDOM 

Email: akbar.dastjerdi@apha.gov.uk 
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Nucleic acid test 

During the past decade, various methods for the detection of BoHV-1 DNA in clinical samples 

have been described, including DNA–DNA hybridisation and PCR. PCR is increasingly being 

used in routine diagnostic submissions. Compared with virus isolation, PCR has the primary 

advantages of being more sensitive and more rapid: it can be performed in 1–2 days. It is also 

possible to detect episomal DNA of non-replicating virus in sensory ganglia ,such as the 

trigeminal ganglion, in the latent phase of infection. The disadvantage is that PCR analyses are 

prone to contamination and therefore precautions have to be taken to prevent falsepositive 

results. Risk of contamination is markedly reduced by new PCR techniques, such as real-time 

quantitative PCR   and the PCR method is recommended in all cases for direct BoHV-1 

detection. So far, PCR has been used mainly to detect BoHV-1 DNA in artificially or naturally 

infected semen samples. It is important to thoroughly optimise the PCR conditions, including the 

preparation of the samples, the concentration of test components e.g. primers and polymerase, 

and the cycle programmes. The target region for amplification must be present in all BoHV-1 

strains, and its nucleotide sequence must be conserved. The TK, gB, gC, gD and gE genes have 

been used as targets for PCR amplification. In addition, PCRs based on detection of gE 

sequences can be used to differentiate between wild-type virus and gE-deleted vaccine strains. 

Discrimination between infection with virulent IBR strains and infection with live attenuated 

(non-marker) strains may not be easily achievable with the PCR technique, and RFLP or high 

throughput sequencing (HTS) can be used for this purpose. Specific PCRs have been developed 

that are able to discriminate between BoHV-1, BoHV-5 and other related alphaherpesviruses 

.Experimentally, PCR was found to be more sensitive than virus isolation: in egg yolk-extended 

semen samples obtained from experimentally infected bulls, PCR detected five times as many 

positives as did virus isolation . The detection limit of validated PCR assays amounts to only a 

few genome copies per PCR reaction. Nevertheless, false-negative results cannot be excluded.To 

identify possible false-negative results, it is recommended to spike an internal control template 

into the reaction tube of the semen sample to be amplified by the same primers. Such a control 

template may be constructed by inserting, for example, a 100 base-pair fragment into the target 

region. This control template also makes it possible to semi-quantify the amount of DNA that is 

detected. When using an internal control, extensive testing is necessary to ensure that PCR 

amplification of the added internal control does not compete with the diagnostic PCR and thus 

lower the analytical sensitivity . DNA extraction and quality of the DNA preparations can also be 

controlled by amplification of cellular sequences or by addition of ‗artificial‘ DNA sequences 

prior to extraction procedures as internal controls. To enhance the sensitivity and specificity of 

the BoHV-1 PCR, real-time PCR systems are the methods of choice. 

 In cnclusion it is preferable to use only seronegative bulls in AI centres and bulls should 

be bled for further serological testing 21 days after the semen has been collected, as 

recommended by the OIE. To limit the risks of disease transmission when semen is collected 

from bulls of unknown or positive serological status, at least two straws per semen batch should 
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be assayed for virus using real-time PCR, because semen is diluted before being frozen and not 

all straws will necessarily contain virus. Assay of blood for gamma-interferon, a measure of 

cellular immunity, can be used to discriminate between BoHV-1 non-infected (or vaccinated) 

and infected animals, as well as to distinguish serologically positive infected bulls from those 

with maternal antibodies.  

 

References: 

1. OIE Terrestrial Manual (2018). 

2. Grom J., Hostnik P., Toplak I. & Barlic-Maganja D. (2006).Molecular detection of BHV-1 in 

artificially inoculated semen and in the semen of a latently infected bull treated with 

dexamethasone. Vet. J., 171, 539–544 
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MICROBIOLOGICAL EVALUATION OF SEMEN OF BREEDING 

COWS AND BUFFALOES 

Rajesh Chhabra, Mahavir Singh and Jinu Manoj
 

College Central Laboratory, COVS, LUVAS, Hisar 

 

Microorganisms if present in bull semen may be transmitted to cows and buffaloes during 

natural and artificial breeding possibly leading to diseases of genital disorders. These organisms 

may be pathogenic, non pathogenic and opportunistic. The bacterial contaminants of semen have 

been a major concern for most semen production laboratories as it adversely affects the semen 

quality. Artificial insemination is important procedure for increasing animal production and 

frozen semen is most commonly used for the same. Semen with antibiotics incorporated in it is 

frequently contaminated with bacteria that survive in liquid nitrogen and therefore acquire a 

certain level of resistance for antibiotics. This further accounts for the contamination of 

approximately 50 per cent of frozen semen samples. A variety of bacteria like Bacillus spp. 

Coliforms, Staphylococcus, Streptococcus, Actinomyces spp, Pseudomonas, moulds and yeast 

may be isolated from frozen semen samples which may got contaminate the semen during 

collection, processing and at the time storage of semen straws. Therefore microbiological 

evaluation of neat semen and frozen semen of cow and buffalo bull is essential. The Sanitary and 

Phyto Sanitary (SPS) Agreement of the World Trade Organization (WTO) requires the member 

states to base the regulation of the international movement and trade of animals and animal 

products on objective risk assessment 

MICROBIAL EXAMINATION OF NEAT SEMEN/SERUM SAMPLES: 

The bulls for sexually transmitted diseases should be examined at regular 

intervals at least two times in a year. Both serum and fresh semen collected from animals 

should be tested using OIE recommended methods of examination for the following 

organisms. 

1. Brucellosis 

a) Serological Testing  

i)  Rose Bengal Plate Agglutination Test 

  ii) ELISA 

b) Semen Examination 

i) Cultural screening for isolation of organism 

2. Campylobacteriosis 

 Serological methods in bulls are not recommended, hence, cultural examination of 

bulls for ascertaining absence or presence of Campylobacter organisms in semen and 

other specimens from penis like preputial washing etc should be conducted. 



34
th

 ICAR-CAFT course ―Issues in Export of Livestock and Livestock products: Implementing SPS Agreement” 

organized by Department of Veterinary Microbiology, LUVAS, Hisar during Feb. 7-27, 2020. 

Naresh K. Kakker, Jagveer Rawat and Parveen Kumar (Editors), Dept. of Vet. Microbiology, LUVAS Page 56 

 

3. Trichomoniasis 

Serological methods in bulls are not recommended, hence, cultural examination of 

bulls for ascertaining absence or presence of Trichomonas foetus in semen and other 

specimens from genitalia of male animals should be conducted. 

4. Tuberculosis 

The delayed type hypersensitivity assay using purified protein derivative of 

tuberculin antigen is the recommended method of diagnosing tuberculosis in animals 

including bulls. The same is used for establishing the absence or presence of the disease 

in bulls. 

5. Paratuberculosis (Johne’s disease) 

The delayed type hypersensitivity assay using Johnin antigen and absorbed-

ELISA are the recommended methods of diagnosing paratuberculosis in animals 

including bulls. 

6. Infectious Bovine Rhinotracheitis 

Bovine herpes virus (BHV) causes infectious bovine rhinotracheitis. BHV is excreted in 

semen and can be spread by artificial insemination, therefore the bulls entering artificial 

breeding centres are screened for freedom from infection. 

7. Blue tongue 

The excretion of bluetongue virus (BTV) in the semen of infected bulls should be 

examined to prevent BTV transmission by semen.  

MICROBIAL EXAMINATION OF FROZEN SEMEN: 

Semen is the secretion of the testes and accessory sex gland of male animal consists of 

two portions- Spermatozoa and seminal plasma in which spermatozoa are suspended. The use of 

frozen semen is one of the spectacular developments in modern day artificial insemination 

programs. The artificial inseminations program for cattle and buffalo, in particular has been 

greatly enhanced by development of frozen semen. Its advantages are many and because of the 

costs involved in maintaining fresh semen at all times.  

 As far as vitality of spermatozoa and fertility of inseminated cows and buffaloes is 

concerned; hygienic status of semen is important. It has been established that many organisms 

could be semen borne and survive processing and freezing. Even under careful hygienic 

conditions semen gets contaminated by the microorganisms present in atmosphere, artificial 

vagina, improperly sterilized semen extenders, liquid nitrogen and semen itself. 

 But main source of bacterial contamination of semen of healthy bulls is from prepuce; the 

contents of which are mixed with semen during ejaculation. Catheter may also act as a source for 

contamination of pathogenic and saprophytic organisms. 
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 Indian Standards Institute has established a standard of 500 non-pathogenic bacteria per 

dose (0.5 ml) of frozen semen, which should also be free from pathogenic bacteria. Similarly, for 

the accessories used in frozen semen production and insemination, the microbial quality needs 

regulatory measures to produce quality frozen semen. 

EVALUATION OF SEMEN: 

 After collection physical examination of semen is done. It includes examination of 

colour, consistency etc. Colour should be milky white to pale. Semen with abnormal 

colour is discarded. 

 Mass motility. 

 Individual motility and percent live sperm count is done. 

A. Dilution of Semen: 

 On evaluation of semen if we come to conclusion that semen is of good quality than dilution 

of semen is done using egg yolk citrate or Phosphate buffer. Dilution helps to:-  

 - Maintain pH of Semen 6.8 

 - Increases resistance of Semen against unfavorable conditions. 

 - Maintain viability and fertility of Spermatozoa.  

 -To minimize microbial load, antibiotics like Sulphonamides, Penicillin, and Streptomycin are 

added to dilutor. 

 - Then freezing is done using glycerol. Final dilution semen is ampulled and transfered to liquid 

Nitrogen at -196C. 

 

B. Study of Microbial Load in Frozen semen Samples:- 

 To find out the microbial load in frozen semen and to isolate bacteria present in semen 

the pour plate/streak plate method is recommended. The quarterly testing of random samples 

from each batch for bacterial load using standard plate count is followed for the quality 

checks for frozen semen. The standards for acceptable colony forming units (CFUs) in 

processed semen is 5000 per ml as per OIE norm. If the bacterial load exceeds the OIE limit, 

the semen doses are to be discarded. The frozen semen samples should not have uncountable 

CFUs as they may have pathogenic organisms. Therefore, semen showing crowded CFUs 

should be subjected to testing for pathogenic organisms by an outside laboratory also. 

Quality checking of semen straws, drawn randomly from the long storage containers once in 

three months, should be done as a part of quality assurance.  

 

  



34
th

 ICAR-CAFT course ―Issues in Export of Livestock and Livestock products: Implementing SPS Agreement” 

organized by Department of Veterinary Microbiology, LUVAS, Hisar during Feb. 7-27, 2020. 

Naresh K. Kakker, Jagveer Rawat and Parveen Kumar (Editors), Dept. of Vet. Microbiology, LUVAS Page 58 

 

MICROBIOLOGICAL TESTING OF DAIRY PRODUCTS 

Tejinder Pal Singh
1*

, Shalini Arora
2
 

1*
Department of Dairy Microbiology, 

2*
Department of Dairy Technology, College of Dairy 

Sciences and Technology, LUVAS, Hisar-125004 

India is the World‘s highest milk producer with an annual production of 187.7 million tons 

(2018-19). Thus, the availability of surplus amount of milk and increasing demands for milk and 

milk products have created opportunities for the entrepreneurs to flourish in the market. The 

entry of new players in dairy business and demand for new products and/or improvement of 

already available products have drawn a great concern towards safety. As several outbreaks have 

been reported to be associated with milk and milk products which could be a result of faulty 

hygiene practices during production and/or mishandling of the finished products at distribution 

or consumer level. 

Milk is a nutritionally rich commodity which is considered as a complete food in itself which 

makes it a suitable medium for the development of both spoilage and pathogenic 

microorganisms. Earlier, the food safety (i.e., the exclusion or elimination of pathogens from 

food) and food security (i.e., controlling growth of spoilage causing organisms) were viewed as 

distinct issues which now have been interpreted as inseparable, intervened and indistinguishable 

concepts. Both food safety and food security need to be focused to ensure consumers safety as 

well as sustainability in the market. Earlier, ensuring the food quality was a responsibility of 

food inspector. The scenario has turned in a way that now providing quality food is a 

responsibility of the producers. Also, achieving quality is never an accident rather it‘s always a 

result of great intentions, sincere and determined efforts, intellectual approach and expert 

execution. 

Earlier, different Acts and standards were regulating the food safety and consumers health 

protection which now has been replaced with ‘One law-One regulator’ approach. Considering 

this approach, Food Safety and Standards Act (FSSA, 2006) was introduced that overrides all 

earlier food laws. This integrated law ensures the availability of safe and wholesome food to the 

consumer creates an enabling-environment for value addition to primary agricultural produce 

and encourages innovation and creativity for rapid development of food processing industries in 

an integrated manner thus ensuring a high degree of objectivity and transparency. The law 

intends to ensure better consumer safety through the introduction of food safety management 

systems based on science and transparency. 

Microbiological analysis of milk and milk products provides valuable information regarding: 

 Market milk control and grading, 

 Improvement of practices of production (at farm), handling and processing, 

 Screening of milk supplies for their suitability for processing or preparation of milk 

products, 
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 Public health aspect. 

This chapter will enlighten about the sampling plans and guidelines; types of microorganisms 

present in milk and milk products and their significance; grading of dairy products on the basis 

of their microbiological quality; evaluation of the hygienic conditions maintained during the 

production, handling and processing of milk; and the various microbiological methods 

commonly used for testing of dairy products. Also, the consideration will be given to FSSAI 

standards (microbiological) for Dairy products followed in the country. 

Sampling Plans and Guidelines:  

For Regulator: The sampling for different microbiological standards (both process hygiene and 

food safety criteria) with respect to milk and milk products shall be ensured aseptically at 

manufacturing units and/or at retail points, as applicable, by a trained person with specialized 

knowledge in the field of microbiology following guidelines in the Food Safety and Standards 

(Food Products and Food Additives) Regulations, 2011 and ISO:707. The samples shall be 

stored and transported at a temperature below 5°C (but not frozen), except the products that are 

recommended to be stored at room temperature by the manufacturer, to enable initiation of 

analysis within 24 hours of sampling. Preservatives shall not be added to sample units intended 

for microbiological examination. The desired number of sample units as per sampling plan 

specified for the product shall be taken from same batch/lot and shall be submitted to the notified 

laboratory. The testing in laboratory shall be ensured as per reference test methods for regulatory 

compliance. The final decision shall be drawn based on results with no provision for retesting for 

microbiological parameters.  

For FBO: Food Business Operator (FBO) shall perform testing as appropriate as per the 

microbiological standards (both process hygiene and food safety criteria) with respect to milk 

and milk products to ensure validation and verification of compliance with the microbiological 

requirements. FBO shall decide themselves the necessary sampling and testing frequencies to 

ensure compliance with the specified microbiological requirements. FBO may use analytical 

methods other than those described in reference test methods given below for in-house testing 

only. However, these methods shall not be applicable for regulatory compliance purpose.  

Sampling Plan: The terms n, c, m and M used in this standard have the following meaning:  

n = Number of units comprising a sample.  

c = Maximum allowable number of units having microbiological counts above m for 2- class 

sampling plan and between m and M for 3- class sampling plan..  

m = Microbiological limit that separates unsatisfactory from satisfactory in a 2- class sampling 

plan or acceptable from satisfactory in a 3-class sampling plan.  

M = Microbiological limit that separates unsatisfactory from satisfactory in a 3-class sampling 

plan.  
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Interpretation of Results:  

2-Class Sampling Plan (where n, c and m 

are specified)  

3-Class Sampling Plan (where n, c, m and M 

are specified)  

1. Satisfactory, if all the values observed are ≤ 

m  

2. Unsatisfactory, if one or more of the values 

observed are >m or more than c values are > m  

 

1. Satisfactory, if all the values observed are ≤ 

m  

2. Acceptable, if a maximum of c values are 

between m and M and the rest of the values are 

observed as ≤ m  

3. Unsatisfactory, if one or more of the values 

observed are >M or more than c values are > m  

Microbiological Tests for Milk and Milk Products and Significance 

i) Direct Microscopic Count (DMC) 

This method consists of examining under a compound microscope stained films of a measured 

volume of milk or milk products spread and dried on glass slides over a specified area. The 

major advantages are:  

 The rapid estimation of the total bacterial population of a sample of milk/ milk products. 

 Recognition of distinctive shapes and arrangements of bacteria and somatic cells in films 

as facilitated by staining, 

 Revelation of useful information regarding the tracing of possible sources of 

contamination. 

ii) Standard Plate Count Method (SPC) 

This method employs universal standardization of equipment, materials and incubation methods. 

It aims at determining the population of viable bacteria in the sample of milk/ milk products. A 

small quantity of the sample is mixed with the appropriate nutrient agar medium and poured into 

a Petri dish. The agar is allowed to set and plates are incubated at specific temperature for a 

definite period of time. The bacterial colonies grown on the agar surface during incubation are 

counted presuming each colony to have grown from one bacterium or bacterial clump present in 

the inoculum. The standard plate count is estimated by multiplying number of colonies with 

dilution factor. This method is specifically suitable for following purposes: 

 Estimation of number of bacteria in pasteurized milk or milk products, 

 In-line testing of products at various stage of processing, 

 Detection of the sources of contamination. 

Cultured dairy products or dairy products, to which a bacterial culture has been added, however 

are not tested ordinarily by this method. 

The ratio of the standard plate count to direct microscopic count has been reported to be 1:4. 

iii) Count of Thermoduric , Thermophilic and Psychrotrophic bacteria 

a) Thermoduric count – In the dairy industry those bacteria that survive pasteurization but do 

not grow at this temperature are considered as thermoduric bacteria. The major sources of 
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contamination are poorly cleaned and sanitized utensils and equipment on farms and in 

processing plants. Their undesirable growth in milk and milk products results in spoilage of dairy 

products such as acids/rennet coagulation, peptonization and off flavour. The thermoduric count 

in dairy industry is used as 

 A test of sanitization of dairy utensils,  

 A means of detecting sources of organisms responsible for high counts in pasteurized 

products. 

This test is carried out by determining the bacterial count in raw milk subjected to laboratory 

pasteurization (heating of milk at 63.5
o
C for 30 min in a water bath) with the standard plate 

count technique. 

b) Thermophilic count – The term thermophilic bacteria in dairy industry applies particularly to 

those bacteria which grow in milk held at elevated temperature (55
o
C or higher) including 

pasteurization. These organisms enter milk from various sources on the farm or from poorly 

cleaned equipment in the processing plant. When milk is held at high temperatures for longer 

duration, these bacteria rapidly multiply in number and may cause flavor defects or problems 

with respect to bacterial standards. Thermophilic count is obtained by the SPC method with 

incubation temperature of 55
o
C. 

c) Psychrotrophic count - In the dairy industry, the term psychrotrophic indicates organisms 

capable of appreciable growth in milk and milk products at commercial refrigeration temperature 

irrespective of their optimum growth temperature. The number of psychrotrophic bacteria in raw 

milk depends on sanitary conditions prevailing during production and on time and temperature of 

milk storage before processing. These bacteria are known to produce heat stable proteases and 

lipases which may resist even high heat treatments used in UHT processing. These bacteria are 

generally non-pathogenic, but in dairy products they may be held responsible for:  

 Production of off-flavours, 

 Loss of flavour in cultured milk products, 

 Discoloration of milk products, 

 Decrease in the yield of cheese, 

 Problem in meeting bacterial standards. 

The SPC method with low temperature incubation (7
o
C) is used to enumerate psychrotrophic 

organisms. 

iv) Coliform Test 

The coliform group of bacteria comprises all aerobic and facultative anaerobic, gram-negative, 

non-spore forming rods able to ferment lactose with production of acid and gas at 37
o
C within 48 

h. One source of these organisms is the intestinal tract of human and animals. Their presence in 

milk and milk products is indicative of possible faecal contamination although some species (e.g. 

Enterobacter aerogens) may be derived from feeding materials and soil. As these organisms are 

heat labile, their presence in pasteurized milk is considered to indicate post-pasteurization 

contamination. For testing presence of coliforms in milk and milk product, a small quantity of 
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the product (1.0, 0.1 or 0.01 ml) is added to liquid or solid media containing lactose and bile salt 

with a suitable indicator. Production of acid and gas in liquid media and appearance of typical 

coliform colonies on the plates is taken as evidence of coliform contamination. A few other 

bacteria, such as those belonging to the genus Clostridium and Bacillus and certain yeasts also 

produce acid and gas under these conditions giving rise to false positive result. Hence, the test 

commonly employed to detect the presence of coliform bacteria in milk is called presumptive 

coliform test and in the event of doubt the confirmed test is conducted to ascertain presence of 

coliforms in dairy products. 

v) Yeast and Mould count 

Yeasts and moulds are special class of microorganisms belonging to group fungi. Yeasts are 

single cell organisms larger than bacteria. They reproduce by budding and also by formation of 

spores. They are commonly found in soil, fruits, and dairy products e.g. butter & cheese. Yeasts 

are used as starter organisms in manufacture of fermented milk products e.g. Kefir and Koumiss. 

Moulds occur in filamentous forms and are larger than bacteria. Moulds are often present in air 

and cause contaminations and subsequent spoilage of dairy products e.g. cream, butter, cultured 

milk products, indigenous milk products, and condensed milk. Their presence in dairy products 

indicates improper pasteurization and poor sanitary conditions. Moulds are also known to 

produce mycotoxins e.g. aflatoxins. Some of the moulds are used for ripening of certain varieties 

of cheese. 

The following table enlists the latest version of the ISO test methods applied as reference 

methods for evaluation of hygiene and safety of various milk and milk products. 

Sr. 

no.  

