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The World Organisation for Animal Health (OIE) defines an emerging disease as ―a 

new infection or infestation resulting from the evolution or change of an existing pathogenic 

agent, a known infection or infestation spreading to a new geographic area or population, or 

a previously unrecognized pathogenic agent or disease diagnosed for the first time and which 

has a significant impact on animal or public health.‖ On the other hand, a known or endemic 

disease is considered to be re-emerging if it shifts its geographical setting, expands its host 

range, or significantly increases its prevalence. These diseases are caused by virus, bacteria, 

fungi and parasites resulting in significant morbidity and mortality in various livestock 

species viz. cattle, buffaloes, horses, birds, pigs, sheep and camels, etc. Some of these 

diseases also have public health and zoonotic importance. In addition, these diseases are 

responsible for significant economy and trade losses and disruption of global travel.  

The multifactorial reasons for alarmingly rise in the incidence of emerging and re-

emerging infections include evolution and mutation of pathogens,increased contact with wild 

animals/ birds, climate changes, increase in global travel,increased transportation of livestock 

for trade purpose saltered life cycle of vectors, growing demands on land use, intensified 

farming practices etc. 

The large-scale prevalence of diseases such as Foot and Mouth Disease (FMD), 

Haemorrhagic Septicaemia (HS), Brucellosis, Black Quarter (BQ) in cattle, Enterotoxaemia, 

Peste des Petits Ruminants (PPR) and Sheep/Goat Pox in sheep and goats and Swine Fever in 

pigs drastically affect the productivity of animals and thus, are the biggest impediment to 

growth of animal husbandry sector in India. The Department of Animal Husbandry and 

Dairying, Govt. of India and Indian Council of Agricultural Research (ICAR) have launched 

several control programs for the control of diseases of veterinary importance in India as 

under: 

1. Assistance to States for Control of Animal Disease (ASCAD) 

Under this component, assistance is provided to State/Union Territory Governments 

for control of economically important and zoonotic diseases of livestock and poultry. Some 

of the activities to be covered under ASCAD include: Immunization of animals against 

economically important  and transmissible diseases having the potential for very serious and 

rapid spread irrespective of national borders, serious socio-economic or public health 

consequence and of major importance in the international trade of animals, 

Strengthening/Modernization of Biological Production Units/ State Disease Diagnostic 

Laboratories, Conducting Training, Workshops/Seminars, and awareness camps. In Haryana, 

ASCAD has provided funds for vaccination coverage in 13 districts which were not covered 

under the FMD–CP program (till 2017). ASCAD has also provided funds for vaccination 

against HS and BQ in Haryana (pashudhanharyana.gov.in/). 
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2. National Project on Rinderpest Surveillance & Monitoring (NPRSM) 

Formerly known as National Project on Rinderpest Eradication (NPRE), the program 

was renamed as NPRSM after declaration of India as Rinderpest free country by OIE in 2006. 

Under this program, States and Union Territory Governments are required to carry out 

physical surveillance of the Rinderpest through village, stock route and institutional searches 

so to maintain the freedom status and to submit a dossier to the OIE every year. 

3. Foot and Mouth Disease Control Program (FMD-CP) 

Foot-and-Mouth Disease (FMD) is an acute highly contagious disease of cloven 

hoofed animals and causes high morbidity and mortality particularly in young animals. The 

disease is caused by seven serotypes (O, A, C, Asia-1, SAT-1, 2 and 3) of Apthovirus of 

Picornaviridae family. In India, FMD remains endemic and mainly three prevalent serotype 

(O, A and Asia-1) are documented. The FMD in India has a serious socio-economic 

implication. In order to control FMD in the country and to minimize the economic losses due 

to FMD as per the progressive control pathway (PCP) for FMD laid down by OIE/FAO, a 

national level FMD-CP was started in 2003-04 to control FMD through a country-wide mass 

vaccination and stringent biosecurity arrangements. 

 The major activities of the FMD-CP included vaccination of all the susceptible cattle 

and buffaloes at six monthly intervals and sero-surveillance/monitoring of animal population 

on random basis, virus typing in case of the outbreaks. To assess the effectiveness of the 

vaccination programme, randomly selected serum samples from 10 cattle and 10 buffalo pre- 

(before) vaccination and 21-30 days post-vaccination from 10 random villages from each 

district for each round of vaccination are being collected and screened for protective levels of 

serotype specific neutralizing antibodies. In the event of any outbreak, it should be reported 

immediately and the State/UT should control and contain the disease as per the provisions of 

the Prevention and Control of Infectious and Contagious Diseases in Animals Act, 2009, i.e. 

each and every outbreak should be investigated to know the epidemiology of the disease with 

forward and backward linkage. Other activities included are isolation and containment of sick 

animals and their treatment, ring vaccination (5-10 Km radius) around the affected 

village/area to cover all the susceptible animals including sheep, goats, pigs etc. to prevent 

virus transmission, restriction/control of movement of infected animals to prevent the spread 

of the infection, disinfection and implementation of bio-security measures, adequate public 

awareness campaign in outbreak areas. 

4. Peste des Petits Ruminants Control Programme (PPR-CP) 

Peste des Petits Ruminats (PPR), an acute highly contagious disease of sheep and 

goats causing high morbidity and mortality is caused by Morvilivirus of family 

Paramyxoviridae. The disease is characterized by pyrexia, occulo-nasal discharge, necrotising 

and erosive stomatitis, pneumonia, enteritis and also having some specific features like 

Rinderpest disease such as rapid spread in susceptible population. The PPR Control Program 

was started in 2010 with 100% central assistance in vaccination of susceptible animals (sheep 

and goat), initially in few states but later on extended to all the states under the 12
th

 year Plan. 
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5. Brucellosis Control Program (Brucellosis-CP) 

Brucellosis is highly contagious disease of cattle, buffalo, sheep, goats, pig, dogs and 

human caused predominantly by B. abortus biotype-1 (cattle and buffaloes) and  B. 

melitensis biotype-1(sheep, goats and humans). The disease is characterized by abortion, 

retained placenta, orchitis, epididymitis and rarely, arthritis, with excretion of the organisms 

in uterine discharges and in milk. The brucellosis was first reported in India in 1942 and 

National Control Program on Brucellosis was introduced during the 10
th

 year Plan (later 

renamed as Brucellosis Control Program during the 12
th

 year Plan).The program included the 

vaccination of female calves between 6-8 months using B. abortus S19 in all states. 

Adulthood vaccination will also be taken up covering all un-vaccinated adult female bovines. 

6. Classical Swine Fever Control Program (CSF-CP) 

Classical Swine Fever (Swine Fever or Hog Cholera), a highly devastating viral 

disease of the pigs caused by Pestivirus (family Flaviviridae), is responsible for serious 

economic losses directly due to mortality, retardation of growth, reproductive problems of 

affected pigs and indirectly by bringing restrictions on exports of pork and pork products. 

The disease is a major constraint to the development of pig farming systems in northeast 

India where pig farming is a main source of livelihood for most households. In order to 

control the CSF disease in pigs, ‗Classical Swine Fever Control Programme‘ (CSF-CP) was 

implemented during 2014-15. 

7. All India Network Program on Blue Tongue (AINP) 

Bluetongue (BT) an infectious, contagious, viral disease affecting sheep, domestic 

and wild ruminantsis transmitted by insect vector Culicoides (family Ceratopogonidae). The 

bluetongue virus (BTV) is the type species of the genus Orbivirus within the family 

Reoviridae. The main objectives of AINP on Bluetongue include increased understanding of 

which Culicoides species are involved in BTV transmission and how their ecology and 

seasonality varies and to develop tools that can be utilized to predict the likelihood and 

severity of BT outbreaks and providing a clearer understanding of epidemiology of BTV 

outbreaks. 

8. National Animal Disease Control Programme on FMD and Brucellosis 

Considering the importance of FMD and Brucellosis, the National Animal Disease 

Control Programme (NADCP on FMD and Brucellosis) has been approved for these two 

diseases on 31
st
 May 2019 with a total outlay of Rs.13,343.00 Crores for five years (2019-24) 

during the 1
st 

Cabinet Meeting chaired by Prime Minister. The modalities for implementation 

of NADCP on FMD and Brucellosis are being worked out by the newly created Department 

of Animal Husbandry and Dairying, Ministry of Animal Husbandry, Dairying and Fisheries, 

Govt. of India.  

Common Emerging and Re-emerging diseases in South Asia 

OIE has identified emerging and re-emerging diseases and causative agents relevant 

to South-East Asia including India. These include Anthrax, Avian influenza, Hanta virus, 

Japanese encephalitis, Nipah virus, Plague, Rabies and SARS. Further, the increased 
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occurrences of tuberculosis, brucellosis and salmonellosis in humans and animals have also 

drawn attention of epidemiologists and public health veterinarians in India.  Some of the 

major endemic, emerging and re-emerging zoonotic diseases are briefly discussed here. 

1. Anthrax 

Anthrax, an acute bacterial disease primarily of herbivores, is transmissible to 

humans. The aetiological agent, Bacillus anthracis, is a Gram-positive spore-forming rod-

shaped bacterium. Anthrax is being reported from India in sporadic as well as outbreak forms 

on a regular basis from farm animals in Pudducherry, Gujarat, Tamil Nadu, Andhra Pradesh 

and Karnataka. Integrated Disease Surveillance Programme (IDSP), National Centre for 

disease control (NCDC), Delhi, India reported 6 outbreaks of anthrax in India during the year 

2014. Anthrax is considered an important biological warfare agent because: 

(i)   It is highly fatal and when transmitted through inhalation is almost always fatal, 

(ii)  Anthrax spores can remain viable for several decades and can be easily produced in 

large quantities at a very low cost, and 

(iii) It is easy to weaponize and disseminate anthrax as an odourless and invisible 

aerosol which can affect thousands of people at the same time. 

Anthrax is diagnosed by examining blood (or other tissues) for the presence of the 

bacteria. Samples must be collected carefully to avoid contamination of the environment and 

to prevent human exposure to the bacteria. Blood samples from relatively fresh carcasses will 

contain large numbers of B. anthracis, which can be seen under a microscope, cultured and 

isolated in a laboratory, or detected by rapid tests, e.g. polymerase chain reaction (PCR). 

Vaccination in endemic areas is very important. Although vaccination will prevent outbreaks, 

Veterinary Services sometimes fail to vaccinate when the disease has not appeared for several 

years. But because the spores survive for such lengthy periods, the risk is always present. 

2. Avian Influenza (AI) 

Avian Influenza (bird flu) caused by Avian influenza strain H5N1 wreaked havoc and 

spread panic when it first appeared in Hong Kong in 1997 and later from many southeast 

Asian countries including Bangladesh, China, India, Japan, Pakistan, Taiwan and many 

countries in Europe and elsewhere. Influenza viruses are enveloped segmented RNA viruses 

belonging to the Orthomyxovirdiae family. Avian influenza is a zoonotic, globally important 

disease of birds that can be categorised as either low pathogenic (LPAI) or highly pathogenic 

(HPAI) according to the virulence of the virus in animals.  

The upsurge of HPAI H5N1 epizootic waves is linked to changes in agricultural 

practices, intensification of the poultry sector, and globalization of trade in live poultry and 

poultry products. Fourteen Indian states were affected with H5N1 AI outbreaks since 2006. 

Most of the H5N1 AI outbreaks were restricted to Eastern and North Eastern states of India. 

Phylogenetic analysis of HA region of H5N1outbreak isolates reveals that clade 2.2 viruses 

were circulating from 2006 onwards and clade 2.3.2 viruses during 2011. Apart from H5N1, 

H9N2, H4N6, H11N1, H4N2, H9N3, H2N2, H3N2 viruses isolated from different bird 

species/ducks from different places in India.  
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Department of Animal Husbandry Dairying and Fisheries has revised an action plan 

on ―Prevention, containment and prevention of Avian influenza‖ in March 2015. Under this 

plan there is a need to carry out special surveillance in wet markets in the border areas, 

market chain at poultry supply areas with high duck population, water bodies and the nesting 

places of wild birds. The veterinary officers should make plan to send the samples on regular 

basis. There is need for strengthening surveillance in the area where migratory birds are 

visiting as migratory birds play an important role in the transmission of influenza viruses 

resulting in the occurrence of low as well as high pathogenic influenza. It should be stressed 

upon the veterinary authority that any unusual sickness or mortality in birds should be 

immediately reported without any loss of time as per the action plan. The biosecurity at the 

poultry farms needs to be monitored by the State Animal Husbandry Directorate in 

accordance with the general guidelines issued by the department. 

3. Japanese Encephalitis 

Japanese encephalitis (JE) is a major public health problem in India. When the first 

case was reported in 1955, the disease was restricted to south India. The disease spread to 

north India in 1978 from where extensive and recurrent outbreaks of JE have been reported 

ever since. The natural transmission cycle involves multiple mosquito species from genus 

Culex whereas pigs, birds and bats are the susceptible reservoir hosts. Humans as well as 

equines are considered as dead-end host since the viremia in peripheral blood is low and 

transient. Japanese encephalitis (JE) is re-emerging in India and continues to spread to newer 

areas. Several states in the country have reported the disease. Japanese encephalitis (JE) is 

recently declared as a notifiable disease in India due to its expanding geographical 

distribution. The disease notification facilitates effective implementation of preventive 

measures and case management. Recently in 2019, ICAR-IVRI has released a diagnostic kit 

for detection of antibodies against JE. The Government of India has formulated a 

multipronged strategy to reduce the disease burden as well as to prevent mortality, morbidity 

and disability. The strategy includes JE vaccination in affected districts and strengthening of 

surveillance programs. Additionally, vector control, case management, timely referral of 

serious and complicated cases are also done. Appropriate sanitation facilities, as well as 

access to safe drinking water, are also aimed at this strategy. Provision for physical, medical, 

neurological and social rehabilitation is included to estimate disability burden due to JE. 

Moreover, improvement in the nutritional status of children at risk has also been designed 

4. Rabies 

Rabies is responsible for extensive morbidity and mortality in India. The disease is 

endemic throughout the country. With the exception of Andaman & Nicobar and 

Lakshadweep Islands, human cases of rabies are reported from all over the country. The cases 

occur throughout the year. About 96% of the mortality and morbidity is associated with dog 

bites. Cats, wolf, jackal, mongoose and monkeys are other important reservoirs of rabies in 

India. Bat rabies has not been conclusively reported from the country. Millions of people are 

bitten by animals (most often stray dog) in India every year and the total number of people 

dying of the disease annually range between 25,000-30,000. The incidence of the disease is 

increasing every year with a reported death every 30 minutes. To address the issue of rabies 



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 6 
 

in the country, National Rabies Control Programme was approved during 12th Five year plan 

by Standing Finance Committee as Central Sector Scheme to be implemented under the 

Umbrella of National Health Programme. The main objective are: Training of health care 

professionals on appropriate animal bite management and rabies post exposure prophylaxis, 

advocacy for states to adopt and implement interdermal route of post exposure prophylaxis 

for animal bite victims and pre exposure prophylaxis for high risk categories, strengthen 

human rabies surveillance system strengthening of regional laboratories under NRCP for 

rabies diagnosis, creating awareness in the community through advocacy and communication 

and social mobilization. 

OIE: GLOBAL SCENARIO 

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 Agreement of the 

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

international trade. 

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 

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. 

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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OIE Cattle Disease Update (2018) 

The global animal health disease data was reviewed in Paris during the 86
th

 OIE 

General Session (May 2018). Most cattle diseases were still emerging. The following updates 

were provided by OIE regarding ruminant diseases: 

1. Peste des petits ruminants has been identified as one of the priority diseases by 

the GF-TADs (FAO-OIE Global Framework for the progressive control of Transboundary 

Animal Diseases). There is an urgent need to improve the prevention and control measures as 

defined by the Global Strategy for control and eradication of PPR by 2030.  

2. Foot and mouth disease has been reported to be as one of the three most 

frequently notified OIE-listed diseases (2017- 2018) caused by 5 serotypes in 34% of the 184 

reporting countries. 

3. Bovine tuberculosis caused by Mycobacterium bovis, traditionally recognised as a 

public health issue (zoonosis) has been successfully controlled or eradicated in domestic 

animals in many countries. The disease still remained prevalent in domestic animals or 

wildlife in parts of Africa, Asia, Pacific and some regions of America and Europe (2017-18). 

The bovine tuberculosis has been reported in 43% of the reporting countries. OIE has 

launched a Roadmap for Zoonotic Tuberculosis (2017) for control of the global tuberculosis 

epidemic. 

4. Lumpy skin disease, a devastating disease of cattle, emerged over the last few 

years, in Europe in addition to Africa and the Middle East (endemic). During 2017-2018, no 

new country reported the first occurrence of the disease.  

OIE: Official Disease Status 

Since 1998, the OIE has the mandate from the WTO to officially recognise disease-

free areas of countries for trade purposes. The procedure for the official recognition of 

disease status by the OIE is voluntary and applies currently to six priority diseases that are of 

major importance to OIE Members viz. i) African horse sickness, ii) Bovine spongiform 

encephalopathy, iii) Classical swine fever, iv) Contagious bovine pleuropneumonia, v) Foot 

and mouth disease and vi) Peste des petits ruminants. The official status reflect the level of 

transparency and quality of the Veterinary Services of the country, increase the value of its 

livestock sector and facilitate access to regional and international markets. During the World 

Assembly of OIE Delegates‘s General Session (2018), OIE distributed 11 certificates to 10 

countries for official disease status recognition: 

 Argentina, Bulgaria and Costa Rica were recognised as being ―free from CSF‖; 

 Madagascar, Peru and Uruguay were recognised as being ―free from PPR‖; 

 Nicaragua was recognised as having a ―negligible BSE risk‖; 

 Peru and Surinam, were officially recognised as ―free from FMD without 

vaccination‖ and a zone in Brazil and one in Chinese Taipei were officially 

recognised as ―FMD free with vaccination‖. 
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OIE-Listed diseases, infections and infestations (2019) 

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 year 2019, the OIE list includes 117 animal 

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

sheep and goats, swine, lagomorphs, equines, avian and other species. 
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CONVENTIONAL AND MOLECULAR APPROACH FOR CHARACTERIZATION 

OF ENTERIC PATHOGENS OF VETERINARY IMPORTANCE 

Archana Sharma, Parveen Kumar and Garima Shrinet 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

Enteric pathogen is a wide term that can be defined as any microbe that is able to 

cause enteric ―disease‖ which may include bacteria, viruses and even parasites. Enteric 

pathogens are commonly found in environment with poor hygiene, nosocomial as well as in 

food and water born infections. These organisms can live on inanimate surfaces for as long as 

seven days to several months.  Enteric pathogens includes large number of dysentery, food 

poisoning and diarrhoea causing bacteria such as Escherichia coli like Shiga toxin–producing 

Escherichia coli (STEC) O157, Campylobacter jejuni, Listeria monocytogenes, Shigella spp., 

Klebsiella spp. Salmonella spp., nontyphoidal Salmonella spp., Yersinia enterocolitica, 

Clostridium perfringens, viruses of family Picornaviridae, Reoviridae Hepeviridae etc. 

Additionally, food spoilage microorganisms such as Acinetobacter spp., Pseudomonas spp., 

Botrytis spp. are also included in the group.  

Animals are commonly infected through faecal contaminated feed and water and their 

environment also becomes important route of transmission for enteric pathogens. Although 

new technologies such as the polymerase chain reaction (PCR), DNA hybridization and the 

ELISA test are available for the identification of various enteric bacteria, they are often too 

expensive for routine laboratory use. Thus clinical microbiologists mostly depend on 

morphological and biochemical criteria e.g. substrate utilization systems for the identification 

of enteric micro-organisms after isolation from clinical specimens. Toxin production also 

becomes important for enteric bacteria such as E. coli O157: H7 producing Shiga-like toxins 

1 and 2 that cause dysentery, haemorrhagic colitis, and haemolytic uremic syndrome. Listeria 

monocytogenes produces an exotoxin called listeriolysin O that has haemolysin functionality. 

Lipopolysaccharides (LPS) are also considered to be hazardous toxins and irritants from the 

outer membrane of Gram-negative bacteria also known as endotoxin. Hence toxin are also 

monitored for the enteric pathogen‘s characterization. 

Conventional Detection methods 

In conventional approach, detection of bacteria mainly depends on the culture of the 

sample on a microbiological media followed by its biochemical identification. Although these 

methods are sensitive and inexpensive, but are both time and labour exhaustive. This usually 

delays the early diagnosis and treatment procedure. Isolation of the specific bacterial species 

from a mixed culture, without pre-enrichment is difficult. To improve conventional methods 

and reduce the costs, several modifications in the preparation of samples, plating have been 

done to provide faster and easier methods. The clinical relevance and conventional 

identification methods of members of the important enteric bacteria which are of veterinary 

importance are mentioned in table 1. 

Other than the isolation and biochemical identification, Immuno detection of enteric 

bacteria are also known to provide both specific and sensitive approach. Antibody based 
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methods are employed to specifically detect bacterial cell wall antigen (O), flagellar antigen 

(H), spore, LPS, toxins etc. Even though these detection methods are not as specific and 

sensitive as nucleic acid-based detection, they are faster, powerful and have the ability to 

detect both contaminating organisms and their toxins that may not be expressed in the non-

pathogenic organism.  

The API stands for ―Analytical Profile Index‖ system is similar to conventional 

method which was developed for quick identification of the Enterobacteriaceae family 

members and other Gram-negative bacteria. It consists of a plastic strip with 20 small 

reaction tubes, contained in separated compartments. This system is very useful for 

identifying pathogenic isolates and has the highest sensitivity both at the genus and at the 

species level.  

Table 1. The clinical relevance and conventional identification methods of members of the 

enteric bacteria of veterinary importance 

 

 

E.coli Salmonella 

serotype 

Yersinia 

spp. 

Proteus spp. Enterobacter 

aerogens 

Klebsiella 

pneumoniae 

Clinical 

importance 

Major 

pathogens 

Major 

pathogens 

Major 

pathogens 

Opportunistic 

pathogens 

Opportunistic 

pathogens 

Opportunistic 

pathogens 

Culture 

characteristics 

Some strains 

haemolytic 

- - Swarming 

growth 

mucoid mucoid 

Motility at 30° 

C 

motile motile motile motile motile Non motile 
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Molecular based approach 

Molecular methods for detection of enteric pathogens include Polymerase chain 

reaction (PCR), Loop mediated isothermal amplification (LAMP), nucleic acid-based 

amplification (NASBA), microarrays, biosensors, pulse field gel electrophoresis (PFGE) etc.   

Polymerase chain reaction (PCR) after its invention in 1980s enabled detection even 

single copy of DNA and greatly enhanced pathogen detection by amplification of desired 

gene like those for virulence factor (toxins, capsule, flagella etc.), 16 S and 23 S rRNA gene 

etc. PCR based methods are used for the detection of a broad range of pathogens like Listeria 

monocytogenes, Salmonella spp., Bacillus cereus, Campylobacter jejuni etc. The different 

forms of PCR based on their methods are real-time PCR, multiplex PCR, and reverse 
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transcriptase PCR. RT-PCR which is also found as multiplex RT-PCR and real-time RT-PCR 

are known. In spite of the development of alternative amplification methods, PCR stays the 

most used method in the research, detection, and diagnosis of pathogens now. Multiplex PCR 

method is applied for the simultaneous detection of several foodborne pathogens like for E. 

coli O157:H7, Salmonella spp. and Staphylococcus aureus. Advantages of multiplex PCR 

include multiple targets are amplified significantly without extra time, cost, or sample vol-

ume; however, there have been reports that multiplexing can reduce sensitivity compared 

with single reactions as result of competition. Although PCR techniques are very sensitive, it 

need high-precision thermal cycler in clinics as a routine diagnostic tool. Therefore alternate 

isothermal nucleic acid amplification methods such as nucleic acid-based amplification 

(NASBA) and loop-mediated isothermal amplification (LAMP), which require only a simple 

heating device such as water bath, have been developed for rapid and sensitive detection of 

target nucleic acid. 

Latest molecular methods like Microarray are now becoming popular for enteric 

pathogen detection. It can be used in large scale screening and simultaneous identification 

with greater capacity (100–1000×) compared to other molecular methods (i.e. real-time PCR) 

which can only analyse a small number of targets. A simple microarray includes a solid 

surface (such as a nylon membrane, glass slide, or silicon chips) onto that is attached small 

quantities of ssDNA from different known bacterial species. When ssDNA from many 

unknown species is exposed to these arrays (DNA chip), strains bind to their individual sites 

on the chip and are then interpreted based on heat map analysis. 

Another molecular technique called as FISH (Fluorescent In situ Hybridization), can 

be used for phylogenetic, ecologic, diagnostic of enteric pathogens. In this specific 

oligonucleotide probe labelled with a fluorochrome are used for simultaneous identification 

of the pathogens by fluorescent microscopy. It has several advantage over conventional 

cultural methods like it avoids inhibitory substances, identification of viable but non-

cultivable cells (VBNC), and simultaneous identification of different species in the same 

sample, cost effective and easy to do. PCR is more sensitive than FISH but sensitivity of 

FISH detection could be increased considerably after certain enrichment steps. This technique 

is applied in food samples for the detection of foodborne pathogens such as Staphylococcus 

spp., E. coli, Salmonella spp., Campylobacter spp., L. monocytogenes. 

Further technique like Pulse Field Gel Electrophoresis (PFGE) are now known as 

―Gold Standard‖ test for food borne zoonotic pathogens like E.coli, Salmonella spp., Listeria 

spp., Campylobacter. This technique is based on molecular assays, culture, and isolation of 

the bacterial strain from the food product. By this method full genome can be validated 

however, genes with small size such as plasmids are not visible on PFGE. Therefore 

microbiological culture and isolation is needed for detection before the PFGE assay. 

Above all recent methods also include ‗Biosensors‘ which is an analytical device 

converting a biological response into an electrical signal. This technology is the fastest 

growing method for pathogen detection compared to PCR, immunology, culture methods and 

gel electrophoresis. It includes a bioreceptor element like microorganism, tissue, cell, 

enzyme, antibody, nucleic acid and bacteriophage which recognize the target analayte and a 
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transducer based on optical, acoustical, and electrochemical signal detection for converting 

the recognition event into a measurable electrical signal. This approach has been used with 

different modifications. 

Conclusion 

The enteric bacterial pathogens and their toxins can cause illnesses such as diarrhoea 

and spread through population. These pathogens are causing considerable morbidity and 

mortality especially in younger animals. Therefore, detection methods for enteric 

microorganisms should be more rapid, smart and reliable. The conventional methods for the 

detection of enteric pathogen bacteria are sensitive but require long turnaround time for 

enrichment and confirmation of presumptive isolates and may require several days to obtain 

results whereas nucleic acid based technologies can provide results within hours. Techniques 

like the DNA microarrays can facilitate whole genome comparisons among diverse strains 

and the identification of strain-specific and lineage-specific sequences. The sequencing and 

computational approach for identification and characterization of enteric pathogens is gaining 

recognition. Facilities like Whole Genome Sequencing (WGS) are becoming more popular 

and approachable using high throughput Next Generation Sequencing (NGS). This has made 

pathogen detection and study of polymorphism easier, faster and accurate. Therefore, these 

rapid methods are increasingly becoming popular among laboratories and could be accepted 

as standard methods for pathogen detection and characterization in the future. 
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SAMPLING AND TRANSPORTATION OF CLINICAL MATERIAL FROM FIELD 

TO LABORATORY FOR DISEASE DIAGNOSIS 

Anita Dalal, Sanjeevna Kumari and N.K. Kakker 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

Samples may be taken from animals, or their environment, for the purpose of 

establishing a disease diagnosis, for health surveillance, or for the monitoring of response to 

vaccines. In order to get timely and correct diagnosis of a suspected infectious disease, it is 

imperative on the part of a clinician to collect the most suitable material from live or dead 

animals.  The knowledge of pathogenesis of infectious disease is single most important factor 

in order to collect the most suitable specimen.  

The samples need to be appropriate for the purpose required, and adequate in number 

and amount to provide a statistically valid result. Samples must be taken with care, to avoid 

undue stress or damage to the animal or danger to the operator.  For example, a carcass 

suspected of being infected with Bacillus anthracis should not be opened, but a drop of blood 

should be obtained from a superficial vein. It is usually important to adopt aseptic techniques, 

and care must be taken to avoid cross-contamination between samples. Just prior to death and 

shortly thereafter, a number of intestinal bacteria may invade the host tissues.  The 

significance of these organisms, some of which are potential pathogens is difficult to assess 

when tissues have been invaded.  For best results, fresh tissues must be collected as soon as it 

is feasible.  Live sick animals presented for necropsy, invariably provide the best source of 

samples/specimens.  

For microbiological investigations, strict sterile precautions must be observed 

meticulously while collecting and handling materials for isolation studies. It requires at least 

as much effort, and often more, to process a negative specimen as it does one from which 

microorganism is isolated.  Specimens taken as a last resort when days or weeks or 

empirically chosen antibiotic therapy have failed are almost invariably a waste of effort. 

After collection of suitable material, it must be carefully packaged, labelled, and 

transmitted to the laboratory by the fastest practicable method. Relevant shipping regulations 

must be obeyed.  All samples must be accompanied by a written note indicating the origin of 

the material, the relevant history and the tests required. 

Table: Clinical material to be collected for different disease conditions: 

S.No. Disease Samples 

1 Haemorrhagic septicaemia Live animal: Blood smear, Smears of fluid from swelling 

Blood in sterile container 

Dead animal: Impression smear from heart, lungs, liver, 

submaxillary swellings, Smears from heart blood 

Lymph nodes and spleen on ice 

2 Anthrax Bood smears from ear vein, Smear of the discharges from 

natural orifices, Smear from swelling 

Ear tip or a piece of muzzle in saline 

3 Back quarter Impression smears from the affected muscle. 

Exudate from the swelling on ice 
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Pieces of affected muscle on ice 

4 Enterotoxaemia, Lamb 

Dysentery 

Blood, Smears from contents of small intestine 

Contents of intestine 

5 Brucellosis Milk, Blood, Serum sample (Paired serum sample), Vaginal 

mucus, uterine fluid. 

Stomach contents of foetus, aborted foetus 

6 Johne‘s disease Rectal pinch swab or smearFaecal sample 

Terminal portion of ileum with ileocaecal valve, mesenteric 

lymph gland in 10% formal saline. 

7 Glanders Nasal discharge on ice, Pus or culars from skin lesions on ice, 

Impression smears of culars, Affected tissue for histopathology 

8 Tuberculosis Sputum swabs in sterile container on ice 

Milk in sterile vials on ice, Faeces 

Heat fixed impression smears from lymph glands 

Affected tissue for histopathology in 10% Formalin 

Lymph glands or lung lesions in sterile container in 50% 

Glycerol Phosphate buffer. 

9 Leptospirosis Blood, Blood smear, Serum,Urine,Tissue from kidney, liver and 

spleen in 10% formalin, Milk or urine in vials by adding 1 drop 

of formalin per 20 ml 

10 Salmonellosis Blood, Faeces, Intestinal content, heart blood and bile in 

separate sterile vials, Tissues like mesenteric lymph nodes, 

kidney and gall bladder for histopathology 

11 Actinomycosis Pus smear, Pus in sterile container on ice, Tissue from swelling 

for histopathology 

12 Actinobacillosis Pus smear, Pus in sterile container on ice 

Affected tissue for histopathology 

13 Listeriosis Blood, Cerebrospinal fluid, Brain, Aborted foetus or placenta, 

All internal organs in 10% formalin or on ice. 

14 Mycoplamosis/CCPP/ 

CBPP/coryza 

Smears from culars, Swabs from sinus/trachea 

Nasal and vaginal swabs in PBS on ice 

Piece of lung preserved in 10% formalin and on ice separately, 

Serum samples (paired serum) 

15 Chlamydia/Psittacosis Nasal swab, Lung pieces in sterile vials on ice 

Impression smears from lungs, liver, conjunctiva and foetus, 

Serum samples (Paired serum samples) 

Internal organs in 10% formalin 

16 Bovine Genital 

Campylobacteriosis 

Vaginal mucus, Stomach content of aborted foetus 

17 Bluetongue Disease From ailing animals –Blood at the height of body temperature in 

heparin or EDTA for isolation. Paired sera in sterile vials on ice 

for serology 

From dead animals –Spleen, lung and lymph nodes on ice for 

isolation. Spleen, lymph nodes, intestine in 10% formol saline 

for HP 

18 Bovine Viral Diarrhoea/ 

Mucosal Disease 

From ailing animals –Nasal / cular discharge for isolation, Blood 

in EDTA for isolation, Paired serum samples for serology, 

Semen for isolation. 

From dead animals –Lymph nodes and spleen in sterile vials on 

ice for isolation, Intestinal swabs for isolation 

19 Canine Distemper From ailing animals –Blood smears / Impression smears of 

conjunctiva or vaginal epithelium for viral inclusion body.  

From dead animals –Impression smears from liver for viral 

inclusion body, Pieces of liver & spleen in sterile vials on ice for 
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isolation, Pieces of lung, urinary bladder, liver, trachea, stomach 

wall and brain in 10% formol saline for HP 

20 Foot and Mouth Disease From ailing animals –Vesicular epithelium in 50% Phosphate 

Buffered Glycerine, Oeso-pharyngeal fluid in 50% Phosphate 

Buffered Glycerine 

21 Infectious Bovine 

Rhinotracheitis (Ibr) 

From ailing animals Paired serum for serology, Swabs from 

vaginal and nasal lesions for isolation.  

From dead animals – Pieces of trachea, lungs in PBS on ice for 

isolation, Pieces of trachea, liver, turbinate bone, lungs for HP 

22 Infectious Canine Hepatitis From dead animals –Spleen and liver in sterile containers on ice 

for isolation. Liver, gall bladder and kidney in 10% formol 

saline for HP. Impression smears from liver fixed in methanol 

23 Parvo Viral Infection of 

Canines 

From ailing animals –Rectal swab and faeces in PBS, Paired 

serum samples. From dead animals –Pieces of intestine, heart on 

ice for isolation. Liver, heart, intestine in 10% formol saline for 

HP. 

24 Peste Des Petits Ruminants 

(PPR) 

From ailing animals –Eye, mouth and rectal swabs in PBS on ice 

for isolation. Citrated Blood for isolation. Serum for serology. 

From dead animals Spleen, lymph nodes, pieces of intestine on 

ice for isolation. Lungs, liver, spleen, tonsil in 10% formalin for 

HP 

25 Rabies From dead animals –Head / Whole carcass on ice for 

demonstration of viral antigen, viral inclusions and isolation of 

virus. Brain on ice for demonstration of viral antigen, viral 

inclusions and isolation of virus. Note: It is not advisable to open 

the skull by persons not protected by vaccination. 

26 Rinderpest From ailing animals –Blood for isolation. Paired Serum samples 

for serology. From dead animals –Spleen lymph node, 

alimentary tract mucosa for HP 

27 Swine Fever From ailing animals –Heparinised blood at the height of 

temperature for isolation.  

From dead animals Pieces of spleen, mesenteric lymph glands, 

intestine especially ileocaecal region in 50% glycerol saline for 

isolation. Pieces of brain, lung, intestines, ileocaecal region and 

kidney for HP 

28 Infectious Bursal Disease 

(Gumboro Disease) 

From ailing animals –Ailing bird. Paired serum sample.  

From dead animals –Bursa of fabricious in 50% Buffered 

Glycerine saline. Bursa of fabricious, kidney, spleen for HP 

29 Marek‘s Disease From ailing animals –Ailing bird. Paired serum sample. 

From dead animals –Trachea, ovary, liver, kidney, spleen for HP 

30 Ranikhet Disease From ailing animals –Serum sample, Ailing bird. 

From dead animals –Fresh carcass on ice. Liver, spleen, trachea, 

bronchi, lungs in 50% Buffered Glycerine saline. Proventriculus 

for HP 

31 Rhinosporidiosis Nasal discharge in sterile vial, Nasal swab, Granulation tissue in 

10% formol saline 

32 External Fungal Infections Skin scrapings in sterile vials 

33 Mastitis Milk samples (mid-stream) before onset of treatment in sterile 

vials on ice. 

34 Abortion Whole foetus/ all internal organs of foetus on ice, Vaginal swab 

in PBS, Pieces of placenta in sterile vials on ice, Pieces of 

placenta in 10% formalin, Paired serum samples 

35 Diseases of  

Unknown etiology 

Feed/ Fodder, Blood smears, Urine sample, Faecal sample, 

Blood samples collected in EDTA on ice from live animals, 
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Serum samples from live animals, Stomach contents, spleen, 

lung, lymph node, liver, kidney, intestine in sterile vials from 

dead animals on ice, Stomach contents, spleen, lung, lymph 

node, liver, kidney, intestine in 10% formol saline 

Source: https://ahd.kerala.gov.in/index.php/2014-02-10-09-47-36/diseases/collection-preservation 

A. Equipment required for collection of samples  

1) Sterile forceps, scissors and scalpels  

2) Sterile swabs and transport medium for bacteriological  or viral disease 

investigation  

3) Vials containing transport medium for collection of samples for isolation or 

identification pathogens 

4) Bottles for collection of faeces, blood and other samples that do not require 

transport medium  

5) Bottles containing formalin saline for tissues to be examined by 

Immunohistochemistry.  

6) Blood collection equipment- without additive for serum and with anticoagulant for 

isolation of pathogen 

7) Notebook and equipment for labelling specimens  

8) Cool box (Thermos flask)  

9) Heavy duty plastic bags for postmortem material. 

B. Collection of Samples 

Considerable skill and care are required to decide on the correct samples to be sent to 

the laboratory. Frequently a combination of blood samples for serology and tissues from dead 

or culled animals for microbiological culture are required. Additionally, it is usually 

important to collect tissues for fixation for histology or immunohistochemistry studies. 

Sample size is also very important while sampling herds or flocks for a health 

surveillance or in situation of outbreak.  It must achieve a 95% infection probability assumed 

to be present in a certain percentage of the animals. 

1. Tissues: 

An experienced person having sound knowledge of pathology would be able to select 

the right organs and the most promising lesions for sampling while doing post-mortem.  A 

plentiful supply of containers appropriate to the nature of the sample required must be 

available along with labels and report forms. The tissues may be sent to the laboratory dry or 

in bacterial or virus transport medium depending on the examinations required. For 

histopathology or immunohistochemistry, blocks of tissues not more than 0.5 cm thick and 1-

2 cm2 are cut and placed in neutral buffered 10% formalin, which should be at least 4 times 

the volume of the tissue sample. Samples for histology or immunohistochemistry should not 

be frozen.  For some procedures, e.g. rabies, larger portions of brain are required, some fresh 

and some in fixative, and for Scrapie and BSE whole brains may be required. The operator 

should wear protective clothing: overalls, rubber gloves and rubber boots etc., to protect 

oneself from zoonotic infections for eg. if rabies is suspected, it is usual to detach the 

https://ahd.kerala.gov.in/index.php/2014-02-10-09-47-36/diseases/collection-preservation
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animal's head, and the operator should wear a face mask and goggles, gloves and a plastic 

apron. 

Tissues may be collected for microbial culture or for immune-histopathological 

studies and serological tests. The skin of the dead animal may be removed with ordinary 

instruments, but the body cavities should be opened with sterile instruments and a fresh set of 

sterile instruments should be used to collect the pieces of the various organs required.  Each 

piece of tissue should be placed in a separate sterile screw-capped jar or plastic bag, fully 

labelled with the date, tissue and animal identification. Care must be taken not to contaminate 

one tissue with another. Instruments can be heated on a burner with portable packs of liquid 

gas or by using local fuel to light a fire. Disinfectants must not be used on or near tissues to 

be sampled for bacterial culture or virus isolation. 

2. Blood: 

Blood samples may be taken for hematology or for culture and/or direct examination 

for bacteria, viruses, or parasites, in that case the blood is added to anti-coagulants such as 

heparin.  They may also be taken for serology where a clotted sample is required.  A blood 

sample is taken after cleaning the site by shaving (plucking) hair and swabbing with 70% 

ethyl alcohol. The site is allowed to dry and then venepuncture is performed.  In most large 

mammals, the jugular vein or a caudal vein is selected, but brachial veins and mammary 

veins are also used.  In birds, a wing vein (brachial vein) is usually selected. 

Whole blood samples are sometimes collected in transport media with added 

antibiotics to reduce bacterial growth, but used antibiotics should not interfere with the 

growth of the pathogens concerned. For samples with anti-coagulant and/or antibiotics, 

thorough mixing is necessary as soon as the sample has been taken.  It may be also necessary 

to make a smear of fresh blood on a microscope slide.  An alternative method is to transport a 

drop of dried blood on a filter paper disk that contains enough material for sensitive antibody 

assay systems. 

Whole blood samples are very good virological specimens for following diseases: 

Disease Preservative for blood 

Blue tongue                                                   OCG, Sod. Citrate, heparin 

African horse sickness                                   OCG 

Rinderpest Heparin 

Equine rhinopneumonitis                               Heparin 

Equine infectious anaemia                              EDTA 

Swine, fever                                                    EDTA 

Marek's disease                                               Heparin 

Malignant catarrhal fever                                EDTA(1 mg/ml of blood) 

3. Serum: 

Serum samples are the most common specimens from live animals for carrying out 

various serological tests. For serum samples, the blood should be left to stand at ambient 
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temperature (but protected from excessive heat) until the clot begins to contract.  The clot can 

then be ringed round with a rod and the bottles then placed in a refrigerator at 4º C.   Later, 

the serum can be decanted or removed after centrifugation.  Chemical preservatives, such as 

boric acid or merthiolate, should be avoided in sera to be used in virus neutralization tests.   

Usually serum samples are taken during early phase of disease (acute, within 1-4 days) and 

during convalescence (about 21 days). Such samples are known as paired serum samples and 

are used to demonstrate the rising antibody titre in animals post vaccination.  While 

comparing the antibody titres of acute and convalescent phase sera, a minimum four fold rise 

is considered significant. 

4. Faeces: 

Freshly voided faeces should be collected and sent with or without a transport 

medium. An alternative and sometimes preferable method is to take swabs from the rectum 

(or cloaca), taking care to swab the mucosal surface. Swabs may also be transported either 

dry or in transport medium.  Faeces for parasitology should fill the container to reduce air and 

prevent hatching of parasite eggs eg. Johne‘sdisese. 

5. Skin: 

In diseases producing vesicular rashes or where lesions are exclusively in the skin as 

scabs, samples are taken from the lesions themselves.  Scrapings of the lesion may be taken 

and additionally the vesicular fluid should be sampled where unruptured vesicles are present. 

eg. Foot and mouth disease, Contagious Ecthyma. 

6. Genital tract: 

Samples may be taken by vaginal or prepucial washing, or by the use of suitable 

swabs.  Sometimes the cervix or urethra is also sampled by swabbing eg. Campylobacteriosis. 

7. Eye: 

A gentle swab of the surface of the conjunctiva is taken and is broken off into 

transport medium.  Scrapings may also be taken onto a microscope slide.  Metal-handled 

swabs are useful to ensure sufficient cells are removed for microscopic examination eg., 

infection of Morexella bovis 

8. Nasal discharge, saliva, tears: 

Samples may be taken by soaking cotton swabs that are wetted with transport medium 

and sent to the laboratory at 4º C. 

9. Milk: 

Samples of milk should be taken after cleansing the tip of the teat.  The initial stream 

of milk is discarded and a tube filled with the next stream(s).  In severe mastitis, there may be 

little fluid present. 

10. Environment: 

Samples may be taken to monitor hygiene or as part of a disease inquiry, for example, 

from litter, ventilation ducts, feed troughs, drains, soil, hatcheries and slaughter houses. 
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C.   Information to be sent with Samples 

Information and case history should always accompany the samples to the laboratory, 

and ideally should be placed in a plastic envelope.The information should include the 

following points: 

1) Name and address of owner/occupier where disease occurred, with telephone and  fax 

numbers, 

2) Disease suspected, Samples submitted and tests required (transport medium used),  

3) Different species on the farm and number, age and sex of each affected animal, 

4) Length of time on the farm; if recent arrival, where from, 

5) Date of first cases and of subsequent cases or losses, 

6) Description of the spread of infection in the herd or flock, 

7) Number of animals dead, the number showing clinical signs, and their age, sex   and 

breed,  

8) The clinical signs and their duration including the condition of mouth, eyes and   feet 

and milk or egg production data, 

9) Type and standard of husbandry, including the type of feed available, possible contact 

with poison or poisonous plants,  

10) A list of description of the samples submitted for examination and post-

mortemfindings,12.Any medication already applied to the animals, and when given, 

11) Any vaccination already given and when given, 

12) Name and address of sender, with telephone and fax number, and date of submission. 

D.    Transport of Samples 

Samples must be carefully packed, to avoid any possibility of leakage or cross-

contamination. The fresh samples should be forwarded to the laboratory by the fastest direct 

route.  If they can reach the laboratory within 24 hours they should be forwarded in a wide-

mouthed vacuum flask with wet ice.Some samples should not be frozen.  Screw-capped 

bottles should be used and should be additionally sealed with adhesive tape or paraffin wax. 

Samples in individually identified containers should be placed in larger strong, outer 

containers and packed with enough absorbent material to protect from damage.   

Official shipping regulations must be consulted. It is advisable to contact the 

laboratory in advance in the case of unusual requests. It is essential to do so, where material 

is sent to a laboratory in another country. Many countries require a special import license to 

be obtained in advance for any biological material, especially for tissues which could contain 

animal pathogens. This should accompany the package and be attached in an envelope to the 

outside of the parcel. 

E.   Preservation of Specimens 

Various preservatives are used for different specimens, e.g. phosphate buffered 

glycerin for tissues; EDTA, sodium citrate, heparin or OCG mixture for whole blood and 
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transport media (TPB) for swabs. The preserved specimens are most frequently transported 

on ice in a thermos flask or other suitable containers. 

a.  Phosphate buffered glycerin (PBG): 

     It is prepared by mixing equal parts of phosphate buffered saline and neutral glycerin (pH 

7.0). 

          Phosphate buffered saline                                  (PBS)  

          Sodium chloride (NaCl)                                       8.00 g 

          Pot. Chloride (KCl)                                              0.20 g 

          Di-Sod. hydrogen phosphate (Na2 HPO4)            1.15 g 

          Pot. dihydrogen orthophosphate (KH2 PO4)         0.20 g 

          Glass Dist. water                                                   1000 ml. 

The final pH of PBG sol. is adjusted between 7.2 to 7.4, before autoclaving. 

 

b.   Oxalate-Carbolic acid-Glycerin (OCG) Mixture: 

           Potassium oxalate                                                5.0 g 

           Phenol (Carbolic acid)                                         5.0 g 

           Glycerin                                                               500 ml 

           Dist. water                                                           500 ml 

The pH is adjusted to 7.2 before autoclaving. 

 

c.    Tryptose phosphate broth (TPB): 

       It is used as a transport medium for nasal, eye, rectal swabs etc. 

            Tryptose (Difco)                                                   20.0 g 

            Dextrose                                                                2.0 g 

            Sod. chloride                                                         5.0 g 

            Di-sod. hydrogen phosphate                                 2.5 g 

            Dist. water                                                             1000 ml. 

The pH is adjusted to 7.2-7.4 before autoclaving.  Antibiotics (Penicillin, Streptomycin, 

Mycostatin) are added before collection of swabs to check bacterial contamination. 
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NEXT GENERATION IMMUNOASSAYS: AN OVERVIEW 
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Lala Lajpat Rai University of Veterinary and Animal Sciences, Hisar-125004 

INTRODUCTION 

In the 21st century, veterinary diagnostic laboratory is playing a central role in 

optimizing the management of infectious diseases, surveying for epidemiology and 

international trade of animals and animal products. Immunodiagnostics originated towards 

the end of 19th century and progressed during the 20th century with development of various 

types of immunoassays during 1950-70s. The immunodiagnostic tests were then improved for 

their performance characteristics in order to be ‗fit-for-purpose‘ as defined by OIE. Modern 

immunoassays and molecular diagnostic tests are the mainstay of infectious disease 

diagnostics at present. While current immunodiagnostic tests are serving various purposes, 

limitations of costs, turn-around time, sensitivity, high-throughput automation and 

multiplexing capability, point-of-care (POC) capability, user-friendliness, etc. are challenging 

the field for infectious disease diagnostics.  

Various platforms based on biosensors, immuno-proteomics/mass spectrometry (MS), 

protein microarrays, microbeads-based multi-analyte profiling systems, microfluidics-based 

biochips, smartphone-based devices, etc. are being exploited to address the above-mentioned 

challenges by developing promising immunodiagnostic tests, also called the ‗next generation 

immunoassays‘ (NGIAs). Major goals of the NGIAs include miniaturization, automation, 

high-throughput multiplexing, sensitivity amplification, and POC testing. Several rapid, 

portable/smartphone-based, low-cost, user-friendly POC devices and laboratory-based high-

throughput multiplex NGIAs are in the development or validation pipelines. This article 

overviews the field of NGIAs in the context of their potential applications for management 

and control of infectious diseases of domestic animals. 