Parameter  Reference Test Methods  

1.  Aerobic Plate 

Count  

Microbiology of the food chain -- Horizontal method for the 

enumeration of microorganisms -- Part 1: Colony count at 30 degrees 

C by the pour plate technique- IS 5402/ ISO:4833  

2.  Coliforms  Microbiology of food and animal feeding stuffs -- Horizontal method 

for the Detection and Enumeration of Coliforms – Part-1 Colony-

Count Technique- IS: 5401 Part 1  

Microbiology of food and animal feeding stuffs -- Horizontal method 

for the enumeration of Coliforms - Colony-count technique- ISO 4832  

3.  Enterobacteriacea

e  

Microbiology of food and animal feeding stuffs -- Horizontal methods 

for the detection and enumeration of Enterobacteriaceae -- Part 1: 

Detection and enumeration by MPN technique with pre-enrichment- 

ISO 21528 Part 1  

Microbiology of food and animal feeding stuffs -- Horizontal methods 

for the detection and enumeration of Enterobacteriaceae -- Part 2: 

Colony-count method- ISO 21528 Part 2  
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4.  Staphylococcus 

aureus  

Methods for detection of bacteria responsible for food poisoning :Part 

2 Isolation, identification and enumeration of Staphylococcus aureus 

and Faecal streptococci- IS 5887 : Part 2  

Methods for Detection of Bacteria Responsible For Food Poisoning 

Part 8 Horizontal Method For Enumeration Of Coagulase-Positive 

Staphylococci/ (Staphylococcus aureus and other species) Section 1 

Technique using baird-parker agar medium- IS 5887 (Part 8/Sec 1: 

/ ISO 6888-1: 1999  

Methods For Detection Of Bacteria Responsible For Food Poisoning 

Part 8 Horizontal Method For Enumeration Of Coagulase-Positive 

Staphylococci/ (Staphylococcus aureus And Other Species) Section 2 

Technique using rabbit plasma fibrinogen agar medium- IS 5887 

(Part 8/Sec 2) / ISO 6888-2: 1999  

Microbiology of food and animal feeding stuffs -- Horizontal method 

for the enumeration of coagulase-positive staphylococci 

(Staphylococcus aureus and other species) -- Part 1: Technique using 

Baird-Parker agar medium  

5.  Enterobacter 

sakazakii  

Milk and milk products -- Detection of Enterobacter sakazakii- 

ISO/TS 22964  

6.  Yeast and Mould 

Count  

Method for Yeast and Mould Count of Food Stuffs and Animal feed- 

IS 5403  

Milk and milk products -- Enumeration of colony-forming units of 

Yeasts and/or Moulds -- Colony-count technique at 25 degrees C- ISO 

6611  

7.  Escherichia coli  Methods for Detection of Bacteria Responsible for Food Poisoning - 

Part I : Isolation, Identification and Enumeration of Escherichia coli- 

IS 5887 : Part 1  

Microbiology of food and animal feeding stuffs -- Horizontal method 

for the enumeration of beta-glucuronidase-positive Escherichia coli -- 

Part 2: Colony-count technique at 44 degrees C using 5-bromo-4-

chloro-3-indolyl beta-D-glucuronide- ISO: 16649-2  

8.  Salmonella  Methods for Detection of Bacteria Responsible for Food Poisoning - 

Part 3 : General Guidance on Methods for the Detection of 

Salmonella- IS 5887 : Part 3  

Microbiology of food and animal feeding stuffs -- Horizontal method 

for the detection of Salmonella spp.- ISO 6579  
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9.  Listeria 

monocytogenes  

Microbiology of the food chain -- Horizontal method for the detection 

and enumeration of Listeria monocytogenes and other Listeria spp. -- 

Part 1: Detection method- ISO: 11290-1  

Microbiology of food and animal feeding stuffs -- Horizontal method 

for the detection and enumeration of Listeria monocytogenes -- Part 2: 

Enumeration Method- ISO: 11290-2  

Microbiology of Food and Feeding Stuffs - Horizontal method for 

Detection and Enumeration of Listeria Monocytogenes : Part 1 

Detection Method- IS 14988 : Part 1  

Microbiology of Food and Animal Feeding Stuffs - Horizontal 

Method for the Detection and Enumeration of Listeria monocytogenes 

- Part 2 : Enumeration Method- IS 14988 : Part 2  

10.  Bacillus cereus  Microbiology of food and animal feeding stuffs -- Horizontal method 

for the enumeration of presumptive Bacillus cereus -- Colony-count 

technique at 30 degrees C- IS 5887 (Part 6) /ISO:7932  

11.  Sulfite-reducing 

bacteria  

Microbiology of food and animal feeding stuffs -- Horizontal method 

for the enumeration of sulfite-reducing bacteria growing under 

anaerobic conditions- ISO 15213  

12.  Milk and milk products - Guidance on sampling- ISO:707  

13.  Indian Standard Specification for sterilized milk- IS: 4238  

14.  Specification for sterilized cream- IS: 4884  

15.  Specification for condensed milk, partly skimmed and skimmed condensed milk - IS 

:1166.‖.]  

Precautions 

 During DMC method, avoid the rapid heating of smear for the purpose of drying before 

staining, rapid heating at this stage may cause the film to crack and peel out during latter 

treatments. 

 If number of clumps per microscopic field exceeds 30, dilute the milk suitably before 

determining microscopic count. 

 Before opening a sample container, remove from the closure all obvious materials which 

may contaminate the sample. 

 The interval between making of sample and removing the test aliquot should not exceed 3 

minutes. 

 Do not prepare or dispense dilutions or pour plates in direct sunlight. 

 While dispensing dilutions do not blow out into a petridish. 

 Avoid prolonged exposure to unnecessarily high temperatures during and after melting of 

agar medium. 

 Select the number of samples to be plated in any one series so that not more than 20 

minutes elapse between diluting the first sample and pouring the last plate in the series. 
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 While streaking the inoculum from positive presumptive coliform tubes/ on agar surface, 

take care not to pierce or stab the agar medium. 

 While preparing plates for different plate count methods, identify each plate with sample 

number, dilution and other desired information. 

Interpretation of Results: 

Interpretation of results to access the quality of particular milk products should be done on the 

basis of the standards/guidelines prescribed by the Bureau of Indian standards/Food Safety and 

Standards Authority of India (FSSAI). The microbiological standards (hygiene and safety 

criteria) for milk and milk products (including the sampling plan) can be seen on the link given: 

https://www.fssai.gov.in/upload/uploadfiles/files/Compendium_Food_Additives_Regulations_29

_03_2019.pdf  

Stage where the Microbiological Standards shall apply:  

The Microbiological Standards (Process Hygiene Criteria) indicate the acceptable functioning of 

the production process. These are not to be used as requirements for releasing the products in the 

market. These are indicative contamination values above which corrective actions are required in 

order to maintain the hygiene of the process in compliance with food law. These shall be 

applicable at the end of the manufacturing process.  

Action in case of unsatisfactory result:  

In case of non-compliance in respect of process hygiene criteria, the FBO shall:  

 check and improve process hygiene by implementation of guidelines in Schedule 4 (Part 

III) of FSS (Licensing and Registration of Food Businesses) Regulations; and,  

 Ensure that all food safety criteria are complied with before releasing the product 

batch/lot in the market.  

The Microbiological Standards (Food Safety Criteria) define the acceptability of a batch/lot and 

shall be met in respect of the product for releasing it in the market. These shall be applicable to 

the products at the end of the manufacturing process and the products in the market during their 

shelf- life.  

 

  

https://www.fssai.gov.in/upload/uploadfiles/files/Compendium_Food_Additives_Regulations_29_03_2019.pdf
https://www.fssai.gov.in/upload/uploadfiles/files/Compendium_Food_Additives_Regulations_29_03_2019.pdf
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DIAGNOSIS OF TRYPANOSOMIASIS BY LATEX AGGLUTINATION TEST 

Akhil K. Gupta, Ajit Singh and Jaideep Kumar 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

LUVAS, Hisar-125004, Haryana 

Principle & methodology 

Agglutination is a visible reaction between an antibody and a particulate antigen. 

Antibody molecule is bi-, tetra- or deca-valent depending on the Ig class, and the 

particulate antigen such as bacteria, protozoa, erythrocytes, etc. is multivalent carrying 

repeating epitopes on it. The interact between these two types of molecules causes 

lattice formation or cross-linking of the particulate antigens, resulting in large sized 

aggregates settling out of the solution. These agglutination reaction-based secondary 

binding serological tests are more sensitive than precipitation reaction-based tests, but 

generally less sensitive than ELISA and other primary binding immunoassays. 

Agglutination reaction is more rapid (within minutes to few hours) to appear than the 

precipitation reaction between antibody and soluble antigen (in several 

hours).Therefore, in order to exploit good features (sensitivity and fastness) of 

agglutination reaction, a soluble antigen can be converted into a particulate one by 

coating it onto an chemically inert large-sized particles such as latex (polystyrene) 

beads. 

In this practical, mAb coated latex beads reagent will be used for demonstrating 

presence of circulating antigen in serum samples from ‗surra‘ suspected animals.    

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. 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 (ant i- 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.    
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Reagents, materials & equipment:  

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  

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 o r 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). 

 

Fig. : TE-LAT Positive and Negative results 

References:  

1. Rayulu, V.C. et al. (2007). Italian J. Anim. Sci.6 (Suppl. 2): 907-910. 

2. Reemaet al. (2012). Indian J. Anim. Sci. 82 (8): 812-817. 
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DIAGNOSIS OF BLUETONGUE VIRUS USING REAL TIME RT-PCR 
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The real-time RT-PCR is eco-friendly and less health hazardous as well as economical as it 

avoids theuse of agarose gel electrophoresis (having harmful ethidium bromide), so decreasing 

the risks of environmental contamination. The assay is suitable for large scale sample testing and 

detection of BTV from various biological samples such as blood, semen etc. aswell as adapted in 

various cell lines such as BHK-21. 

Materials required- 

Quantitative PCR instrument, Laminar flow hood for PCR set up, cDNA, probes and primers, 

standard master mix, real time PCR tubes, PCR grade water 

Protocol - 

1. From cell culture adapted viral samples, total genomic RNA was extracted using 

Trizol method. 

2. Extracted RNA was then used for Reverse transcription carried out in a 20 µl 

reaction mixture using following protocol.  

 Viral dsRNA     3.0 µl (Approx. 1.2 µg / µl) 

 DMSO      1.5 µl 

 Random primers     0.5 µl (30 pmol) 

 Nuclease free water (NFW)      5.0 µl (Amresco) 

 Total volume     10 µl 

 

The mixture was heated at 99ºC for 5 min in thermalcycler (Bioradi -cycler and 

Eppendorf Master Cycler Gradient
tm

, Germany), snap chilled on ice and then the 

following reagents were added: 

 Mo-MuLV-RT     1.0 µl (200 units / µl) 

 5X RT buffer     5.0 µl 

 100 mM dNTPs     0.5 µl 

 NFW       3.5 µl 

 Total volume     10 µl 

 After allowing the primers to anneal at 25ºC for 10 min, reverse 

transcription was carried out at 37ºC for 60 min in thermal cycler. The reverse 

transcriptase was heat inactivated at 70ºC for 10 min. The cDNA was quantitated 

by measurement of optical density at a wavelength of 260nm and was used for 

Real-Time RT-PCR. 
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3. cDNA of BTV isolates were used as templates for RealTime PCR gene specific 

primers and probe (Table 1). 

 

Table 1:  Serogroup specific primers used to target non-structural1 (ns1) 

gene of bluetongue virus 

Sr. 

No. 

Primer name 

and position 

(nucleotide) 

Sequence (5’-3’) 

1 ns1/P1(19-39) GTT GGC AAC CAC CAA ACA TGG 

ns1/P1 (384-361) TCC CAC TTT TGC GCT AAT CCT 

CAA 

2 ns1/F(606-631) GTT GAG AGA CAA ATT AAC ACA 

TGT CC 

ns1/R (705-728) AAT GCT TCG CAA AAT CAT CCA T 

ns1 TaqMan Probe 

NC_006025 (676-

692) 

6 FAM- CAC CAT CTT GAA CGG 

CGA- TAMRA 

 

 The following reaction mixture was prepared and used for real time PCR: 

Universal Master Mix kit   13.0µl 

Farward primer   0.1µl (8pM) 

Reverse primer   0.1µl (8pM) 

TaqMan probe    0.1µl (8pM) 

Nuclease Free Water  9.7µl 

cDNA     2.0µl 

Final volume     25.0µl 

 The above reaction mixture was transferred to the 96 well optical plate and 

covered it with optical cover. The reaction was carried out in ABI 7500 Std. version 

(1.4) using the following thermal condition for 40 cycles given below- 
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Cyclic conditions for Real-Time RT-PCR 

 

4. Non template control used in the reaction plate showed Ct value above 40, which 

is considered as undetected by the Real-Time RT-PCR assay. The cDNA which 

showed Ct value below 40 were considered as positive as shown in Fig below - 

 

 
Figure: Real-Time RT-PCR threshold curves and limit of detection of BTV isolate 
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ANTIMICROBIAL RESISTANCE AND ITS IMPACT ON INTERNATIONAL TRADE 

OF LIVESTOCK AND LIVESTOCK PRODUCTS 
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Antimicrobial Drugs are used to treat microbial 

infections. They can be grouped according to the type of 

microorganisms they primarily act against. E.g., antibiotics, 

antifungals, antiprotozoal, and antiviral drugs.  

AMR in microbes is defined as their unresponsiveness to 

standard doses of clinically relevant antimicrobial drugs. Broadly, 

it is the property of microbes that overpower the antagonistic 

effects of antibiotics, to which they were earlier sensitive, 

resulting in their survival despite exposure to standard doses of 

antimicrobial. 

 

Mechanisms for development of antimicrobial resistance are at large debatable. The gut 

bacteria inside 1000-year-old mummies have been are found to be resistant to most of today‘s 

antibiotics, even though these drugs were discovered within the last 100 years. As all these 

antibiotics are naturally produced, it is expected to find antibiotic genes in microbes to combat 

the antimicrobial for their survival. Even these genes existed before humans started deliberate 

use of antimicrobials, it is undoubtedly the overuse of these drugs in both livestock and humans 

which resulted to the ―SUPERBUG‖ and AMR became havoc all over the world.  

 

There are conflicting studies on relationship of emergence of AMR in bacteria of 

livestock origin and in those colonizing and causing infections in humans. E.g., Lazarus et al., 

2015 have shown that some of human extra-intestinal expanded- spectrum cephalosporin-

resistant Escherichia coli originate from food- producing animals, with poultry as a probable 

source. Whereas, other recent studies suggest that most of the emergence of AMR in bacteria in 

humans originates from AMU in humans, while the majority of AMR bacteria in livestock 

originate from AMU in livestock. In addition, there is evidence of occurrence of AMR in food-

stuffs of vegetables. Keeping aside these conflicts, in most cases, a positive correlation has been 

found between volume of antimicrobial consumption and status of AMR in the bacterial 

populations in both man and livestock. The following section discusses various drivers for AMR 

in animal production.  

 

By 2050, drug-resistant 

infections could cause 

global economic damage 

on par with 2008 financial 

crisis. 

(World Bank press release;  
September 20, 2016) 

https://www.omicsonline.org/antimicrobial-agents.php
https://www.newscientist.com/article/dn23259-antibiotic-resistance-an-apocalyptic-threat/
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1. Use of antimicrobials for prophylaxis: as ―security‖ in addition to other management 

measures to reduce risk of animal disease: Resistance to sulphonamides, tetracycline and 

penicillins has been more commonly observed among chicken and swine bacterial 

isolates than from cattle. The obvious reason is more antimicrobial usage to control 

subclinical infections in poultry and swine because of intensive rearing system. 

 

2. Antimicrobials as growth promoters: The use of antimicrobials as feed additives to 

promote growth in intensively raised animals has been found to be important mean by 

which gut microbiota of treated animals transfer and promote resistance within the animal 

and the environmental microbes.  

 

3. Therapeutic use of antimicrobials: use of antimicrobials for treating individual/ group 

of animals, often without undertaking antimicrobial susceptibility testing, under-dosing 

and for incorrect duration. 

 

4. Metaphylaxis: treatment of all animals within a group in which some individuals show 

signs of infection, common in poultry leading to unnecessary administration of 

antimicrobial in healthy animals, whereas, the infected animals may receive lesser than 

required dose. 

 

5. Use of biocide: defined as chemical substance or microorganisms intended to destroy, 

deter, render harmless, or exert a controlling effect on any harmful organism by chemical 

or biological means. They are commonly used in human health-care systems besides 

agricultural settings. They may lead to emergence of AMR through cross-resistance, co-

resistance and clonal drift mechanisms, and by activating a stress response in bacteria 

leading to repair and integration of their DNA, which may include resistance genes. 

Biocide use in the animal sector can be divided into two major categories: a) disinfectants 

and antiseptics and b) animal feed preservatives.  

 

a. Disinfectants and antiseptics: e.g., Class 1 intergrons, mostly found as part of the 

Tn21 or Tn402 transposon family, identified as primary source of AMR gene and 

serve as reservoirs and exchanging platforms of resistance genes in Gram-ve bacteria. 

They contain a 5′ conserved segment (5′CS) and a 3′ conserved segment (3′CS); 3′CS 

includes qacEΔ1 which confers resistance to quaternary ammonium compounds.  

b. Animal feed preservatives and additives: Preservatives such as citric acid or 

sodium benzoate added to animal feed protect it against decay caused by 

microorganisms. Such organic acids may induce a selection pressure on gut bacteria 

of food-producing animals. Other additives like Sepiolite, used in animal feed 

improves absorption of nutrients by slowing down the passage of food through GIT. 

It promotes the horizontal transfer of resistance genes between bacteria, which is 
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further enhanced by concomitant presence of AGPs, inspite of the it neither being an 

antimicrobial, nor having any antimicrobial activity.  

c. Heavy elements: Heavy metals derived from mining and industrial activities and also 

from agriculture and health care (e.g. mercury in dental amalgams) may be present in 

soil. AGPs used in livestock production can also contain heavy metals (e.g. copper, 

zinc), or medication (e.g. arsenic in coccidiostatics). They have been associated with 

reduction of susceptibility of bacterial populations in soil and commensal bacteria to 

antimicrobials and emergence and spread of AMR in environmental bacteria.  

 

6. Other factors: Co-expression of stress and resistance genes under stressful conditions 

(like extreme temperatures and variations in osmotic pressure and pH), even in the 

absence of AMU has also been suggested. Lack of biodiversity in ecosystems; conditions 

apparently unrelated to antimicrobials like air pollution; may also encourage resistance of 

bacteria to antimicrobials.  

 

ANTIMICROBIAL USAGE IN LIVESTOCK:   

Global consumption of antimicrobials as estimated by Van Boeckel et al. (2015) in food 

animal production in 2010 is 63,151 (±1,560) tons and is projected to rise by 67%, to 105,596 

(±3,605) tons, by 2030. In 2010, India with 3% share is one of the five countries with largest 

consumption of antimicrobials in food animal production with China leading at 23%, followed 

by the United States (13%) and Brazil (9%). About 66% increase in antimicrobial consumption 

in 2030 is projected to be due to increase in number of animals raised for food production, while 

other 34% (40% in Asia) is attributable to a shift in farming practices i.e., intensive farming. 

Antimicrobial consumption for animals in the BRICS countries (includes India) is expected to 

grow by 99% by 2030. 

 

Antimicrobials consumption in different type of livestock: The global antimicrobial 

consumption in pigs is highest followed by chickens and cattle. It is also suggested that in 

intensive chicken production, there is a wide range of intensity of antimicrobial use across 

countries. 

 

Geographical trends in antimicrobial consumption: according to the study by Van Boeckel et 

al. (2015), in South and Southeast Asia, antimicrobial consumption is highest in the southeast 

coast of China, Guangdong and Sichuan provinces, the Red River delta in Vietnam, the northern 

suburbs of Bangkok, and the south coast and the cities of Mumbai and Delhi of India. While, In 

the Americas, highest consumption was observed in the south of Brazil, the suburbs of Mexico 

City, and midwestern and southern United States, the Nile delta and the city of Johannesburg and 

its surrounding townships were the only notable regions of high antimicrobial consumption in 

Africa. In Asia, by 2030, antimicrobial consumption in chicken and pigs is expected to grow by 
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129% and 124%, respectively with 143% (312% for India) increase in the total acreage of areas 

where antimicrobial consumption is consumed more than 30 kg·km
2
 for chicken. Expansion of 

poultry sector in India is primarily responsible for the extreme growth in consumption of 

antimicrobials. 

 

INTERNATIONAL TRADE IN LIVESTOCK AND LIVESTOCK PRODUCTS: 

 

International trade accounts for a good part of a country‘s gross domestic product. Due to 

increased growth of per capita income, population, and urbanization, leading to increased 

consumption of meat and dairy products in developing countries, world trade in livestock 

products is expanding rapidly. 80 percent of world animal product exports is controlled by 

industrialized countries; the remaining 20 percent being shared by developing countries. 

 

Trade in live animals: The most significant exporters among developing countries are Brazil 

(beef, poultry and pork), China (pork), Argentina (beef), and Thailand (poultry). Livestock 

exports are low in India due to export limiting transboundary animal diseases and under 

developed export infrastructure. 

 

India’s status in livestock trade: India‘s performance in livestock exports and imports has been 

highly encouraging with increase in export and sharp decline in imports during WTO post-

reform period. However, India‘s contribution in world trade of livestock products is 

insignificant, and therefore, it is not able to influence prices and supplies of livestock and 

livestock products. But, due to advantage of being one of the largest producers of many of the 

livestock products, along with trade liberalization policies, India has the prospects of enhancing 

its share in the global market. But, rising domestic consumption may prevent India enhance its 

exports of livestock products; bovine meat (most dominant component of the livestock products 

exported from India) could be an exception.  

The total imports of livestock products over the period 1980-2007 fell drastically from 

US$ 140 million in 1982 to US$ 13 million in 1994 amounting to US$ 22 million in 2007. 

ROLE OF WTO: 

The World Trade Organization is the international organization dealing with framing 

rules of trade between its member nations. Primary function of WTO is to ensure that trade is 

carried out smoothly, predictably and freely as much as possible. Article 20 of the WTO on 

General Agreement on Tariffs and Trade (GATT) allows governments to act on trade in order to 

protect human, animal or plant life or health, provided they do not discriminate or use this as 

‗disguised protectionism‘ i.e., impose unnecessary restrictions in the name of these provisions to 

avoid competition in their own country. There are two specific WTO agreements dealing with i) 

food safety and ‗animal and plant health and safety‘, and ii) product standards in general.  
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Decisions are less likely to be challenged legally in the WTO, if a country applies international 

standards rather than setting its own standards.  