A. NEXT GENERATION IMMUNODIAGNOSTIC TESTS: AN OVERVIEW 

I. Brief introduction to immunodiagnostic tests  

Following Louis Pasteur‘s ‗germ theory of disease‘ and Robert Koch‘s proof of 

microbe‘s causal association with animal disease, foundations of clinical microbiology, sero 

(immuno)-diagnostics and serotherapy as branches of ‗modern‘ Medicine were laid during 

the last quarter of the 19
th

 century. The field of immunodiagnostics is more than 125 years 

old and diagnostic tests developed may be divided into four generations. Table 1 shows the 

four generations of major immunodiagnostic tests for infectious diseases of animals. The 

‗first generation immunodiagnostic tests‘ (precipitation, agglutination and complement 

fixation tests) developed the turn of the 20
th

 century, ii) The ‗second generation 

immunodiagnostic tests‘ marked by highly sensitive immunoassays, viz., fluoro-, radio- and 

enzyme- immunoassays during 1950s-‗70s, iii). The ‗third generation immunodiagnostic 

tests‘ marked by further improvements (10
3
 to 10

6
-fold) in analytical sensitivity and other 

performance characteristics of immunodiagnostic tests, and development of simple and rapid 

field-adaptable POC tests during the last quarter of 20
th

 century, and 
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Table 1: Major Immunodiagnostic Tests for Infectious Diseases of Domestic Animals. 

Chronological classification (traditional categories in brackets) of major immunodiagnostic tests for infectious 

diseases  

I
st
 Gen Immuno-

diagnostic ests  

(Old traditional sero-/ 

immunological tests) 

II
nd

 Gen Immuno-

diagnostic ests  

(New traditional 

immunodiagnostic tests) 

III
rd

 Gen Immunodiagnostic 

ests 

(Modern immunodiagnostic 

tests) 

Next generation  

immunodiagnostic tests 

(Future immunoassays) 

 1
Precipitation-reaction 

based tests: Agar gel 

immunodiffusion, 

Precipitation in tubes, 

CIEP 

 1
Agg.-reaction based 

tests: Bacterial agg. 

(tubes, slides), HA/HI, 

LAT, Co-agg., etc. 

 1
CFT 

 2
DTH-based tests: 

Tuberculin test, Johnin 

test, etc. 

 1
Fluoroimmunoassays: 

FAT, FLISA, TR-FIA, 

etc. 

 1
Radioimmunoassays: 

Ag and Ab 

quantification assays 

 1
EIAs: Homogeneous & 

Heterogeneous (Indirect, 

sandwich, competitive 

and other formats of 

ELISAs) 

 1,2
IHC: IPT, PAP & 

ABC staining, etc. 

 1
VNTs:CPE reduction- 

based, Plaque 

reduction/inhibition, 

Fluorescence foci 

inhibition, etc.  

 1
IEM 

 1
Immunoblotting 

 2
IFN-γ assay  

 1
Simple ‗POC‘ tests:  

Dot-ELISA, LAT, LFDs/ 

Immuno-chromatography 

 2
Immunophenotyping by 

flow cytometry 

 2
ELISPOT assay 

 1
Immuno-PCR/Novel 

ELISA-like IAs 

 1
FPA, FRETIAs 

 1
Particle-enhanced 

Nephelometric/ turbidi -

metric agg. react-based 

assays: PETIA, PETINIA, 

PACIA, QUELS, etc. 

 1,3
Immuno-proteomics & 

MS 

 1,3
 LFB-based POCs 

 1,3
PAD-based POCs 

 1,2,3
Immunosensor-based 

POCs 

 3
Microarrays  

& Nanoarrays 

 3
Micro-bead based 

multianalyte profiling-

based NGIAs 

 1,3
Smartphone-based 

POCs 

 3
Microfluidics LOC/ 

POC- NGIAs 

 3
Single molecule detection 

IAs 

1: Agent, antigen or antibody as analyte; 2: Cellular immunity parameter or function measured; 3: Biomarker(s) as 

analyte detected or quantified. 

Abbreviations= Agg: agglutination, HA: hemagglutination, HI: HA-inhibition, DTH: delayed type hypersensitivity, 

IFN: interferon, EIAs: enzyme immunoassays, ELISA: enzyme-linked immunosorbent assay, ELISPOT: elisa-spots, 

POC: ‗point-of-care‘, FLISA: fluorescence-linked immunoassay, LAT: latex agglutination test, TR-FIA: time-resolved 

fluoroimmunoassay, IHC: immunohistochemistry, IPT: immunoperoxidase staining, PAP: peroxidase-antiperoxidase, 

ABC: avidin-biotin conjugate, LFD: Lateral flow device, LF: lanthanide fluorescence, LFBs: lateral flow biosensors, 

PADs: Paper-based devices, IAs: immunoassays, LOC: ‗Lab-on-a-chip‘, FAT: fluorescence antibody technique, FPA: 

fluorescence polarisation assay, FRETIA: frequency resonance energy transfer immunoassay, MS: mass spectrometry, 

CPE: cytopathic effect, VNT: virus neutralization test, PETIA: particle-enhanced turbidimetric immunoassay, PETINIA: 

particle-enhanced turbidimetric inhibition immunoassay, PACIA: particle counting immunoassay, QUELS: particle-

enhanced quasi-elastic light-scattering spectroscopy, PCR: polymerase chain reaction, IEM: immuno-electron 

microscopy.    

iv). NGIAs dawn at advent of the 21st century, with goals set for continued miniaturization, 

automation, high-throughput multiplexing, or rapid, low-cost and portable POC-NGIA 

devices.  

II. NGIAs: An overview  

An immunoassay, including NGIA has five essential components: i). Ag (or 

biomarkers in some cases), ii). Ab, iii). The reporter system (indicator of the Ag-Ab 

interaction), iv). The signal, and v). The signal recording and data analysis device or 

equipment. It detects and quantifies the analyte (Ag, biomarker, Ab or T cells) in vitro by 

basically involving Ag-Ab interaction for generating the signal that can be detected by naked 
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eyes or measured/recorded and analyzed by a device/equipment. Essential components of 

various NGIAs are presented in table 2. Next generation approaches to immunodiagnostics of 

infectious diseases include detection and/or quantification of biomarkers by immunosensors, 

multiplex planar microarray- and microbead-based assays, multi-parameter flow cytometry, 

immuno-reactive 2D proteome Ag spots followed by mass spectrometry (MS), microfluidics-

based ‗Lab-on-a-chip‘ (LOC), cell-phone based POC immunoassays, single-molecule 

scanning (Singulex) technology, etc. 

1. Immuno-Proteomics and affinity MS-based IAs 

MS-based immunoassays offer high-throughput targeted protein identification for 

biomarker discovery and validation, and in development of the NGIAs. This approach is a 

very powerful tool for early-stage diagnosis of disease. The use of proteomics for the 

diagnosis of infectious disease is however in its infancy. For example, this approach has been 

demonstrated for serum-based diagnosis of chronic hepatitis B virus (HBV) infection and 

cerebrospinal fluid-based ante-mortem differential diagnosis of Creutzfeldt-Jakob disease. An 

extremely useful application of proteomics to the diagnosis of infectious disease is in the 

identification of novel diagnostic Ags by screening serum from infected and uninfected 

individuals against immunoblotted, 2DGE mapped proteomes of infectious agents. Ags of 

Mycobacterium avium paratuberculosis complex of cattle and sheep, Streptococcus suis in 

pigs, Staphylococcus aureus associated with bovine mastitis, Fasciola hepatica and 

Schistosoma mansoni in cattle, Hemonchus contortus in sheep, etc. have been identified by 

Table 2. Essential components of various NGIA platforms or devices 

Ag/Biomarker Ab Reporter system Signal Signal recording & 

analysis device/ 

equipment 

Name of the 

diagnostic 

test(s) 

Agent, isolated Ag, rAg, 

synthetic Ag/aptamer, 

Biomarker  

 MAb, 

rAb 

Colloidal Gold/ GNPs/ 

other NPs-labelled 

Ab/Ag 

Red coloured 

zones, 

fluorescence, etc. 

Naked eyes, 

fluorescence detection 

device 

Lateral flow 

biosensors 

(POC-NGIAs) 

Agent, isolated Ag, rAg, 

synthetic Ag/aptamer, 

Biomarker  

 MAb, 

rAb 

Lanthanide (Ln
3+

)-

doped upconversion 

nanoparticle label 

Fluorescence 

intensity  

Fluorescence intensity 

measuring 

device 

Paper-based 

device(PAD) 

 (POC-NGIAs) 

Agent, isolated Ag, rAg, 

synthetic Ag/aptamer, 

Biomarker  

 MAb, 

rAb 

Immunosensor chip Electric/ 

electronic signal 

Digital display device 

(Biosensor) 

Immuno- 

Sensor-based 

POC-NGIAs 

Different surface and/or 

internal leukocytes 

markers  

Mab, 

rAb 

Different fluorophore- 

labelled mAb/rAb 

Multiple 

Fluorescence  

Emission Spectra 

Digital display & 

graphic presentation of 

data 

Multiplex 

Flow cytometry 

Isolated Ag, rAg, 

synthetic aptamers/ 

Multiple Biomarkers  

 MAb, 

rAb, 

affibo

dy 

Fluorophore-labelled 

Ag on planar micro-

/nano-array chips 

Fluorescence spots 

on micro-/nano-

array chips 

Fluorescence 

microscope & digital 

imaging and analysis 

Protein Micro-

/nano- 

arrays-based 

multi-analyte 

NGIAs 

Isolated Ag, rAg, 

synthetic 

aptamers/Multiple 

Biomarkers  

 MAb, 

rAb, 

affi-

body 

Fluorophore- labelled 

Ag/Ab on micro-bead 

panels 

Fluorescence on 

micro-bead panels 

Flow cytometry with 

laser fluorescence & 

digital display 

Multi-analyte 

Bead-based 

NGIAs 

Isolated Ag, rAg, 

synthetic Ag/aptamer, 

 MAb, 

rAb, 

Microfluidic channels, 

use of fluorescence 

Microfluid-phase 

single  molecule/ 

Integrated devices for 

signal capture and data 

Lab-on-a-chip/ 

Microfluidics- 
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Multiple  Biomarkers affi-

body 

labels cell reactions, 

fluorescence  

analysis/ flow 

cytometry 

based POC- 

NGIAs 

Agent, isolated Ag, rAg, 

synthetic Ag/ aptamer, 

Multiple  Biomarkers 

 MAb, 

rAb 

Fluoroscent labels, 

light emission, colour 

development 

device/LFD 

Fluorescence, 

colour  or other 

property 

Various integrated 

devices, app and 

remote sensing, 

imaging system in 

smartphone 

Smartphone-

based POC- 

NGIAs 

Abbreviations= Ag: antigen, Ab: antibody, r: recombinant, Mab: monoclonal Ab, GNPs: gold nanoparticles, NPs: 

nanoparticles, POC: Point-of-care immunoassay; NGIAs: next generation immunoassays. 

 

gel-based approach, while Ags from Brucella abortus and Neospora carcinum of dogs by 

gel-free method. Biomarkers have been revealed by proteomics of serum, milk or whey of 

animals suffering from subclinical and clinical mastitis caused by E. coli and S. aureus, 

subclinical mycobacterial and respiratory infections in cattle; serum biomarkers of pigs 

suffering from PRRSV, FMD, classical swine fever, sepsis; serum biomarkers of sheep in 

paratuberculosis; and serum biomarkers of dogs in leishmaniasis. Panel of disease associated 

biomarkers and Ags improves diagnosis of animal diseases.  

Proteome maps are also being derived for a range of veterinary pathogens, such as 

Brucella melitensis and Streptococcus agalactiae, Toxoplasma gondii, Eimeria tenella, 

Trypanosoma brucei, T. evansi, Haemonchus contortus and others. MS technologies have 

also been used to quantify the serum concentrations of M. tuberculosis (Mtb)-specific peptide 

fragments, and serum protein profiling for early diagnosis of porcine circovirus-2 and porcine 

respiratory and reproductive syndrome virus infections before onset of clinical disease in 

pigs. Differential biomarkers of the vaccinated and the infected hosts, such as B. abortus S19 

polypeptides have been demonstrated, thereby indicating a great potential of this field in 

DIVA vaccinology and diagnostics.  

2. Lateral flow biosensors (LFB) assay 

The lateral flow biosensors (LFBs) are designed to detect the analyte (pathogens, Ags 

from pathogens or Abs). A specific labeled-Ag or labeled-Ab to the analyte is used for 

recognition. LFBs are simple, rapid, stable, cheap and portable. LFBs are being developed for 

detecting disease biomarkers, infectious agents and bio-threat agents in medicine, agriculture, 

food and environmental safety. LFB sensitivity is being improved by the signal-amplification 

strategies and use of new nanoparticle labels, and with other major technological advances, 

such as microfluidic technology. In addition, the LFBs are promising for multiplexing to 

simultaneous detect several analytes in contaminated or hazardous samples effectively 

outside the laboratory set-up. The magnetic nano-gold microspheres have been employed for 

detecting aflatoxin B2 (AFB2) in food samples and a combined immunomagnetic separation 

and LFD for a sensitive on‐site detection of Bacillus anthracis spores in water and dairy 

products, QD-based LFD for detection of chloramphenicol in milk, ultrasensitive 

chemiluminescent IA of Salmonella with silver enhancement of nanogold labels, and 

multichannel on milk-line antibiotics have been developed. Multiplex LFBs have also been 

developed for disease packages, such as botulinum neurotoxin serotype-A and -B, three 

serogroups of Shiga toxin–producing E. coli. Similar approach could be useful for groups of 
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veterinary pathogens in respiratory tract, gastrointestinal, urogenital tract and udder 

infections. LFD-based IAs using various nanoparticles for sensitive signals have been 

developed for detection of mycotoxins, bacterial toxins, viruses and bacteria of veterinary 

importance. For example, the magnetic nano-gold microspheres for detecting aflatoxin B1 

and B2 in food samples, a combination of GNPs and oligonucleotide LFB assay for 

simultaneous detection of Ags (HBsAg) and Abs (Treponema pallidum) in specimens,  

LFDs have also been commercially developed for veterinary and public health 

pathogens and toxins such as botulinum toxin A, Staphylococcal enterotoxin B, Bacillus 

anthracis, Brucella sp, Yersinia pestis, Francisella tularensis, Burkholderia mallei, B. 

pseudomallei, Orthopoxviruses and dengue fever virus. Rapid Ag tests for influenza A and B, 

respiratory syncytial virus, and group A Streptococcus, and bluetongue virus-specific Abs 

have also been commercialized and recently validated. This field, along with classical 

biosensor platforms has immense potential to deliver POC tests in future for various 

infectious diseases of veterinary importance and to contribute to early detection and 

containment of outbreaks. 

3. Paper-based immunoassays 

The paper-based analytical device (PAD) is a potential portable diagnostic technology 

because of its low cost and facile use. Fluorescent detection is very popular in the paper-

based assay field owing to its higher sensitivity. However, conventional fluorescent materials 

result in autofluorescence and light scattering on the paper substrate. Lanthanide (Ln3+)-

doped upconversion nanoparticles (UCNPs) as a fluorescence label is suitable for PAD.  

4. Biosensors/Immunosensors  

Basically, a biosensor has two components: a selective receptor (enzyme, Abs, etc) 

and a detector (a transducer to sense the chemical or physical change upon interaction of the 

analyte with the receptor, and converts the signal into electrical/electronic). Depending on the 

method of signal transduction detection, biosensors can be classified as optical, 

electrochemical, thermometric, piezoelectric or magnetic. Surface plasmon resistance (SPR)-

based optical biosensors are the most common. The optical biosensors allow real-time, cost-

effective, sensitive and selective detection of a wide range of analytes including viruses, 

toxins, drugs, antibodies, tumour biomarkers and tumour cells. Biosensors using various 

transducer platforms have been developed to detect various bacterial pathogens and toxins of 

veterinary importance, such as E. coli, Serratia marcescens, Pseudomonas aeruginosa, 

Acinetobacter baumannii strains, Mycoplasma biomarkers, Salmonella, epsilon toxin of 

Clostridium perfringens, pathogenic S. aureus and toxins in clinical, environmental and food 

samples. NAGase and haptoglobin biomarkers of mastits in milk samples, and viral 

pathogens such as human (H1) and avian (H5) influenza viruses, Ibaraki virus causing 

epizootic hemorrhagic disease are other targets also detected successfully. 

The interaction of immobilized Abs with their corresponding Ags makes possible 

development of Ab-based biosensors, also called ‗immunosensors‘. Ab-based immunosensor 

has Ab immobilized onto a biosensor chip to recognize Ag specifically in a complex medium. 

Single-domain Abs and other fragments of camelid HCAbs and shark Ig-NAR are very 
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suitable for immobilization. The piezoelectric immunosensor is one of the most sensitive 

analytical instruments, capable of detecting Ags in the picogram range. The label-free 

detection of dengue virus Ag has been demonstrated by optical biosensor-based device. 

Immunosensors have been developed or validated for drugs such as streptomycin in bovine 

milk, benzimidazole in urine and serum, clenbuterol in urine and serum, and other chemicals 

in different matrixes. Distinct patterns of circulating cytokines and acute-phase responses are 

good guides for diagnosis and management of infectious diseases. The inflammatory 

response to viral (IL-18/ferritin) and bacterial (IL-6/CRP) infections can be measured as 

immune biomarkers. IL-22, LT-α, granzyme A and B, CXCL-9 and CXCL-10 in samples 

from M. bovis infected cattle are potential biomarkers for vaccine efficacy in cattle. Novel 

nanoscale biosensors are being designed for nucleic acids, proteins, viruses, and cells. 

Nanomaterials, such as quantum dots, nanoparticles, nanobarcodes, nanowires, nanotubes, 

nanogaps, and nanoscale films have been found to possess suitable properties for designing. 

Nanotechnology is at present infantile in the field of diagnostics, but seems to be promising 

for detection of bioterrorism agents and endemic infectious diseases in future. Nanobody-

modified nanoparticles for the selective capture of a single bacterial species, such as S. 

aureus have been developed.  

5. Multiplex immunoassays 

Multiplex assays are highly desired for simultaneous detection of multiple analytes in 

a single cycle or run in a single tube, well or sectorally-divided coating matrix. 

Miniaturization saves costs of reagents and space. Miniaturization technology (e.g. 

microfluidics) and informatics have enabled a real high‐throughput immuno-analysis. 

Different approaches to multiplexing have emerged (e.g., optical, graphical, electronic 

encoding) for different platforms (flow cytometry, fluorescence microscopy). Two main 

categories of multiplex immunoassays exist: i). Planar or solid phase microarrays (protein 

chips) and, ii). Bead‐based or suspension/solution-phase microarrays. Each has its merits and 

limitations. Microarrays are highly miniaturized assay systems in which the capture 

molecules are immobilized on microspots of a solid support. In a protein chip, spots of <300 

μm are arrayed with a density of <2000/cm
2
. Recently, nanotechnology enabled fabrication of 

highly dense protein nanoarrays (<10
6
 spots/mm

2
) are suitable for the whole proteome 

profiling. Several diagnostic arrays are commercially available. Usually, Abs, tumor, cardiac 

or infectious disease markers are the targets of interest.  

In the bead‐based arrays, capture molecules are immobilized to a microsphere and 

captured analytes are detected mostly using the flow cytometry principle. By combining 

advanced fluidics, optics, and digital signal processing with proprietary microsphere (‗bead‘) 

technology, xMAP
®

 Technology enables multiplexing within a single sample volume and can 

be configured to perform a wide variety of assays quickly, cost-effectively, and accurately. 

The new FlexMAP 3D™ system offers a higher degree of multiplexing (500 analytes 

theoretically) and a higher throughput. Luminex
®

 is an open technology to allow production 

of proprietary analyzers and reagent sets. Other proprietary platform technologies are also 

emerging, such as BioRad‘s BioPlex™ 2200 system, a fully automated analyzer handling 

magnetic particles, and FirePlex immunoassays, has multiplex panels to allow analysis of 75 
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analytes per well using 12.5 µL of sample. Commercially available kits exist for molecular 

diagnostics, immunodiagnostics, kinase profiling, cytokine/chemokine, genotyping, gene 

expression, and other applications. The human cytokines 18-plex kit (Bio-Rad Las, USA) 

was reported for biomarkers secreted by peripheral whole blood against ESAT-6, CFP10 and 

Ag 7.7 of M. tuberculosis. These technologies have potential diagnostic applications for 

veterinary infectious disease complexes, such as diarrhea, respiratory diseases, mastitis, etc. 

A multiplex Ab detection-based immunoassay for the diagnosis of prosthetic joint infections 

was developed recently, measuring serum IgG from these patients using a total of 16 rec Ags 

from Staphylococcus  aureus, S. epidermidis, S. lugdunensis and Streptococcus agalactiae.  

6. Smartphone-based immunoassays 

Smartphone-based devices and applications (SBDAs) with cost effective remote 

sensing are the most promising and effective means of delivering mobile healthcare. Several 

SBDAs have been commercialized for the personalized monitoring and/or management of 

basic physiological parameters. With advances in Bluetooth technology, software, cloud 

computing and remote sensing, SBDAs provide real-time on-site analysis and telemedicine 

opportunities in remote areas. This platform is very useful for developing countries, where 

70% of nearly 7 billion global smartphone subscribers live with limited access to basic 

healthcare service. SBDAs can also be immensely useful for the monitoring and effective 

management of infectious disease epidemics and outbreaks. The applications of cell phone-

based devices are growing in immunoassays, lateral flow assays (LFA), electrochemical 

sensing, SPR-based biosensing, microscopy, flow cytometry and colorimetric detection. 

Smartphone-based devices for the colorimetric readout of in vitro diagnostics are under 

various stages of development.  

A new generation of portable miniaturized optical imaging and sensing devices are 

making possible the development of rapid and portable POC immunoassays. Mobile phone 

enabled devices have been recently developed to diagnose infectious diseases including e.g., 

HIV/AIDS and malaria, as well as for personalized health monitoring, tracking and prognosis 

of chronic diseases. Smartphone-based diagnosis provided highly sensitive measurement 

results for H5N1 detection within 15 minutes and might be useful for suspected AI samples 

from birds. A mobile platform was successfully tested in a clinical microbiology laboratory 

using FDA-approved mumps IgG, measles IgG, and herpes simplex virus IgG (HSV-1 and 

HSV-2) ELISA tests. This cost-effective and hand-held platform could assist healthcare 

professionals to perform high-throughput disease screening or vaccination monitoring at 

POC, even in resource-poor and field-settings.  

7. Microfluidic biochips for immunoassays and LOC  

Microfluidics deals with very small volumes (femtoliters) of fluids, which behave 

very differently in chemical, biochemical, or enzymatic analyzes of samples. The entire 

routine laboratory operations can be integrated to be carried out on a microfluidics chip, with 

faster reaction time, enhanced analytical sensitivity, enhanced temperature control, 

portability, easier automation, high throughput multiplexing, low reagent consumption, 

without involving costly equipment and cost reduction per analysis. A microfluidic chip is a 
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pattern of molded or engraved microchannels, linked to the macro-environment by several 

holes of different dimensions to put in and evacuate fluids. Fluids are directed, mixed, 

separated or manipulated to attain multiplexing, automation, and high-throughput systems. A 

LOC is a device that integrates and automates multiple high-resolution laboratory techniques 

into a system that fits on a chip. Samples are analyzed where generated, avoiding the need for 

extensive lab facilities.  

The combination of immunoassays and microfluidics affords a promising platform for 

multiplex, sensitive, and automatic POC immunosensor-based diagnostics. Recent advances 

in microfluidics have demonstrated promising applications of the technology for immune 

monitoring with minimum sample requirements and rapid functional immunophenotyping 

capability. QD-labeled Ab coated LOC with a portable fluorometer for S. Typhimurium 

detection in chicken meat extracts and a biochip-based rapid multiplex assay for detection of 

7 mastitis-causing pathogens in bovine milk samples have been developed. LOC for virus 

detection has been approved by FDA, USA. The combination of immuno-NASBA and LOC 

device is a promising platform for diagnostics for water-borne pathogens. The future 

potential of integrated microfluidics is to perform rapid, accurate, and sensitive cellular 

functional assays at a single-cell resolution, allowing for comprehensive and systems-level 

immunomonitoring. 

8. Ultra-sensitive single molecule detecting immunoassay platforms  

Until recently, there were no techniques available to detect very low abundance 

biomarkers. Two platforms have now been developed: i). Erenna® Immunoassay system, 

introduced by Singulex in 2007, and ii).  Singulex‘s Single Molecule Counting (SMC™) 

technology. The Erenna uses a confocal optical system to detect single fluorescent molecules 

within a microfluidic capillary-based flow system, whereas SMC technology uses a scanning 

confocal system to detect single molecules within the well of a specially-designed microtiter 

plate, thereby eliminating the need for microfluidics. Paramagnetic microparticle 

fluorescence-based sandwich immunoassays have been developed for the quantitation of 

analytes e.g., IL-6 (a biomarker) in human plasma using scanning SMC reader followed by 

the Erenna instrument. Single molecule detection based on FLISA for lipoarabinomannan of 

M. tuberculosis has also been demonstrated. 

B. CONCLUDING REMARKS 

Traditional methods of diagnosis, wherever employed properly, have benefitted for 

the control and management of infectious diseases of major economic importance. NGIAs are 

being developed and validated for several human infectious diseases, on two main lines: i). 

POC testing, and ii). High-throughput multiplex assays. Although, veterinary infectious 

disease diagnostics is lagging behind for several reasons, such as scarce information on 

systems biology of veterinary pathogens, their interactions with hosts, markers of 

pathogenesis and immune responses, genomes, transcriptomes and proteomes of host species 

and pathogens, and costs involved in research and development, yet the economic returns of 

investing in NGIAs development for veterinary infectious diseases are enormous. Therefore, 

several NGIAs, particularly biosensor- and LFD based, for veterinary infectious diseases are 
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in the developmental pipelines, and a few already commercialized. In addition, MS, flow 

cytometry, microarrays- and microfluidics-based multianalyte platforms, LOC/biochips, 

Smartphone-based, and other proprietary platforms are being tested. Availability of validated 

diagnostic tests of high diagnostic sensitivity, diagnostic specificity and predictive values in 

combination with modern biology-based approaches would help generate clearer 

epidemiological picture and effective tools for control of major infectious diseases of 

domestic animals.  
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Over decades, the application and function of antibodies has expanded from being an 

immunologically important protein to an essential research tool. The basic application of 

antibodies surrounds the natural feature of antibodies being high affinity and specific binders 

against target molecules. This feature has allowed antibodies to be successfully applied for 

diagnostic and therapeutic applications. The story of antibodies can be dated back to 1890, 

with the first report detailing the presence of antibodies and its function by Emil von Behring 

and Shibasaburo Kitasato. Traditionally, antibody production for diagnostic applications 

involved the use of animals. The immunization of animals with an immunogenic protein with 

and without an adjuvant would generally produce a collection of polyclonal antibodies. A 

polyclonal pool of antibodies is defined as a set of heterogeneous antibodies targeting a 

specific antigen at multiple epitopes. The ability to identify mono-specific antibodies only 

came about after Kohler and Milstein introduced the hybridoma technology in 1975.  

Hybridoma technology allows for monoclonal antibodies (MAbs) to be produced by 

fusing myeloma cells with antibody‐producing spleen cells to create a hybrid exhibiting both 

characteristics. It is well known that antibodies generated via this manner are likely to have 

high affinities due to the maturation process that it underwent. Although successful, the 

process may be cumbersome and time consuming as researchers have found it at times 

difficult to generate antibodies using this method against toxic antigens, self‐antigens and 

sensitive antigens such as membrane proteins or DNA. For all the benefits attributed to 

hybridoma technology, a major pitfall lies in the fact that for every new antigen a new animal 

host is required for immunization. Thus, it is difficult to predict or predefine the genetic 

information and epitope of the clone. This increases the difficulties, cost and time required to 

make antibodies, making it not the idle solution for antibody production.This brought about a 

string of alternative methods for antibody production. Therefore, to overcome these 

difficulties, recent advances in genetic engineering techniques and phage display technique 

have allowed the production of highly specific recombinant antibodies.  

This brought about various methods including phage display and other multiple 

display methods such as yeast display, ribosome display and mammalian cell display 

methods. Even so, phage display is the preferred choice for recombinant antibody (rAb) 

production in most laboratories. Phage display allows for a faster and cost‐effective solution 

towards antibody generation using Ff filamentous phage. In general, rAb production involves 

several steps including the generation of an antibody library, selection and enrichment of 

phage‐displaying antibodies against specific antigens through the panning process, screening 

of mono-specific antibodies and recombinant production of the antibodies via expression 

systems. As phage‐derived rAb may suffer from lower affinities, an additional stage of 

affinity maturation may be introduced to improve the antibodies produced. A major 

advantage to the use of phage display for rAb generation in contrast to conventional 

animal‐derived methods is clearly the omission of animal use in the process. Another 
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advantage of phage display is the lower downtime required for antibody production in 

between antigens. Conventional methods require immunization that may take up to weeks if 

not months to yield sufficient immune response for antibody production. This makes phage 

display rather efficient in the long term for antibody production process. However, one must 

acknowledge that phage‐derived antibodies suffer from lower affinity when compared to 

conventional antibodies. This is due to the absence of affinity maturation in phage‐derived 

antibodies as animal‐derived antibodies are produced post maturation. 

These engineered antibodies have been constructed in the hunt for novel therapeutic 

drugs equipped with enhanced immunoprotective abilities, such as engaging immune effector 

functions, effective development of fusion proteins, efficient tumor and tissue penetration, 

and high-affinity antibodies directed against conserved targets. Advanced antibody 

engineering techniques have extensive applications in the fields of immunology, 

biotechnology, diagnostics, and therapeutic medicines. 

Advantages of recombinant antibodies over monoclonal antibodies 

 They require less purified antigen to produce than classical mAbs. 

 The production time of rAbs is weeks vs months for mAbs, and rAb production is 

amenable to high-throughput processing. 

 Unlike mAbs, rAbs can be constructed against virtually any antigen, including human 

and highly conserved antigens (not recognized as foreign by the mouse‘s immune 

system), as well as non-immunogenic (do not elicit an immune response) and toxic 

molecules (cannot be injected into the mouse host). 

 rAbs circumvent the human immune response elicited by murine mAbs. If 

administered to humans, a mAb (even a ―humanized‖ one) will appear as foreign to 

the human immune system, and will cause an adverse hypersensitivity reaction. 

 rAbs can be produced in several formats: Fab fragments (the antibody‘s ―arms‖), 

single-chain variable region fragments (scFv, consist solely of the antibody‘s binding 

site), diabodies (dimeric scFv), and can be expressed in several hosts: coli, 

mammalian cells, yeast, fungi, insect cells, and even plants. Bacterial expression 

systems are particularly quick and inexpensive. 

 rAbs are amenable to fusion with drugs and toxins, and can thus be used in 

therapeutics. 

 rAbs are defined by the sequences that encode them, making them more reliable, and 

providing more reproducible results than mAbs. 

 rAbs can be readily optimized, as their nucleic acid sequences are defined and readily 

accessible.  

 The selection process for rAbs is highly flexible and can be adjusted to favor the 

isolation of antibodies with specific properties.  

 Mass production of rAbs does not require the use of animals (as is the case with 

ascites production of mAbs), and thus overcomes ethical concerns over animal 

distress, discomfort, and pain. 

Antibody: Brief description of the molecular features  

Abs are globular proteins of large size (150- 970 kDa), varying in charge, amino acid 

composition and antigenic nature. The mammalian Abs or Igs are grouped into various 

classes, designated as IgM, IgG, IgA, IgE, IgD, and subclasses within some classes, 

particularly IgG, designated differently depending on the animal species. Each Ig has two 
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identical polypeptide chains of about 25-30 kDa size, designated as light chain (LC), and of 

50-70 kDa size, designated as heavy chain (HC). LC and HC are composed of about 220 and 

440 or 550 amino acids (AAs) and the HCs are glycosylated. The LC and HC are joined 

together by interchain C-C disulphide bonds to make a structure: [L-H-H-L] (as shown in 

figure below).   

 
 

Fig. Structure of Antibody (Immunoglobulins) (http://www.creative-biolabs.com) 

Phage Display Technology 

 Phage display technology refers to the use of phages for display of random peptides, 

foreign proteins or protein domains as fusion protein on their surface. Phages are viruses 

which infect bacterial cells that belong to the Inoviridae family. Inovirus virions are 7 mm in 

diameter, contain circular DNA enclosed in a protein capsid, and infect both Gram negative 

and positive bacteria. They do not lyse host cells, instead, they are packed and extrude at the 

surface. A variety of bacteriophages viz; Ff filamentous phage, lambda and T7 have been 

utilized in phage display with most common being the Ff phage family (eg. M13 phage).  

 Phage display was first developed by G. Smith in 1985 as a method of presenting 

polypeptides on the surface lysogenic filamentous bacteriophage. The phage display 

technology was further developed 1990/91 for antibodies in three places in parallel: 

Heidelberg (Germany), Cambridge (UK), and La Jolla (USA). Two different genetic systems 

have been developed for the expression of the antibody::pIII (phage protein III) fusion 

proteins for phage display. First, the antibody genes can be directly inserted into the phage 

genome fused upstream of the wild-type pIII gene. Second, most successful systems, 

uncouple antibody expression from phage propagation by providing the genes encoding the 

antibody::pIII fusion proteins on a separate plasmid (called ―phagemid‖) that contains a 

phage morphogenetic signal for packaging the vector into the phage particles. Antibody 

fragments are displayed on the surface of M13 phage and the corresponding antibody gene is 

packaged in the phage particle. Other phage display technologies using phage lambda  or T7 

are less suitable for the display of antibody fragments. The most common antibody formats 

used for antibody phage display are the single chain fragment variable (scFv) or fragment 

antigen binding (Fabs). Other antibody formats used for phage display are single chain Fabs 

http://www.creative-biolabs.com/blog/wp-content/uploads/2017/04/Fig.-1-Structure-of-Antibody-Immunoglobulins.jpg
http://www.creative-biolabs.com/blog/wp-content/uploads/2017/04/Fig.-1-Structure-of-Antibody-Immunoglobulins.jpg
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(scFab), human VH domains (dAbs), the variable domains of camel heavy chains (VHHs) 

and immunoglobulins of sharks (IgNARs). 

 Ab display technologies employ a set of rDNA techniques to construct huge 

repertoires (libraries) of Ab fragments [(scFv or single-domain Ab (dAb)] as fusion proteins 

displayed on phage particles, bacteria, yeast, etc. Almost entire number of Ab clones, i.e., 

entire available repertoire of the animal can thus be constructed in vitro collectively called Ab 

library. The library size may range from 10
6
 to >10

12
. Peripheral blood is sampled to contain 

entire number of B cell clones from the immunized or un-immunized animal or human, and 

the total RNA or mRNA are isolated. VH and VL genes are PCR-amplified, linked and 

cloned into a suitable phage display vector, and expressed with fusion partner from phage 

coat protein or host cell surface protein in order to be displayed. The Ag-specific clones can 

then be selected from the library by panning or other techniques. The selected clones can then 

be expressed as soluble products or further modified to improve their biological activity 

(shown in figure below). 

 

Fig. Overview of Phage Display Technology 

Various Ab formats employing rDNA technologies  

Antibodies are normally identified in a Y‐shape configuration. The variability is 

mainly due to the V‐region (two arms of Y‐end) as this is where the antigens bind. Thus, 

smaller versions of antibody formats have been developed to take advantage of the binding 

specificities of the V‐region. Due to advancement in recombinant DNA technology, a number 

of new antibody formats such as domain antibodies, single‐chain fragment variable, tandem 

scFv, diabody, tetrabody, minibody and single‐chain fragment antigen binding (scFab) have 

been introduced. Some Ab formats are shown in figure below. 

1. Domain antibody (dAb) 

Domain antibodies are small (11–15 kDa) and consist only of either the VH or the VL 

domain. Thus, they will only have three out of a possible six CDR from a full variable region 
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consisting of both VH and VL. Single-domain antibodies (dAb) are encoded by VHH gene 

segments derived from ‗heavy chain antibodies‘ (HCAbs) genes of camelids or sharks. The 

dAbs are 12-15 kDa in size and the smallest Ag-binders Abs produced to-date. They are 

stable, soluble and moderate to high affinity binders.  

 

Fig. Complete antibody and various types of antibody fragments (Saeed et al., 2017) 

2. Single‐chain antibody variable fragments of ∼27 kDa 

Single‐chain antibody variable fragment is made up of VL and VH domain linked by 

a sequence for ≥18 AA glycine-serine flexible linker peptide linker in between to hold the 

domain in proximity to form the binding cavity upon folding. In addition, GS linkers are 

known to improve the folding, flexibility and stability of the single‐chain fragment variable 

as compared to proline‐rich linker. In fact, scFvs with various desired functional/ effector 

domains can be bio-engineered using rDNA techniques, such products being also called 

‗designer Abs‘. 

For example, bispecific Abs (BsAb) comprised of two different Ag specificities, one 

for binding to the target (e.g., tumor cell) and other to the effector cell (NK cell) have been 

designed for desirable features. BsAbs can be produced in various ways: i). Folding of two 

different scFvs (diabodies, sc diabodies or tandem diabodies), ii). Chemical cross-linking of 

Fab or F(ab‘)2 fragments of parental Abs to construct F(ab‘)2 heterodimer, and iii). Fusion of 

two hybridomas to make a quadroma that produces full-length BsAbs. 

Diabodies are produced by folding together of scFvs of two different specificities. Sc 

diabodies and tandem diabodies are formed by linking of two different scFvs through an 

additional middle linker of 15 AAs and 2-6 AAs, respectively. Eukaryotic system is more 

suitable for their expression. Linkers of 0-2 AAs size result in formation of trimers, tetramers 

or higher order Ab species of high avidity, but poor penetrance and clearance. Tetravalent 

BsAbs (Ab-scFv, dimericminibodies and dimericdiabody-Fc molecules) have also been 

produced to bind to four epitopes. Immunoconjugates, i.e., Abs conjugated to radio-isotopes, 
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toxins, enzymes or even whole effector cells, can be used to bring the conjugates to the target 

cells for therapeutic purposes. 

3. Fragment antibody‐binding fragments of ∼57 kDa 

 Fab fragments are composed of the VH, CH1 and entire VL fragment held 

together by interchain disulphide bonds.  

4. Chimeric and humanized murine mAbs  

a) Chimeric antibody.  

The principle of the chimeric antibody is that the mouse-derived variable region 

sequence is inserted into the containing expression vector in a constant region of a 

human antibody. It has the specificity and affinity of the mouse antibody binding 

antigen, and at the same time, it reduces the immunogenicity of the murine antibody 

to the human body.  

b) Humanized antibody.  

A humanized antibody means that the constant region of the antibody (CH and CL 

regions) is encoded by a human antibody gene. The humanized antibody substantially 

retains the affinity and specificity of the parent mouse monoclonal antibody, and can 

greatly reduce the immune side effects caused by the heterologous antibody on the 

human body.  

c) Fully humanized antibody.  

A fully humanized antibody refers to a human antibody gene that is transferred to a 

genetically engineered antibody gene-deficient animal by transgenic or trans-

chromosomal technology so that the animal expresses the human antibody and gets 

full humanization of the antibody. The antibody itself cannot directly dissolve or kill 

target cells with specific antigens, and usually requires complement or phagocytic 

cells to exert effects to remove pathogenic microorganisms or cause pathological 

damage. 

 
Fig. Chimeric and humanized murine mAbs (https://www.cusabio.com) 
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Application of antibody fragment as diagnostic probe 

 

Table: FDA approved therapeutic antibodies 

Approved 

during 

Therapeutic antibody format 

[Ab name as per WHO nomenclature (Antigen specificity)] 

Murine mAb Chimeric Abs Humanized Abs Human Abs Bispecific Abs 

1986-

1990 

*Muromonab 

(CD3) 

- - - - 

1991-

1995 

- Abciximab 

(GPIIb/IIIa) 

- - - 

1996-

2000 

- Rituximab 

(CD20), 

Basiliximab 

(IL-2R), 

Infliximab 

(TNF) 

*Daclizumab (IL-

2R), 

Palivizumab (RSV), 

Trastuzumab 

(HER2), 

*Gemtuzumab 

(CD33) 

- - 

2001-

2005 

Ibritumomab 

(CD20), 

*Tositumomab 

(CD20)  

Cetuximab 

(EGFR) 

*Alemtuzumab 

(CD52), 

Omalizumab (IgE), 

*Efalizumab 

(CD11a), 

Bevacizumab 

Adalimumab 

(TNF) 

- 
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(VEGF) , 

Natalizumab 

(α4 integrin) 

2006-

2010 

- - Ranibizumab 

(VEGF), 

Eculizumab (C5), 

Certolizumab (TNF), 

Tocilizumab 

(IL6R) 

Panitumumab 

(EGFR), 

(IL12/23) , 

Golimumab 

(TNF), 

Canakinumab 

(IL1β) , 

Ofatumumab 

(CD20), 

Denosumab 

(RANKL-L) 

Catumaxomab 

Rat/mu 

(EPCAM/CD3) 

2011-

2015 

- Brentuximab 

(CD30), 

Siltuximab 

(IL6), 

Dinutuximab 

(GD2) 

Pertuzumab (HER2), 

Adotrastuzumab 

(HER2), 

Obinutuzumab 

(CD20),Vedolizumab 

(α4β7 integrin), 

Pembrolizumab 

(PD1), Mepolizumab 

(IL-5), Idarucizumab 

(dabigatran), 

Elotuzumab (SLAM-

7) 

Ipilimumab 

(CTLA-4), 

Belimumab 

(BLys), 

Raxibacumab 

(B. anthracis 

PA), 

Ramucirumab 

(VEGFR2), 

Evolocumab 

(PCSK9), 

Secukinumab 

(IL17A), 

Nivolumab 

(PD1), 

Necitumumab 

(EGFR), 

Alirocumab 

(PCSK9), 

Daratumumab 

(CD38), 

Necitumumab 

(EGFR) 

Blinatumomab 

mu(CD19/CD3) 

2016-to 

date 

- Obiltoxaximab 

(B. anthracis 

exotoxin), 

Ixekizumab (IL-

17A), Reslizumab 

(IL-5), Atezolizumab 

(PD-L1) 

Bezlotoxumab 

(Clostridium 

difficile 

enterotoxin 

B), 

Olaratumab 

(PDGFRa) 

- 

Conclusion 

Antibody phage display allows the generation of recombinant antibodies from 

different species, including human, llama, camel, macaque, shark, or mice. Using antibody 

phage display a variety of recombinant antibodies was generated for diagnostics and therapy 

against bacterial, viral pathogens, and eukaryotic pathogens as well as toxins. Therefore, 
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phage display‐derived recombinant antibodies provide an important platform for antibody 

generation for current and future diagnostic applications. 

REFERENCES 

Basu, K., Green, E.M., Cheng, Y. and Craik, C.S. 2019. Why recombinant antibodies - benefits and 

applications. Curr Opin Biotechnol. 60: 153-158. 

Ch‘ng, A.C.W., Choong, Y.S. and Lim, T.S. 2016. Phage Display‐Derived Antibodies: Application of 

Recombinant Antibodies for Diagnostics, Proof and Concepts in Rapid Diagnostic Tests and 

Technologies, Shailendra K. Saxena, Intech Open, DOI: 10.5772/63927.  

Saeed, A.F., Wang, R., Ling, S. and Wang, S. 2017. Antibody Engineering for Pursuing a Healthier Future. 

Front Microbiol. 8: 495. 

  



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 39 
 

NEXT GENERATION MOLECULAR TECHNIQUES IN ANIMAL DISEASE 

DIAGNOSIS 

Sushila Maan, Kanisht Batra, Deepika Chaudhary, Monica Punia, Aman Kumar and 

Narender S. Maan 

Department of Animal Biotechnology, College of Veterinary Sciences, 

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

Introduction: 

Molecular diagnostics is an area that has attracted considerable attention in the last 

decade. Veterinary pathogens have been traditionally diagnosed by detecting the pathogens 

by culture isolation or serological detection of antigen or antibody such as neutralization 

tests, enzyme-linked immunosorbent assays, agar gel immunodiffusion and complement 

fixation tests. Now, the considerable attention is on molecular techniques because of speed, 

sensitivity, specificity, accuracy and robustness as well as  reduction in the time between 

sampling and a treatment decision .Currently, the widespread adoption of molecular 

diagnostics has been limited due to high test prices and narrow detection capabilities and 

hence, the area of veterinary diagnostics is on the verge of a paradigm shift to next generation 

molecular diagnostic tests that promise to be significantly less costly while simultaneously 

increasing the number of analytes/targets per test through high multiplexing. The 

development of high-throughput molecular technologies and associated bioinformatics has 

dramatically changed the capacities of scientists to produce, handle, and analyze large 

amounts of genomic, transcriptomic, and proteomic data. A clear example of this step-change 

is represented by the amount of DNA sequence data that can be now produced using next-

generation sequencing (NGS) platforms. The application of high-throughput biotechnology 

platforms in these fields and their typical low-cost per information content has revolutionized 

the resolution with which these processes can now be studied. The Next generation molecular 

techniques in animal disease diagnosis are as follows:  

Multiplex polymerase chain reaction (mPCR) 

Since the past decade, advances in PCR technology and other target amplification 

techniques have resulted in these molecular diagnostics becoming key procedures because of 

having the characteristic features of good diagnostics. But even though in veterinary 

diagnostic laboratories, the use of PCR is limited because of input cost. To overcome these 

shortcomings and also to increase the diagnostic capacity of PCR, a variant termed multiplex 

PCR has been described. Multiplex PCR has the potential to produce considerable savings of 

time and effort within the laboratory without compromising test utility. Basically multiplex 

deals with analysis of multiple analytes in one go and same is in mPCR where amplification 

of more than one template takes place simultaneously in single reaction/tube. It is becoming a 

rapid and convenient screening assay in both the clinical and the basic research laboratory. 

The development of an efficient multiplex PCR usually requires vigorous efforts required to 

optimize reaction and strategic planning to optimize reaction conditions. The optimization of 

multiplex PCR thus aims at minimizing or reducing any nonspecific interactions. For a 

successful multiplex PCR assay, the relative concentration of all reagents of PCR, the primers 

and cycling temperatures are important. Presently number of mPCR are in routine practice in 
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veterinary diagnostics e.g. Pasteurella multocida specific, haemoprotozoan specific, 

abortogenic pathogens specific etc. 

The multiplex real-time PCR (mqPCR) 

Real-time polymerase chain reaction (PCR) has become the gold standard for 

detecting nucleic acids because of its robustness, low analytical detection limits, equipment 

access, and ease of performance due to the numerous publications describing experimental 

setup guidelines. 

The mqPCR is one kind of modification in conventional gel based PCR in which the 

amplification of the multiple targets are observed in real-time. The exponential increase in 

product is seen as an increase in fluorescence, measured by a photo-detector in a real-time 

PCR instrument. The PCR reaction can take place and be measured in a single tube with no 

need for further gel based electrophoretic analysis and hence called as a ‗closed tube 

technique‘. Several real-time PCR chemistries exist; however use of TaqMan chemistry 

based specific probe increases the specificity of the reaction. This probe is labeled with a 

fluorescent reporter dye and a quencher dye and is designed to bind to an internal region of 

the PCR product. Different reporters are used in multiplex real-time PCR to track each 

individual amplification reaction. In multiplex system, each and every specific probe is 

labeled with a unique fluorescent dye. The signal from each dye is detected by the real-time 

PCR instruments, and used to determine the amount of each target. Few duplex, triplex and 

quadruplex qPCRs are available currently for simultaneous detection of infectious pathogens 

of livestock and poultry origin. During the last decade, studies have demonstrated the 

practicality of identifying pathogens in many clinical and epidemiological settings using 

mqPCR. The technique has been used to screen for individual or symptom-associated 

pathogens and examine associations of pathogens with disease.  