Sanitary and Phyto-Sanitary measures (SPS) include all relevant laws, decrees, 

regulations and requirements related to food safety. SPS measures aims to prevent and entry, 

establishment or spread of pests or disease causing organisms so as to protect human, animal and 

plant life or health from risks arising from their entry; to protect human health and animal health 

from risks arising from additives, contaminants, toxins that may be in ‗foods and beverages‘ and 

‗feedstuffs‘, respectively. 

Each member WTO is required to develop SPS measures in line with international 

standards, guidelines and recommendations developed by i) OIE for animal health standards, ii) 

CODEX Alimentarius Commission for food safety standards and iii) International Plant 

Protection Convention (IPPC) for plant health standards. 

The issues being raised in the WTO Committee on SPS measures include maximum 

levels for certain aflatoxins, maximum residue limits (MRLs) in animal products for imports into 

the European countries, and geographical bovine spongiform encephalopathy (BSE) risk 

assessment requirements maintained by the European countries, import requirements on meat 

and eggs maintained by Switzerland, etc.  

Food safety issues are assuming major concern in the export of food commodities from 

India, particularly to the developed countries. Progressively stricter food safety requirements, 

especially in major markets such as the EU, US and Japan are emerging as major challenges in 

the export of food commodities. To give a boost to livestock exports, compliance with various 

sanitary and phytosanitary measures should be taken up vigorously to ensure international 

hygiene standards and to harness the untapped potential of exporting to these developed 

countries. The emphasis on FSM is expected to increase further as a result of growing awareness 

about food safety, emerging diseases and increasing paying capacity of the consumers in both 

domestic and international markets. Food safety concerns may be explained by the fact that the 

food products refusal during April 2006-March-2007 accounted for 54 per cent and 97 per cent, 

of the total imports refusal by the US and Japan, respectively. Major reasons for refusal were 

unsafe additives and microbiological contamination. 

 

INFLUENCE OF AMR ON TRADE: 

 

 

 

 

 

 

 

A World Bank press release on September 

20, 2016 warns that by 2050, drug-

resistant infections could cause global 

economic damage on par with 2008 

financial crisis. 

A study in USA during 2012-2016, consumer demand for meat raised without 

antibiotics (RWA) has grown by 25 percent over three years, despite an overall 

decrease in U.S. per capita meat consumption. Also, 72 per cent of consumers are 

very concerned or extremely concerned about the widespread use of antibiotics in 

food products, listing the fear of rising antibiotic resistance. 

European Union has banned non-therapeutic use of antibiotic 

use in animals empowering European commission to reserve 

specific antimicrobials for treating humans only, and ensure 

that imported food meets EU standards. 

An analysis by the Southern Shrimp Alliance, US showed that 

in just five months, the number of antibiotic-related shrimp 

refusals from India had exceeded the total number of refusals 

from the country in 2015 by 14 per cent. 
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The above mentioned news items are some of the indicators of moving things related to 

trade in livestock and livestock products in response to AMR. 

Trade in livestock and livestock products is vulnerable to AMR impact not only because 

untreatable disease affects productivity, but also because a ―fear factor‖ typically provokes trade 

disruptions (such as bans on imports) in response to disease outbreaks. While, during peacetime, 

the threats due to microbial infections are underestimated and ignored mostly, during disease 

outbreaks, various governments, politicians, industry, and general citizens exhibit strong, 

spontaneous behavior and these behaviors generally overestimate the risks. These reactions 

eventually lead to sharp reduction and/ or disrupt economic activity between nations. 

Predominantly based on fear, such responses are especially likely to accompany outbreaks of 

drug-resistant diseases, because there will be no cure available.  

By 2050, International trade may be heavily affected due to AMR spread. In the low-

AMR scenario, the volume of global real exports may fall below base-case values by 1.1 percent, 

whereas, in the high-AMR scenario, it can be as high as 3.8 percent; India being lower middle-

income country will have to bear a loss of 4.4 percentage of GDP by 2050. AMR indirectly 

affects other trades as well, like tourism, especially medical tourism as was observed after 

publication related to NDM-1 in Lancet journal in 2008 which blamed medical tourism in India. 

IMPACT OF AMR ON LIVESTOCK AND LIVESTOCK PRODUCTS:  

Livestock and livestock products are significantly vulnerable to AMR impacts, both in 

terms of output and its trade. By 2050, in the high AMR-impact scenario, livestock production 

would decline the most in low-income countries, with a possible 11 percent loss. In livestock 

production, the impact will also be increased morbidity and mortality; together these lead to 

lower productivity, lower supply of livestock products (both domestically and for exports), and 

increased prices for major sources of protein, including meat, fish, eggs, and milk. 

Livestock production is a small part of the global economy (about 2 percent of world 

GDP), so its reduced productivity has a minor influence on the overall simulation results. The 

sector is relatively more important in the economies and exports of low- and lower middle-

income countries than in wealthier countries, however. In addition, the sector plays a substantial 

development role and makes a major contribution to nutrition, especially for children and women 

of reproductive age. AMR will worsen animal health, as well as undermine the welfare of the 

animals‘ owners and others in the sector, both by increasing the variability of incomes because of 

more frequent and severe infections, and by reducing income levels as an increased disease 

burden becomes the ―new normal‖.  

Decline in livestock production will indirectly reduce exports what so ever in livestock 

and livestock products and also increase imports to meet the domestic requirement as low AMR 

countries with high income will be less affected (around 4%). 
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SUGGESTED MEASURES TO REDUCE AMR:  

To avert the losses attributable to AMR, multi-sector approaches need to be adopted to 

reduce the level of AMR. Various parties at country level which need to gather together for 

cooperation include: 

1. Government agencies: i) to formulate policies for regulation of use of various 

antimicrobials, ii) to implement various provisions effectively, not only on paper but also 

practically. 

2. Research Institutions: i) to conduct nationwide surveillance on AMR in scientific and 

unified manner, ii) to bring out new drugs for treatment and prevention of infectious 

diseases, iii) To develop alternative models (incorporating vaccination, improvement in 

hygiene and nutrition etc.) for livestock production in cost effective manner without/ 

‗only essential‘ use of antimicrobials, iv) Improvement in germplasm of livestock so as to 

naturally resist the infections. 

3. Field veterinarians: i) Sensible use of antimicrobials that too only in required cases, ii) 

stringently adopting ‗withhold period‘ so that humans and others are not dosed with sub-

therapeutic levels of antimicrobials.  

4. Extension workers: i) educating farmers about importance of hygiene, vaccine etc. in 

prevention and control of diseases. 

5. Farmers: i) Seeking help from professionals in the event of infectious disease and in 

general about management of farms.  

RECENT STEPS TAKEN BY INDIA AND OTHER COUNTRIES TO REDUCE AMU IN 

LIVESTOCK:  

European Union: in 2006, EU banned antimicrobials use as growth promoter. 

United States of America: between 2014 and 2016, FDA implemented a voluntary plan along 

with the pharmaceutical industry to gradually reduce the use of antimicrobials as growth 

promoters. All indications for growth promotion from veterinary products which have medically 

important antibiotics as an active ingredient were to be removed. The plan is not looked 

favourably by many because of loop-holes in it. 

China: In April 2018, the government has issued a statement that drugs use as feed additives will 

be totally withdrawn by 2020.  

India:  In April 2017, India launched its National Action Plan on Antimicrobial Resistance 

(NAP-AMR; 2017-21).  The policy calls for a rapid standardization of guidelines regarding 

antibiotic use, banning or restricting the use of antibiotics as growth promoters in livestock. 

In September 2018, FSSAI launched a hygiene and cleanliness drive in the Indian meat 

industry through training, food safety audits, certification of animal feed. According to various 
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news reports, India may soon impose a ban on colistin (an antibiotic of last resort) use in poultry 

feed as growth promoter. 

Vide a notification F. No. X. 11014/8/2019-DR issued on the 19
th

 July, 2019, the 

Ministry of Health and Family Welfare has prohibited the manufacture, sale and distribution of 

the drug Colistin and its formulations for food producing animals, poultry, aqua farming and 

animal feed supplements. 

All these measures if adopted in its full sprit may yield some fruitful results and augment 

safe livestock production.     
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DETERMINATION OF ANTIBIOTIC RESISTANCE IN PATHOGEN ASSOCIATED 

WITH LIVESTOCK AND LIVESTOCK PRODUCTS 

Rajesh Chhabra, Rahul Yadav, Jinu Manoj, Suarabh Jyoti Talukdar and Garima Shrinet
 

College Central Laboratory, COVS, LUVAS, Hisar 

 

Indiscriminate use of antibiotics plays serious role within the rising public health 

crisis of antibiotic resistance. Antimicrobial resistance (AMR) is a worldwide ‗One 

Health‘ approach. As majority of antibiotic use occurs in agricultural settings and relatively 

little attention has been paid to use of antibiotics in veterinary/livestocks/livestocks 

products industry which contributes to the overall problem of antibiotic resistance. The 

livestock‘s products like milk, meat, skin etc. contribute to the spread of multidrug 

resistance strain in the food chain and environment that cause 

foodborne sicknesses in individuals. The food animals raised on sub-optimal doses of 

antibiotics become reservoirs of resistant microorganism strains, transmitted to man and 

therefore the atmosphere. In India, use of antimicrobials in food animals is 

restricted for unwellness, prevention of secondary infections and growth promotion. 

Various human, animal and environmental health agencies have set to collectively address 

this problem. However, absence of uniform rules on the employment of antimicrobials in 

animal production threatens use of antibiotics in farm animal. Milk is extensively 

monitored through different state regulatory agencies, mainly comes under FDA in 

different countries. Regulations should includes a specified withdrawal time for each 

antibiotic used to ensure that the animal‘s system has been sufficiently cleared antibiotics 

before it‘s enters to food chain by meat or milk. Agencies should ensure wider margins of 

safety for production of safe food while policy making.   

Antibiotic sensitivity is the susceptibility of bacteria to antibiotics. As the susceptibility 

of various organisms may vary so antibiotic susceptibility testing (AST) determine that which 

antibiotic will be most effective against specific culture. Antibiotic sensitivity or resistance 

determination can be carried out by various phenotypic and genotypic techniques including, in 

vitro antibiotic resistance determination, minimum inhibitory concentration (MIC) 

determination, detection of antibiotic resistance gens and their sequence analysis, automated 

antibiotic sensitivity determination by Vitek2 compact system etc. Antibiotic sensitivity test 

routinely done in lab was as method described by the Kirby-Bauer method for most of the 

microorganisms present in mastitic milk sample or any body fluid samples etc. Antibiotic disks 

impregnated with different concentrations of antibiotics are placed onto a plate upon which 

bacteria are growing. If the bacteria are sensitive to the antibiotic, a clear ring, or zone of 

inhibition, is seen around the wafer indicating poor growth. Other methods to test antimicrobial 

susceptibility include the Stokes method, Etest (also based on antibiotic diffusion), Agar and 

Broth dilution methods for minimum inhibitory concentration (MIC) determination. The results 

of the test are reported on the antibiogram. 

 

https://en.wiktionary.org/wiki/susceptible#Adjective
https://en.wikipedia.org/wiki/Bacteria
https://en.wikipedia.org/wiki/Antibiotic
https://en.wikipedia.org/wiki/Kirby-Bauer_antibiotic_testing
https://en.wikipedia.org/wiki/Etest
https://en.wikipedia.org/wiki/Minimum_inhibitory_concentration
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Materials Required 

 Petriplate containing microbial culture (For example, Escherichia coli) 

1. Inoculation loop 

2. Burner or flame 

3. Nutrient broth or BHI broth in sterile tubes  

4. 0.5 McFarland solution  

5. Nutrient agar plate or Blood agar plate or Muller Hilton agar plate  

6. Sterile Cotton swab 

7. Antibiotic disks such as (Streptomycin (S), Ciprofloxacin (CIP), Chloramphenicol (C), 

Doxycycline (D), Penicillin G (P), Gentamycin (G) 

8. Incubator 

Procedure  

1. Select a pure culture plate of one of the organisms to be tested. Take 2-5 ml nutrient broth or 

brain heart infusion broth in 10 ml sterile test tubes. 

2. Take single colony of the culture and inoculated into the nutrient broth or brain heart infusion 

broth along the walls. 

3. Incubate to tubes at 37
0
C for 12-16 h. The turbidity of the broth culture should be equivalent 

to 0.5 McFarland turbidity standards. 

4. Take a sterile swab and dip it into the broth culture of organism. 

5. Gently squeeze the swab or rotating the swab against the inside of the tube in order to 

remove excess fluid in the swab. 

6. Take a sterile Mueller-Hinton agar (MHA) plate or a nutrient agar (NA) plate. Use Blood 

agar (BA) plates for fastidious organism such as Streptococci species. 

7. Use the swab with the test organism to streak a MHA plate or a NA plate or BA plate for a 

lawn of growth.  

8. To obtain uniform growth, streak the plate with the swab in one direction, rotate the plate 90
0
 

and streak the plate again in that direction. Repeat this rotation 3 times. 

9. After the streaking is complete, allow the plate to dry for 5 minutes. 

10. Antibiotic discs can be placed on the surface of the agar using sterilized forceps or use an 

antibiotic disc dispenser to dispense discs containing specific antibiotics onto the plate. 

11. Using a flame-sterilized forceps, gently press each disc to the agar to ensure that the disc is 

attached to the agar  

12. Carefully invert the inoculated plates and incubate for 16-24 h at 37
0
C. 

13. After incubation, use a metric ruler to measure the diameter of the zone of inhibition for each 

antibiotic used. 
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14. Compare the measurement obtained from the individual antibiotics with the standard table to 

determine whether the tested bacterial species is sensitive or resistant to the tested antibiotic 

on the basis of interpretation chart.  
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CAPACITY BUILDING FOR EFFICIENT FOOD SUPPLY CHAIN MANAGEMENT OF 

LIVESTOCK, POULTRY AND FISH ORIGIN AS PER SPS AGREEMENT 
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Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar 

 

Increase in globalization, rising per capita income and demand for livestock products 

offer plentiful prospects to India to boost exports of its livestock products. However, non tariff 

barriers such as stringent sanitary and photosanitary (SPS) standards, technical barriers to trade 

(TBT) etc are emerging as the key restrictions in tapping the benefits of export potential of 

livestock products.  

Supply chain management involves the management of the flow of goods. It includes the 

movement and storage of raw materials, work in process inventory and finished goods from 

point of origin to point of consumption. The design and management of processes across the 

functional boundaries is carried out with the goal of matching supply and demand in the most 

cost effective way. 

Food supply chain management depicts the activities or operations such as production, 

transportation, distribution and consumption so as to keep the safety and quality of various foods 

under efficient and effective modes (Marsden et al., 2000). Management of food supply chain is 

complex as important factors like food quality, safety and freshness within limited time are taken 

into consideration. The complexities become more significant in case of perishable and nutrient 

dense products like milk, meat, poultry and fish which may present greater human health 

implications than crop products. Due to globalization, urbanization, increased consumer 

consciousness and education, these complexities have been compounded and the focus has been 

shifted from a single level of production to the efficiency and effectiveness of holistic supply 

chain.  

Functions of food supply chain 

1. Procurement of materials 

2. Transformation into intermediate and finished products 

3. Distribution of these products to customers. 

An increase in integrated production and supply chain for livestock products has been 

noticed in recent years in India. Markets for livestock products are driven by demand due to 

growth in purchasing power. But largely the livestock production and marketing systems in India 

are unorganized and informal.  

Livestock production systems in India 

Two models of livestock production exists in India – Household model and large scale 

commercial model.  Household livestock producers seek multiple benefits that improve their 

utility in addition to profit. On the other hand, large scale commercial model of production 

follows the solitary objective of maximization of profit and generally derives no other benefits. 
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Smallholders continue to dominate livestock production in India and particularly in the case of 

ruminants. However, the Indian poultry sector has been rapidly commercializing and broiler 

production is estimated to be 70 per cent in the organized sector.  

Marketing systems 

Cooperative marketing society: Cooperative is an important tool of economic development in 

rural India. However, some of the issues challenging cooperatives have been interference by 

politically connected individuals, investment in enterprises such as processing which ultimately 

exceed the groups management capacities, misallocation of resources and excessive 

governmental regulation that suppresses innovation.  

Collective and producer companies: These can be described as a hybrid between a private 

limited company and a cooperative and aims towards greater levels of efficiency and developing 

opportunities to move further along the value chain (Venkattakumar and Sontakki, 2012).  

Contract Farming: It is a type of marketing organization system which effectively link small 

holder producers to modern supply chains. The aim is to reduce risks and uncertainty among 

both producers and buyers. Producer also gets access to inputs and veterinary services. Buyers 

have greater assurance of volume and timing of supply. Catastrophic risk due to animal disease 

may be shifted from the integrated producer/buyer to the contract grower.  

Hubs and Clusters: Hubs or clusters try to make use of a mix of private and public sector actors. 

This approach exploits the presence of a number of actors in a dynamic process that can evolve 

over time to change with needs of producers and the market. They also build on the geographical 

proximity of multiple producers in the same manner as village cooperative societies. The 

approach avoids reliance on either one large formal buyer or on public extension services, but 

requires a significant degree of management expertise and oversight and some third party 

capacity building to become established.  

Innovation Platforms: Such a platform is typically made up of producers, private and public 

service providers, market agents, regulators and researchers or technical experts. They identify 

potential new solutions that offer mutual benefits including new market arrangements.  

Use of information technology for food supply chain management 

Internet of Things (IoT) tools: Internet of things is a network of physical devices fixed with 

sensors and softwares that facilitate things to connect and exchange data. The Internet of Things 

and sensor technology will play vital role in the transformation of the logistics industry and 

warehouse processes. The IoT have several industrial applications and it can be used in livestock 

foods sector. One of the applications of IoT is cold chain maintenance in meat industry. The IoT 

tools fixed in the cold room or cold vehicles constantly collect temperature data of the storage 

unit in real time and also communicate or alert temperature abuse occuring due to system 

breakdown (Girish et. al., 2018) 

Traceability  

To supply high quality, safe and nutritious foods as well as restore public confidence in 

the food chain, the design and implementation of whole chain traceability from farm to end user 

has become an important part of the overall food quality assurance system. Traceability is 
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defined as the ability to access any or all information relating to that which is under 

consideration, throughout its entire life cycle, by means of recorded identifications (Olsen and 

Borit, 2013). Livestock traceability is defined as the ability to and the mechanism designed for 

the tracing of an animal product along all steps in the production chain back to the holding of 

origin of the live animal from which the product was derived. Food/product tracing is the ability 

to follow the movement of a food through specified stages of production, processing and 

distribution. Food traceability pretends to be of high potential for consumer's protection by 

targeting precisely the recall, eliminate the non consumable food products and promoting the 

investigation of the causes of food safety issues. All these components are an integral part of 

food safety, food quality, food defense and intrinsic requirement of the food supply chain. 

Besides ensuring a safe food supply, use of traceability system results in lower cost distribution 

systems, reduced recall expenses and expanded sales of products with attributes that are difficult 

to distinguish. Tracking and tracing can only be effective if it is implemented as a sector 

encompassing systems approach (Fritz and Schiefer, 2009). 

Identification of animals is a prerequisite for achieving traceability of livestock products. 

Collection of information of the identified animals and making it available to other stakeholders 

of the value chain will make traceability possible. Identification of animals and maintenance of 

information pertaining to the animal, farm and the abattoir in a database are the basic 

requirements of the livestock traceability system. 

Bar coded tags: Bar code is a machine readable optical label which contains information related 

to the item to which it is attached. Code can be read by bar code scanner. However, if barcode is 

combined with visible numbers, tag can be read visually also. Chances of human error can be 

eliminated by using scanners. One of the disadvantages of this system is scanning becomes 

difficult when tags gets dirty which asks for cleaning of tags before scanning. 

Radio Frequency Identification Devices (RFID): Radio frequency identification device is a 

representative application of electronic technology with the advantage of convenience to read. 

Because it belongs to non contact data reading automation technology, it is not affected by dirty 

environment. It also has the advantage of long distance reading and high reading accuracy. RFID 

is one of the ideal options for animal identification as chances of manipulation is very less. 

Food traceability systems can become more reliable and efficient with implementation of 

RFID since it enables a higher reading rate than traditional barcodes. The RFID technology 

provides effective information sharing with efficient customization and handling. With many 

advantages of RFID technology it is still not a preferable choice of most of the companies as it 

leads additional cost to the company. However, the balance between the benefit and safety 

requirement of the company is the major driving force for the adoption of this technology (Zhang  

and Li, 2012). 

 Quick Response (QR) code based tags: these are matrix bar code system first designed for 

automotive industry. However, they are being used for animal identification in recent years. QR 

code uses four standardized encoding modes (numeric, alpha numeric, byte/binary and kanji) to 

efficiently store data. Reading of QR code does not require sophisticated equipment. It can be 
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easily read by downloading the software in mobile also. It is more convenient to use the QR 

codes in animal identification cards distributed to farmers. 

Livestock traceability initiatives undertaken in India 

 Maharashtra Animal Identification and Recording Authority (MAIRA) – Maharashtra 

 Information Network for Animal Productivity and Health (INAPH) – Gujarat 

 Program for identification of cattle and buffalo by the Department of Animal Husbandry, 

Dairying and Fisheries, Governement of India 

 Meat.Net: A post slaughter traceability database of APEDA 

 Meat traceability database (www.livestocktraceaindia.in) developed by the ICAR - NRC on 

Meat, Hyderabad. All these initiatives have a centralized information management database 

which is the core of activities (Girish et. al., 2018).  

Development of cold chain facilities 

Livestock and fishery products are nutrient dense foods which makes them a perishable 

commodity. In order to maintain their keeping quality, cold chain is of crucial importance during 

transport as well as storage till it reaches to consumers. 