Microsphere-Based Luminex Assay  

Microsphere-based multiplex assays (MBMAs) are referred to as multianalyte 

profiling, recognized under the trade names xMAP Technology or Luminex assays. The 

MBMAs are applicable for high throughput, simultaneous detection and quantification of 

multiple analytes in solution. Typically, for veterinary applications, the analytes can be host 

immune proteins (i.e., antibody, immunoglobulin [Ig], or immune cytokine), or infectious 

agents such as viruses, bacteria, fungi, or protozoa. The MBMA method significantly reduces 

time and sample volume requirements and allows the testing of many samples simultaneously 

for multiple targets compared to other methods, such as traditional enzyme-linked 

immunosorbent assays (ELISAs), microarrays, Western blot techniques, or polymerase chain 

reaction. Because only small volumes of sample are needed to measure multiple analytes 

simultaneously, MBMAs are advantageous for use with limited specimens such as sera from 

very small avian and animal species, cerebral spinal fluid, or synovial fluid. The assay 

acquires results on several, up to hundreds, of analytes (50–500) per sample, with the number 

of targets dependent on the specific assay and instrument. Presently, there are only few 

commercially available MBMAs for veterinary applications. However, in human diagnostic 

medicine, numerous commercial assays are available, such as a respiratory viral panel (RVP) 
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that simultaneously detects and quantitates eight (8) viruses and subtypes, and another assay 

using a gastrointestinal pathogen panel (GPP), simultaneously detecting 14 bacteria or 

bacterial toxins, 3 viruses, and 3 parasites. Numerous assays are also available to detect and 

quantitate immune cytokines, growth factors and their receptors, inflammatory proteins, 

kinases and inhibitors, pathogens, antibodies (i.e., for isotyping or antigen-specific 

antibodies), neurobiology proteins, transcription factors, genotypes, metabolic, cancer and 

cardiac biomarkers, allergens, hormones, and tissue antigens, but these are developed for use 

with human, nonhuman primate, and rodent specimens. For livestock species MBMAs have 

also been developed, but only few are currently commercially available. 

Metagenomics Sequencing  

The word ―metagenome‖ was first used in its modern sense in 1998 to refer to the 

collection of all microbial genomes found in a sample of soil, including sequences from 

organisms that could not cultured. The term has since been generalized to cover any set of 

multiple genomes found in an environmental or clinical sample. The study of metagenome or 

to recover the information from metagenome is called as metagenomics. Metagenomics 

approaches based on next-generation sequencing (NGS) platforms hold promise for 

infectious disease diagnostics.  

NGS platforms have been instrumental in the completion of genome of many 

infectious agents of livestock and the documentation of their genomic variation. 

Available genomes of different pathogens affecting bovine, pig, sheep, equine, and avian 

provide an important source of knowledge for understanding disease pathogenesis. 

Additionally, genome sequencing efforts have documented the genomic variation 

providing information for the development of control and prevention strategies for 

different pathogens. 
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The Basics of NGS Chemistry  

The Illumina NGS workflow includes four basic steps:  

1. Library Preparation—The sequencing library is prepared by random fragmentation of 

the DNA or cDNA sample, followed by 5′ and 3′ adapter ligation. Alternatively, 

―tagmentation‖ combines the fragmentation and ligation reactions into a single step that 

greatly increases the efficiency of the library preparation process. Adapter-ligated fragments 

are then PCR amplified and gel purified.  

2. Cluster Generation—For cluster generation, the library is loaded into a flow cell where 

fragments are captured on a lawn of surface-bound oligos complementary to the library 

adapters. Each fragment is then amplified into distinct, clonal clusters through bridge 

amplification. When cluster generation is complete, the templates are ready for sequencing.  

3. Sequencing—Illumina SBS technology uses a proprietary reversible terminator–based 

method that detects single bases as they are incorporated into DNA template strands. As all 

four reversible terminator–bound dNTPs are present during each sequencing cycle, natural 

competition minimizes incorporation bias and greatly reduces raw error rates compared to 

other technologies. The result is highly accurate base-by-base sequencing that virtually 

eliminates sequence context–specific errors, even within repetitive sequence regions and 

homopolymers.  

4. Data Analysis—During data analysis and alignment, the newly identified sequence reads 

are aligned to a reference genome. Following alignment, many variation of analysis are 

possible, such as single nucleotide polymorphism (SNP) or insertion-deletion (indel) 

identification, read counting for RNA methods, phylogenetic or metagenomic analysis, and 

much more.  

Metagenomic sequence data obtained from complex samples i.e. mixtures of 

microbes, usually with varying levels of constituents, and sometimes with additional DNA 

from a host organism could provide a qualitative and quantitative understanding of the 

individual components of the original complex sample. Genus, species, and even strain-level 

taxonomic assignments of microorganisms, as well as their relative abundance, could 

potentially be readily obtained from complex samples by using metagenomic sequencing 

approaches. This ability to rapidly characterize and identify the entire microbial content of a 

complex sample provides a unique and novel strategy for pathogen detection and 

identification. Additionally, metagenomic sequence data could allow for the detection and 

identification of antibiotic resistance genes and virulence factors in complex samples; 

information that can be used to guide treatment options and improve antibiotic application. In 

the coming years, DNA sequencing technologies will continue to develop and improve. 

Advancements in NGS technologies will potentially offer higher sample throughput, greater 

speed and reduced running costs.  

 In conclusion, molecular assays from PCR to diagnostic metagenomics fulfill the 

promise of an open-ended workflow that could be applied to any biological samples to detect 

any kind of pathogens. Despite of great potential in Next generation molecular assays, a 
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number of hurdles need to be overcome before it can be integrated into routine practice in 

country like India. 
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MODERN APPROACHES FOR THE DIAGNOSIS OF EQUINE HERPES VIRUS 
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Equid herpesviruses (EHVs) are pathogens of increasing global concern to equine 

industry. Of nine EHVs belonging to family Herpesviridae, only five (EHV1, EHV2, EHV3, 

EHV4 and EHV5) have been reported to produce disease in horses. Two equine viruses 

(EHV1 and EHV4) are the most important pathogens affecting the horses globally. EHV1 & 

4 are enveloped, double-stranded DNA viruses of about 150 kbp size containing 76 open 

reading frames (ORFs) (Davison et al., 2009; Brosnahan & Osterrieder, 2009, Telford et al., 

1992). It is estimated that 80 to 90% of horses get exposed to EHV1 and EHV4 infection by 

two years of age.  

The infection results in respiratory infection, characterized by fever, anorexia, nasal 

and ocular discharge (Allen, 2008). In addition, EHV1 causes abortion, neonatal foal death 

and myeloencephalopathy (Patel & Heldens, 2005; Lunn et al., 2009). During past one 

decade, the incidence of abortion and rhinopneumonitis due to EHV1 is on decline, while that 

of EHM is on the rise world-over. Although all EHV1 strains can induce abortion in pregnant 

mares, only certain strains referred to as neuropathogenic strains have the potential to cause 

extensive outbreaks of EHM. EHV1 strains causing EHM show single nucleotide 

polymorphism (A to G) at position 2254 in the EHV1 DNA polymerase gene (encoded by 

ORF30) (Allen 2007, Gulati et al 2016). EHV1 strains possessing guanine (G2254) at this site 

are considered to have neuropathogenic potential, whereas those with adenine (A2254) are 

thought to be non-neuropathogenic. The ability of equid herpesviruses to establish life-long 

latent infection in lymphoid and neural tissues with periodic reactivation and shedding is 

central to the maintenance of these viruses in horse populations. Over 50% of horses become 

latently infected after infection with EHV1 and EHV4 (Baxi et al. 1995, Gulati et al 2015).  

Accurate and timely confirmatory diagnosis of EHV1 infection in horses is important 

as clinical signs of respiratory disease, abortion and neurological disease can be caused by 

several other equine viral and bacterial pathogens. Laboratory diagnosis can be done either by 

direct detection of virus (virus isolation) or demonstration of viral antigen or viral nucleic 

acid, or indirectly through serologic evidence of recent infection. In this article, traditional 

and new approaches used for identification of EHV1 infection, including diagnosis of EHM 

and latency are reviewed. 

Collection of clinical samples: Definitive diagnosis of EHV1 infection in the laboratory 

relies on collection of right clinical samples at appropriate time. It is important to collect 

samples from in-contact horses that are febrile, that may not show any other clinical signs at 

the time. The virus shedding from the respiratory tract is at peak during the acute early, 

febrile phase of respiratory infection (1–5 days post-infection). Therefore, the nasopharyngeal 

swabs must be collected as early in the course of disease as possible. Virus can also be 

detected in the blood sample (in EDTA) and cerebrospinal fluid on appearance of 

neurological signs. The brain and spinal cord samples collected at autopsy are useful for 

confirmation of viral DNA by PCR. The placenta, lung, liver, spleen, and thymus of aborted 



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 45 
 

fetus should be collected aseptically for virus detection. Portions of these tissues can also be 

collected in 10% buffered formalin along with spinal cord and brain from suspect cases of 

EHM for histopathology and immunohistochemical (IHC) examinations. Samples for virus 

isolation should be stored and transported at 4
o
C (Balasuriya et al 2015).  

Serological assays: Assays to demonstrate antibodies to EHV1 in serum specimen can also 

help to demonstrate exposure to EHV1. Serological assays like virus neutralization test 

(VNT), complement fixation test and ELISA are commonly employed (OIE 2015). A positive 

diagnosis is based on the demonstration of significant increases (four-fold or greater) in 

antibody titres in paired sera taken during the acute and convalescent stages of the disease. 

However, because of pre-existing antibodies to either EHV1 or EHV4 as a result of prior 

infection or vaccination, serologic assays are less useful as a diagnostic tool. Serum from 

mares that abort or from neurologic cases may already contain peak levels of antibodies, and 

no increase in titers may be detectable in sera collected subsequently. 

Commonly employed serological assays (CF, VNT or ELISA) detect IgG response, 

which is not specific and cross-react with antibodies to both EHV1 and EHV4. Therefore, 

type-specific ELISAs targeting glycoprotein G (gG) have been developed, using epitopes in 

gG of both viruses which can discriminate between IgG immune response to two viruses 

(Crabb et al., 1995, Yasunaga et al., 2000). In our laboratory, EHV1 seroprevalence in 17 

states of India was recorded during 2006-2015 and overall 666 out of 12935 (5.15%) equines 

were found positive for EHV1 antibodies. 

Recently, linear immunodominant epitopes in different glycoproteins of EHV1 and 

EHV4 have been identified, which do not cross react between two viruses and have been used 

to develop ELISA that is able to identify horses that had been infected with EHV1 or EHV4 

using paired serum samples (Andoh et al. 2013, Lang et al 2013). In our laboratory, we have 

developed an ELISA using synthetic peptide of glycoprotein E of EHV1 as antigen, and 

compared its performance with VNT using EHV1 positive (n=108) and EHV1 negative 

(n=34) serum samples. The relative sensitivity and specificity of the peptide ELISA vis-à-vis 

VNT was found to be 96.42% and 87.71 %, respectively. Such ELISAs are being further 

validated with large number of samples for use in routine testing. 

Virus Isolation: EHV1 isolation can be done from nasal swabs, bronchoalveolar lavage 

fluid, tissues of aborted fetuses (placenta, lung, liver, thymus, spleen), PBMCs, and brain 

tissues from cases of neurologic disease in continuous cell RK13, equine dermis, and 

BHK21, MDBK, Vero and primary equine cells (lung, kidney cells or endothelial cells). 

Following inoculation into susceptible cell lines, EHV1 produces a characteristic cytopathic 

effect (CPE) in 5–7 days. The identity of virus isolates must be confirmed by PCR, indirect 

fluorescent antibody testing (IFAT), or neutralization assays using EHV1-specific antisera or 

monoclonal antibodies. Virus isolation can be a challenge for laboratory personnel because 

propagation of EHV1 in cell culture is a more labor-intensive and time-consuming procedure, 

and can be subject to contamination (Yasunaga et al., 1998). Accordingly, PCR has largely 

superseded virus isolation in most laboratories that test specimens for EHV1. In our 

laboratory, EHV1 isolations were made from 24 of 64 abortions cases investigated during 

2006-15 using RK13 cells. 
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Viral nucleic acid detection: PCR-based sensitive, specific, and rapid assays have been 

developed to detect viral nucleic acid in clinical specimens. A variety of type-specific PCR 

primers and probes can distinguish between EHV1 and EHV4, as well as other EHVs (EHV2, 

EHV3, and EHV5) (Wagner et al., 1992; Borchers and Slater, 1993; Kirisawa et al., 1993; 

Wang et al., 2007). A multiplex PCR assay for simultaneous detection of both EHV1 and 

EHV4 nucleic acids has been described. The OIE manual describes a more sensitive nested 

PCR assay targeting the glycoprotein B genes (gB) of EHV-1 and EHV-4, which allows 

identification and discrimination of these 2 EHVs (OIE, 2015). Nested PCR assays are prone 

to give a higher number of false-positive results because of sample carryover and cross-

contamination, and their use should be avoided in the routine laboratory detection of EHV1. A 

number of real-time PCR assays targeting various EHV-1 genes (gB, gD and ORF30) have 

been described in the literature. Real-time PCR assays targeting gB and gD are used for 

measuring the viral load in samples by some laboratories (Pusterla et al 2009). 

Detection of EHM: Many of the conventional PCR detection protocols are unable to 

differentiate between neuropathogenic and non-neuropathogenic viruses. Identification of the 

single nucleotide polymorphism in ORF30 (A→G2254) led to the development of an allelic 

discrimination real-time PCR assay to distinguish between potential neuropathogenic and 

non-neuropathogenic EHV1 strains (Allen 2007). PCR assays based on ORF30 followed by 

sequence analysis can be used to differentiate neuropathogenic and non-neuropathogenic 

EHV1 isolates (Nugent et al., 2006; Allen, 2007; Leutenegger et al., 2008; Pusterla and 

Hussey, 2014). Use of novel PCR platforms, such as real-time PCR assays based on ORF30 

enables the differentiation of neuropathogenic and non-neuropathogenic viruses (Allen, 2007; 

Leutenegger et al., 2008). More sensitive allelic discrimination EHV1 real time PCR (Smith 

et al., 2012) and a primer-probe energy transfer method (PriProET) that was developed Malik 

et al., 2010) later added to the list of diagnostics. A single nucleotide polymorphism-based 

real-time PCR has been developed in our laboratory that is able to differentiate 

neuropathogenic and non-neuropathogenic EHV1 strains. Using this assay, we observed 

circulation of neuropathogenic EHV1 among Indian equine population (unpublished data). 

Detection of latency: Equine herpesviruses establish latency in neurological tissues, 

lymphoid tissues and peripheral blood leukocytes (PBL) (Ma et al., 2013). Ante-mortem 

diagnosis of latent EHV infection is a major challenge clinically as well as in the laboratory. 

Identification of latently infected horse with full confidence by the use of any of the currently 

available diagnostic methods is very difficult as viral proteins are not expressed by latently 

infected cells and thus immune detection is escaped and number of latently infected cells are 

rare (1 per 10
4
 or 10

5
). To identify latent infection in previously infected ponies, in vitro co-

cultivation of lymphoid tissues is considered a gold standard test which provides the un-

equivocal evidence for latent infection. Latent infection in experimentally infected ponies can 

be detected by reactivation of infection following corticosteroid treatment (Gulati et al 2015). 

Since latency associated transcripts (LATs) are the only genes transcribed during 

latency, latent infection can be investigated by looking for the presence of LAT transcripts in 

total RNA derived from equine PBL or neural tissues (Baxi et al. 1995). Assays like RT-PCR 

(Chesters et al., 1997, Borchers et al. 1999, Allen et al. 2008) and real-time PCR (Pusterla et 

al. 2009) have been developed for the laboratory demonstration of LAT RNA in latently 
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infected equines. Another approach for the detection of latent EHV1and EHV4 infection is by 

employing PCR and RT-PCR technique for expression of late structural genes, since during 

latency DNA is present in selected tissues but no transcription of late proteins take place. In 

this method, latency was confirmed when tissue samples were found PCR positive for the late 

structural glycoprotein B (gB) gene in the absence of detectable gB gene mRNA in the 

samples (Pusterla et al., 2012). In our laboratory, we have developed RT-PCR and 

quantitative PCR for detection of latent infection in equines. Using these assays, 59 out of 

113 (52.2%) of equines in northern India were found to be latently infected. 

Conclusion 

Recent approaches for diagnosis of equine herpesvirus infections have been reviewed 

in this paper. Accurate laboratory diagnosis relies on well coordinated efforts of equine 

practitioners, horse owners, breeders, diagnostic laboratory personnel and researchers 

working for refinement of diagnostic approaches. Collection of appropriate specimen at right 

time and transport to the laboratory are very critical steps in diagnosis. It is estimated that 

only in 20% cases, right specimens reach to diagnostic laboratory in perfect condition to 

facilitate diagnosis. Emphasis need to be laid on training and infrastructure for sample 

collection, processing and transport to laboratories. Despite development of molecular 

approaches for diagnosis, serological diagnosis is still the preferred method for detection of 

equine herpesvirus infections. The cross-reactivity remains a problem in commonly 

employed serological assays and further refinement in diagnostic tools for definite 

discriminative diagnosis is anticipated.  

Although sensitive assays for detection of EHM have been developed, there remain 

still question to address. Even though there is a strong association between EHM and the 

G2254 mutation, this nucleotide substitution is not the only determinant of neurological 

disease. A number of EHV1 strains with A2254 genotype have been isolated from cases of 

neurological disease. Similarly, G2254 genotype EHV1 isolates from numerous horses with no 

evidence of neurological symptoms have been identified. One of the possible reasons for this 

observation could be the fact that besides A2254→G2254 substitution, other non-synonymous 

nucleotide substitutions in ORF30 can also have effect on the production of neurological 

disease by either enhancing/attenuating the capability of viral replication rates in vivo. There 

is also need to understand the role of host factors in the pathogenesis of EHM, including host 

immunopathological mechanisms in response to EHV1 infection and latency. 

Latency and reactivation are two important phases of herpesvirus infection cycle, 

which are delicately balanced by evolution. The virus activity depends on a delicate balance 

of constraining and activating factors and minor environmental disturbances that upset this 

balance seems sufficient to lead the virus toward production of lytic or latent infection. The 

role of viral and host microRNAs in latency and reactivation has been observed in some 

herpesviruses and this needs to be deciphered in equine herpesviruses. 
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Antimicrobial resistance (AMR) came to be known, after reports on failure of 

therapeutic drugs against infectious agents, which was later termed as drug resistance or 

much popular as antimicrobial resistance. This challenged the potency of modern therapeutic 

regimes which was in routine use. AMR in microbes is said to be their unresponsiveness to 

standard prescribed doses of relevant antimicrobial drugs (Ganguly et al., 2011). In other 

words it is the ability of microbes to overpower the antagonistic effects of antibiotics, to 

which they were earlier sensitive, resulting in their survival even after standard dose. AMR in 

bacteria is a public health hazard which gets accelerated by the selective pressure generated 

by the misuse of antibiotics. This acquired antimicrobial resistance in bacteria is an 

increasing threat in veterinary medicine as well (Chandrasekaran et al., 2015). AMR reduces 

efficacy of antibiotics; making treatment complicated, time consuming, costly and sometimes 

even impossible making it a global concern. Now it can be said that the discovery of each and 

every new antibiotic has been followed by emerging resistance against it (World Health 

Organization, 2014). 

Antibiotics are used extensively in the dairy industry to combat disease like mastitis 

and also to improve animal performance. An increase in the incidence of mastitis in a herd 

generally results in increased use of antimicrobials that increases the potential for antibiotic 

residues in milk and the increased bacterial resistance to antimicrobials (Oliver & Murinda, 

2012). Milk has been the part of human diet since ages, thus AMR tends to enter the food 

chain and become public health concern as well. There have been many studies on common 

bacterial pathogen of mastitis like S. aureus, Streptococcus spp. E. coli, Klebsiella spp. etc. 

based on MIC using microdilution method. Most revealed prevalence of multidrug resistance 

(resistance to >2 antimicrobials) was 27% (Cheng et al., 2019). Prevalence of AMR in 

mastitis pathogens can potentially jeopardize both antimicrobial efficacy and public health.  

Studies on cattle production systems found that cattle from conventional dairies 

reserved a higher prevalence of AMR enteric bacteria compared to organic dairies or beef 

operations. This must be due to dairies usually use more antimicrobials. Experimental studies 

have usually verified that application of antimicrobials leads to at least a transient expansion 

of AMR bacterial populations in treated cattle. Thus, there are multi-factorial events and 

pressures that influence AMR bacterial populations in cattle production systems. There has 

been a heuristic model proposed to illustrate how repeated antimicrobial selection pressure 

can increase the probability of genetic linkage between AMR genes and niche- or growth-

specific fitness traits (Call et al., 2008). This allows persistence of AMR bacteria at the herd 

level because subpopulations of AMR bacteria are able to reside long-term within the host 
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animals even in the absence of antimicrobial selection pressure. This can hence lead to 

reduction of cost for producers and consumers over the long-term. 

Staphylococcus aureus is most significant pathogen causing mastitis in dairy animals 

(Kuang et al., 2009). Staphylococcus aureus has been associated to methicillin, vancomycin 

resistances seen in mastitis.  Cure rates in Staphylococcus aureus mastitis varies considerably 

between lactation and dry cow therapy. The probability of cure depends on cow, pathogen 

and treatment factors. Cure rates decrease with increasing age of the cow, increasing somatic 

cell count, increasing duration of infection, increasing bacterial colony counts in milk before 

treatment, and in-creasing number of quarters infected (Barkema et al., 2006).  

Staphylococcus aureus mastitis in hind quarters has a low cure rate compared with front 

quarters. The most important treatment factor affecting cure is treatment duration. Increased 

duration of treatment is associated with increased chance of cure. 

Conclusion 

Several important factors like science-based data to demonstrate antimicrobial 

resistance in veterinary pathogens that cause disease in dairy cows or data on antimicrobial 

resistance impact the outcome of therapy or data on prudent use of antibiotics in the dairy 

industry are lacking (Oliver et al., 2011). Therefore further study and research is needed to 

improve knowledge on AMR in dairy herd as result of mastitis treatment. Above it early and 

specific pathogen detection could address the indiscriminate use of antibiotics. Emergence 

and spread of antimicrobial resistance (AMR) is now an urgent matter of public interest 

hence, antimicrobial usage in production livestock should be critically discussed subject. 

Further prompt implementation, including therapeutic alternatives as well as implementation 

of evidence based mastitis therapy concepts and selective dry cow treatment could be 

methods for decreasing antimicrobial usage and AMR. 
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Haemorrhagic septicaemia (HS) in domestic ruminants is caused by Pasteurella 

multocida (type B:2 in India) and is a major economic important disease primarily of water 

buffaloes (more susceptible) and to a lesser extent, cattle in Asian and African countries. The 

disease is characterised by an acute, highly fatal septicaemia with high morbidity and 

mortality especially in buffaloes (peracute). Many animals die without exhibiting clinical 

signs. The outbreaks of HS have also been reported in sheep, goats, swine, deer, camels, 

elephants, horses, donkeys and yaks but not very frequently. However, there are no reported 

cases of HS caused by P. multocida in humans. Based on capsular types, P. multocida has 

been classified into five serotypes- A, B, D, E and F. Of these, the P. multocida type A 

produces pneumonia in cattle, sheep, and pig whereas capsular type D produces atrophic 

rhinitis in pig and snuffles in rabbits.  

Pasteurella multocida is classified into order Pasteurellales and family 

Pasteurellaceae and is a Gram-negative coccobacillus residing mostly as a commensal in the 

nasopharynx of animals. The start of an HS outbreak depends on some stress disturbing the 

balance in a carrier animal (cattle, water buffalo, and bison) resulting into extensive 

proliferation and dissemination of the organisms to susceptible contact animals. 

I. Diagnosis of HS 

The characteristic epidemiologic and clinical features of HS aid in its diagnosis. 

History of earlier HS outbreaks and a recent failure to vaccinate the susceptible animals are 

of particular significance in the disease predisposition. Sporadic cases of HS are more 

difficult to diagnose clinically. The season of the year, typical of monsoon (high humidity 

and high temperatures), rapid course, and high herd incidence, with fever and oedematous 

swellings indicate typical HS. Characteristic necropsy lesions support the clinical diagnosis. 

The septicaemia occurs at the terminal stage of the disease. Therefore, the blood samples 

taken from the clinically affected animals may not always contain P. multocida organisms. 

For confirmation of HS, the isolation, identification and characterisation of the pathogen is 

done following conventional and advanced molecular techniques. The morbidity depends on 

herd immunity and environmental conditions, including both weather and management 

conditions; morbidity is higher when animals are kept closely, in poor conditions and 

exposed to wet conditions. 

A large number of laboratory techniques have been developed over the years for the 

diagnosis of HS in animals. As a routine diagnosis, P. multocida can be directly identified in 

smears made from samples of blood collected from the jugular vein just prior to death (Carter 

and De Alwis, 1989) or heart of the animal suspected of died of HS. Aseptically removed 

bone marrow is ideal for subsequent pure culture isolation on suitable culture media in the 

laboratory. The laboratory animals viz. rabbits and mice are highly susceptible to 
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experimental infection. A conclusive diagnostic procedure that comprises mouse inoculation 

with the infected blood or bone marrow, death of these animals and isolation of bacteria with 

morphological features and biochemical reactions identical to P. multocida, is used (De 

Alwis, 1989). 

Various biochemical and serological tests are used for the identification and 

serotyping of P. multocida viz. rapid slide agglutination, indirect haemagglutination test, agar 

gel immunodiffusion, counter immuno-electrophoresis and serum agglutination tests (OIE, 

2012). The bacterial isolation, biochemical typing, serotyping etc. are time consuming and 

laborious processes. An ELISA, as a diagnostic technique for identification of P. multocida 

has been recommended by OIE (2012). ELISA has also been described as a reliable 

diagnostic tool for screening P. multocida infection (Zaoutis et al., 1991), detection of 

maternal antibodies against P. multocida in newborn calves (El-Eragi et al., 2001) as well as 

for rapid detection of toxigenic P. multocida from swabs (Lichtensteiger et al., 1996). 

Conventional methods of identification such as serotyping, biotyping, antibiogram 

determination and pathogenicity as well as molecular methods (P. multocida-specific PCR, 

serogroup B-specific PCR, multiplex capsular typing system and loop-mediated isothermal 

amplification) and characterization (restriction endonuclease analysis, randomly amplified 

polymorphic DNA analysis, repetitive extragenic palindromic PCR and enterobacterial 

repetitive intergenic consensus PCR analysis) are applied in parallel for rapid 

epidemiological investigations of HS outbreaks (Shivchandra et al., 2011). 

The identification and characterization of P. multocida has become quick, easy and 

accurate with the development of newer genomic, molecular, biochemical and proteomic 

techniques. Some of these approaches are described as under: 

A. Genomic and Molecular and Biochemical Techniques  

a. Polymerase Chain Reaction 

The polymerase chain reaction (PCR) has been used for the detection of P. multocida 

using either genomic DNA or bacterial colony or field samples (nasal swab, heart blood, 

spleen tissue, bone marrow, etc.) as template. With the improved PCR techniques it is now 

possible to detect as minimum as ten P. multocida organisms. Dutta et al. (2001) reported 

serotyping of 15 Indian isolates of P. multocida isolated from various animals by HSB-PCR 

and revealed an amplified product of ∼600 bp for all the isolates possessing serotype B:2. 

Kumar et al. (2009) identified P. multocida isolates of ruminant origin and revealed an 

amplicon of ∼460 bp using polymerase chain reaction.  

The PCR can also detect the types A and B serotypes of P. multocida isolates using 

serotype specific primers. Chandranaik et al. (2015) reported serotyping of P. 

multocida from Indian gaurs as P. multocida type B using KTSP61 and KTT72 primers 

yielding specific amplicons of 620 bp. Likewise, Ara et al. (2016) isolated P. multocida 

from two suspected cases (cattle and buffalo) of HS in Bangladesh and later confirmed as P. 

multocida type B by PCR with primers specific for P. multocida type B. 

b. Multiplex PCR  

Multiplex PCR assays are also available for capsular type determination of P. 

multocida and can be used as an alternative to the conventional capsular serotyping system. 
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The primers used in this assay were designed following identification, sequence 

determination and analysis of the capsular biosynthetic loci of each capsular group. The 

multiplex capsular PCR using serogroup specific primers is highly specific and correlates 

well with the conventional serotyping results with few exceptions. 

c. Real Time PCR 

Real time PCR has been developed for the diagnosis and characterization of different 

isolates of P. multocida and reported to be highly sensitive and specific than conventional 

and Multiplex PCR from the field samples. 

d. Loop-mediated Isothermal Amplification 

Varshney et al. (2017) developed a loop-mediated isothermal amplification (LAMP) 

assay based on 6b gene sequence for rapid detection of P. multocida B:2. 

e. Repetitive Extragenic Palindromic PCR  

Repetitive extragenic palindromic (REP) elements are 33 to 40 bp repetitive 

sequences, present as approx. 1000 copy numbers that account for up to 1% of the genome in 

a wide range of bacteria. REP-PCR has been developed for the characterization of 

Pasteurella multocida isolates. As the REP elements are present in high copy number and 

distributed widely across the genome, a multiple banding pattern is observed in REP-PCR. 

Stahel et al (2009) genotypically analyzed 228 isolates from rabbit populations originating 

from a breeding and fattening organization with group management and post-mortem cases 

with pasteurellosis from individual owners were using repetitive extragenic palindromic 

polymerase chain reaction (REP-PCR). 

f. Enterobacterial Repetitive Insertion Consensus PCR 

The Enterobacterial Repetitive Insertion Consensus PCR (ERIC-PCR) has been 

developed to differentiate various strains of P. multocida with the bands visualised in the 

range of 100-900 bp that allows distinction between species and between strains within 

species. Loubinoux et al (1999) differentiate various strains of Pasteurella multocida isolated 

from mouths of dogs by ERIC-PCR. 

g. Restriction Endonuclease Analysis 

The restriction endonucleases cleave the DNA at specific nucleotide sequences and 

the resultant DNA fragments separate into a characteristic banding pattern upon 

electrophoresis. Restriction endonuclease analysis (REA) has been used for differentiation 

and characterization of different isolates of P. multocida. 

h. Ribotyping 

Ribotyping and REA have been used to characterize and differentiate P. multocida 

isolates. Further, use of labelled nucleic acid probes (radioactive or non-radioactive) after 

REA results into better interpretation of the banding pattern.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Loubinoux%20J%5BAuthor%5D&cauthor=true&cauthor_uid=10405390
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i. Lateral flow dipstick (LFD) 

Zhao et al. (2019) developed a recombinase polymerase amplification (RPA) 

commercial kit for rapid visual detection of P. multocida. It is an isothermal detection method 

for P. multocida with the potential to be developed as an on-site test for Pasteurellosis. The 

method includes an RPA combined with LFD. The RPA-LFD, performed at 39 °C, 

successfully detected P. multocida DNA in 30 min, with a detection limit of up to 120 copies 

per reaction. 

Newer molecular biology approaches for diagnosis and characterization of different 

isolates of P. multocida such as Colony Hybridization Assay, Filed Alternation Gel 

Electrophoresis, Pulsed Field Gel Electrophoresis, etc. are also available. These techniques 

have limited application in the typing of P. multocida they require highly purified intact DNA 

and specialized and expensive electrophoresis equipments. 

j. VITEK 2 Automated Microbiology System 

The VITEK 2 is an automated microbiology system utilizing growth-based 

technology. Diagnosis can be done within 6-8 hrs. This system accommodates the GN 

colorimetric reagent card for P. multocida that is incubated and interpreted automatically. 

The reagent card has 64 wells and each can contain an individual test substrate. Substrates 

measure various metabolic activities such as acidification, alkalization, enzyme hydrolysis, 

and growth in the presence of inhibitory substances. Each card has a pre-inserted transfer 

tube used for inoculation. Cards have bar codes that contain information on product type, lot 

number, expiration date, and a unique identifier that can be linked to the sample either before 

or after loading the card onto the system. 

B. Proteomic Approaches 

The standard proteomic approaches involve the initial separation of bacterial proteins 

in polyacrylamide gels followed by staining of the protein bands and calculating their 

molecular weights. These include separation of complex protein or peptide samples through 

either i) Denaturing polyacrylamide gel electrophoresis (PAGE) or sodium dodecyl sulphate 

polyacrylamide gel electrophoresis (SDS-PAGE), ii) two-dimensional gel electrophoresis or 

iii) High-performance liquid chromatography (HPLC). Besides, other useful tools include 

capillary electrophoresis, isoelectric focussing and affinity chromatography. 

Of the various techniques, SDS-PAGE is more widely used than others, mostly due to 

its simplicity, reproducibility, cost effectiveness, etc. The SDS-PAGE separates proteins on 

the basis of their primary structure (not the amino acid sequence) and can be used to check 

the purity of samples and estimation of molecular weights of different proteins. Subsequently, 

the separated protein can be blotted on to the nitrocellulose membranes and visualized 

through the use of specific monoclonal/ polyclonal antibody and conjugate. The specific 

protein pattern or fingerprint can also be analyzed by image analysis. Further, the proteome 

maps can be compared in order to find proteins that may be synthesised in high or low 

concentration as a result of infection. The desired protein can be cut from the gel and 

characterized using standard techniques of mass spectrometry, peptide-mass fingerprinting, 

etc.  
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a. Mass Spectrometry 

Mass spectrometry is an analytical tool for measuring the mass-to-charge ratio of one 

or more molecules present in a sample and often used to calculate the exact molecular weight 

as well as to determine structure and chemical properties of selected molecules.  

b. Electrospray Ionization and Matrix Assisted Laser Desorption/ Ionization 

The electrospray ionization (ESI) and matrix-assisted laser desorption/ionization 

(MALDI) are soft ionization techniques in which ions are created with low internal energies 

and thus undergo little fragmentation. In Indian Strain of P. multocida Serotype B:2, a total of 

22 proteins were identified by MALDI-TOF/MS analysis (Prasannavadhana, et al., 2014). Of 

these, seven were observed exclusively under iron-limited condition. Most of the high 

molecular weight proteins (TbpA, HgbA, HgbB, HasR, IroA, and HemR) were involved in 

iron acquisition. Some proteins unique to P. multocida serotype B:2 were also observed for 

the first time. 

c. Protein Microarrays 

The Protein Microarray technique is used for the identification, quantification and 

functional analysis of proteins in applied proteomic research. Precise characterization of 

proteins and complex protein-protein interactions can be studied using multiplex proteomic 

assays that are also able to characterise the low molecular weight peptides. Bosch et al. 

(2002) characterized the P. multocida hgbA gene encoding a haemoglobin-binding protein by 

recombinase-based expression technology. The next generation of microarrays with a 

capability for high-throughput, ultrasensitive, low-cost biomarker analysis will most probably 

involve a combination of nanotechnology, surface enzyme reactions, microfluidic networks 

and advanced data analysis tools. This will undoubtedly accelerate protein biomarker 

discovery and characterization of disease-specific pathways. 

The new generation proteomic techniques may target for known disease markers or 

patterns using a combination of biochip and mass spectrometry with other molecular 

separation techniques in veterinary diagnostics as being used in human medicine. 

II. CONTROL OF HS 

In general, hygienic and improved animal husbandry management practices as well as 

immunoprophylactic measures help in the effective control of many diseases including HS. In 

endemic areas, restriction of animal movement especially the non-vaccinated animals and 

quarantine measures in case of transport of animal from the endemic to non-endemic areas 

should be strictly followed. Avoiding crowding, especially during wet conditions also helps 

in reducing the incidence of disease in the rainy season. The proper disposal of carcasses has 

been recommended in order to reduce the incidence and dissemination of the disease (De 

Alwis, 1984; Seifert, 1978).  

The practical approach for the control of HS is through the application of prophylactic 

measures employing regular vaccination in endemic areas with different types of inactivated 

vaccines with or without adjuvants (Muna et al., 1995; Verma and Jaiswal, 1998). Further, 

boostering through repeated natural infection is believed to convey long duration immunity 
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(Bain, 1963).Animals surviving after exposure to P. multocida serotypes 6:B and 6:E 

developed solid immunity against re-infection with the bacteria. 

HS vaccines are simple formalin-killed (inactivated) bacterins, with or without 

adjuvants viz., aluminium gel or aluminium hydroxide precipitated vaccines. The 

recommended age for primary vaccination is 4-6 months since the maternal antibodies 

interfere with vaccine efficacy in calves. The booster and repeated vaccination 2-3 times in a 

year is usually required for achieving sufficient immunity. Recently, some countries have 

also started using oil adjuvant vaccines which give both a higher degree and a longer duration 

of immunity. The alum precipitated vaccine is thought to provide protection up to 4–6 

months, while the oil adjuvant vaccine for up to one year. Of late, the FMD+HS and 

FMD+HS+BQ combined vaccines are also being made available commercially. Further, a 

double emulsion and multiple emulsion vaccine consisting of a thin viscosity have also been 

experimentally developed that gave an immunity parallel to oil adjuvant vaccine. Recently, a 

live vaccine developed from a fallow deer strain (B:3,4) administered by intranasal aerosol 

application has been used in Myanmar that offers an immunity for more than a year but is not 

free from constraints. The vaccine has been recommended by the Food and Agriculture 

Organization of the United Nations (FAO) as a safe and potent vaccine for use in Asian 

countries. However, there are no reports available for its use in other countries except 

Myanmar and killed vaccines are the only preparations being used by the countries affected 

with HS except that a trial of the said vaccine has been completed in Indonesia. Likewise, Wu 

et al. (2007) reported protective immunity conferred by recombinant P. multocida lipoprotein 

E (PlpE).  

Although several vaccine formulations including alum precipitated, oil adjuvant and 

multiple emulsion vaccines are commercially available, the quest for suitable broadly 

protective HS vaccines with long-lasting immunity is on the upsurge. A more effective 

control of HS can be achieved by a better understanding of its epidemiology, the production 

of a better vaccine, and adoption of a country-wide vaccination programme (De Alwis, 1984). 
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INTRODUCTION 

An emerging infectious disease is defined as ‘an infectious disease that is newly 

recognized or newly evolved’, and a re-emerging disease is ‘that has occurred previously but 

shows an increase in incidence or expansion in geographical, host or vector range’. 

Pathogens with changed attributes emerge in order to adapt to new situations, climate, hosts 

and vectors, ecosystems, etc. Low-resource countries in Central Africa, Indian subcontinent 

and Latin America are ‗hotspots‘ of emergence of new pathogens. Majority of emerging and 

re-emerging infectious diseases have zoonotic potential and are showing upward trends since 

past few decades. More than 40 new pathogens have emerged worldwide during past three 

decades, 75% of which are of zoonotic importance. Since the advent of 21
st
 century, India has 

suffered from several emerging/re-emerging viral, namely, Nipah, Hantaviruses, 

Chikungunya, Influenza, Chandipura, Crimean Congo hemorrhagic fever (CCHF), SARS 

coronavirus, buffalo pox, Japanese Encephalitis viruses, etc., and bacterial diseases, viz., 

brucellosis, plague, anthrax, leptospirosis, listeriosis, E. coli O157:H7 and antibiotic resistant 

(AR) bacterial pathogens, such as Salmonella spp., Staphylococcus aureus, Enterococcus 

faecalis, etc.  

Veterinary diagnostic tests play an essential role in prevention, control, surveillance, 

and clinical management of emerging infectious diseases. Early detection and response are 

key to effective control of emerging infectious diseases, thereby demanding the availability 

of rapid, sensitive and specific diagnostic tests, along with quick response measures, such as 

communication, healthcare delivery system, surveillance, geo-tracking and containment 

facilities. An immunoassay (IA), including NGIA detects and/or quantifies the analyte (Ag, 

biomarker, Ab or T cells) in vitro by basically involving Ag-Ab interaction for generating the 

signal that can be detected by naked eyes or recorded and analyzed by a device or equipment. 

There are various categories of immunobiologicals (or simply immunologicals), such as 

vaccines, immunobiotics, adjuvants, antigens, antibodies, cytokines, etc. This article aims to 

describe the technologies for production of various immunologicals (such as antigens, 

biomarkers or antibodies) and their applications in development of various immunodiagnostic 

tests for emerging infectious diseases of veterinary importance. 

A. PRODUCTION OF IMMUNOLOGICALS FOR DIAGNOSTIC 

APPLICATIONS 

1. Diagnostic antigens 

The Ags of infectious agents exist in form of proteins, glycoproteins, polysaccharides, 

lipids, lipopolysaccharides, lipoproteins, glycolipids, etc. Depending on the phylogenetic 

relationships among infectious agents, some of the Ags are unique and the agent-specific, 

while others are shared with other organisms. Identification of unique Ags of the causative 
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Ags is necessary for developing specific immunodiagnostic tests. Secondly, some unique Ags 

are specifically expressed in the life-stage specific manner. The Ags may be structural 

components (surface or internal), secreted or excreted, and induce specific immune responses 

in the infected host. Multiple Ags may also be targeted for diagnostic purposes. The Ags to 

be used for detection of Abs as analyte are sourced from the infectious agent, extracted from 

lysates, expressed by rDNA techniques or synthesized chemically as peptides or mimotope 

aptamers.   

2. Diagnostic molecular biomarkers  

IAs also target immunologically detectable biomarkers, which are signatures of the 

infectious disease or particular disease state. A biomarker is defined by US National Institutes 

of Health as ‘a characteristic that is objectively measured and evaluated as an indicator of 

normal biological processes, pathogenic processes, or pharmacologic responses to a 

therapeutic intervention’. Molecular, cellular, metabolic and physical (clinical symptoms) 

changes could be characteristic signatures/biomarkers of a particular infection in the host, and 

could be of the host-origin or the pathogen-origin. Further, molecular biomarkers may be of 

four major types: genomic, transcriptomic, proteomic or metabolomic. By working out the 

molecular details of the  pathogen, the host and the disease, specific biomarkers can be 

discovered and validated as a set of diagnostically useful single, few or multiple markers. The 

markers that persist in the host long after recovery from the disease and clearance of the 

pathogen are often of the host-origin. The best known of this category of cellular (e.g., Ag-

specific T lymphocyte subsets) and molecular (e.g. specific Abs) markers come from host‘s 

immune system and immune responses. Biomarkers of the pathogen origin are pathogen-

associated molecules detectable in the host during infection or even after recovery from the 

disease (e.g. Ags of the infectious agent from the carriers or persistent infected animals). 

Cytokines have been found to serve as biomarkers of infectious diseases conditions. 

Cytokines for controls in immunoassays have been produced by rDNA techniques. 

3. Diagnostic antibodies  

Diagnostic Abs for infectious agents have largely been derived from a vast repertoire 

of the naturally-occurring diverse clones in vertebrates, using immunization protocols. Since 

1974, hybridoma derived monoclonal Abs (mAbs) against hundreds of thousands of Ags 

from infectious agents have been made available for immunodiagnostic tests. During past two 

decades, diagnostically useful rAbs have also been constructed mainly by display library 

systems, thereby exploiting synthetically-created diversity in vitro. Depending on the 

immunodiagnostic test format or platform technology, ‗diagnostic‘ Ab is used as a primary 

Ab (Ab1: also called Ag or biomarker-capture Ab), secondary Ab (Ab2: Ag-specific 

detecting Ab, often labeled) or tertiary Ab (Ab3: anti-Ab2, labeled for signal production; also 

called anti-species Ab produced in animal species different from that used for Ab2 

production). Ab1 can be sourced from antisera, hyperimmune sera, mAbs, Ab fragments 

(Fab, Fab‘2), rAbs (scFv, single-domain Ab, other constructs). Fab, scFv and dAbs (smallest 

Ag-binders or ‗nanobody‘) have been produced by standard molecular cloning and 

expression techniques, and later by display technologies. Genetically engineered Abs, 
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nanobodies in particular are most suitable as coating/capture Abs for immunosensors, 

immunoproteomics, protein microarrays, biomarker search, etc.  

Secondary Abs (Ab2) may be sourced from purified total IgG from animal sera, 

purified mAb or rAb, and then labelled with radioisotope/fluorophore/enzyme/colloidal gold 

particles/ nanoparticles, etc. Other reporter systems include Ab-coated immunosensor, 

microbeads, microarray chip, microfluidics-based Lab-on-a-chip, etc. Several of these 

reagents are commercially produced and can be purchased from the market. Ag-Ab 

interaction in NGIAs can be detected as the signal visible to the naked eyes or as 

fluorescence, light emission, radioactivity, colour or digital signal recorded and analysed by 

special equipments such as fluorimeter/flow cytometer, luminometer, beta-counter, 

spectrophotometer or cell phone, respectively.  

C. IMMUNODIAGNOSTIC TESTS FOR EMERGING DISEASES 

Presently, two categories of tests are the mainstay of infectious disease diagnosis: 1). 

Immunodiagnostic tests, and 2). Molecular diagnostic tests. Whereas, modern 

immunodiagnostic tests aim to detect the causative agent‘s antigenic content, immune 

response elements (such as antibodies or T cells) or immunologically detectable biomarkers 

in the host, modern molecular diagnostic tests often target the causative agent‘s genetic 

material or molecular biomarkers in the host. Immunoassays, particularly various formats of 

enzyme-linked immunoassay (ELISAs) are most frequently employed tests for infectious 

disease diagnostics and various validated fit-for-purposes tests are available. Next generation 

immunoassays (NGIAs) as well as next generation molecular tests (NGMTs) are in the 

developmental or validation pipelines for various infectious diseases. Both NGIAs and 

NGMTs aim either to do ‗point-of-care‘ testing (POCT) using simple, rapid and economic 

user-friendly tests, or to do a highly sensitive, high-throughput, multi-analyte detection of 

multiple agents, biomarkers or antibodies in a ‗single sample- single test run‘ mode.  

1. POCTs 

Availability of rapid, sensitive and specific ‗on-the-spot‘/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. Table 1 presents POC-NGIAs 

suitable for emerging infectious diseases, with more details in chapter --- of this Manual.  

Table 1. ‗Point-of-care‘ next-generation immunoassays for emerging infectious diseases 

POC technology platform/Device Target infectious agent or disease 

Biosensor/Immunosensor 

(Various transducer types, such as 

SPR, optical waveguides, field 

effect transitor, quartz crystal 

micro-balance, electrochemical, 

etc.) 

Viruses, bacteria, toxins, biomarkers in clinical, environmental 

and food samples. Early and sensitive detection of agents of 

disease outbreaks. (Examples: E. coli, Pseudomonas 

aeruginosa, Acinetobacter baumannii strains, Mycoplasma, 

Salmonella, epsilon toxin of Clostridium perfringens, 

pathogenic S. aureus and toxins, avian (H5N1) influenza 

viruses, etc.) 

Lateral flow device/ Paper-based Bacterial toxins, viruses, bacteria, biomarkers in clinical, 

environmental and food samples. Early and sensitive detection 
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device/Aptamers-based LFBs of agents of disease outbreaks. (Examples: Bacillus anthracis, 

Brucella sp, Yersinia pestis, Francisella tularensis, 

Burkholderia mallei, B. pseudomallei, Salmonella spp., 

Orthopoxviruses, etc.) 

Portable Immuno-LAMP Early and sensitive detection of bacterial and viral agents in 

outbreaks. 

QD-labelled Ab coated LOC with a 

portable fluorometer 

Biomarkers, bacterial and viral agents in clinical, 

environmental and food samples e.g., Salmonella Typhimurium 

in chicken meat extract; food safety screening. 

Smartphone-based device Biomarkers, viral and bacterial antigens, toxins, etc. (e.g., LFB-

based avian influenza virus detection by smartphone device)  

Abbreviations= LFB: lateral flow biosensor, LAMP: loop-mediated DNA amplification, LOC: lab-

on-a-chip, QD: quantum dot, Ab: antibody 

2. Multiplex tests  

The multi-aetiological association and multi-factorial nature of various infectious 

diseases calls for simultaneous, rapid and cost-effective measurement of multiple analytes. 

Table 2 presents selected multiplex NGIAs, with more details in chapter ---- of this Manual. 

Table 2. Multiplex next-generation immunoassays for emerging infectious diseases 

Multiplex technology 

platform/Device 

Plexing 

potential 

Target infectious agents or disease 

Lateral flow biosensor  

 

<5 Disease packages, e.g., food-borne, blood-borne, water-

borne pathogens, toxins, etc. 

Flow cytometry <10 Cellular & cell-associated molecular biomarkers, e.g., for 

mycobacterial infections. 

Protein micro-/ 

nano-arrays 

10
3
-10

6
 Diagnostic biomarkers of infectious diseases e.g., 

respiratory infections, mycobacterial infections, etc. 

Micro-bead based  

multiple analyte profiling  

100-500 Diagnostic biomarkers/Ags of infectious agents, e.g., serum 

cytokines as biomarkers for mycobacterial antigens 

Lab-on-a-chip with POC 

devices 

10
6
 Systems level immuno-monitoirng, and cellular and 

molecular biomarkers-based diagnostics, e.g., viral and 

bacterial detection 

3. Challenges in emerging infectious disease diagnostics 

The emerging, re-emerging, newly originated pathogens, several of which cause 

trans-boundary diseases pose special difficulties. 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. Sample matrix, and collection, transport, storage and preparation 

procedures are critical in the diagnostic process and determine the outcome of the diagnostic 

test.  