The cold chain  

Cold chain links temperature changing operations like chilling, freezing, thawing, 

handling and cooking and temperature maintenance operations like chilled and frozen storage, 

transportation and display. Generally, as the product moves along the cold chain it becomes 

increasingly difficult to control and maintain its temperature. Temperatures of bulk packs of 

livestock products like meat and fish in large store rooms are far less sensitive to small heat 

inputs than single consumer packs in transport or open display cases. 

Primary chilling/freezing: Fresh livestock products like raw milk or meat are at a temperature 

which is close to the optimum growth temperature for many microorganisms and chilling is 

required before these can be processed or distributed. The temperature should be around 5ºC for 

chilled products and -30ºC for frozen products. 

Secondary processing: There is a gain in temperature when livestock foods are processed after 

initial chilling or freezing operations. It is essential to remove this added heat to maintain product 

quality. Systems producing a fast decrease in the temperature of the product will retard microbial 

growth and lengthen shelf life.  

Storage and transport: If the livestock food is at the proper temperature when it is loaded into 

the storage room or transport vehicle, then refrigeration is required only to insulate the food from 

sources of heat. However, livestock products are not at a proper temperature when they are 

loaded and this may result in problems in storage and transport.  

If the temperature of the product is too high when it is wrapped and bulk packaged, then 

it becomes very difficult to reduce that temperature within the storage or transport compartment. 

Failure to remove the required heat before loading can be due to a number of causes including (i) 

insufficient time allowed (ii) insufficient refrigeration capacity to cater for high initial product 

http://www.livestocktraceaindia.in/
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load (iii) overloading (iv) variability in size of products and (v) incorrect environmental 

conditions. 

Retail display: Chilled livestock products spend periods ranging from a few minutes to a week in 

retail display and in extreme cases with frozen products a few months. During that time there is a 

conflict between the need to protect the food from extraneous heat sources and those to display it 

to its best advantage. Retail display cabinets can have integral or remote refrigeration units. 

Domestic transport and storage: After the livestock product is removed from a display cabinet it 

spends a considerable period outside a refrigerated environment while it is carried around the 

store and then transported home. Temperature can rise considerably during these journeys. 

Temperature monitoring: Measurements of temperature are carried out both for livestock 

products and environment surrounding the products. However, in many cases the measurements 

made are an unreliable guide to the effectiveness of the refrigeration process. Even when the 

correct temperatures have been obtained the data are often poorly analyzed and rarely acted 

upon. The industry needs to measure temperatures accurately, reliably, meaningfully, simply and 

cheaply. It needs to be able to analyze the data and respond when required. The first 

consideration is the range of temperatures to be measured. For the meat and fish industry, a range 

from -40 to +150ºC would cope with the temperatures found in freezers, chillers, storage rooms, 

retail display cabinets and in water used for cleaning or scalding tanks in the abattoir. If they 

produce cooked meat products then the upper temperature may rise to 250 to 300ºC. Any 

temperature measuring system should be tested over the operating range at regular intervals to 

ensure accuracy and should also have a current calibration certificate from its manufacturer or 

official standards laboratory. The system can be checked by means of a calibration instrument or 

against a reference thermometer that is known to be accurate. Melting ice (which if made from 

distilled water should read 0ºC or -0.06ºC if made from tap water with 0.1% salt) may be used to 

check sensor accuracy. If differences of more than 0.5ºC are found the instrument should either 

be very carefully adjusted or sent for calibration. 

Accurately determining the temperature of chilled livestock product throughout the cold 

chain is difficult. Training and experience are required to locate positions of maximum and 

minimum temperature in different locations like processing plant, stores, vehicles and display 

cabinets. The problem is further exaggerated by changes in position with time caused by loading 

patterns and the cycling of the refrigeration plants. In case of meat, relating temperatures 

obtained in a non destructive manner with internal meat temperatures again poses problems. 

Determining the temperature of cuts of meat with regular shapes is quite simple but doing so for 

irregular cuts of meat is more difficult. 

Temperature measurement problems associated with chilled foods will equally apply to 

quick frozen foods. In addition, there are a number of other problems. Many instruments have 

sensors that will accurately measure temperatures of -20ºC and below, but the instruments 

themselves become inaccurate or fail to operate at low temperatures. If frozen foods are removed 

from their low temperature environment to one suitable for the instrument the surface 

temperature rises very rapidly. However, the main problem is that of actually inserting a 
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temperature sensor into frozen meat. The surface temperature of a food or pack can be measured 

by placing a temperature sensor in contact with the surface. In practice there are very large 

temperature gradients on both sides of the surface and the presence of the sensor can influence 

the temperature being measured. 

Cold chain facilities in India 

In India, inefficiency of cold supply chain contributes to great loss in quality of foods, 

which leads to a great economic loss to producers and harms the faith of consumers on 

producers. Strategies for real time quality monitoring of livestock and fishery products in supply 

chain can overcome this situation.  

Ministry of Food Processing Industries, GOI initiatives for cold chain infrastructure 

The ministry of food processing industries is implementing scheme for creation of cold chain 

facilities since 2008. The objective of the scheme is to provide integrated cold chain and 

preservation infrastructure facilities for foods including milk, meat, poultry and fish from the 

farm gate to the consumer i.e. along the entire supply chain. The details of financial assistance 

under the scheme can be obtained from Ministry website. However, as per study carried out by 

National centre for cold chain development on All India Cold Chain Infrastructures Capacity 

2015, the existing cold chain facilities including integrated pack houses, reefer trucks and cold 

stores is much below the requirement.  Thus more support from government is needed for cold 

chain infrastructure development.   

Conclusion  

Continued innovation is needed for better linking of smallholders to markets. While 

cooperatives will continue to play an important role in livestock product markets, more flexible 

and business oriented models for coordinating and assembling products are required. Efficient 

live animal marketing is important particularly for meat supply chain.  

Implementation of traceability system. 

Maintenance of cold chain throughout the supply chain of livestock and fishery produce is of 

crucial importance to maintain their quality. Infrastructure is required for long term storage and 

cold chain transportation facilities. 
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MODERNIZED VETERINARY SERVICES FOR INTERNATIONAL TRADE VIS A-

VIS SPS AGREEMENT 

Parveen Kumar, Rekha Yadav
1
 and Rajpreet Kaur  

Department of Veterinary Microbiology, LUVAS 
1 

Department of Animal husbandry &
 
Dairying, G.O.H.  

 

As per OIE terrestrial animal code, Veterinary Services includes governmental and non-

governmental organisations that implement animal health and welfare measures and other 

standards and recommendations in the Terrestrial Code and the OIE Aquatic Animal Health 

Code in the territory. The Veterinary Services are under the overall control and direction of the 

Veterinary Authority. Private sector organisations, veterinarians, veterinary paraprofessionals or 

aquatic animal health professionals are normally accredited or approved by the Veterinary 

Authority to deliver the delegated functions. 

Veterinary Services, in both their public and private components, play an essential role in the 

development and implementation of policies to manage animal health risks.  

As per Sanitary and Phytosanitary agreement, the International standards, guidelines and 

recommendations for animal health and zoonoses, are developed under the auspices of the World 

organization of Animal Health (OIE).  Capacity Building for National Veterinary Services is one 

of the strategic objectives of the OIE. 

The OIE activities to support national Veterinary Services include Performance of Veterinary 

Services (PVS) pathway, workshops for veterinary education establishments and veterinary 

statutory bodies and capacity building activities directed at national Delegates and National 

Focal points for disease information, wildlife, aquatic animals, animal welfare, food safety, 

communication, veterinary drugs and laboratories, and animal welfare related issues. 

PVS Pathways:  

The OIE Performance of Veterinary Services (PVS) pathway is a continuous process to 

sustainably improve national veterinary services. The PVS pathway empowers national 

veterinary services by providing a comprehensive understanding of their strengths and 

weaknesses using a globally consistent methodology based on international standards which can 

reveal gaps, inefficiencies and opportunities for innovation. This enables countries to take 

ownership and prioritise improvements to their animal health system. 

 

Veterinary Services in the Member Countires as per OIE (Described under Article 3.1.1. of 

OIE Terrestrial Animal Health Code) 

 

Introduction:  

The Veterinary Services shall conform to these fundamental principles of an ethical, 

organisational, legislative, regulatory and technical nature; regardless of the political, 

economic or social situation of their country. Compliance with these fundamental principles is 

https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
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important to the establishment and maintenance of confidence in its international veterinary 

certificates by the Veterinary Services of other Member Countries. 

 

 

Fundamental principles of quality 

1. Professional judgement: The personnel of Veterinary Services should have the relevant 

qualifications, scientific expertise and experience to give them the competence to make 

sound professional judgements. 

2. Independence: Veterinary Services' personnel should be free from any commercial, 

financial, hierarchical, political or other pressures which might affect their judgement or 

decisions. 

3. Impartiality: The Veterinary Services should be impartial and delivered under reasonable 

and non-discriminatory conditions. 

4. Integrity: The Veterinary Services should guarantee that the work of each of their 

personnel is of a consistently high level of integrity. Any fraud, corruption or falsification 

should be identified and corrected. 

5. Objectivity: The Veterinary Services should at all times act in an objective, transparent 

and non-discriminatory manner. 

6. Veterinary legislation: Veterinary legislation is prerequisite to support good governance 

and provide the legal framework. Legislation should be suitably flexible to allow for 

judgements of equivalence and efficient responses to changing situations. In particular, it 

should define and document the responsibilities and structure of the organisations in 

charge of the animal identification system, control of animal movements, animal disease 

control and reporting systems, epidemiological surveillance and communication of 

epidemiological information. 

A similar demonstration should be made by Veterinary Services when they are in charge 

of veterinary public health activities. 

7. General organization: The Veterinary Services should be able to demonstrate by means of 

appropriate legislation, sufficient financial resources and effective organisation that they 

are able to anticipate the requirements for, and have control of, the establishment and 

application of animal health and animal welfare measures, and of international veterinary 

certification activities. 

The Veterinary Services should have at their disposal effective systems for animal 

disease surveillance and for notification of disease.  

The Veterinary Services should define and document the responsibilities and structure of the 

organisation (in particular the chain of command) in charge of issuing international veterinary 

certificates. 

Each position job descriptions should include the requirements for education, training, technical 

knowledge and experience. 

https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_certificat_veterinaire_international
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_certificat_veterinaire_international
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_certificat_veterinaire_international
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_legislation_veterinaire
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_systeme_d_identification_des_animaux
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_surveillance
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_bien_etre_animal
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_surveillance
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_notification
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_certificat_veterinaire_international
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_certificat_veterinaire_international
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_certificat_veterinaire_international
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8. Quality policy: The Veterinary Services should define and document their policy and 

objectives for, and commitment to, quality, and should ensure that this policy is 

understood, implemented and maintained at all levels in the organisation. Where 

conditions allow, they may implement a quality system corresponding to their areas of 

activity and appropriate for the type, range and volume of work that they have to 

perform. 

9. Procedures and standards: The Veterinary Services should develop and document 

appropriate procedures and standards for all providers of relevant activities and 

associated facilities. These procedures and standards may for example relate to: 

1. programming and management of activities, including international veterinary 

certification activities; 

2. prevention, control and notification of disease outbreaks; 

3. risk analysis, epidemiological surveillance and zoning; 

4. emergency preparedness for disasters which could have impact on animal health 

and animal welfare; 

5. inspection and sampling techniques; 

6. diagnostic tests for animal diseases; 

7. preparation, production, registration and control of biological products for use in 

the diagnosis or prevention of diseases; 

8. border controls and import regulations; 

9. disinfection and disinfestation; 

10. treatments intended to destroy, if appropriate, pathogens in animal products. 

10. Information, complaints and appeals: The Veterinary Authority should undertake to reply 

to legitimate requests from Veterinary Authorities of other Member Countries or any 

other authority, in particular ensuring that any requests for information, complaints or 

appeals that they may present are dealt with in a timely manner. 

A record should be maintained of all complaints and appeals and of the relevant action taken by 

the Veterinary Services. 

11. Documentation: The Veterinary Services should have at their disposal a reliable and up-

to-date documentation system suited to their activities. 

12. Self-evaluation: The Veterinary Services should undertake periodical self-evaluation 

especially by documenting achievements against goals, and demonstrating the efficiency 

of their organisational components and resource adequacy. 

13. Communication: Veterinary Services should have effective internal and external systems 

of communication covering administrative and technical staff and parties affected by 

their activities. 

14. Human and financial resources: Responsible authorities should ensure that adequate 

resources are made available to implement effectively the above activities. 

Veterinary Education 

https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_foyer_de_maladie
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_analyse_du_risque
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_surveillance
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_bien_etre_animal
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_desinfection
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_desinfestation
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_autorite_veterinaire
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_autorite_veterinaire
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
https://www.oie.int/index.php?id=169&L=0&htmfile=glossaire.htm#terme_services_veterinaires
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The provision of high quality veterinary education is key to equipping potential veterinarians 

with the necessary knowledge to perform efficiently and to support Veterinary Services 

effectively. There is need for veterinary education to be strengthened, with particular emphasis 

on establishing minimum competencies and harmonising key curriculum elements to facilitate 

international mobility of veterinarians as per OIE standards.  

The OIE Recommendations on the Competencies of graduating veterinarians to assure National 

Veterinary Services of quality provide a basis for advanced training and education for 

veterinarians.  

To support these recommendations, the OIE has developed guidelines for a model core 

veterinary curriculum. It is strongly recommended that the guidelines be consulted by veterinary 

education establishments in OIE Member Countries when developing veterinary medical 

education. 

The OIE Guidelines on Veterinary Education Core Curriculum represent a basis on which 

national needs and circumstances could be added, and are offered primarily to developing and in-

transition countries as an initial step to enhance and sustain national Veterinary Services. The 

model core veterinary curriculum include courses biochemistry, genetics, anatomy, physiology, 

immunology, biomathematics, animal welfare and ethology, parasitology, pharmacology and 

toxicology, pathology, transmissible diseases, microbiology, epidemiology, Rural economics, 

business management, and animal production, clinical and diagnostic sciences, national and 

international veterinary legislation, herd health nutrition and management. Public health, food 

safety and hygiene, professional jurisprudence and ethics and coomunication.  

As such, veterinary education is a cornerstone to assure that the graduating veterinarian (―Day 1 

veterinary graduate‖) not only has received a level of education and training that ensures sound 

overall competencies, but also has the required knowledge, skills, attitudes and aptitudes to 

understand and be able to perform entry-level national veterinary service tasks that relate to the 

promotion of animal and public health. So OIE has provided recommendations on the 

Competencies of graduating veterinarians (‗Day 1 graduates‘) to assure National Veterinary 

Services of quality. This includes competencies in the field of Epidemiology, Transboundary 

animal diseases, Zoonoses (including food borne diseases), Emerging and re-emerging diseases, 

Disease prevention and control programmes, Food hygiene, Animal welfare, Veterinary 

legislation and ethics, General certification procedures, Communication, etc.  

As a means of improving institutional capacity and expertise in these countries, the OIE has 

initiated its twinning programme between Veterinary Education Establishments. Each project 

under this programme is a partnership between one or more recognised or accredited Veterinary 

Education Establishment(s), known as the ‗Parent‘, and a ‗Candidate‘ Veterinary Education 

Establishment. The overall aim of the OIE Veterinary Education Twinning Programme is to 

foster quality veterinary education through the exchange of teachers and students, thereby 

allowing a better geographic balance of well-educated veterinarians. 
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Veterinary Services in India: 

In our country, Veterinary Council of India (VCI) is responsible for regulating veterinary 

practices as well as for maintaining uniform standards of veterinary education through Minimum 

Standard of Veterinary Education Regulations in all veterinary institutes across the country. VCI 

is a statutory body constituted under the provision of India Veterinary Council Act, 1984. The 

council has twenty-seven members (fourteen nominated, eleven elected and two ex officio). With 

the objectives to make the graduates more service worthy in the recent global context, VCI has 

notified the revised Minimum Standards of Veterinary Education Regulations 2016. 

As per study of Rao et al. (2015) it was found that there is shortage of faculty in veterinary 

colleges and of field veterinarians and paraveterinarians in AHDs, which is adversely affecting 

the quality of teaching and the delivery of veterinary services. To meet the shortage of trained 

veterinary manpower in the country, the number of recognized college has been increased to 46. 

In order to regulate standards of veterinary education in the country and to ensure 

implementation of the Minimum Standards of Veterinary Education Regulations, the VCI carries 

out inspections of the Veterinary Colleges in respect of the facilities available for imparting 

veterinary education. Recently Central Government has framed Veterinary Council of India 

(Procedure for recognition and de-recognition of veterinary colleges and veterinary 

qualifications) Rules, 2017 notified on 19.05.2017. The Rules have been notified to streamline 

the procedure for recognition and de-recognition of veterinary colleges and qualifications, 

admission process in the veterinary colleges by the Veterinary Council of India in a time bound 

manner. 

As per Rao et al., (2015), on the basis of study conducted on in five out of 29 Indian states, 

namely: Andhra Pradesh, Kerala, Tamil Nadu, Karnataka and Puducherry, following suggestions 

were recommended for improvement of Veterinary services: 

The shortage of veterinarians can be met out by increasing the number of veterinary colleges and 

number of seats in each veterinary college.  

The Directorates of Extension at veterinary universities need to be revitalised with appropriate 

financial backing to enable them to play a major role in developing workable collaboration 

linkages with the AHDs.  

It should be possible to establish at least one veterinary college in the country, with 100% 

funding from central government, which follows international standards in graduate veterinary 

education. 

 

References: 

Official website of World organization for Animal health (https://www.oie.int/) 

Official website of Department of Animal Husbandry and Dairying 

(http://dadf.gov.in/division/veterinary-services) 

Rao S.V.N., Sulaiman V. R, Natchimuthu K., Ramkumar S.  and Sasidhar P.V.K. (2015) 

Improvement of veterinary services delivery in India. Rev. Sci. Tech. Off. Int. Epiz., 2015, 34 (3).  
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http://dadf.gov.in/division/veterinary-services


34
th

 ICAR-CAFT course ―Issues in Export of Livestock and Livestock products: Implementing SPS Agreement” 

organized by Department of Veterinary Microbiology, LUVAS, Hisar during Feb. 7-27, 2020. 

Naresh K. Kakker, Jagveer Rawat and Parveen Kumar (Editors), Dept. of Vet. Microbiology, LUVAS Page 96 

 

USAGE OF GPS, GIS AND MODERN EPIDEMIOLOGICAL TOOLS IN 

BIOSECURITY OF ANIMAL AND ANIMAL PRODUCTS 

Arun Sangwan  

(Central Agricultural University (I) 

Department of Veterinary Parasitology, COVS, Jalukie, Nagaland) 

 

Zoning / compartmentalisation

Zoning/compartmentalisation (Z&C) are procedures 

which may be implemented by a country to define 

and manage animal subpopulations of distinct health 

status within its territory in accordance with 

recommendations in the Codes for purposes of 

national or regional disease control, and/or 

international trade

 

Zoning

Zoning applies to an animal sub-population defined 

primarily on a geographical basis

Compartmentalization

Compartmentalization applies to an animal sub-

population defined primarily by management and 

husbandry practices relating to biosecurity in practice

Spatial considerations and good management are 

important in the application of both concepts

Effective implementation of zones and /or compartments 

is influenced by technical issues:-

• Epidemiology of the disease(s) of concern

• Country specific factors like infrastructure, quality of 

vet services, public/private partnership, etc

• Environmental factors like natural barriers, 

temp/humidity, presence of vectors- biosecurity 

measures which may be able to be applied

• The health status of animals in adjacent 

areas/countries
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ACCREDITATION OF LABORATORY COMPLYING GLOBAL STANDARDS FOR 

TESTING PRODUCTS OF LIVESTOCK ORIGIN 

Praveen Malik 

(Commissioner, Department of Animal Husbandry Dairying) 
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PREPARATION, FACILITIES AND SERVICES FOR EXPORT OF ANIMALS AND 

PRODUCTS OF ANIMAL ORIGIN 

Ashok Malik and Sanjay Yadav 

LPT, LUVAS, Hisar 

Animal husbandry sector has the potential to improve the economic status of rural people. Its 

contribution in agriculture GDP is around 40%, but in case of export this sector contributes Lac 

Rs. only 6% of agri-export. Indian export of buffalo meat was of Rs 25,16,830 Lac in 2018-19 

and in. Rs. value of sheep meat export was Rs  79064 Lac. In 2018-19and other meat export was 

to the value of Rs. 79064 Lac. India has exported poultry products of Rs. 68731 Lac Last year. 

Export of albumin was to the tune of Rs. 10306 Lacs in 2018-19. 

 As far as export of live animal is concerned, it is negligible. Export of any animal is 

facilitated through quarantine stations and after the inspection certificate of animal which is 

called as official health certificate. The animal has to be free from zoonoticdiseases. 

 

These tests for various disease are to be performed before 15 days to shipment any countries. 

These are conducted quarantine. 

The average value of livestock products constitutes 6 % of Indian agricultural export earnings 

and 1% of total export earnings. Influx of foreign goods to the Indian market has raised some 

concern about the country‘s livestock sector and dairy industry in the regime of WTO. Further, 

Diseases Diagnostic Test 

Dourine Mallein/Complement Fixation Test (CFT) 

Equine infectious Anaemia (EIA) Coggins (Immunodiffusion Test) 

Infectious Equine Abortion (Salmonella 

abortus equi) 

Serum Agglutination Test (Titre not great 

than one/three thousand) 

Equine Viral Arterities (EVA) Virus Neutralization Test 

Vesicular Stomatitis Complement Fixation Test (CFT)/ Ertzume-

Linked Immunosorbent Assay (ELISA) 

Contagious Equine Metritis (CEM) Culture of Micro-organisms 

Equine Piroplasmosis (Babesia Equi and 

Babesi Caballi) 

Complement Fixation Test (CFT)/ Indirect 

Fluorescent Antibody Test (IFAT) 

Venezuelan Encephalomye litis Hacmagglutination Inhibition, (HI) 

Complement Fixation (CFT) Plaque 

Reduction Neutralization Test (PRNT) 
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nutrient rich and high moisture fresh and frozen foods like livestock products pose food safety 

risks and affect the safety, health and regulatory measures. 