Discovery and validation of appropriate biomarkers for diagnosis and prognosis of 

diseases are challenging in veterinary medicine. Proteomics has played a limited role in 

veterinary medicine and diagnostics, because of economic constraints and the scarcity of 

genomic and proteomic data. The recent publication of genomes from pig and cow as well as 

the growing availability of proteomic reference maps of companion animal tissues and 

biological fluids will probably overcome these technical barriers. Developing elaborate, 
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robust and highly sensitive biosensor-based assays for biomarker and veterinary pathogen 

detection is still challenging. Refined and new technologies are needed in order to improve 

the analytical performance of the tests. An advanced portable device with a detection 

sensitivity of single or a few molecules is one of the current challenges for POC devices. In 

addition, the applications of biotechnology and nanotechnology in diagnostics have 

regulatory and ethical issues that would be required to be addressed. Market dynamics for 

NGIAs is liable to be influenced by post-launch field experience. Social acceptance, 

particularly in developing countries, for the use of NGIAs for animal infectious diseases will 

also matter due to the education levels for technology use, access, attitude, costs, etc. 

Finally, 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 ‗Quality Control‘ system in place for the diagnostic 

tests can remove several of these constraints. Simple, user-friendly, rapid, real-time, 

sensitive, portable, validated and cheap ‗POCT/penside‘ tests are highly desired but wanting. 

Moreover, multiple causative agents are found associated with some infectious diseases, 

which calls for their simultaneous, rapid and cost-effective measurement. Multiplex assays 

are therefore highly desired for simultaneous detection of multiple analytes in a single cycle 

or run. 

D. CONCLUDING REMARKS 

Several infectious diseases are emerging or re-emerging at a rapid pace due to natural 

and anthropogenic drivers in the 21
st
 century. Most of the recent emerging diseases have an 

animal origin, more frequently wildlife, majority of which having zoonotic potential and can 

be best tackled by inter-sectoral collaboration in One Health framework. The countries can be 

differentiated as capable, slow or incapable in tackling emerging diseases on the basis of their 

preparedness and response capabilities, ensured by availability of highly sensitive, specific 

and rapid diagnostic tests, surveillance system, expertise, communication systems, public 

health and veterinary infrastructure. The rapid detection and response to an emerging or re-

emerging disease is crucial for effective containment of its spread and minimize the extent of 

damage, and is rather a key element for developing policies for its containment and control.  

Production, characterization and validation of immunological reagents for diagnostic 

tests should follows as early as a new emerging infectious agent is detected. Modern 

technologies have enabled availability of such immunologicals within weeks, timely delivery 

of diagnostic tools and continuous improvement in the field of diagnostics. But low-resource 

countries, which need more have fewer of these. These needs of low-resource countries can 

be fulfilled with the material and technical expertise and support of International agencies, 

viz., WHO, FAO and OIE.  
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SURVEILLANCE STRATEGIES AND CONTROL OF FOOT AND MOUTH 

DISEASE IN INDIA 

Raveendra Hegde 

Department of Veterinary Microbiology, Hassan Veterinary College, 

Karnataka Veterinary Animal and Fisheries Sciences University, Bidar 

Foot and mouth disease (FMD), is one of the most contagious viral diseases known, 

with devastating economic, social and environmental impacts. The disease afflicts all cloven-

footed animals and is a serious threat to livestock production. The disease is caused by FMD 

virus (FMDV) belonging to the Aphthovirus genus of the family Picornaviridae.  The virus 

occurs as seven genetically and antigenically distinct serotypes: O, A, C, Asia 1, and South 

African Territories (SAT) - 1, SAT-2, SAT-3 with multiple subtypes within each serotype. 

FMD is characterized by pyrexia and appearance of vesicular lesions on oro-nasal 

mucosa, interdigital cleft, coronary band, udder, and teat epithelium. The disease results in 

loss of appetite and body weight, milk yield, draft power, and abortions in advanced pregnant 

animals.  Indirect losses include trade loss due to ban on export of milk and milk products 

and other animal products into FMD-free countries. Morbidity reaches 100% in herds that 

have not been vaccinated. Mortality is significantly high (>20%) in young calves due to 

myocarditis. The disease remains endemic in many countries in most parts of Asia, Africa 

and the Middle East.  Since any FMD outbreak can have potentially devastating impacts on 

farmers with adverse effects on livestock assets, production income, available nutrition and 

consumption, the control and eventual eradication of FMD is essential for sustainable farm 

and economic growth. Broad host range, epidemiological complexity, increasing movement 

of animals and animal products in the international market, high infectivity rate, emergence 

of new variants, interface of domestic and wild animals, lack of highly potent vaccines, and 

lack of required infrastructure are some of the key factors that hinder the control and the 

eradication of FMD in endemic settings. Compulsory vaccination with strict sanitary 

measures has been successfully implemented for the control or the eradication of FMD in 

Europe and South American countries.  

Status of FMD in India: 

FMD is endemic in India. The oldest documented report of FMD in the country dates 

back to 1864 when it occurred in many parts of the country (Records of the Government of 

India, 1868).  The disease remains a serious threat to the livestock populations, primarily 

cattle and buffaloes.. All the four Euro-Asian serotypes (O, A, C and Asia 1) have been 

recorded in India: serotype C has not been encountered since 1995, and the reason for its 

abrupt disappearance is not known.  Serotype O is the most dominating one followed by 

serotypes Asia-1 and A. The disease situation in India is complicated due to the plurality of 

the circulating virus strains in serotypes O, A and Asia 1, unrestricted movement of animals 

from infected areas and inapparent infection in small ruminants.  The disease has been 

reported throughout the year in almost all parts of the country. The disease occurrence, 

severity of the clinical disease and number and temporal distribution of outbreaks have 

progressively and substantially declined over the last decade as a result of progressive 
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improvement in herd immunity due to continuous vaccination under the FMD Control 

Programme (FMD-CP). The total incidence of FMD and individual serotype specific 

incidences from 2006 to 2017 indicate a decreasing trend with occasional spikes in the 

number of outbreaks at different time points and this undulating trend could be ascribed to 

the infection immunity, which determines the occurrence of an outbreak in subsequent years.  

Introduction of replacement stock could be one of the factors behind the reappearance of the 

disease. During 2018-19, 391 outbreaks were confirmed in the country, with serotype O 

involved in 386 outbreaks, serotype Asia-1 with 4 outbreaks and A with one outbreak.  

FMDV serotype O Ind2001 lineage within the Middle East-South Asia (ME-SA) 

topotype is the major cause of recent FMD incidences in India. The isolates collected during 

2018-19 grouped within sublineage O/ME-SA/Ind2001e. Serotype A virus is genetically and 

antigenically the most heterogeneous of all the FMD serotypes. Though four genotypes of 

serotype A have been circulating in India since 2001, a divergent and unique lineage group 

has   emerged with an amino acid (aa) deletion at position 59 of VP3 (and thus is termed the 

VP3
59

-deletion) is predominant  in field outbreaks. The previous studies on 1D/VP1 gene-

based phylogeny demarcated Indian serotype Asia-1 field isolates into three major lineages: 

B, C, and D. Lineage B includes the currently used serotype Asia 1 vaccine strain, IND 

63/1972.  The isolates of lineage D emerged late in 2001 and dominated between 2002 and 

2004. Lineage C dominated the Asia 1 field outbreaks between 1998 and 2002, disappeared 

between 2001 and 2004, and re-emerged as the predominant lineage since 2005.  

FMD control measures:  

Historically, FMD control and eradication was achieved in Europe and North America 

primarily through vaccination, movement restriction and stamping out of infected and in-

contact animals.  Regular vaccination and restriction of the movement of infected animal 

products are crucial for effective control of the disease.  In many endemic countries including 

India, the stamping out of animals is not practicable and hence prophylactic vaccination is 

required to control the disease.  Now, OIE is also recognizing FMD free zones maintained by 

vaccination within an endemic country.  

There is a continuous effort for FMD control and elimination during the past decade. 

The progressive control pathway for FMD (PCP-FMD) was developed to provide a novel 

stepwise methodology for a risk management and cost effective approach to FMD control. 

PCP-FMD consists of stages I to V for successful reduction, elimination, and eradication of 

the disease. The PCP-FMD contributed significantly to the FAO-OIE Global Control Strategy 

(2012), whereby it represented the backbone for its implementation. 

Control of FMD by vaccination has the following objectives:  

1. Vaccinating to reduce the incidence of clinical cases 

2. Vaccinating to eliminate the circulation of FMDV 

3. Vaccinating to maintain freedom from FMD 

4. Vaccinating to regain freedom from FMD 
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Hence, vaccination programme can be used to reduce the number of animals that will 

develop clinical signs after infection and thus limit the economic consequences and/or it can 

be used to progressively reduce or block circulation of FMDV. For this, the proportion of 

vaccinated animals should be high enough to reduce the transmission chain of the virus in the 

target population. 

FMD control programme in India:  

FMD Control programme (FMD-CP) in India is envisaged as per the FAO‘s PCP.  A 

systematic, mass vaccination-based FMD-CP was launched as a pilot project in 54 districts of 

the country in the year 2003-04 with an objective of creating FMD free zones and then 

expanding these zones to cover the entire country. The basic approach is to vaccinate all 

cattle and buffalo every 6 months with standard inactivated trivalent vaccine containing all 

the three serotypes O, A and Asia-1.  Due to initial success, additional 167 districts, have 

been included under the programme in 2010–2011 covering all the Southern Peninsular India. 

Subsequently, by 2017–2018, the program was expanded to cover the entire country. The 

number of occurrences of the disease and the intensity of infection, measured in terms of 

number of animals affected and recovery time, has declined with the implementation of the 

FMD-CP.  However, FMD is still prevalent with variable intensities in almost all parts of the 

country, including areas covered under FMD-CP.  At present different areas of the country 

are in different phase of vaccination.  

Vaccination schedule:  The species of animal to be vaccinated will depend upon the aims of 

the vaccination campaign. At present only cattle, buffalo and pigs are covered under FMD-

CP. Next year onwards even sheep and goats will be included in vaccination programme.  

The standard FMD vaccines provide relatively short-lived protection and hence in endemic 

areas with a continuing risk of FMD, prophylaxis requires repeated vaccination to maintain 

protective levels of immunity, and the schedule chosen must take into account the occurrence 

of high-risk periods, the duration of immunity derived from earlier vaccination and the 

structure and dynamics of the population to be immunized. Two doses of vaccine 

administered at least one month apart provide the best primary course of vaccination. The 

next dose of vaccine is commonly given around six months later. It is always useful if 

vaccination is carried out 2 months before the high risk period, if the seasonal pattern of the 

disease is known.   

Surveillance strategies:  

Animal health surveillance is an essential component for detecting diseases, 

monitoring disease trends, controlling endemic and exotic diseases, supporting claims for 

freedom from disease or infection, providing data to support the risk analysis process for both 

animal health and/or public health, and substantiating the rationale for sanitary measures.  

The main goal of an FMD surveillance system is to control the disease. The claim for 

freedom from disease or infection depends upon effective control and/or eradication, and 

both of these rely on effective surveillance. The pillars of a surveillance system for effective 

control and eradication of FMD are:  

 an early detection and   disease reporting or notification system 
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 monitoring of vaccination activities: post vaccination monitoring 

 targeted (risk-based) surveillance / random surveillance 

Early detection and disease reporting: 

 In the case of FMD, the disease reporting systems are the central kernel of 

surveillance. When mass vaccination is carried out as preventive control measure, the 

significance of disease reporting is reduced. It is always necessary to remember that a 

proportion of susceptible unvaccinated animals are always left within the vaccinated 

populations, including young replacement calves born after the completion of the last 

vaccination campaign, and non-bovine ruminants not subject to compulsory vaccination (i.e. 

sheep, goats). Hence the   passive reporting of the cases should never be neglected. 

Therefore, when mass vaccination of cattle is used, passive and clinical surveillance should 

be carefully focused by specifically targeting those strata of the susceptible populations 

which are most likely to disclose the presence of virus circulation.  

Early detection system is an indispensable part of surveillance system. For this, the 

system should operate continuously and there should be rapid reaction if an infection/disease 

does occur. Veterinarians, veterinary para-professionals and others involved in handling 

animals should be well trained in detecting and reporting the disease incidents. In India, each 

state has a passive disease surveillance system based on hierarchical reporting of cases of 

outbreaks by livestock owners to the local veterinarians to officials at the taluk to the district 

level to the Deputy Director, Disease Surveillance and Monitoring, who in turn compiles the 

data. The early detection system should be complimented with immediate ability to undertake 

effective disease investigation and reporting, access to laboratories that are capable of 

diagnosing and differentiating the relevant diseases, notify Veterinary Services of the 

disease/infection event and suitable control measures initiated. Any disease reporting system 

should always be supported by investigation and laboratory support for confirmation of the 

disease.    

Post vaccination monitoring (PVM):  

Monitoring vaccination activities and its effectiveness is an important component of 

surveillance system. Since the objective of mass preventive vaccination against FMD is to 

decrease the 

probability, to a negligible level, evaluating the population  immunity  after each 

vaccination campaign is important for several reasons such as : assessing the success of the 

vaccination campaign in fulfilling its declared objectives such as population coverage, level 

of herd immunity, etc. , detecting and analyzing the shortcomings of the vaccination 

campaign for proper planning of the next campaign.  

Estimating the immunity of the population targeted for protection by vaccination is 

the core of PVM, as it is a key indicator of how well vaccination has been carried out and 

whether or not protection against infection is likely. FMD vaccines elicit an antibody 

response against the structural proteins (SP) of the virus and detecting antibodies against the 

SP using serological tests is the indicator of immune status.  The serum antibody levels at 
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which protection occurs are determined by VNT or ELISA tests allowing serology to 

routinely be employed to determine vaccine potency and levels of protective immunity within 

vaccinated livestock populations. Serological tests suited to measuring protective antibody 

responses induced by vaccination include the VNT and the liquid-phase blocking ELISA 

(LPBE). Newer tests such as the solid-phase competition ELISA (SPCE) and other ELISAs 

based on monoclonal antibodies are also used.  

The proportion (percentage) of animals with immunity in the whole population 

susceptible to FMD, or at least that part of it that has been targeted for FMD control 

constitute  the overall population immunity(OPI).  The vaccine coverage and the proportion 

of animals that responded to vaccination, as well as reflecting other sources of immunity, 

namely infection, earlier vaccination or maternally derived antibodies will contribute to the 

overall population immunity. . In countries like ours, embarking on FMD control where 

infection is still common, significant levels of post-infection immunity may be anticipated 

(commonly 15–30% or greater). When designing and interpreting sero-surveys for population 

immunity,  it is always necessary to be clear whether the aim is to sample only vaccinated 

animals or the entire population. If the sampling is done only vaccinated animals, the results 

will provide vaccinated population immunity (VPI). It is a useful measure of the response to 

vaccination and, when combined with data on vaccine coverage, provides an overall measure 

of the quality of the vaccination programme whereas the OPI in the target population is the 

best indicator of how readily virus can spread.  

The population immunity achieved through a vaccination programme may be 

influenced by the structure and dynamics of the entire susceptible population targeted for 

vaccination. If, between one campaign and the next one, the turnover of the animals is 

particularly high, then the overall immunity level may fluctuate over time bringing the level 

of overall protection down to one that may not be adequate to interrupt the chain of 

transmission should FMDV be introduced. Estimating the immune status at individual animal 

level is recommended whenever vaccination is carried out in countries qualified at PCP stage 

2 or 3 (when FMD virus is still expected to circulate).  For PVM, the animals can be sampled 

at two different points in time to assess the changes in population immunity. As an example, 

sampling at time 0 (time of vaccination) and again after one to three months should show a 

significant increase in the level of population immunity. It should be noted that, if such 

double sampling is carried out, it is not essential that the same animals are sampled in the two 

rounds.  

In India, under FMD-CP, post vaccination monitoring is being carried out by 

sampling serum samples on 0 day and 28 day post vaccination. 200 pre and 200 post 

vaccination samples are drawn from selected villages in each district by respective state 

AH&VS departments and screened by ICAR-DFMD. The ICAR-DFMD has been providing 

all the laboratory and scientific support to FMD control programme.  

Targeted (risk-based) surveillance / random surveillance:  

In endemic countries where mass vaccination is not practiced, it is easy to detect the 

presence of FMD. The disease spreads rapidly leading to a high prevalence of infection (and 
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disease), and the risk of infection is constant because all the animal population is susceptible. 

In such conditions, use of any active surveillance activities is not required for documentation 

of FMD freedom. When mass vaccination is practiced and high proportions of the susceptible 

population are vaccinated, the prevalence of infected herds as well as infected animals within 

the infected herd decreases to a very low level.  In such a scenario, the infection tends to 

cluster between and within herds resulting in the possible onset of small endemic foci, which 

are difficult to detect. The use of active surveillance therefore becomes necessary. The 

endemic foci may cause outbreaks when susceptible animals are introduced into these areas 

or animals from endemic foci are brought into an environment where vaccination is not 

carried out or results in a poor level of coverage. The detection of these endemic foci may be 

a very difficult because:  the sub-populations involved may be small or most of the adults in 

the affected herds may be immune, either through vaccination or through having recovered 

from infection, and the infection may occur mainly in calves with waning passive immunity. 

Since these young stocks may account for only a small proportion of the population, the 

prevalence of infection at any one time may be very low, and below the ability of any random 

survey to detect.  Under such circumstances, a stratification of the random survey that 

includes the subpopulation at risk as one of the strata is performed.  So, risk-based 

surveillance is the most effective way to detect clustered infection and endemic foci.  

The random survey approach is advised when a high prevalence of infection/disease is 

present.  When mass vaccination is practiced, the random survey does not indicate the actual 

picture because the prevalence declines in the population and the infection tends to cluster, 

and is not randomly spread throughout the population.  

In India, National FMD Serosurveillance programme is in place where in 200 serum 

samples  are collected from each revenue district from 6 to 12 month old cattle and buffaloes 

and also from 100 sheep and goats. These samples are screened for anti-NSP antibodies to 

know the overall infection status of FMD in the country. The NSP-antibody response is an 

underlying indicator of FMDV exposure regardless of vaccination status. The test during 

2018-19 had revealed an overall seropositivity in 20% of the samples.  

The screening of serum samples under FMD surveillance in India is being carried out 

by eight regional centres and 15 network units located across the country and a central FMD 

laboratory at Mukteswar now operates from Odisha as IC-FMD.   All the activities of these 

laboratories are coordinated under the All India Coordinated Research Project (AICRP) for 

FMD. Serotyping of the clinical materials collected from the suspected outbreaks/cases is 

conducted by the network laboratories using sandwich ELISA, seromonitoring using LPB-

ELISA (now SPCE) and serosurveillance samples by DIVA-ELISA.  

 It is always necessary to remember that just the serological evidence of immunity 

does not provide direct evidence of achieving FMD control by vaccination and it is important 

to also monitor the occurrence of FMD outbreaks and/or infection. A lack of outbreaks 

cannot be taken as assurance of an effective vaccination programme because FMD tends to 

occur spasmodically, in waves of infection with quiescent intervals. Monitoring immunity 

and outbreaks and/or infection is therefore required. The vaccination programme is one of the 

elements of an overall programme and, consequently, it may be difficult to disentangle the 
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effect of vaccination from the other control measures such as movement controls, other 

zoosanitary measures and stamping out which are typically part of the response mechanism to 

prevent incursions of the virus and occurrence of secondary outbreaks.  

The main goal of an FMD surveillance system is to control the disease. The claim for 

freedom from disease or infection depends upon effective control and/or eradication, and 

both of these rely upon effective surveillance. The use of random surveys as the main means 

to prove the absence of disease/infection has severe limitations indeed when FMD occurs at a 

very low level of prevalence, especially in mass-vaccinated populations. Under such 

circumstances continuous targeted risk based surveillance is the method of choice. However 

identifying the risk factors determined from the facual data collected in the population and 

assessed using proper method is important in implementing the risk based surveillance. 
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Past efforts to evaluate immune responses in domestic animals typically focused on 

humoral immunity. One reason for this is the relative ease with which serum antibody 

responses can be monitored by use of ELISAs, virus neutralization and hemagglutination 

assays. Immunological studies in recent years have highlighted the substantial roles of cell-

mediated immunity (CMI) in defense against human and animal infections. This has 

accentuated the importance of examining CMI as part of any thorough effort to characterize 

an immune response to infection or vaccination. CMI is important in defense against fungi, 

parasites, cancers and main mechanism involved in the rejection of organ transplants. The 

constituents of the cell-mediated immune system include several cell types: (1) macrophages, 

which present the antigen to T cells; (2) helper T cells, which participate in antigen 

recognition and in regulation (helper and suppressor) functions; (3) natural killer (NK) cells, 

which can inactivate pathogens; and (4) cytotoxic T cells, which can kill virus-infected cells 

with or without antibody. Macrophages and helper T cells produce cytokines that activate 

helper and cytotoxic T cells, leading to the killing of the pathogen or tumor cell. The 

strongest evidence for the importance of cell-mediated immunity comes from clinical 

situations in which its suppression (by immunosuppressive drugs or disease, e.g., AIDS) 

results in overwhelming infections or tumors. 

Measurement of cell-mediated immunity can be undertaken by both in vitro and in 

vivo methods. It is, however, more problematic than humoral assessment as assays are 

plagued by difficulties in standardisation, biological variability, imprecision and technical 

complexity. Measurement of CMI responses is important for immune diagnosis of many 

infectious and autoimmune diseases, as a marker for immunocompetence, and for detection 

of T-cell responses to endogenous and exogenous antigens (i.e. Vaccines). Technological 

advances in immunology have supplied researchers with a much wider array of CMI-related 

assays, now. Prevalent methods for detecting CMI responses include skin tests like delayed 

type hypersensitivity, lymphocyte proliferation assays and measurement of cytokines 

produced by purified mononuclear cells cultured with antigen. 

The simplest test to evaluate possible decreased or absent T-cells is a complete blood 

count (CBC) and differential to establish the total blood (absolute) lymphocyte count. This is 

a reasonable method to access for diminished T-cell numbers, since normally about three-

quarters of the circulating lymphocytes are T-cells and a reduction in T-lymphocytes will 

usually cause a reduction in the total number of lymphocytes, or total lymphocyte count. This 

can be confirmed by using flow cytometry with markers specific for different types of T-

cells. Most in vitro methods for detecting CMI responses involve the purification of 

lymphocytes from whole blood, culturing these lymphocytes with an antigen for periods from 

12 hours to 6 days and then detecting T-cell reactivity to the antigen. Older, established 

methods, such as the proliferation assay, use the uptake of radioactive isotopes or tetrazolium 
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dyes MTT, MTS, XTT etc. by dividing T-cells as a marker for CMI reactivity. Other recent 

assays used to assess the cell-mediated immune response include the multiplex bead-based 

immunoassay for cytokines, the enzyme-linked immunospot, flow cytometry and the 

Fluorospot which count the number of cytokine-secreting cells. 

Delayed-type hypersensitivity skin testing 

Delayed-type hypersensitivity skin testing provides a functional in vivo assessment of 

cellular immunity. The skin response following intradermal inoculation of antigen is 

dependent on antigen-specific memory T cells and results in local inflammation after 48–72 

hours due to the recruitment of mononuclear cells (lymphocytes, monocytes). By convention, 

a diameter of 5-10 mm or more induration is accepted as a positive result. The most 

widespread use of this type of test is the Tuberculin test, which assesses previous exposure to 

Mycobacterium bovis or Bacillus Calmette-Guérin (BCG) vaccination by evaluating the skin 

response to intradermal tuberculin. Other ubiquitous antigens that can be tested include 

tetanus, candida, Johne‘s disease bacteria, Brucella and other intracellular bacterial antigens. 

Another advantage is that the test can be performed relatively easily without expensive 

equipment. Because of these features, the DTH assay is still used frequently. There are 

several drawbacks to the assay, however. It is difficult to produce a quantitative readout of 

the results, and specifying which immune cells infiltrate the site of injection is often 

impractical. Skin responses are dependent upon previous exposure to the antigen and thus this 

test is of little use in young animals less than six months of age.  