The safety of the food is of utmost significance and has gained worldwide attention. Various 

issues associated with the product rejection on the basis of food safety and health standards are a 

matter of more concern today rather than earlier.  The reason behind is developing countries are 

implementing risk analysis methodology, rigorous MRLs for chemicals, restrictions on the use of 

harmful chemicals and giving due attention to consumer health and food safety regulations. 

Constrains faced by Industry: In western industrialized countries the concerns about safe food 

have been replaced with those of adequate food. International trade in food sector is governed by 

the agreement on the application of Sanitary and Phyto-Sanitary Measures (SPS agreement) and 

Technical Barriers to Trade (TBT). The agreements allow member nations to impose all 

measures or standards to protect human, animal, plant life and health, harmonize with the 

international standards, environmental protection, protection of consumers against deceptive 

practices and prevention of unjustifiable barriers to international trade. The continuous increase 

in international trade in food sector has been achievable partly through advances in food 

manufacturing and processing technology along with improvement in handling and transport 

facilities. 

The food safety issues are of major concern while exporting food commodities from India, 

particularly to the developed countries. Major markets such as the US, EU and Japan have 

progressively stringent food safety requirements thereby emerging as a key challenges in the 

export of food commodities from the developing countries. Food safety measures proliferated 

and strengthened both in public and private sector during the last decade mainly in the 

industrialized countries. These are also becoming more stringent, especially SPS requirements 

such as maximum residue limit and levels of contamination. The number of SPS measures 

notified to the WTO has increased exponentially. These standards progressively evolve in the 

national, international and individual supply chains. Regional trade agreement and overall impact 

of Uruguay round agreements have reduced many tariffs and subsidy related constraints to free 

trade, encouraging increased production and export from the countries with the most cost 

effective production means. However, many exporting countries do not have the infrastructure to 

ensure high levels of hygienic food manufacture.  

Facilities for Meat-Processing: The APEDA registered integrated meat processing plants receive 

the animals for slaughter in specially designed transport vehicles, where animals are transported 

in a comfortable posture without any stress. Thereafter the animals are handled carefully keeping 

in view their welfare, slaughtered humanely after ascertaining their fitness for human 

consumption both in ante-mortem and post-mortem inspections by a competent veterinarian. The 

meat is then processed (chilled & frozen), stored and exported in refrigerated containers to the 

importing countries.  
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The meat plants are required to have APEDA registration and should conform to the sanitary 

regulations in the process of meat. The person handling the meat should conform to the sanitary 

and hygiene requirements for food safety as laid down in the Export of Raw Meat (Chilled / 

Frozen) (Quality Control and Inspection) Rules, 1992, and other standards as specified in this 

manual like GMP, GHP, HACCP, ISO 9001:2008 and others.  

Location of Abattoir: The location of the abattoir where animals are slaughtered and meat is 

produced should conform to BIS. The premises should be away from environmentally polluted 

areas and industrial activities  

Layout and Design of Abattoir /Meat Processing Plant  

The layout of the abattoir and processing unit should permit Good Hygienic Practices (GHP) 

including protection against cross contamination between and during the operations.  

The layout should have a bio-security built-in in the Plant where two zones should be clearly 

demarcated namely, black zone and white zone. There should not be any cross movement of 

trucks/animals.  

Identification and Traceability  

Identification of animals has to be carried out as soon as the animals arrive at the slaughter house 

at unloading area for slaughter. This will create a preliminary traceability system that will 

commence as soon as the animal arrives and is a first step. Thereafter the traceability should be 

enforced at various stages, namely, ante- mortem, abattoir, post-mortem, chilling and processing 

hall with assigning the batch number.  

HUMANE SLAUGHTER 

Animals are slaughtered by being stunned and slaughtered mostly by Halal method in all the 

export oriented units. For some countries stunning is mandatory where as for other countries 

stunning is not allowed. 

Mechanical Stunning of large animals: There are 3 methods namely; captive bolt stunning, 

mushroom head percussive stunning and pneumatic stunning. For cattle and buffaloes, 

pneumatic stunning has been recommended.  

Electrical Stunning: It is allowed in few countries where Halal slaughter is mandatory. The 

electrodes are placed on the head region in cattle, sheep and goats. The minimum current levels 

for head stunning in cattle is 1.5 Amps, calves, sheep and goats 1.0 Amps.  
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Ante-Mortem Inspection  

Animals after resting be subjected to ante-mortem examination by the qualified veterinarian. 

Only animals fit for human consumption be sent for slaughter. Animals showing signs of any 

disease be marked as „suspect‖ and kept in isolation pen.  

Post-Mortem Inspection  

1. After slaughter a detailed post-mortem inspection of carcasses and parts be done soon after in 

the abattoir. All organs and parts of the carcasses are held in a manner so as to keep their identity 

till the completion of post-mortem inspection.  

2. Every carcass which is found to be wholesome and fit for human consumption shall be marked 

as „Inspected and passed‖.  

3. Animals found affected with anthrax firstly should not be allowed to go for slaughter since the 

disease can be detected in ante-mortem inspection  

Disposal of Condemned Carcasses  

The condemned carcasses /non-Halal carcasses are shifted to rendering plant by a separate line 

where the whole carcass are rendered.  

Chilling, Freezing and Storage  

After the carcasses have been inspected and passed, they are washed with hot water and sanitized 

with 20 PPM of Chlorine.  

GOOD HYGIENE PRACTICES (GHP) 

SANITARY AND HYGIENIC REQUIREMENT OF PROCESSING UNIT 

Water Supply: It is important to have an adequate supply of potable water available with proper 

safe storage and distribution. Similarly, adequate supply of hot potable water should be available 

during the working hours. For cleaning purpose, the temperature of water is kept at 65°C. For 

disinfection of knives hot water at 82°C be used.  

The blade of the knives needs to be submerged in the sterilizer for at least 2 minutes. This water 

supply is separate from the hot water supply used for cleaning and hand washing. 

Safety of Water: Water is potential source of contamination of the raw food.  A regulated 

supply of hot water (at 82°C) is also assured regularly so as to clean the working area as well as 

the instruments. The quality of the water is monitored by examining the harmful metals and 

microbiological content through some recognized external agency.  
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Cleanliness of Food Contact Surfaces: Adequate facilities are provided for cleanliness of food 

contact surfaces namely floor, wall, knives, hooks, plastic crates, equipment and table tops. The 

abattoir and deboning area are cleansed and washed with detergents and hot potable water 

(65°C). Table tops are sanitized with chlorine. Floor and walls are scrubbed and washed with 

soap and hot water (at 65°C) dried by wipers and sanitized with chlorine thereafter. Tables are 

cleaned, washed with hot water (65°C) and mopped with chlorine (100-150 ppm). Knives and 

splitters are washed with hot water and mopped with chlorine while hooks are dipped in caustic 

soda water then washed with hot water (65°C) and detergents.  

Prevention of Cross Contamination: Pathogens can be transferred from one food to another 

either by direct contact or by food handlers contacts of visitors. Raw unprocessed meat is 

effectively separated either physically with effective intermediate cleaning facility. The factory 

premises have adequate separation between clean (white zone) and semi clean (black zone) to 

prevent cross-contamination.  

Hand Washing, Sanitizing Facilities :Any person who directly handles packaged or 

unpackaged meat, equipment or food contact surface must comply with the hygienic food 

requirement. Facilities should be available to ensure personal hygiene to avoid any food 

contamination. All the butchers working in the deboning hall must wash their hands with soap 

and sanitize their hands and knives with chlorinated water at 20 ppm before entering the area. 

Proper Labelling and Storage: Food grade polythene film should be used in all the different 

procedures of packing. Proper labels should be placed in between the layers of polythene sheet. 

The products are packaged in appropriate cartons. The cartons are properly strapped and shrink 

wrapping is done on each package so as to avoid any damage to cartons. The cartons are passed 

through heating tunnel (temperature at the heating tunnel is maintained from 150°C to 180°C) 

for 10 seconds to effect proper shrink wrapping of the film. These shrink wrapped cartons are 

stocked in the blast freezers.  

PROCESSING OF MEAT  

After proper post-mortem inspection of carcasses and found fit for human consumption, the 

carcasses are washed and sanitized with chlorine labelled ―inspected and passed‖. They are then 

kept in the chillers at 0-4°C for 24 hours. In chilling, the pH of the meat becomes acidic and 

comes below 6 where FMD virus is killed.  

After chilling, the meat is deboned in the deboning hall where all the lymph glands and 

connective tissues are removed. The temperature of deboning hall is maintained at 12°C - 15°C. 

After deboning the meat is packed in the cartons as per the requirement of the consumers.  
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Packaging and labelling  

Proper cuts are packaged in cartons which has labels indicating the product, date of 

manufacturing, shelf life, brand name, etc. to provide the consumer the information about the 

contents. Thereafter, the packed cartons are passed through the metal detector before freezing the 

meat either in plate freezer/blast freezer.  

Freezing of the Meat  

The meat is frozen in the plate freezer / blast freezer at -40°C for 10 hours where deep bone 

temperature is brought down to -18°C. Thereafter, the meat is kept in the cold storage.  

Cold Storage  

The frozen meat is kept in cold storage maintained at -18°C to -20°C till it is cleared for loading 

from the in-house laboratory.  

HAZARD ANALYSIS AND CRITICAL CONTROL POINTS (HACCP)  

HACCP is a food safety measure which has to be followed by each export oriented abattoir cum 

meat processing plant. It is mandatory to get registration from APEDA. HACCP should be 

process specific  

 

Seven principles of HACCP: 

1. Conduct a hazard analysis. Using the flow diagram, which is a list of steps describing 

how a product is produced, identify where actual and potential hazards could occur. 

2. Identify critical control points (CCPs). CCPs are points at which controls can be put in 

place to prevent, eliminate or reduce a food safety hazard. 

3. Establish critical limits for preventative measures associated with each identified CCP. 

4. Establish CCP monitoring requirements. Procedures should be established that use the 

results of monitoring to adjust the process and maintain control. 

5. Establish corrective actions. Corrective actions are implemented when monitoring 

indicates that deviations have occurred. 

6. Establish recordkeeping procedures for each CCP. 

7. Establish procedures to verify that the HACCP system is working correctly. 
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To fill the gaps in implementing SPS measures the Indian government has made some 

submissions in the SPS Committee. These are: 

 Unproductive Transparency provision of the SPS Agreement. 

 Not enough time is given for raising objections to certain member countries. 

 Inadequate information is given through notification procedure. 
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 A standard under what situation should be considered as an international standard is not 

correctly disclosed in the SPS Agreement. 

 Standard setting procedures at CODEX, OIE and IPPC should be identical. 

 Developing countries do not get adequate opportunity to respond to the proposed SPS 

measures and has advocated for reasonable interval between publication and coming into 

force of the SPS measure. 

 Due to technical and financial constraints developing countries are unable to contribute 

effectively in standard setting process. 

 SPS measures should be similar in countries where like situation exists and where 

immunity level of population is somewhat similar. 

 Notification should contain information of risk estimation tactics and factors in 

determining appropriate level of SPS protection. 

 Producers / exporters should be given adequate time to familiarize themselves to new 

SPS requirements of importing country. 

 Stringent food safety standards are implemented in certain countries . 

US government further stated that several sanitary regulations implemented by India are not 

based on CODEX and OIE regulations. 

Implementing SPS measures in India are governed by various agencies. Central government 

(Government of India) plays a massive role in cases where exported products are banned on the 

basis of SPS requirements in other countries. In such circumstances the government can look up 

Dispute Settlement Body (DSB) of WTO. India is one of the active users (intense dispute activity 

shown in US) in most cases as defendant in WTO dispute settlement system. Processing of meat-

through Good Hygienic Practices and by maintain a regular check through HACCP and 

providing laboratory facilities for checking the end product are mandatory for increasing the 

export of animal products in India. This issue of traceability of end Product will also be 

addressed for facilitating Export. 
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Introduction  

India including Haryana posse‘s great livestock population, which is extinct by various emerging 

or re-emerging transboundary infectious diseases such as viral, bacterial, viral, protozoan and 

parasitic, causes significant economic losses to the poor farmers. Trans-Boundary Animal 

Diseases (TADs) are those diseases that are of noteworthy economic, trade and/or food security 

importance for a significant number of countries can easily extend to other countries and reach 

epidemic proportions and where prevention, control including exclusion, needs cooperation 

between various countries. The main TADs are African swine fever, avian influenza, Contagious 

Bovine Pleuropneumonia (CBPP), render pest, Foot-and-Mouth Disease (FMD), lumpy skin 

disease, Newcastle disease and Rift Valley fever. They have a multi-sector impact as they cause 

disease and death in animals. Their impact on reduce productivity of livestock. Some TADs such 

as Rift Valley fever, the H5N1 strain of avian influenza may also cause disease and death in 

humans. TADs compose a major technical barrier to trade in livestock commodities. Foot-and-

mouth disease is the most notorious such barrier and the countries where this disease occurs 

unchecked are excluded from international trade in livestock commodities. So, the persistent 

occurrence of TADs in many parts of Haryana is a major economic loss for poor farmers. Host 

pathogen interactions play a major role in case of emerging and re-emerging TADs (Figure 1). 
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Figure 1: Overview of host-pathogen interactions responsible for the emergence and re-

emergence of infectious diseases  

Infectious diseases causing morbidity, mortality, decreased livestock production, 

decreased feed conversion ratio which results in reduced weight gain, decreased draught power 

and fertility are main reasons for economic loses. Furthermore, the cost of treatment, abortion, 

consequences on internal livestock movement, germplasm and international trade, are also the 

main cause for economic burden. Increase incidence and livestock diseases prevalence is mainly 

due to unpredictable and uncertain climate and weather change, floods, drought, scarcity of 

fodders, migration of livestock, and unhygienic conditions. Monitoring and surveillance of 

disease all over the country is a prerequisite for sustainable livestock production. Management, 

control and eradication of transboundary diseases of livestock, multidisciplinary approaches are 

required at international, national and local level. Methods for rapid and confirmatory disease 

diagnosis are necessary in the way of eradication. Vaccination is the prime strategy for control 

and destruction of many diseases.  

Trans-boundary animal diseases 

The world has been facing heavy economic losses from major outbreaks of Trans-Boundary 

Animal Diseases (TADs) such as classical swine fever, foot-and mouth disease, render pest, 

Rift Valley fever and Peste des Petits Ruminants (PPR). Currently the Highly Pathogenic 

Avian Influenza (HPAI) due to H5N1 virus has become an international crisis as 

everywhere around the country can be measured at risk. The common animal diseases 

prevalent and reported recently from Jind, Haryana are foot and mouth disease, Haemorrhagic 

septicaemia, Surra and Parasitic diseases both internal and external. Among most trans-

boundary emerging and re-emerging animal disease some are given in table 1. 

Table1: Detailed description of TADs emerging and re-emerging zoonotic diseases. 

Sr. 

No 

Virus Family Vector/ 

transmission 

Host Symptoms 

1 Alkahumra 

virus 

Flaviviridae Mosquito & 

direct contact 

with 

Sheep,goats 

Sheep & 

goats 

Flu like illness 

with hepatitis, 

haemorrhages and 

encephalitis 

2 Avian 

influenza 

H5N1 

Orthomyxovi

ridae 

Direct contact 

with affected 

birds, 

migratory 

birds and 

affected 

human 

Poultry birds  Flu like illness 
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3 Hemorrhagic 

fever with 

renal 

syndrome; 

Korean HFRS  

Bunyaviridae Rodents Humans Hemorrhagic 

fever, renal and 

pulmonary 

syndrome 

4 Hantavirus  Bunyaviridae Deer  and mice 

direct contact 

Humans Acute fulminant 

illness; case 

fatality 36 percent 

5 Hepatitis E 

virus 

Herpesvirida

e 

Contaminated 

pork eating 

Swine and 

deer 

Hepatitis and 

icterus 

6 Ebola and 

Marburg 

viruses 

Filoviridae Fruit bats 

African green 

monkey 

Humans 

unknown 

natural 

reservoir 

Fever 

haemorrhages and 

death 

7 Severe Acute 

Respiratory 

Syndrome 

(SARS) 

Coronavirida

e 

Direct contact 

with infected 

person 

Humans Severe respiratory 

and enteric 

symptoms 

8 Monkey pox Poxviridae Direct contact 

with monkey 

and  

wildrodents 

Wild rodents 

and non-

human 

primates 

Flu like symptoms 

with fever, 

malaise, back pain 

and rashes similar 

to small pox 

9 New variant 

Crutzfeldt 

Jakob disease 

(vCJD) 

Unclassified 

agents such 

as Prions 

Consumption 

of infected/ 

contaminated 

food by BSE 

Humans Nervous signs 

10 Equine 

encephalitis 

virus complex 

(EEE, VEE & 

WEE) 

Togaviridae Mosquito  

C. Melanura 

Wild birds  

Equines Encephalitis 

11 Rabies virus Rhabdovirida

e 

Infected 

animal bites 

All mammals Neurological 

disorder, 

hydrophobia 

12 Dengue virus Flaviviridae Mosquito 

Aedes aegypti 

Humans Fever, 

subcutaneous 

haemorrhages 

13 Ebola and 

Marburg 

Filoviridae Fruit bats Humans Fever 

haemorrhages and 
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viruses death 

14 Kyasanur 

forest fever 

Flaviviridae Tick bite: 

Hemophysaliss

pinigera, wild 

birds, small 

mammals 

Monkeys: 

amplifier host 

Fever headache 

myalgia 

prostration 

hemorrhages 

15 Rift valley 

fever 

Bunya 

viridae 

Monsquito bite 

and aerosol; 

sick sheep and 

goat 

Sheep and 

goat 

Fever headache 

myalgia 

prostration 

hemorrhages 

16 Yellow fever Flaviviridae Mosquito bites 

and direct 

contact with 

infected 

monkeys and 

humans 

Humans and 

monkeys 

In-apparent 

infection to deadly 

hemorrhages 

17 West Nile 

virus 

Flaviviridae Culex 

Mosquito bite 

& wild birds  

Humans Encephalitis 

18 Kunjun virus Flaviviridae Mosquito bites Wild bird: 

Amplify 

Lethal encephalitis 

 

Risk of introduction of TADs 

Trans-boundary Animal Diseases (TADs) are epidemic diseases, highly contagious and 

have great potential for rapid spread, irrespective of national borders, causing serious socio-

economic and various public health consequences resulted in to high morbidity and 

mortality in vulnerable animal populations, represent a constant risk to the livelihood of 

livestock farmers. 

Economic risk: It is widely known that diseases in farm animal has a major economic 

impact on livestock production and incurs substation cost for the society both in 

developing and developed countries. Epidemic TADs, due to infectious and rapidly 

spreading in nature can have particularly great and widespread economic impact, 

particularly in the case Zoonoses. Diseases in livestock has many economic impacts such 

as animal mortality, reduction in the level of marketable output and output quality, higher 

level of inputs, resource costs related with disease prevention and control and human 

health costs associated with disease. Furthermore, their potential costs are of such a 

magnitude that their occurrence may also have an important detrimental effect on national 

economies. The trans-boundary animal diseases can cause considerable economic costs to 
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developed countries but their effects are most harsh in developing countries. Trans-

boundary animal diseases have the potential to threaten food security through serious loss 

of animal protein; increase poverty levels particularly in poor communities that have a 

high incidence dependence on livestock farming for sustenance, cause major production 

sufferers for livestock products such as milk, meat and other dairy products, hence 

reducing farm incomes.  

Public health risk 

Emerging trans-boundary zoonotic diseases are increasingly recognized as global and 

regional issue with potentially serious human health and economic risks and their 

current upward trends are likely to continue. History shows that the cascade of events 

leading to the emergence of new diseases is different each time, several factors are 

known to favor such emergence. These include environmental changes, 

microbiological adaptation, food production, globalization of agriculture and human 

behavioral factors. The majority of the trans-boundary animal disease do not cause 

epidemic in humans although, humans can become infected and result in death. Some 

of them such as RVF and the deadly Avian influenza caused by H5N1, also serious 

diseases they caused illness and even death in humans. 

Livestock production and price risk 

Many TADs have 50-90% mortality rate in vulnerable animals. Rift Valley Fever normally 

produces only a mild infection in breeds of cattle, sheep, goats while exotic breeds of the 

same species may incident severe out breaks of abortion. CSF virus kills less than half of 

the infected pigs while its virulent strains may kill up to 100%. The first outbreak of 

Render Pest (RP) was estimated to have killed about 90% of cattle and more than 10 

million cattle on continent as whole wide spread famine resulted. Improved response to 

outbreaks and increased use of vaccine has decreased the likelihood of many disease 

epidemics. The main risk of TADs in term of animal production are production losses 

such as meat; milk and other dairy products; wool and skin and hides, abortion,

 delayed conceptions and delayed reproduction, mortality of diseased animals 

and restriction of opportunities for upgrading the production potential of local livestock 

industries by making it difficult to utilize exotic high producing breeds that tend to be 

highly susceptible to the TADs. 

Food security and nutrition risk 

Animal diseases can have major effects on food availability and quality for poor 

communities and therefore, raise issues of food security as well as having negative effects 

on poverty alleviation. By increasing livestock mortality and morbidity, these diseases will 

directly result in a reduced supply of high-quality protein, e.g., milk, eggs, meat. Food 

security and nutrition of the societies that rely wholly on livestock products for their 
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subsistence are threatened by severe epidemics. In areas where animals constitute 

important inputs into agriculture by providing draft power and dung, livestock disease also 

indirectly affect food security by reducing the land acreage under cultivation and crop 

yield. 

Control and prevention strategy of TADs: 

A variety of management options exist when local, national, regional or international 

authorities face decisions on transboundary pests and disease. The following section focus 

on the procedure for choosing action against TADS. Most TADs are too virulent or 

threatening to human‘s health and trade relationship to tolerate even at low level. 

Therefore, prevention and subsequent elimination is the key element for the management 

of TADs. Early warning and reaction lie at the heart of effective prevention and 

progressive control of TADs. In an emergency situation, the rapid distribution of 

information and an improved coordination between countries is essential to control 

contagious disease, so, as to protect people against diseases of animal origin and prevent 

the risk of diseases spread into other countries The control of animal disease can be done by 

various means such as vaccination, animal movement control, through chemoprophylaxis and 

therapy, slaughter of infected and possible in contact animals as well as disinfection and vector 

control in the case of vector born disease, achieved by the application of chemicals using 

biological means and by altering the natural habitat.  

Vaccination 

Vaccination has proven its capacity to help prevent, control and eradicate disease such as 

smallpox, RP and rabies. Vaccination may also act as a means for decrease of viral load in the 

surroundings, thus diminishing the risk of transmission in animal population. Veterinary 

vaccines have in the past been derived from attenuated strains, while molecular techniques are 

providing way for development of safer and efficacious vaccines that make disease diagnosis 

easier. Vaccination designed for a particular host protects not only protect the target populations 

but can also acts as barrier to protect human and veterinary health. 
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BIOSAFETY AND BIOSECURITY REGULATIONS 
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Sciences and Technology, LUVAS, Hisar 

With the progression of science and technological development there is remarkable 

variations in the international security system,  the advanced approaches of biotechnology, 

changes in globalization, the risks and challenges faced by foremost transmissible diseases and 

bioterrorism attack to the international society are growing fast. Biosafety and biosecurity 

together called as biosafety in this context offers new ways for international relationship and 

global governance. Due to more integration, the world now shares a common fate in terms of 

safety and security in terms of biological hazards.   

As per the definition given by WHO, The term Biosafety describes the ‗’containment 

principles, technologies and practices that are implemented to prevent the unintentional 

exposure to Biological agents and toxins or their accidental release‘‘ (WHO/CDS/EPR/2006.6) 

and biosecurity refers to  ‗’protection, control and accountability for valuable biological 

materials within laboratories, in order to prevent their loss, theft, misuse, diversion of, 

unauthorized access or intentional release whether or not the biorisk(s) is 

acceptable‘‘(WHO/CDS/EPR/2006.6) 

 

The term ―Containment‖ used with regards to biosafety is to use various protocols for 

handling different infectious agents in the laboratory environment to reduce the risk of their 

release in environment and to the workers handling those infectious agents. As per WHO, the 

biological and physical containment facilities are required for different risk groups as mentioned 

below: 

 Biological containment implies construction of strains including vectors and hosts which are 

disabled to multiply in other hosts and also limit their survival in the environment.     

 Physical containment includes both primary and secondary containment facilities, proper 

laboratory practices and equipments as well as special laboratory design in order to prevent 

exposure to workers and environment. The primary containment facilities require good 

microbiological practices and safety equipments. On the other hand, secondary containment 

facility meant for high risk infectious agents requires safe designing of containment facility 

and safe operational practices in order to protect workers and the environment from 

infectious agents which can be hazardous.    

 

The requirement for biosafety is more now as compared to past. It is the major concern of global 

security as it covers nearly all other domains such as health care sector, education, agriculture, 

S& T and the military. It is related to spill overs, concealment, rapid onset, and dispersal, leak 

out, and has negative impact, which is vital part of national security. 

Recent infectious diseases that posed concern globally are: 
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Due to change in ecological factor, rising global communication there is a sudden spread of 

disease. More than 40 new communicable infections have originated in last 30 years. Some of 

the examples are: 

 In China, severe acute respiratory syndrome coronavirus (SARS-CoV) arosed and spread 

globally in 2003. 

 In 2013, H7N9, a new subtype of influenza virus A, was revealed in eastern China.  

 The H1N1 swine flu virus firstly spreaded in South America and further testified in China.  

 Ebola hemorrhagic fever was first found in Central Africa and then spread in West Africa 

South America and Europe since 2014. It causes a strong inflammatory response, collapse 

the host‘s immunological response, followed by multiple organ illness syndrome.  Ebola was 

a concern for the WHO owing to the hazard of degeneration it creates, and the nonexistence 

of effectual vaccines and antiviral drugs to fight against. 

 The foremost case of Middle East respiratory syndrome (MERS) was observed in 2015 in 

Guangdong, China. Hendra virus in Australia & Nipah virus in Southeast Asia are also 

important risk factors. If spread, it will be a considerable threat to over-all health. 

 Lately prevalence of security violations at well secured and supervised bio-containment 

facilities in UK (Foot and Mouth Disease (FMD), USA (Anthrax, West Nile Virus, and 

Tuberculosis), Singapore (Severe Acute Respiratory Syndrome (SARS), USSR 

(Anthrax), and China (SARS) and several different countries. 

It is informal to simulate that if casualness in handling of hazardous biological material 

can happen in USA and other developed countries, scholars in several other labs may also be 

inconsiderate in following the biosafety and biosecurity guidelines and that may pose major 

possible risks to the surroundings and individual welfare. Numerous such happenings are not 

disclosed in different countries. 

The unethical handling of these hazardous biological materials and toxins is credited more to 

inability to follow the approved guidelines in managing these agents, lack of sufficient 

knowledge of the prescribed SOPs, lack of robust training of the laboratory personnel 

handling these biological agents,  managing and transferring the potentially hazardous 

pathogenic agents in the laboratory with less stringent biosecurity levels and discarding of 

infected materials without following proper protocol of disinfection. Therefore, the Trained 

administration having Biological Safety Officer along with management of Institutional 

Biosafety Committees could be capable of successful dealing with the issues of biosafety in 

the institution. 

In a nutshell, biosafety means the ability of a nation‘s to act efficiently in response to 

biological threats and accounted factors. The idea is to manage and guard the nations own safety 

and security. Such requirements are 

 To prevent and manage the prone infectious agents and diseases  

 Risk supervision in the biological laboratory processes 
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 Defensive approach contrary to the attack with biological weapon 

 To stop the biotechnology misuse  

 Laboratory biosecurity should be on the topmost the priority 

 The restriction of bioterrorism attacks  

 To safeguard the unique biological resources 

 The exclusion of attack by alien organisms 

The risk management approach of biological agent has been represented in the fig: 

 
 

International scenario  

International bodies like FAO, WHO, OIE and other organizations dealing with 

biosafety and biosecurity are related with protected exploitation of biological agents and 

toxins and emphasize on the biological challenges and enhanced awareness. The health 

regulations guidelines by WHO and other formulated guidelines given by UN openly or in 
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some way deal with managing crops and livestock and then stick to follow those guidelines.  

National scheme on the basis of UN Security Council Resolution 1540-2004 and States 

obligations under the Biological and Toxins Weapons Convention (BTWC) follow and 

accomplish common goal of non-proliferation and exclusion to prevent use of bio-sciences 

for bio-terrorism or bio-warfare. Further, the BTWC support the exchange of materials, 

equipments, scientific and technical information for the use of bacteriological (biological) agents 

and toxins for fulfilling the peaceful objectives. Moreover, the Convention is to be put into 

practice in a way intended to keep away from obstructing of economic or technological 

development of States Parties to the Convention or international cooperation in the field of 

peaceful bacteriological (biological) activities, including the international exchange of 

bacteriological (biological) and toxins and equipment for the processing, use or production of 

bacteriological (biological) agents and toxins for peaceful purposes in accordance with the 

provisions of the Convention. Due regard must be shown to these principles while drafting any 

code of conduct to avoid misuse. The regulations dealing with the biosafety and biosecurity are 

given in the table below: 

 
 Regulatory mechanisms for use and research on microorganisms their import and  export, 

as well as genetically modified organisms (GMOs), toxins and genetic alterations have also 

been formulated along with guidelines for scientists conducting research in these areas if 

any, and are of direct relevance to the provisions of BTWC. 

 USA has taken some steps to define ―Research Standards and Practices to Prevent the 

Destructive Application of Biotechnology‖ which address the problem of dual-use and bio-
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security advocate for self-governance by the life sciences community, creation of a 

comprehensive system, both nationally and internationally, and international guidelines to 

minimize misuse of biotechnology.  

National scenario:  

The State Pollution Control Boards governed the National biosafety and bio-waste 

activities. The infrastructure and network of laboratories with biosafety practices are set up 

under the Integrated Disease Surveillance Programme, A practical manual have been made 

for biosafety and the major hospitals with biosafety committees regularly meet to discuss 

regarding regulation. 

The Department of Biotechnology (DBT) and the Ministry of Environment & Forests 

are responsible for implementation of rules 1989 under the Elimination of price increase 

(EPI) act.  DBT made guidelines for Recombinant DNA Safety (1990), Guidelines for 

Toxicity and Allergenicity Evaluation of Transgenic Seeds, Plants and Plant Parts (1998) 

Revised Guidelines for Research in Transgenic Plants and for ―Generating pre-clinical and 

clinical data for r-DNA based Vaccines, Diagnostics and other biological‖ (1999).  

DBT launched an interactive website on biosafety that reflects national and 

international guidelines, national procedures & rules with active interface with Institutional 

Biosafety Committees (IBSC) and suggestions of modern biotechnology with the aim of 

defending environment, human and animal health from the accidental undesirable effects of 

GMOs and products thereof.  One more website on "Indian GMO Research Information 

System (IGMORIS)" displays the research work going on in the Indian laboratories 

and IBSCs at various other institutions, universities, private R&D institutions and industries. 

Mashelkar Committee Task Force on r-pharma, 2006 suggested the Procedure for Regulation 

of Recombinant Pharma Products derived from Living Modified Organisms (LMOs).  

The Prevention of Terrorism Act, 2002 and Weapons of Mass Destruction and their 

Delivery Systems (Prohibition of Unlawful Activities) Bill, 2005 deals with the bio security 

programmes that take care liable conduct and lapses of life sciences research. National 

Biotechnology Regulatory Authority (NBRA) regulates GMOs and the Agricultural 

Biosecurity Bill, 2013 set up an integrated national biosecurity system covering plant, animal 

and marine issues deals with the pressure of bioterrorism from pests and weeds. The 

Biomedical Waste Management & Handling Rules, 1998; ICMR Guidelines on Code of 

Conduct for Research Scientists engaged in biomedical research involving microbial or 

other biological agents; the Ethical Guidelines (2000) for the biomedical researchers  and the 

Ethical Policies by DBT on the Human Genome, Genetic Research and Services (2002) sets 

the guidelines on principles and integrity, management and handling of biomedical wastes.  

Important Issues 

India has vigorous and stringent regulatory structure that deals with all of the adequate safety 

measures and regulations for bio-safety and bio-security policies. However, there is lack of 

technically sound manpower and sufficient equipment to strictly implement the regulatory 
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system. Thus, more efforts should be done to fulfil the technical requirements and competence 

building.  Further, It would be vital to document  the incidence of all biosafety lapse, 

establishment of databases for the agents accountable and records of existing mitigation process. 
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 Veterinary biologics are products derived from living organisms and biological 

processes. They are used to prevent, diagnose, or treat animal diseases and function through an 

immunological process. Immunity is a biological defense mechanism to avoid infection or 

disease that involves innate and adaptive components. Innate immunity is a nonspecific first line 

of defense against disease-causing organisms that includes physical, chemical, and cellular 

functions. Adaptive immunity is a specific cellular response that provides long-lasting protective 

immunity. Biologics generally function through the adaptive immune response, which is further 

differentiated into two types: active immunity and passive immunity. Active immunity is 

acquired when the body is exposed by natural infection or vaccination to a disease-causing agent 

or its derivatives, while passive immunity involves the transfer of protective antibodies from an 

immune animal to a susceptible or non-immune animal. Veterinary biologics are a cost-effective 

method to prevent animal disease, to increase the efficiency of food production, and to increase 

the availability of high quality protein for humans. 

Types of veterinary biologics 

 Veterinary biologics are used in a variety of animals, including livestock, pets, fish, birds, 

and wildlife. There are many types of biologics available, each with a different function and 

purpose.  

Vaccines, bacterins, bacterial extracts, and toxoids are made from viruses, bacteria, spores, or 

other disease-causing organisms. These products may contain whole organisms or selected 

portions of an organism to elicit active immunity. Whole organisms in vaccines may be live or 

killed. Living organisms in products are modified by cell culture, natural selection or other 

processes so that they do not cause disease in animals.  

Antiserums and antitoxins are products containing protective antibodies against a particular 

organism or a toxic substance that the organism produces. Administering an antibody product to 

an animal provides passive immunity.  

Diagnostics are products used to determine the health status of an animal.  

Immunomodulators are products used to stimulate or suppress the immune system and to treat 

certain types of tumors or infections.  

Allergenic extracts are used to diagnose or treat animal allergies to substances like pollen, dust, 

fleas, and feed ingredients. 
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 The field of veterinary biologicals began long back when farmers and animal health 

officials started using various biologicals like anti-rinderpest serum, RP vaccine, mallein and 

others to control or diagnose various devastating disease of animals. At times, products were 

ineffective or contaminated with disease-causing organisms. In response to these problems, the 

need of a national facility for quality control of the vaccines produced in the country was felt 

long back during the 5
th

 Five Year Plan. In 1983, it was proposed as a separate scheme, 

―Establishment of National Veterinary Biological Products Quality Control Center 

(NVBPQCC)‖. It was during the 8th Five Year Plan that the existing scheme ‗National 

Veterinary Biological Products Quality Control Center‘ was clubbed along with two other 

schemes of the department, namely Animal Quarantine and Certification Services and Disease 

Diagnostic Laboratories to form the scheme ‗Directorate of Animal Health‘. 

 To facilitate the international trade and increased movement through the international 

marketing of veterinary biologics, the harmonization of regulatory requirements is compulsory. 

To achieve this goal, the vaccine control laboratories must work in close association with the 

World organization for Animal Health (Office International des Epizooties; OIE) and other 

international bodies. For this purpose, the Institute for International Cooperation in Animal 

Biologics (IICAB) was established to improve the availability, safety, efficacy and use of 

veterinary biologics (vaccines and diagnostics) throughout the world. The Institute was 

established in 1995 by the USDA Animal and Plant Health Inspection Service and Iowa State 

University. The Institute works with the veterinary biologics industry, government regulatory 

and research agencies, universities, veterinarians, and producers in an effort to improve the 

availability and use of biologics for animals worldwide. 

The IICAB has four objectives: 

 To facilitate international exchange of information of importance to veterinary biologics 

regulatory authorities, producers, and users. 

 To serve as an international resource center for veterinary biologics that assists in 

training, technology development and supply of references and reagents. 

 To facilitate the establishment of international standards in animal biologics and 

harmonization of standards, regulations, and products. 

 To assist countries in obtaining veterinary biologics for specific unmet needs. 

Veterinary biologics Market: Regional Overview  

Geographically, the global veterinary biologics market, is classified into regions namely, North 

America, Latin America, Western Europe, Eastern Europe, Asia-Pacific excluding Japan (APEJ), 

Japan, Middle East and Africa (MEA). North America dominates the global veterinary biologics 

market followed by Europe. North America and Western Europe regions are expected to witness 

robust growth due to increased adoption of veterinary biologics and dispersed livestock presence 

coupled with rapid demand for vaccines is expected to fuel the revenue growth in these regions. 

APEJ is expected to witness significant growth as compared to other regions and countries owing 
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to increased disease awareness and focus on animal welfare are factors expected to fuel market 

growth in this region. Latin America and MEA regions are expected to witness sluggish growth 

due to lack of understanding on epidemiological disease patterns for livestock animals are 

expected to hamper proper vaccine distribution in these region. 

The global veterinary biologics market was valued at US$ 17,704.7 Mn in 2017 and is expected 

to reach US$ 29,706.9 Mn by 2026, expanding at a CAGR of 6.0% from 2018 to 2026. 

According to United States Department of Agriculture (USDA), over the span of 70 years there 

has been a significant growth in the veterinary biologics market, wherein today approximately 

2000 licensed biological products are employed to treat 200 different types of disease in 35 

animal species. 

North America is the largest regional segment in the veterinary biologics market accounting for a 

market share of 40%. Existence of well-developed agrobased and animal husbandry department 

and domicile of key players such as IDEXX Laboratories, Inc., Virbac, Inc., and Zoetis drive the 

veterinary biologics market growth in North America region. Europe represents 31% market 

share owing to rampant growth in meat and dairy industry and stringent government policies for 

effective vaccination of companion animals. Asia Pacific holds 17% market share and will be the 

fastest growing regional segment on account of rising prevalence of zoonotic disease and 

proactive government policies to financially support animal healthcare department.  

Vaccines are currently leading the product segment for veterinary biologics market. The major 

factors contributing to its culminating growth are rising prevalence of zoonotic disease and 

technological innovation in veterinary vaccines production employing the recombinant DNA 

technology. Molecular diagnostic kits holds the second largest market in the products segment on 

account of increasing prevalence of contagious disease in poultry, bovine and porcine animal 

species. Nutritional and hormonal supplement will be the fastest growing market on account of 

increasing demand for dairy and meat industry and growing important of probiotics to improve 

animal feed products quality. 

Veterinary biologics regulatory authority in India 

In India, Central Drugs Standard Control Organisation (CDSCO) is the regulatory authority for 

manufacturing and export of biological products. It is headed by the Drug Controller General of 

India (DCGI). CDSCO under Directorate General of Health Services, Ministry of Health & 

Family Welfare, Government of India is the National Regulatory Authority (NRA) of India. Its 

headquarter is located at FDA Bhawan, Kotla Road, New Delhi 110002. The veterinary biologics 

are regulated as per the Drugs and Cosmetics Act, 1940, the Drugs and Cosmetics Rules, 1945 

(as amended from time to time) and Rules for the manufacture, use, import, export and storage of 

hazardous microorganisms/ genetically engineered organisms or cells, 1989 (Rules, 1989) 

notified under the Environment (Protection) Act, 1986.  
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Various applicable guidelines are as follows:  

• Recombinant DNA Safety Guidelines, 1990  

• Guidelines for generating preclinical and clinical data for rDNA vaccines, diagnostics and other 

biologicals, 1999  

• CDSCO guidance for industry, 2008:  

 Submission of Clinical Trial Application for Evaluating Safety and Efficacy  

 Requirements for permission of New Drugs Approval  

 Post approval changes in biological products: Quality, Safety and Efficacy Documents  

 Preparation of the Quality Information for Drug Submission for New Drug Approval: 

Biotechnological/Biological Products  

• Guidelines and Handbook for Institutional Biosafety Committees (IBSCs), 2011 

 The import of biologicals needs special attention so as to ensure its safety, efficacy and 

availability. CDSCO undertakes the authority to check and allow import of biologicals. To attain 

import of biologicals, an application (Form 8) has to be filled with an approval form (Form 10). 

Similar to manufacturing process, import also involves registration, getting import license, 

market authorization and clinical trial permission procedures. 

Import of the biological drugs (C/C1) conditions to be fulfillled: 

 Licensee must have adequate facility for the storage. 

 Licensee must maintain a record of the sale. 

 Licensee must allow an inspector to inspect premises and to check the records. 

 Licensee must furnish the sample to the authority. 

 Licensee must not sell drugs from which sample is withdrawn and he is advised not to 

sale and recall the batch from the market. 
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Biologicals- registration 

 Registration Certificate for biologicals means a certificate issued under Rule 27A by the 

licensing authority (Form 41) for registration of premises and biologicals manufactured 

by the manufacturer meant for import into and use in India. The Registration certificate is 

granted in form 41 for biologicals. 

 Any substance falling within the definition of drug, Section 3b of the Drugs and Cosmetic 

Act (1940) and Rules (1945), as amended, has to be registered for import into the 

country. The drug along with the manufacturing site needs to be registered for import. 

The licensing authority shall issue the Registration Certificate for biological after being 

satisfied that the company fulfils the conditions as laid by the licensing authority. 

 To obtain the Registration Certificate for Biologicals, Form 41 has to be submitted to the 

Central Drug Standard Control Organization, Directorate General of Health Services, 

Office of Drugs Controller General of India, Biological Division, along with the 

documents listed by the regulatory authority from time to time. 

 Import licence means a licence, Form 10, to import biologicals excluding those specified 

in Schedule X, or a licence in Form 10-A to import biologicals specified in Schedule X. 

The applicant fills the Form 8 to obtain the Form 10 and Form 10A. 

Veterinary biologics regulatory authority in U.S.A 

In U.S.A., use of veterinary biologics were regulated by three Federal agencies which ensure that 

these products are pure, safe, potent, and effective to protect the health and enhance the well-

being of animals in the United States: 

 The Center for Veterinary Biologics (CVB) of the U.S. Department of Agriculture‘s 

(USDA) Animal and Plant Health Inspection Service (APHIS) regulates the 

manufacturing and distribution of veterinary biological products to prevent, diagnose, and 

treat animal diseases. 

 The U.S. Food and Drug Administration‘s Center for Veterinary Medicine regulates the 

manufacturing and distribution of animal feed additives, drugs and pharmaceuticals.  

 The U.S. Environmental Protection Agency registers and licenses pesticides and ensures 

that all pesticides sold in the United States do not cause unreasonable risk when used 

according to label directions and precautions. 

Origins of veterinary biologics regulation in U.S.A. 

 The regulation of veterinary biologics began soon after the turn of the 20th century 

because farmers and animal health officials did not have reliable biologics to treat hog cholera, a 

devastating disease. Many products were ineffective or contaminated with disease-causing 

organisms. A costly example was an outbreak of foot-and-mouth disease in 1909, caused by a 

contaminated vaccinia virus imported into the United States to produce a smallpox vaccine. In 

response to these problems, Congress passed the Virus-Serum-Toxin Act (VSTA) in 1913 as 

amended by the Food Security Act of 1985. Thus, they must be in compliance with the 
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regulations in Title 9, Chapter 1, Subchapter E of the Code of Federal Regulations (9 CFR), 

written to implement these acts. VSTA gave the Secretary of Agriculture authority to license and 

regulate the production and trade of veterinary biologics. After seven decades, Congress 

amended VSTA in the Food Security Act of 1985, broadening the Secretary‘s authority to issue 

regulations, enhancing the Secretary‘s enforcement powers, and allowing USDA-APHIS to 

regulate all movement of veterinary biological products within or imported into the United 

States.  

 APHIS issues an establishment license to acceptable manufacturing facilities and an 

individual product license for each veterinary biologic that the establishment markets. In 

addition, APHIS issues permits for importing veterinary biologics for research, transit shipment, 

or distribution and sale in the United States.  Animal and Plant Health Inspection Service 

(APHIS)  inspects all licensed and permitted manufacturers‘ facilities to be sure that they are 

adequate and properly maintained.  

Import-Export of Biological Products in USA 

Imports 

Biological products produced in other countries may be imported into the United States for 

research and evaluation, transit shipment, or general sale and distribution, in accordance with 

Title 9, Code of Federal Regulations, Part 104. APHIS Form 2005 is used to apply for an import 

permit for any of these purposes. 

Products imported under a Permit for Distribution and Sale must meet the same requirements as 

those required for licensed (domestically produced) products. The permittee is required to 

assume legal responsibility for imported products. 

Exports 

The Center for Veterinary Biologics issues export permits and certificates of licensing and 

inspection to facilitate the export of licensed veterinary biological products. 

The following forms are available to facilitate the export of licensed veterinary biological 

products: 

Export permits -- APHIS Form 2017 

Veterinary biologics regulatory authority in Canada 

In Canada, veterinary biologics are regulated by the Canadian Food Inspection Agency. The 

authority for regulating veterinary biologics in Canada is provided by the Health of Animals Act 

and Regulations. The Canadian Centre for Veterinary Biologics (CCVB) has been delegated the 

responsibility for regulating the manufacture, testing, licensing, labelling, import, export, 

distribution and sale of veterinary biologics. 

 

https://www.aphis.usda.gov/library/forms/pdf/APHIS2005.pdf
https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/veterinary-biologics/sa_bio_forms/ct_vb_forms
https://www.aphis.usda.gov/library/forms/pdf/aphis2017.pdf
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Importation of Veterinary Biologics 

Veterinary Biologics can be imported into Canada, but only with a valid Permit to Import 

Veterinary Biologics. For licensed products, these are issued by the CCVB to the Canadian 

importer(s) designated by the product manufacturer. There is no exemption from the import 

permit requirement for small shipments, personal use, or for emergency or research use. 

References 

1. https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/veterinary-biologics 

2. https://www.credenceresearch.com/report/veterinary-biologics-market 

3. https://cdsco.gov.in/opencms/opencms/en/Home/ 

4. https://www.inspection.gc.ca/animal-health/veterinary-biologics/guidelines-forms/4-

5e/eng/1318508906578/1318509047147 

 

 

  

https://www.aphis.usda.gov/aphis/ourfocus/animalhealth/veterinary-biologics
https://www.credenceresearch.com/report/veterinary-biologics-market
https://cdsco.gov.in/opencms/opencms/en/Home/
https://www.inspection.gc.ca/animal-health/veterinary-biologics/guidelines-forms/4-5e/eng/1318508906578/1318509047147
https://www.inspection.gc.ca/animal-health/veterinary-biologics/guidelines-forms/4-5e/eng/1318508906578/1318509047147
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ANTIBODY PRODUCTION THROUGH PHAGE DISPLAY TECHNOLOGY 

Ajit Singh, Krishan Sharma and Pooja Jangra 

Department of Veterinary Microbiology, LUVAS, Hisar 

Principle & Methodology 

Amber non-suppressor host, such as WK6 cells transformed with VHH-pHEN6c DNA 

allow IPTG inducible expression of soluble dAbs with 6xHis tag. For expression, WK6 cells 

grown to mid-log phase in terrific broth/ampicillin/Mg
++

 is induced with IPTG for expression of 

soluble dAb-6xHis products at 28°C for 16-18 hrs with shaking. The expressed products are 

transported in the periplasmic space due to the presence of pelB leader sequence in the vector, 

which is cleaved from the finished product in the periplasmic contents. 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/litre culture.     

Materials, reagents & equipment 

1. WK6 colonies on LB/ampicillin/glucose, freshly grown by plating VHH-pHEN6c 

positive transformants 

2. Terrific broth/ampicillin (100μg/ml)/0.1% glucose/2mM MgCl2, one litre for each clone 

3. 1M IPTG stock solution 

4. TES buffer (10 mM tris.HCl, pH 8.0- 0.5 mM EDTA- 20 mM sucrose) & TES/4 (TES 

diluted 1:4 in sterile deionized water) 

5. One litre conical flasks, sterilized 

6. 250 ml bottles for centrifugation of cultures 

7. 50 ml sterile culture/centrifuge tubes 

8. Biophotometer/spectrophotometer for OD600 measurement 

9. Shaker water bath 

10. Cooling centrifuge 

11. Pipettes, disposable, 2 ml & 10 ml  

Procedure 

1. Inoculate each colony in 10 ml TB/amp/glucose/MgCl2broth medium in a 50 ml 

sterile culture tube and incubate at 37ºC in a shaking water bath until the OD600 

reached between 0.6-0.9.  

2. Then, add one ml of this mid-log phase growth in 330 ml TBampglucose/MgCl2 broth 

in each of three one litre conical flasks and incubate at 37ºC in a shaking water bath 

until the OD600 reached between 0.6-0.9.   

3. Add IPTG to a final concentration of 1 mM in the flask and further incubation it at 

28ºC for 16-18 hrs. 

4. Distribute the culture in four 250 ml bottles and centrifuge at 4000 rpm for 15 min. at 

4ºC. 
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5. Decant the bottles completely and resuspend the pellet of each in 2 ml TES buffer to 

release the bacterial periplasmic contents. Pool the contents in one 50 ml sterile tube 

and store on ice for 60 min.  

6. Then, add 12 ml of TES/4 solution to the contents of the tube and further incubate for 

60 min. on ice.  

7. Centrifuge the tube at 13,000 rpm for 30 min. at 4ºC and collect the supernatant as 

periplasmic contents having expressed dAbs in fresh 50 ml tube. These antibody 

fragments expressed from pHEN6c vector have dAbs with hexa-histidine epitope in 

their C-terminal end. Designate them as dAb.6xHis. 

8. Use the preparations for indirect ELISA, immunoblotting, purification by Ni chelate 

chromatography, etc. 

 

References: 

1. Singh, A. (2008). Editor. Phage display technology for production of single-domain 

antibodies. Editor: Course compendium published by ICAR Centre of Advanced 

Studies, Deptt. of Vet. Microbiology, CCSHAU, Hisar, India.  

2. Jangra, P. and Singh, A. (2010). Staphylococcus aureus β-hemolysin-neutralizing 

single-domain antibody isolated from phage display library of Indian desert camel. 

Asian Pacific J Trop. Med. 3: 1-7. 
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HANDLING, STORAGE AND TRANSPORTATION OF HAZARDOUS AND 

GENETICALLY ENGINEERED ORGANISMS/ CELLS FOR INTERNATIONAL 

TRADE 

Joshi V G, Ruchi Sharma, Anu Kumari and Pawan Kumar 

Department of Animal Biotechnology, COVS, LUVAS, Hisar 

 

According to the Indian government acts and guidelines issued time to time on the 

handling/storage and transportation of genetically engineered organism whole procedure is 

monitored by Ministry of environment, forest and climate change government of India. As on 

date there are guidelines available for GMO plants. These guidelines can be considered as 

baseline information for understanding the GMO trade internationally. As on date to the best of 

our knowledge we do not have any established licence or product of animal GMO in trade. 

Therefore we can refer guidelines related to plants for understanding the available legislature and 

procedure for handling such organism. The guideline below is compilation of information from 

government issued guideline broachers without language modification as the procedure should 

be true reflection of intend     

According to procedure guideline document issued by Ministry of environment, forest 

and climate change government of India ―The import and export of genetically modified  

rganisms (GMOs)/ living modified organisms (LMOs) (hereinafter referred to as GMOs) and 

their products is regulated under the Environment Protection Act (1986), The Destructive Insects 

and Pests Act, 1949, and the Foreign Trade (Development & Regulation) Act, 1992 No. 22 of 

1992. Under these Acts import and export of GMOs will be allowed only with the approval of 

Genetic Engineering Approval Committee‖ 

Major highlights of the The Environment Protection Act (1986) as published  

 The Act empowers the Central Government to establish authorities charged with 

the mandate of preventing environmental pollution in all its forms and to tackles 

specific environmental problems that are particular to different parts of the 

country. Rules for the manufacture, use/import/export and storage of hazardous 

microorganisms/ genetically engineered organisms or cells (1989)  

  No person shall import, export, transport, manufacture, process, use or sell any 

hazardous microorganisms or genetically engineered organisms/substances or 

cells except with the approval of the Genetic Engineering Approval Committee.   

 Use of pathogenic microorganism or any genetically engineered organisms or cell 

for the purpose of research shall only be allowed in laboratories or inside 
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laboratory areas notified by the Ministry of Environment and Forests for this 

purpose under the Environment (Protection) Act, 1986.   

 The Genetic Engineering Approval Committee shall give directions to the 

occupier to determine or take measures concerning the discharge of micro-

organisms/genetically engineered organisms or cells mentioned in the schedule 

from the laboratories, hospitals and other areas including prohibition of such 

discharges and laying down measures to be taken to prevent such discharges.  

  Any person operating or using genetically engineered organisms/ 

microorganisms mentioned in the schedule for scale up or pilot operations shall 

have to obtain licence issued by the Genetic Engineering Approval Committee for 

any such activity. The possessor shall have to apply for licence in prescribed 

proforma.  Substances and products, which contain genetically engineered 

organisms or cells or microorganisms shall not be produced, sold, imported or 

used except with the approval of Genetic Engineering Approval Committee. 

Major highlights of the The Foreign Trade (Development & Regulation) Act, 1992 No.22 of 

1992 Notification No.2 (RE-2006)/2004-2006  

 It is an Act to provide for the development and regulation of foreign trade by 

facilitating imports into, and augmenting exports from India and for matters 

connected therewith or Incidental thereto. Section 18 of the Rules under this Act 

deals with the Import of Genetically Modified Food, Feed, Genetically Modified 

Organism (GMOs) and Living Modified Organisms (LMOs) subject to the 

following conditions:  

  The import of GMOs/LMOs for the purpose of (i) R&D; (ii) Food; (iii) Feed; (iv) 

Processing in Bulk and (v) For Environment release will be governed by the 

provisions of the Environment Protection Act, 1986 and Rules 1989.   

 The import of any Food, Feed, raw or processed or any ingredient of food, food 

additives or any food product that contains GM material and is being used either 

for Industrial production, Environmental release, or field application will be 

allowed only with the approval of the Genetic Engineering Approval Committee 

(GEAC). 

   Institutes/Companies who wish to import Genetically Modified material for 

R&D purposes will submit their proposal to the Review Committee for Genetic 

Modification (RCGM) under the Department of Biotechnology. In case the 

Companies/Institutes use these Genetically Modified materials for commercial 

purposes, approval of GEAC is also required.   
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 At the time of import all consignments containing products which have been 

subjected to Genetic Modification will carry a declaration stating that the product 

is Genetically Modified. In case a consignment does not carry such a declaration 

and is later found to contain Genetically Modified material, the importer is liable 

to penal action under the Foreign Trade (Development and Regulation) Act, 1992. 

Import Procedure: 

 Import of GM plants and planting material has so far remained confined to that meant for 

research or experimentation. The Plant Quarantine Order (2003) under the Destructive Insects 

and Pests Act, 1914 prohibits or restricts the import of some plants species or plants from some 

countries, irrespective of GMO or non-GMO. List of plants/planting materials and countries 

from where import is prohibited. This order also regulates the import of GM plants for the 

purpose of research or experimentation. Such an import requires a permit to be issued by the 

Director, National Bureau of Plant Genetic Resources, New Delhi (NBPGR) of the Indian 

Council of Agricultural Research. The permit is issued subject to the issue of Import Clearance 

by the Review Committee on Genetic Manipulation (RCGM) of the Department of 

Biotechnology, Government of India (DBT). Importer who wishes to import a GM plant or 

planting material for research or experimental purposes must have in place, (i) Institute Biosafety 

Committee (IBSC), and (ii) post-entry quarantine facility certified by DBT. Application for 

registration of an Institutional Biosafety Committee (IBSC) The importer submits the proposal 

for import to RCGM through the IBSC. When satisfied, RCGM issues Permit letter valid for one 

year.  Importer applies to NBPGR along with RCGM Permit letter for issue of Import Permit. 

Permit letter and requirements laid out comprising the type of permit and instructions for use, 

conditions of issuance, and handling and packaging instructions. NBPGR issues the Import 

Permit sending copies to the importer and the exporter along with instructions for other 

documentation needed for import (Phytosanitary Certificate, Supplier Declaration that the GM 

material does not contain any embryogenesis deactivator gene sequence). The exporter sends the 

consignment addressed to Director, NBPGR enclosing a copy of the Import Permit along with 

the documents as above. The port of entry is Delhi airport only.  Since the material is meant for 

research purposes, only a small quantity of seed/planting material sufficient enough to establish 

the plant is considered optimum and permitted for import. The quantity is specified by DBT in 

its Permit letter. At the airport customs, the consignment without opening is examined for the 

required documentation.  NBPGR verifies the contents and the accompanying documents 

(Import permit, Phytosanitary Certificate, Supplier Declaration that the GM material does not 

contain any embryogenesis deactivator gene sequence).  At NBPGR, the material is tested for the 

absence of diseases, pests and other undesirable material and also for absence of embryogenesis 

deactivator gene sequence. The material is also tested for the presence of the declared transgene. 

The material is released to the importer under the condition that it would be grown in the post-

entry quarantine facility certified by DBT and under prescribed supervision. The importer 

informs NBPGR within one month of sowing. NBPGR carries out field examination and 
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required laboratory tests for absence of quarantine pests and diseases.  The material is released 

for experimentation if free of quarantine pests and diseases. Otherwise, it is destroyed in 

presence of Plant Quarantine Officer. 

Similar procedure is laid down for the export of GMO from India. The document above is 

just compilation of relevant information issued by Ministry of environment, forest and climate 

change government of India. 
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STRATEGIES TO PROMOTE EXPORT OF LIVESTOCK & LIVESTOCK 

PRODUCTS: A GLOBAL PERSPECTIVE 

 

Jagveer Rawat, Parveen Kumar and Naresh Kakker 

Department of Veterinary Microbiology, Lala Lajpat Rai University of Veterinary and Animal 

Sciences, Hisar 

  

The livestock industry in India is making rapid strides forward and plays a multi-faceted role in 

providing livelihood support to the rural population. Livestock sector contributes approximately 

4% GDP and 25.6% to agriculture GDP. Poultry and dairy sectors are the major sectors 

contributing to the economic development. Livestock sector provides employment generation 

opportunities, asset creation, coping mechanism against crop failure and social and financial 

security.  

 

Table.1 Demand projections for livestock products in India 

 

Product Rural/ Low income growth Moderate income growth High income growth  

name Urban 2000 2010 2020 2000 2010 2020 2000 2010 2020  

Milk (MT) Rural 37.96 49.78 64.16 38.86 52.70 70.24 42.64 66.07 100.58  

 Urban 19.74 32.23 51.45 21.91 41.55 77.02 24.92 56.78 126.49  

 Total 57.70 82.01 115.1 60.77 94.25 147.6 67.56 122.85 227.17  

Mutton and Rural 0.54 0.64 0.74 0.54 0.65 0.77 0.56 0.71 0.89  

Goat Meat Urban 0.61 1.54 3.83 0.81 3.15 11.95 1.16 7.42 46.48  

(MT) Total 1.15 2.18 4.57 1.35 3.80 12.72 1.72 8.13 47.37  

Beef and Rural 0.37 0.45 0.53 0.37 0.46 0.56 0.39 0.52 0.68  

Buffalo Urban 0.22 0.33 0.47 0.24 0.38 0.59 0.25 0.45 0.77  

Meat (MT) Total 0.59 0.78 1.00 0.61 0.84 1.15 0.65 0.97 1.45  

Chicken 

Rural 0.20 0.26 0.35 0.20 0.28 0.39 0.22 0.36 0.58  

Urban 0.12 0.19 0.29 0.13 0.24 0.42 0.15 0.31 0.65 

 

(MT) 

 

Total 0.32 0.45 0.64 0.33 0.52 0.81 0.37 0.67 1.23 

 

  

Egg Rural 6.69 9.87 14.29 6.97 10.87 16.67 8.15 15.94 30.61  

(billion Urban 6.13 10.38 17.18 6.91 13.92 27.38 8.02 19.94 48.49  

noumber) Total 12.82 20.25 31.47 13.88 24.79 44.05 16.15 35.88 79.10  

Source: National Centre for Agricultural Economics and Policy Research (ICAR) New Delhi, India 

 

Beef and buffalo meat demand will be 1.15 million tonnes, the rural areas the demand will be 

48.70% and in urban areas it will be 51.30%. Chicken demand will be 0.81 million tonnes and 

rural areas share will be 48.15% whereas in urban areas it will be 51.85%. Eggs demand will 

increases to 44.05 billion and the rural areas will need of 37.84% and 62.16% in urban areas. 

According high income growth the estimates shows that in the year 2020, the total demand of 
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milk will likely to be 227.17 million tonnes and the demand of milk in rural areas will be 44.27% 

and 55.73% in urban areas. Mutton and goat meat demand will be 47.37 million tonnes, in which 

the share of rural demand will be 1.88% (very low) as compares to  98.12% in urban areas. Beef 

and buffalo meat demand will be 1.45 million tonnes, and the rural demand will be 46.90% 

whereas the urban demand will be 53.85% of total demand. Chicken demand will increases to 

1.23 million tonnes and the percentage share of rural and urban areas will be 47.15% and 52.85% 

respectively. Eggs demand will also increases to 79.10 billion and the rural demand will be 

38.70% remain (61.30%) in urban areas. 

 

Trade performance of Indian livestock sector 

 

Exports of livestock products from India 

The export of poultry product, from India in 2012-13 was 577864.24 million tonnes, whereas 

highest export of 624181.10 million tonnes was recorded in 2011-12. The export of buffalo meat 

increases year after year and it was highest in 2012-13 with 1107506.24 million tonnes (Rs. 

1741289.27 lakhs). The export of sheep/goat meat from India was highest (16046.91 million 

tonnes) in 2012-13, it shows increasing trend from year 2010 to 2013. Processed meat export 

from India has declined to 575.94 million tonnes (Rs. 949.53 lakhs) in 2011-12 as compared to 

922.19 million tonnes (Rs. 1,395.51) in 2010-11. 

 

Imports of livestock products in India 

The imports of poultry product were highest 661.75 million tonnes in 2011-12 and it declined 

with 628.49 million tonnes in 2012-13. Import of sheep/goat meat was highest in 2012-13 with 

37.08 million tonnes, while it was lowest in 2011-12 at 4.63 million tonnes. In 2011-12 import of 

processed meat was 962.82 million tonnes (highest) and it was 569.83 million tonnes (lowest) in 

2012-13. 

 

STRATEGY: 

A 16-point agenda to double farmers‘ income, setting an agriculture credit target of Rs 15 lakh 

crore for 2020-21 and a slew of new schemes to boost agricultural growth — the government‘s 

thrust on agriculture is evident in Union Budget 2020-21. One of the key initiatives announced 

was a ‗Kisan Rail‘ or ‗farmer rail‘ in public-private partnership to establish a leak-proof cold 

supply chain to transport perishable goods.  Another was ‗Krishi Udaan (farmer‘s flight)‘, which 

will be launched by the civil aviation ministry to transport agricultural products to northeast and 

tribal areas. Among other things, the budget outlines an outlay of Rs 500 crore for farmer 

producer organisations, which were mooted last year but hadn‘t seen much progress since.  

 

One of the aims of the Centre of Advanced Faculty Training (CAFT) located at Department of 

Veterinary Microbiology through a 21-day-long Course organized on ―Promotion of Livestock 

Product Exports‖ was to devise strategy to remove all bottlenecks which hampered the ―export‖. 
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Difficulties in ―Implementation of SPS Agreement‖ could be done by the proposed Institute as it 

will be able to  build capacity of the State to improve the export of livestock and related 

products. Finalised recommendations which will be sent to the State Department of Industry and 

Commerce through Animal Husbandry and Dairying. With the clear knowledge 

"that  Government of Haryana is seriously considering to establish Dry Port at Hisar, [as  stated 

by ACS (Finance) Sh T V S N Prasad, on the occasion of "Budget Consultation" held at College 

of Basic Sciences Auditorium on 15 January, 2020], it is very important to note that university 

should also act on following lines: 

(i), "University may decide to establish a National Centre on Food Biosecurity, Biosafety and 

International Trade and lead may be taken by Department of Veterinary Microbiology so as it 

could support on the needs of adoption of required global standards, on selected commodities, 

such as Germplasm of animals and associated products such as acquculture, with emphasis on 

mechanism to get Geographic Indicattion for Murrah, Sahiwal and Hariana breeds, as all can be 

claimed as "the Tract of Origin" of these breeds. During the "Remarks on Presentation by the 

Group Leaders" on 26 February, 2020, the issue on how a State-level institute could be 

established through writing a Project Proposal to The Standards and Trade Development Facility 

(STDF) as it offers grants for projects that promote compliance with international sanitary and 

phytosanitary (SPS) requirements. Eligible organizations can apply for grants up to a maximum 

of US$1,000,000 for projects that have duration of three years or 

less.(https://www.standardsfacility.org/sites/default/files/STDF_PG_521_Project_Application_w

ith_Annexes.pdf). The STDF Working Group makes decisions on requests for STDF funding. 

The following types of projects are given favourable consideration:  

 

(a), Projects relevant to the identification, development and dissemination of good practice in 

SPS-related technical cooperation, including projects that develop and apply innovative and 

replicable approaches;  

(b), Projects linked to STDF work on cross-cutting topics of common interest;  

(c), Projects that address SPS constraints through regional approaches; and (d), Collaborative and 

inter-disciplinary projects focused on the interface / linkages between human, animal and plant 

health and trade, and benefiting from the involvement of two or more partners or other relevant 

organizations. 

 

The Standards and Trade Development Facility (STDF) is a global partnership to facilitate safe 

trade, contributing to sustainable economic growth, poverty reduction and food security. It 

promotes improved food safety, animal and plant health capacity in developing countries. 

(ii), Institute will conduct research and offer advice to the"primary producers and entrepreneurs 

to the needs of  undertaking reforms in "the farm structure, farm organizations". Institute may 

also concentrate on the needs of specialised Milk/Broiler/Fishery Villages with Livestock 

Technology Parks/Green Industry Incubation Technology Parks (GIIT Parks only in Gaushala 



34
th

 ICAR-CAFT course ―Issues in Export of Livestock and Livestock products: Implementing SPS Agreement” 

organized by Department of Veterinary Microbiology, LUVAS, Hisar during Feb. 7-27, 2020. 

Naresh K. Kakker, Jagveer Rawat and Parveen Kumar (Editors), Dept. of Vet. Microbiology, LUVAS Page 148 

 

villages which are ready to transform themselves as Green Economy Hub villages) in selected 

villages which are at the outskirts of big cities. 

(iii), Institute will support the state to establish  the Laboratory of Global Standards and it may be 

established in PPP mode. 

(iv), the above preparedness for creation of "Compartmentalised Facility", is needed to "contain" 

the spread of any epidemic/pandemics,  with the involvement of District Disaster Management 

Authority and initiative on this count was taken during the Course by sensitizing District 

Administration and groups of  progressive farmers, livestock owners, livestock entrepreneurs, 

social activists, sociologist, veterinarians and relevant administrators of Hisar district were 

brought to meet the Course participants in form of ―Interactive Sessions‖. 

Clear adoption of regionalization/compartmentalization approach will also need to get it 

extended to adjoining villages and declare these also ―Special Animal Husbandry, Health and 

Agricultural Zones‖ (SAHAZ) as it is a pragmatic approach akin to Marginal Accredited Zone of 

the US in which a policy of ―elimination and eradication of a single disease‖ is adopted by 

individual State through relevant legislative measure.  

 

SAHAZ approach could be relevant for Haryana as it can create opportunity in ―germplasm 

export‖ as a new vertical besides State‘s position could be exploited to export of ―meat from 

Poultry and buffalo‖ as well as export of ―acquaculture products‖ is a big area. SAHAZ approach 

would add to emergence of vertically integrated germplasm, poultry and fishery producers. It 

will reduced prices by lowering production and marketing costs. SAHAZ would also help in 

emergence of more professional business models of primary production such as Primary 

Producers.  

 

The beginning has been made on ―how to build the capacity at district levels for enforcement of 

proper biosecurity measures in the event of pandemics etc‖ and effort was made to draw the 

attention of relevant regulatory authorities and in times to come focus meetings may be organized 

―to create coordinating mechanisms to streamline approaches to managing biological risks‖ by 

the Department. Further, the Union Ministry of Fisheries, Animal Husbandry and Dairying 

should be recommended to lead the tabling of pending Biosecurity Legislative Bill 2013 in the 

Parliament so as the Act could provide better national legal frameworks to implementation of 

SPS Agreement, which will also aid in implementing the most efficient institutional set-up while 

also protecting rights and establishing responsibilities in a way that is conducive to the active 

participation of public authorities, the private sector and consumers.  
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IMPLEMENTATION OF COMPARTMENTALIZATION POLICY OF OIE AND 

BIOSECURITY MEASURES THROUGH USE OF MODERN EPIDEMIOLOGICAL 

TOOLS 

Jagveer Rawat, Anupama Dahiya and Krishan Sharma 

Department of Veterinary Microbiology, Lala Lajpat Rai University of Veterinary and Animal 

Sciences, Hisar 

 (Major chunk of contents picked from article of Alejandro B. Thiermann, President of the OIE 

Terrestrial Animal Health Standards Commission (https://www.oie.int/doc/ged/D6063.PDF)  

The implementation of compartmentalisation, including current biosecurity measures to 

guarantee the safety of sub-populations and their products, even when notifiable diseases are 

present in the country or zone. The specific criteria and conditions for compartmentalisation are 

described in the OIE Terrestrial Animal Health Code. Compartmentalisation requires a 

competent and credible Veterinary Service, as well as a strong partnership between the private 

(producer companies, including) and public sector. This approach is being applied particularly in 

industrialized poultry operations in Tamil Nadu. 

While it imposes a very higher demand on the quality Veterinary Service, the next possible thing 

which has to be based upon assurances to the ―export of well  differentiated breeding and 

livestock; aquaculture production sub-sectors‖  and the above approach could assure continued 

operation, even when wildlife or carrier animals maybe infected or the population, is at risk from 

infection with notifiable diseases. 

While the concept of compartmentalisation has been clearly described through principles and 

guidelines, and adopted and published in the Terrestrial Animal Health Code, it has been difficult 

to date to fully implement compartments in the field and to achieve formal recognition of such a 

concept by trading partners. 

Compartmentalisation: a new way forward through OIE standards 

In addition to disease eradication efforts, the OIE seeks the most updated scientific 

information in order to develop commodity specific recommendations as part of the 

overall recommendations in the Code. Even, in cases where a disease may be present in a 

country or zone, the trade of animals and their products may pose no risk if the proper risk 

mitigating conditions are met. 

While the ultimate goal is the global eradication of diseases of importance, the OIE 

addresses the management of risk at all levels. The recommendation on safe trade must 

take several factors into account. The status of country is certainly of great importance; 

https://www.oie.int/doc/ged/D6063.PDF
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however, while total freedom may not always be attainable, the true health status of the 

country or zone is essential before other safety measures can be considered. 

Even if the true health status of a country or zone within that country, cannot be 

ascertained, and even in cases where it is known that total disease freedom does not exist, 

risk mitigating measures recommended  by the OIE can be applied in order to guarantee 

that the disease does not occur in a certain animal sub- population and that the commodity 

to be traded can be rendered safe. Being able to determine and maintain the disease 

freedom in a sub-population becomes a valuable element in the formula for safe trading. 

Nevertheless this OIE approach, based on the safety of specific commodities being traded, 

as well as on the ability to define and maintain disease free sub-populations through the 

establishment of zones and compartments should not interfere with the obligations of OIE 

Members regarding disease notification and implementation of disease prevention and 

control measures in the entire territory. 

Depending on the epidemiology of a disease and in the hosts preference and modes of 

transmission of the pathogen, it is at times difficult to guarantee the absence of such 

pathogen from an entire territory. However, it is possible, through adequate biosecurity 

measures and intense surveillance, to demonstrate the disease freedom in a selected and 

well isolated sub-population. 

Traditionally, countries have separated segments of their animal populations on the basis 

of geography. Taking advantages of natural ecological borders, they have established 

zones containing animal sub- populations with a different health status. They have 

separated these from others by rivers, deserts, mountains, or in other cases, using political 

borders between provinces or states. The safety of these zones has been guaranteed by 

strict animal movement control, and intense disease surveillance. 

This zoning approach has proven successful in guaranteeing the separation of animal sub-

populations with different health status for diseases like foot and mouth disease, bovine 

brucellosis, bovine tuberculosis, etc. Efficient and credible Veterinary Services with an 

adequate surveillance system remain the essential elements in the establishment and 

maintenance of these health conditions. 

However, there are diseases and certain situations where zoning alone is not sufficient to 

guarantee the freedom of disease in a certain animal sub-population. Particularly, in cases, 

where the disease is present in wildlife, or where the disease is carried by migratory birds, 

zoning does not always prove to be sufficient to guarantee the status of the sub-

population. 
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In some situations, it is through strict biosecurity measures that we can manage to 

separate and preserve the disease freedom in a specific animal sub-population. 

Historically successful eradication programs for bovine brucellosis and bovine 

tuberculosis relied heavily on the use of biosecurity measures for the separation of herds. 

The OIE has further elaborated this biosecurity approach into what today is known as the 

concept of ‗compartmentalisation‘, which with its principles and guidelines has been 

incorporated into the Code. 

Compartmentalisation is the procedure by which animal sub-populations presenting 

different health  statuses can be separated from each other through strict biosecurity 

measures. 

The Veterinary Services of a country wishing to establish compartments within its 

territory should be able to clearly define the animal sub-population intended to be 

compartmentalised, as well as provide proof of the required surveillance system and the 

identification and traceability of live animals, as described in the Code. 

Compartmentalisation: a matter for true partnership 

In the specific case of compartmentalisation, for it to be effective and credible, several essential 

factors need to be taken into account. This concept, above all, requires a strong partnership 

between the private and public sector, even more so than was is required in the case of zoning. 

In compartmentalisation, it is the industry‘s responsibilities to manage the application and 

monitoring the efficacy of biosecurity measures, quality assurance schemes, conducting animal 

identification and traceability, documenting audits and corrective actions, conducting 

surveillance within and outside the compartment(s), demonstrate rapid reporting and 

maintenance of records in a readily accessible form, and in accordance with a strict protocol 

established jointly with the Veterinary Services. 

While the surveillance and testing is conducted primarily by the private sector, the Veterinary 

Service must audit the certification of movement, conduct periodic inspections of facilities, and 

verify implementation of biosecurity measures, records and surveillance procedures. The 

Veterinary Service must also conduct or audit surveillance, reporting and laboratory diagnostic 

examinations. The final authority for all official certification still rests solely in the hands of the 

Veterinary Authority. 

A series of principles should be applied when establishing a compartment. The factors defining 

a compartment should be approved by the Veterinary Authority on the basis of relevant criteria 

identified in the Biosecurity Plan, and should be made public through official channels. 
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The Biosecurity Plan should describe the details of the partnership between the relevant 

industry and the Veterinary Authority, including their respective responsibilities. The plan, 

taking into consideration the epidemiology of the diseases of concern and all related risk 

factors, it should describe the routine operating procedures to provide clear evidence that the 

surveillance conducted, the live animal identification and traceability system, and the 

management practices are adequate to meet the criteria for the compartment. 

The animals within a compartment must be identified in such a way that their history can be 

audited. Depending on the system of production, this identification may be done at a herd, 

flock, or individual level. Animal movement in and out of the compartment must be well 

controlled and documented. 

The establishment of compartments and the accompanying biosecurity plans should be shared 

by the Veterinary Authority of the exporting country with interested trading partners to seek 

their approval prior to agreeing on the certification requirements for that trade. Ideally, these 

agreements on the soundness of the compartments should be established at a time when there 

are no disease outbreaks, and should then be respected by the importing country in the event of 

disease outbreaks outside the compartments. Meeting the obligation of rapid and transparent 

reporting of any changes in the disease situation in the exporting country should ensure the 

continuation of trade from the free compartments. 

The OIE has developed a set of guidelines for the application of compartmentalisation. These 

guidelines outline the requirements needed to be identified by the Veterinary Authority in order 

to demonstrate the separation of a compartment from potential sources of infection. 

The guidelines also identify specific surveillance requirements to be conducted inside and 

outside the compartments. Other important factors include the demonstration of the necessary 

diagnostic capabilities, the ability for emergency response and rapid notification, and the strict 

supervision and control of all compartments. The Veterinary Authority must be able to 

demonstrate that these factors have all been addressed, while also identifying whose 

responsibility it is to conduct each of the activities. 

As a practical too, the OIE has developed a ‗check list‘ to be used by the Veterinary 

Service and the industry when first establishing a compartment and developing the 

biosecurity plan. 

Practical applications: a new challenge and opportunity for OIE Members 

While the concept of compartmentalisation has been clearly described through principles 

and guidelines, and adopted and published in the Code, it has been difficult to date to 

fully implement compartments in the field and to achieve formal recognition of such a 

concept by trading partners. 
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The difficulty in the official acceptance of compartments relates to several factors. One of 

them, and possibly the most critical, is the need for a robust and credible partnership 

between the relevant private sector and the Veterinary Authorities. Never before has the 

credibility of this partnership been so important, as most of the implementation of 

biosecurity measures and surveillance and testing are to be conducted by the industry 

rather than the Veterinary Service. The role of the Veterinary Service has shifted from 

actual implementers to auditors and certifiers. 

The need for trusting relationships is not limited to the public/private partnership at a 

national level, but is also critical between the Veterinary Authorities of trading partners. 

The credibility of a competent Veterinary Service is most important, when needing to 

demonstrate that the Veterinary Service is fully aware and confident of the information 

provided by the industry, when signing the relevant veterinary certificates. Therefore, the 

demonstration of reliable and credible veterinary governance is essential. 

Currently, several countries are considering the practical implementation of 

compartments, and some are even establishing compartments among their poultry and/or 

swine industries. 

At the moment, there are several efforts underway to establish compartments within the 

poultry sector. Some countries are limiting their initial approach to the poultry genetics 

sector. While it is important to consider the establishment of compartments in all sectors 

of the industry, this particular sector that has historically been completely isolated and 

already operating under extreme biosecurity conditions. 

More ambitious initiatives are being undertaken by countries with a strong poultry 

industry and with a robust export market. As a result of the recent avian influenza crisis, 

these countries, whether been affected, or considering the potential effect of an avian 

influenza incursion, are implementing a compartment framework for the more 

industrialised sectors of the poultry industry and with a special attention to avian 

influenza and Newcastle disease. 

The OIE has offered to provide technical assistance to countries in their efforts to 

implement compartmentalisation. More specifically, the OIE has obtained a grant from 

the Standards and Trade Development Facility (STDF) to provide technical advice to 

Thailand and Brazil in the preparation of a grant proposal that would help fund a major 

pilot project between these governments and their poultry industry. 

The OIE envisions that the broad implementation of compartmentalisation beginning with 

the industrial poultry and pig sectors as well as the acceptance by trading partners, will be 

the best insurance to the industry, as well as serving as an animal and public health 

guarantee in case of animal diseases incursions. 
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With the sound application of these modern procedures, safe trade should be expanded 

and the production further protected, while significant diseases are being controlled while 

not always totally eradicated. 

References: 

Adapted from https://www.oie.int/doc/ged/D6063.PDF 

(Ir Vet J. 2017 An investigative framework to facilitate epidemiological thinking during 

herd problem-solving. More SJ
1
, Doherty ML

1
, O'Grady L

1
 

https://www.ncbi.nlm.nih.gov/pubmed/28435659). 
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SPS AGREEMENT: BASIC PRINCIPLES AND ENFORCEMENT OF  BIOSECURITY 

& BIOSAFETY REGULATIONS BY INDIA 

J George* and J Rawat** 

*Senior Consultant, Research and Information System, India Habitat Centre, New Delhi–110 003. 

Department of Veterinary Microbiology, Lala Lajpat Rai University of Veterinary and Animal 

Sciences, Hisar 

 

A considerable number of barriers in the shape of technical regulations and standards are there to 

regulate trade, whereas, technical standards and regulations (including sanitary and phyto-

sanitary controls) in themselves may not admit to be  a trade barrier, their use and/or adoption in 

practice has been found to raise new obstacles to imports and to give protection to domestic 

producer as trade barriers in the importing countries.  

 

Standards-related measures include mandatory technical regulations, voluntary standards, and 

conformity assessment procedures that determine whether a product meets the requirements of a 

particular regulation or standard. They affect virtually every aspect of daily life. Objectives of 

standards-related measures include protecting health, safety and the environment; informing the 

consumer; ensuring inter-operability between the products of different manufacturers; and 

identifying quality. Some standards-related measures may, however, also discriminate 

unnecessarily against the products of foreign competitors. 

 

For more details please read the main article as above is an abstract of main article ―Addressing 

Sanitary and Phytosanitary Agreement: A Case Study of Select Processed Food Products in India”, 

authored by Rajesh Mehta, M. Saqib and J. George. J George was present to deliver the Lecture 

at one of CAFT Courses. (https://www.ris.org.in/addressing-sanitary-and-phytosanitary-agreement-

case-study-select-processed-food-products-india) 

 

 

 

  

https://www.ris.org.in/addressing-sanitary-and-phytosanitary-agreement-case-study-select-processed-food-products-india
https://www.ris.org.in/addressing-sanitary-and-phytosanitary-agreement-case-study-select-processed-food-products-india
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REGULATORY REQUIREMENTS FOR IMPLEMENTATION OF 

COMPARTMENTALIZATION GUIDELINES: DEVELOPMENT OF TOOLS 

Jagveer Rawat, Anupama Dahiya, Krishan Sharma and Naresh Kakker 

Department of Veterinary Microbiology, Lala Lajpat Rai University of Veterinary and Animal 

Sciences, Hisar 

Compartmentalisation is a procedure which may be implemented by a country to define and 

manage animal subpopulations of distinct health status within its territory, in accordance with the 

recommendations in the OIE Terrestrial Animal Health Code (the Code), for the purpose of 

disease control and/or international trade. 

This document is a ―verbatim copy of OIE Document‖ available at 

https://www.oie.int/doc/ged/d9962.pdf , entitled CHECKLIST ON THE PRACTICAL 

APPLICATION OF COMPARTMENTALISATION FOR AVIAN INFLUENZA AND 

NEWCASTLE DISEASE and published by OIE Terrestrial Animal Health Standards 

Commission/March 2007. 

For implementation of ―Compartmentalisation Facility‖, for keeping ―the Core Sub-population 

of poultry‖, free from from ―Avian Influenza or AI‖ and ―New Castle‖ Disease (ND). The 

above-cited document should be read in conjunction with the following OIE texts, which offer 

‗relevant tools‖ required to implement ―Compartmentalised Facility‖ free from ―Avian Influenza 

or AI‖ and ―New Castle‖ Disease (ND): 

 Code chapter on zoning and compartmentalisation (1.3.5); 

 Code chapters on AI (2.7.12) and ND (2.7.13); 

 Code chapters on the evaluation of veterinary services (1.3.3 and 1.3.4); 

 Code appendices on ‗general guidelines on animal health surveillance‘ (3.8.1), 

‗guidelines on the surveillance for avian influenza‘ (3.8.9); and ‗guidelines on 

surveillance for Newcastle disease (3.x.x – under development) 

 Code appendix general guidelines on the application of compartmentalisation’ (3.y.y – 

under development) 

 Code appendix on the general principles for the ‗identification and traceability of live 

animals‘ (3.5.1). 

While zoning applies to an animal subpopulation defined primarily on a geographical basis 

(using natural, artificial or legal boundaries), compartmentalisation applies to an animal sub-

population defined primarily by management and husbandry practices related to biosecurity. In 

practice, spatial considerations and good management play important roles in the application of 

both concepts. 

The Code recommendations for compartments cannot be applied in all situations. The effective 

implementation of the concept of compartmentalisation depends inter alia on the epidemiology 

of the disease, country factors, environmental factors, the biosecurity measures which may be 

https://www.oie.int/doc/ged/d9962.pdf
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applicable, the health status of animals in adjacent areas, surveillance and the public/private 

sector relationship. Compartmentalisation may be particularly applicable in intensive industries 

where production systems are vertically integrated. 

The document lists the principal issues which need to be addressed. Some issues are relevant to 

the infrastructure within which compartmentalisation for ND and/or AI may be effectively 

implemented, and others apply to the establishment and operation of individual compartments. 

General principles applying to compartmentalisation 

The responsibilities of the Veterinary Authority regarding the infrastructure within which 

compartmentalisation may be effectively implemented and which needs to be in place prior to 

the establishment of any compartment, include: 

 To ensure that the Veterinary Services have been evaluated, at least with respect to 

their ability to oversee the establishment and management of compartments (see below 

for the key elements of an evaluation 

 To ensure that effective partnerships have been developed between the veterinary 

services and the animal production and non-production sectors where there is a 

likelihood of compartmentalisation being applied; such partnerships may need to 

include related sectors such as equipment supply and maintenance, feed production and 

waste management; 

 To ensure that an effective animal identification and traceability system is in place; 

depending on the animal sector, identification and registration may be done at the 

herd/flock, lot or individual animal level; 

 To ensure that an effective certification system is in place to allow credible official 

certification of the health status of a compartment, and commodities that may be traded 

from it; 

 To devise generic criteria, including for management and husbandry practices relating 

to biosecurity, which may be applicable generally to compartmentalisation; 

 To devise model biosecurity plans in conjunction with interested animal sectors; 

 To publicise the generic criteria and model biosecurity plans through official channels. 

The key factors of an evaluation of the Veterinary Services of a country which proposes to 

implement compartmentalisation include: 

 legislative and administrative infrastructures; 

 independence in the exercise of official functions; 
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 coordination capability; 

 adequacy of technical and financial resources; 

 disease surveillance and diagnostic capability; 

 knowledge of relevant animal production and non-production sectors; 

 systems for the early detection of disease and emergency response; 

 effective consultation with stakeholders; 

 performance history, including the timeliness and accuracy of disease reporting. 

For further details, reference should be made to Code chapters 1.3.3 and 1.3.4. A model 

biosecurity plan should address all relevant factors including: 

 The partnership(s) between the veterinary services and the relevant enterprise(s); 

 The means of making a practical assessment of the resources required and available – 

financial, human and technical; 

 The means of identifying the relevant subpopulation and its distinct animal health 

status, including through the animal identification and traceability system, and the 

relevant management and animal health records; 

 The necessary surveillance and the means to implement it, and the procedures for the 

investigation and reporting of disease incidents; 

 The components of the establishment(s) and/or other premises operated by an 

enterprise which would constitute the compartment, and the common biosecurity 

management system under which they operate (for example, animal housing facilities, 

animal transport routes, feed distribution systems, work procedures), using diagrams to 

show flowpaths, functional boundaries etc; 

 The relevant epidemiological factors, particularly the potential pathways for the entry 

and spread of pathogen(s) that are the subject of compartmentalisation, and the 

associated risks. 

 Indicative sanitary measures which would be necessary to manage the risks relating to 

the distinct animal health status of the subpopulation. 

 How the necessary sanitary measures would be incorporated into the management and 

husbandry practices of the establishment(s) and other relevant premises, to produce 

standard operating procedures (SOPs) for the compartment. 
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 How the SOPs for the compartment would be audited to ensure that they are in 

accordance with the biosecurity plan. 

 How the risks would be regularly re-assessed and the SOPs of the compartment 

adjusted appropriately. 