Lymphocyte proliferation assays 

Antigen-specific lymphocyte proliferation (blastogenesis) has been widely used to 

assess antigen recall responses in vitro. A high level of proliferation in response to an antigen 

correlates with the expansion of antigen-specific lymphocytes in response to vaccination or 

infection. The animal's peripheral blood mononuclear cells are incubated in vitro for 3–5 days 

with either a mitogen (substance which induces cellular division) or a recall antigen (to which 

the animal has been previously exposed). Tritiated thymidine is added to lymphocyte culture 

during the final 8 to 24 hours of incubation with antigen which subsequently get incorporated 

into the DNA of dividing cells. Radioactivity is directly proportional to the degree of induced 

cellular proliferation. Peripheral blood mononuclear cells from a healthy control are 

evaluated in parallel for comparison. This technique offers a quantitative readout via a 

scintillation counter, and it can be repeated routinely with peripheral blood mononuclear cells 

(PBMCs) from an individual animal. However, data from the assay do not indicate which 

lymphocyte populations are responding to a given antigen; the assay only provides 

information about proliferation during the period when tritiated thymidine is present. The 

hazards and restrictions of handling radioactive material are important disadvantages. Many 

of the newer methods for CMI assessment are akin to the conventional lymphocyte 

proliferation assay, in that they are based on in vitro culture of PBMCs with antigen. 

Lymphocyte proliferation is still a very widely used indicator of antigen-driven cellular 

activity in these systems, but considerable efforts have been made to develop alternative 

proliferation assays that use nonradioactive signals and provide more information about the 

responding cell populations. Colorimetric assays can serve as effective quantitative tests for 
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lymphocyte proliferation. Two indicator reagents that are effective in domestic animal studies 

are alamar blue and the tetrazolium salts like MTT, MTS, XTT. Both of these reagents 

undergo color changes under the metabolic conditions of proliferating lymphocytes, and they 

can be quantified via standard spectrophotometry. An advantage of colorimetric readouts 

over measurements of tritiated thymidine incorporation is that radioactive materials are not 

required. But results are affected by immunosuppressive drugs, severe nutritional deficiencies 

and concurrent illness and these factors must be considered when interpreting results. 

Other functional in vitro measures of lymphocyte activation include determining 

changes in surface marker expression (CD25, CD69, CD71) following activation or 

measurement of intracellular cytokines of T lymphocytes. T cell proliferation following 

stimulation can be measured by succinimidyl ester of carboxyfluorescein diacetate (CFSE) 

dilution techniques. These assays, however, are not in routine use and are confined to 

research or specialised reference immunology laboratories. The recently introduced interferon 

gamma (IFNγ) release assays measure T lymphocyte production of IFN-γ in response to 

antigen exposure thereby providing an assessment of cell-mediated immunity. 

ELISPOT assays 

The frequency of cytokine-secreting cells can be determined with an enzyme-linked 

immunospot (ELISPOT) assay, which is a variation on the sandwich ELISA. In this method, 

capture antibody is coated on the bottom of plastic wells before medium, cells, and antigen 

are incubated in them. At each locus in the well where a cytokine-secreting cell lies, that 

cytokine will bind to capture antibodies within a small radius. At the completion of the 

culture period, approximately the same detection steps are carried out that would be involved 

in a conventional sandwich ELISA. The result is a pattern of spots that corresponds with the 

distribution of cytokine-secreting cells. These spots are examined microscopically and 

quantified either manually or via a computer; by use of a straightforward calculation, the 

frequency of cytokine-secreting cells can be ascertained. Limitations to the ELISPOT method 

include the lack of information about cytokine quantities and the identity of secretor cells. 

The latter can be addressed if cells are sorted by phenotype before beginning the assay.  

Cytokines Bioassays 

A variety of methods are used to analyze the capacity of T cells for antigen-specific 

cytokine expression, and similar to the aforementioned methods, most of these involve the 

incubation of cells with antigens. Two of the most frequently assayed cytokines are 

interferon- γ and IL-4 (the signature products of Th1 and Th2 cells), but many experimental 

situations call for the analysis of other cytokines. One approach to the analysis of antigen-

specific cytokine production is to perform bioassays.  In these assays, supernatants from 

antigen stimulated lymphocytes are tested for biological effects on a specific type of cell in 

culture. For instance, B-cell proliferation can be associated with the presence of IL-4. One 

distinct disadvantage to these methods is that a particular cytokine is typically not the only 

factor capable of causing a particular biological effect. Because of the subjectivity inherent in 

bioassays, direct detection of cytokines or the transcripts that encode them is generally 

considered to be more accurate and reliable. First approach is to detect shifts in the amounts 



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 75 
 

of cytokine mRNA after exposure of cells to antigen. Methods of analyzing cytokine gene 

transcription include northern hybridization, ribonuclease protection assays, reverse 

transcription- polymerase chain reaction (RT-PCR) assays and real time qPCR. Second 

method is direct detection of cytokines itself. Cytokines are routinely measured in 

supernatants from antigen-stimulated cells by use of ELISAs eg. IFN-γ. Interferon-γ (IFN-γ) 

release assays rely on the fact that T-lymphocytes will release IFN-γ when exposed to 

specific antigens. These tests are mostly developed for the field of tuberculosis diagnosis, but 

in theory, may be used in the diagnosis of other diseases which rely on cell-mediated 

immunity, e.g. cytomegalovirus and leishmaniasis. In this test system, whole blood is 

incubated with tuberculin purified protein derivative (PPD) or other antigen for 16 to 24 h. 

The plasma is then collected and assayed for IFN-gamma production using an enzyme 

immunoassay (EIA). The assay system has proven to be a rapid, sensitive and inexpensive 

method for measuring antigen specific cell-mediated reactivity when compared with the more 

traditional lymphocyte proliferation assay. The IFN-gamma assay is the first in-vitro cellular 

assay to be used as a routine diagnostic test in veterinary medicine. 

Flow cytometry 

Flow cytometry-based proliferation assays have gained widespread acceptance in 

recent years to quantify circulating immune cells and their subsets. Animal's blood cells are 

incubated with fluorochrome-labelled monoclonal antibodies directed against cell surface 

molecules and analysed by a flow cytometer, which measures light scatter and fluorescence 

emission from individual cells. Different cell populations (B cells, and CD4/CD8 T cells and 

natural killer cells) can be distinguished based on their scatter profile and surface molecule 

expression. Absolute cell numbers are calculated as a percentage of the total white cell count 

and results are compared to age-matched reference ranges. Also with these techniques, 

markers are incorporated into cells during culture and precise measurements of antigen driven 

proliferation can be derived from changes in marker intensity. Reagents that have been used 

for this purpose include 5-bromo-deoxyuridine (BrdU), the PKH series of dyes, and CFSE. 

All three of these have been used successfully in immunologic studies of domestic animal 

species. With either type of dye, each cell division results in 2 daughter cells with half the 

fluorescence intensity of the parent cell. This allows one to determine the proportion of cells 

that have undergone division and the number of generations that have occurred. Cells 

undergoing as many as eight rounds of division are routinely differentiated with these 

protocols. It is important to note, however, that analogous to immunoglobulin measurement, 

quantification of lymphocyte numbers does not give an indication of their functional 

capacity. Lymphocyte subset analysis aids in the diagnosis and classification of severe 

combined immunodeficiency syndromes, and is also recommended in the evaluation of 

hypogammaglobulinaemia in common variable immunodeficiency. Quantifying CD4 T 

lymphocytes provides prognostic information and gives an indication of susceptibility to 

opportunistic infections in animals. 

Measuring Cytotoxic T lymphocytes function 

These cells are a crucial component of many immune responses and have long been 

assayed by use of an in vitro method that measures the lysis of antigen-loaded autologous 
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target cells. In the conventional chromium release format for this technique, chromium Cr
51

 

(
51

Cr) is loaded in the target cells, and its release is an indicator of target cell lysis. Several 

controls are necessary to demonstrate antigen specificity and MHC restriction. One of the 

difficulties with this technique is handling radioactive material. Cytotoxic T lymphocytes 

express some distinctive molecules that function in target cell killing. Some of these have 

been used as markers for immunity, and although these methods are potentially very useful, 

they have not been widely used in veterinary research to date.   

Natural killer cell cytotoxicity assays 

Assessing natural killer cells is indicated in animals suffering recurrent infection with 

herpes virus, or papillomavirus (associated with cutaneous warts). Natural killer cell 

cytotoxicity is assessed by a 
51

Cr-release assay in which animals' natural killer cells are 

incubated with 
51

Cr-labelled target cells. Lysis of the target cells by natural killer cells leads 

to the release of radioactivity which can be measured. Natural killer cell dysfunction may 

occur in animals with CD16 genetic mutations, chronic candidiasis, severe combined 

immunodeficiency and other cellular immunodeficiency syndromes. These conditions need to 

be considered and excluded if natural killer cell dysfunction is confirmed. As with T and B 

lymphocytes, functional natural killer cell deficits can occur even when natural killer cell 

counts are normal. Natural killer cell assays are technically complex and are rarely performed 

in diagnostic immunology laboratories. 

Macrophage Migration Inhibition Test 

The Macrophage Migration Inhibition Test (MMIT) is also one of the oldest tests 

which measure the presence of migration inhibitory factor (MIF). Usually peritoneal 

macrophages are placed in a capillary tube in the presence or absence of supernatants from 

activated T cells. If MIF is present, the migration of macrophages/monocytes is reduced. The 

capillary macrophage migration inhibition test is one of the few available satisfactory 

methods for the in vitro study of delayed hypersensitivity and has largely remained an animal 

experimental technique. 
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BIOSAFETY AND BIOSECURITY FOR CLINICAL DIAGNOSTIC 

LABORATORIES   
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Principal Sceintist & Biosafety Officer,  

National Institute of High Security Animal Diseases, Anand Nagar, Bhopal-462021 

The risks posed by diagnostic and research laboratories that are involved in handling 

dangerous infectious pathogens are leading to development of biocontainment laboratories. 

Microbiological laboratories are special, often unique work environments that may pose 

identifiable infectious disease risks not only to persons in or near them but also to the 

surrounding environment. In addition to the specific instances of laboratory-associated 

infections throughout the history of microbiology, a number of incidents have been recorded 

in the recent past wherein the laboratories have been responsible for the accidental release of 

a number of hazardous agents into the environment with disastrous consequences. One of the 

unique challenges diagnostic laboratories face is the constant flow of clinical samples whose 

etiology is unknown at the point of their receipt. Such samples predominantly originate from 

clinically ill cases and are potentially a major biosafety risk for the diagnosticians as well as 

other workers in the laboratory.  The use of biosafety concept as a scientific method for 

prevention of spread of infection through man, material and environment has been limited to 

a very few veterinary and medical laboratories in the country. With the growing realization of 

the threat of the exotic and emerging diseases, biosafety is gaining better administrative and 

technical attention in the laboratories handling infectious organisms.  

Laboratory biosafety 

Laboratory biosafety is the term used to describe the containment principles, 

technologies and practices that are implemented to prevent unintentional exposure to 

pathogens and toxins, or their accidental release in the environment. A combination of 

engineering controls, work practices, and personal protective devices are employed at both 

the primary and secondary biocontainment levels in order to achieve and optimally biosafe 

environment. Primary containment protects the laboratory workers and the immediate 

laboratory environment from exposure to biological agents and is achieved through  good  

microbiological  techniques and the use  of safety equipment and personal protective 

equipment. Secondary containment protects the environment outside the laboratory, and is 

provided by facility design and operational procedures. The containment facility of a 

laboratory is a very crucial component of biosafety principles to prevent the release of 

infectious agents into the environment. The concept of biosafety levels in the laboratory is 

primarily based on this concept of containment.  

Biocontainment laboratories 

The primary objective of a biocontainment laboratory is to ensure that the 

environment and community is shielded from the risk of contamination with all the pathogens 

being handled inside the containment laboratory. This is primarily achieved through facility 

design and engineering controls.  Such facilities operate with inward directional air flow; i.e., 

air must move from the corridor (area of least contamination) into the room where staff 
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members manipulate the animal or animal by-products (area of greatest contamination). Air 

exhausted from these rooms cannot be recirculated to other rooms; the air must be discharged 

to the outside. When there is a very high potential for aerosol generation, additional facility 

related engineering controls such as sealed penetrations through the walls, double door access 

to the rooms, or installation of HEPA filters in the exhaust air system may be necessary. A 

facility can also apply engineering controls locally to reduce aerosol spread. Adequate 

controls are also required to be put in place to ensure that no material (whether solid or 

liquid) leaves the containment laboratory without adequate decontamination. Strict access 

control inside the biocontainment laboratory for only the personnel trained on biosafety 

aspects involved in the laboratory is a must to prevent accidental transmission of infectious 

material outside the containment laboratory.   

Risk Assessment for determination of bio-containment level of a laboratory 

Risk assessment is a critical step in the selection of an appropriate containment level 

for the microbiological work to be carried out. A detailed local risk assessment should be 

conducted to determine whether work requires containment level 1, 2, 3 or 4 facilities and 

operational practices. In addition to the risk group classifications, which are based on the risk 

factors inherent to the organism, the other factors associated with laboratory operation that 

should be examined include potential for aerosol generation, quantity of material and 

concentration of the agent including its stability in the environment (inherent biological decay 

rate). The type of work proposed (e.g., in vitro, in vivo, aerosol challenge studies) and the use 

of recombinant organisms also influence the risk assessment. In addition to the inherent 

characteristics of each organism, the containment system includes the engineering, 

operational, technical and physical requirements for manipulating a particular pathogen. 

Laboratory practices and techniques  

Good laboratory practices are the key to safe working atmosphere within the 

laboratory premises. Biocontainment laboratories demand a high level of work discipline and 

ethics to ensure that an individual worker is not responsible for spreading the infection 

throughout the laboratory premises. Handwashing is an important means of preventing the 

spread of infectious contaminant. Workers should wash their hands after removing gloves 

and before leaving the laboratory, procedure room, or animal room. Liquid soap dispensers 

are preferable to soap bars to minimize cross contamination. After thorough washing, 

workers should dry their hands with disposable paper towels. Eating, drinking, smoking, 

handling contact lenses, and applying cosmetics should not be permitted in laboratories, nor 

should any other activities that might involve hand-to-mouth or hand-to-eye contact, such as 

mouth pipetting. Staff members should perform all manipulations of potentially infectious 

materials with great care so as to minimize aerosol production. The personnel should use 

special devices such as sealable centrifuge cups, blenders, or homogenizers whenever there is 

a high potential for creating aerosols of infectious microorganisms. Workers must also rely 

on personal protective devices, such as respirators, to minimize their exposure to infectious 

aerosols when containment devices offer insufficient protection. The person who generates 

infectious waste or contaminates equipment, work surfaces, or other areas is responsible for 

decontamination before the next person begins work. Chemical disinfection or, preferably, 
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steam autoclaving, is recommended for decontaminating reusable materials before washing. 

When finished working, staff members must dispose off contaminated waste materials, and 

package them according to local infectious waste regulations prior to disposal. 

Safety equipment  

Many procedures in the laboratory such as centrifuging, mixing, and pipetting that 

involve high energy movement of the material tend to produce respirable aerosols that stay 

airborne for extended periods and are small enough to be inhaled. Low energy procedures 

including opening containers and streaking plates produce droplets that settle quickly on 

surfaces, skin, and mucous membranes. All these procedures increase the exposure risk to the 

workers and may result in serious laboratory association infections.  Safety equipment 

includes biological safety equipment, safety centrifuge cups, and other engineered controls 

designed to minimize exposure to biological agents. Biological safety cabinets (BSCs) are the 

most important safety equipment for protection of personnel and the laboratory environment, 

and most BSCs also provide product protection. Safety equipment is most effective at 

minimizing exposure when workers are trained in its proper use and the equipment is 

regularly inspected and maintained.  

Personal protective equipment (PPE) 

Laboratory workers can protect against splashes and splatters by adhering to careful 

work practices and rigorous use of personal protective devices. Face shields provide 

protection for eye and mucus membranes. Lab coats or work uniforms will help prevent 

contamination of street clothes and should be changed whenever visibly soiled. Staff 

members should autoclave lab coats before disposal or laundering; soiled labcoats should go 

to on site or professional cleaners only. Latex or vinyl gloves provide barrier protection for 

hands. Staff must change gloves that are torn or visibly contaminated, and should autoclave 

them before disposal. Gloves and other protective devices cannot prevent needle sticks or 

other unintentional injuries caused by sharp instruments, broken glass, etc. Self sheathing 

needles are available, as are other engineered safety devices. Needles must not be bent, cut, 

or recapped: they must be discarded directly into puncture resistant and leakproof containers 

Transport of infectious agents  

The transportation of infectious substances is an essential part of routine laboratory 

procedures in both research and diagnostic settings. It is essential to use appropriate 

packaging material and method that withstands rough handling and prevents the leakage of 

liquid infectious material to the outside. There should be appropriate documentation and 

labeling of the package with the biohazard symbol to alert the workers in the transportation 

chain about the hazardous contents of the package. Appropriate surface decontamination 

procedure should be followed when the package is being transported. Training of workers in 

the transportation chain is very important to familiarize them with the hazardous contents so 

as to be able to respond to emergency situations. 

Decontamination and Disposal of bio-hazardous wastes 

A large quantity of potentially dangerous biohazardous waste is generated in the 
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diagnostic laboratories which can potentially cause harm not only to the workers inside the 

laboratory but also may lead to the contamination of the environment if it is disposed off 

without any pretreatment and decontamination. Complete decontamination and safe disposal 

of biohazardous waste is a crucial biosafety requirement of a bio-containment laboratory. The 

level of decontamination and waste disposal facility required to handle the bio-waste depends 

on the biosafety level of the containment laboratory, type of waste being generated, risk 

group to which the infectious agent belongs, research agenda of the laboratory and the local 

environmental rules and regulations.  

Health and medical surveillance 

In order to ensure that the laboratory personnel themselves do not become the carriers 

of the infections to outside the laboratory, a health and medical surveillance programme 

(including pre-employment and then periodic testing) for the individuals working in the 

laboratory needs to be in place.  Such programmes should be consonant to the kind of 

diagnostic work carried out in the laboratory and the type of agents being handled. This 

programme may include a medical examination; serum screening, testing and/or storage; 

immunizations; and possibly other tests as determined by the risk assessment process.  

Training 

All persons who work in a laboratory bear responsibility to minimize risk of infection 

through consistent good safe microbiological practices and procedure. All at-risk persons 

working in a facility should receive appropriate training on that facility's particular 

biohazards, precautions, and biohazard evaluation procedures. Personnel should receive 

annual updates and additional training when procedures or policies change. Laboratory 

workers and animal care personnel should know how to recognize hazard warning signs, to 

protect themselves and their coworkers against each hazard, and to react properly in the event 

of emergencies, such as an unintentional biohazard material release. Training should be 

appropriate for the employee's education, experience, and language skills, and should be 

performance based to ensure that employees master the skills before encountering a hazard. 

The facility should incorporate the syllabus of the training programs into its safety manual. 

Supervisors should assess each employee's biosafety knowledge during the formal training 

period and later through subsequent regular observation of routine activities.  

Resource management in biocontainment laboratories:  

Biocontainment laboratories are highly specialized facilities and require high level of 

commitment in terms of availability of trained human resources and capital for maintenance 

and regular validation of these laboratories. Before committing to construction of a 

biocontainment laboratory, proper planning should go into the future requirements in terms of 

availability of biosafety specialists both for laboratory biosafety management and for the 

biosafety engineering involving the biocontainment facility. Proper financial resource 

planning is also required to be put in place in order to meet the recurring biosafety 

consumable costs and the biocontainment facility maintenance cost such as validation and 

testing of HEPA filters in the HVAC system or containment equipment such as biosafety 

cabinets. A regular certification and validation plan has to be designed to ensure prompt fault 
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detection and rectification mechanism in the biocontainment facility. Moreover, adequate 

back up system to prevent the failure of key biocontainment equipment for e.g., electricity, 

autoclaves, sterilizers, etc. is crucial to ensure that no infectious pathogen escapes the 

biocontainment facility owing to the failure of the containment devices.  

In conclusion, biocontainment laboratories are becoming key facilities in ensuring a 

safe working premise that protects not only the workers inside the laboratory but also the 

general community by preventing the unintentional escape of infectious agents into the 

environment. This however demands a high level of commitment right at the level of the 

topmost administrator involved in laboratory administration to the lowest level of laboratory 

worker.  

  



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 82 
 

CRISPR/CAS9-MEDIATED GENOME EDITING: GENERATION OF KNOCKOUT 

CELLS TO SCALE UP VIRUS PRODUCTION  

Naveen Kumar
a
, Riyesh T

a
, Shalini Sharma

b
, Sanjay Barua

a
 
 

a
Virology Laboratory, National Centre for Veterinary Type Cultures, Hisar, Haryana, India 

b
Department of Veterinary Physiology and Biochemistry,  

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

Introduction 

Over the years since inception, the discipline of virology has been overly focused on 

the pathogen itself. However, viral pathogens rapidly evolve (mutations) and quickly become 

resistant to antiviral drugs and pre-existing antiviral immunity (Khandelwal et al., 2017; 

Kumar et al., 2011). It is well established that ―the host response‖ is equally important in 

defining the eventual pathological outcome of infection, therefore host-directed therapy must 

also be taken into consideration to combat the viral pathogen at multiple fronts (Kumar et al., 

2008). In the beginning, when complete information about the human genome/kinome was 

not available, reductionist approach could identify a single host target at a time. Later on, 

availability of the small molecule chemical inhibitors against a wide range of kinases made it 

possible to rapidly identify multiple cellular factors (kinases) in parallel.  

Gene silencing through sequence-specific targeting of mRNAs by RNAi has enabled 

functional screens in both cultured cells and in vivo in model organisms (de Souza, 2012). 

siRNA screens have resulted in systematic exploration of effects of gene silencing on 

biological phenotypes, thereby allowing identification of new cellular pathways and potential 

drug targets (Radoshitzky et al., 2016). In the recent years, a number of genome-scale RNAi 

screens have been performed to identify cellular factors required for effective virus 

replication viz; West Nile virus (Krishnan et al., 2008), Dengue virus (Sessions et al., 2009), 

human  immunodeficiency virus 1 (Zhou et al., 2008), hepatitis C virus (Zhou et al., 2008), 

influenza virus (Karlas et al., 2010 ), Junin virus (Lavanya et al., 2013) coronavirus (Staff, 

2015) poxviruses (Kilcher et al., 2014) and herpesvirus (Griffiths et al., 2013). The siRNA 

screens have enabled to identify both proviral and antiviral cellular factors and helped in 

understanding the precise nature of virus-host interactions. CRISPR(clustered regularly 

interspaced short palindromic repeats)/Cas9-mediated genome editing, when combined with 

RNAi, could further enhance the efficacy of the screen for better understanding of virus-host 

interactions, gene function and gene regulatory networks. Whereas cellular factors with 

proviral functions may be targeted to develop novel antiviral therapeutics, antiviral factors 

may be targeted for production of novel cell lines (knockout cells with deficiency in certain 

host-derived antiviral proteins) for production of high titer virus.  

CRISPR screens to identify cellular factors required for virus replication  

In siRNA screens, it was observed that there are very few overlapping genes among 

various genomewide RNAi screens conducted for a single virus. For example, in influenza 

virus, each RNAi screen identified >100 proviral host factors, however, there was not even a 

single host factor that was common to all the 9 RNAi screens conducted. This may be 

depending on virus strain selected, RNAi reagents used, time points assayed and functional 
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readout chosen. Therefore, alternative strategies are required to unravel cellular factors and 

pathways essential for virus replication.   

Recent advances in CRISPR/Cas9-mediated genome editing have completely 

revolutionized the genetic screens. CRISPR is a family of DNA sequences that are present in 

the bacterial genome. 50% of the sequenced bacterial genome has shown CRISPR sequences. 

Bacteria acquire CRISPR sequences from bacteriophages that have previously infected them. 

Originally it was discovered as an acquired immune system of bacteria against 

bacteriophages. On first encounter, bacteria acquire some nucleotide sequences (CRISPR 

sequences of crRNA) from bacteriophage genome. These sequences serve as memory to 

cleave the bacteriophage DNA on subsequent attack. CRISPR sequences guide Cas9 (or 

"CRISPR-associated protein 9"), an endonuclease that cuts the DNA. Cas9 cut specific 

strands of DNA that are complementary to the CRISPR sequence (Fig. 1). Cas9 enzymes 

together with CRISPR sequences form the basis of a technology known as CRISPR-Cas9 that 

can be used to edit genes within organisms. CRISPR-Cas9-mediated genome editing process 

has a wide variety of applications in research, development of biologicals and treatment of 

various diseases. CRISPR/Cas9 has same function (DNA cleavage) as restriction 

endonuclease but the later cannot be easily programmed to cut at specific site. 

Ability of CRISPR/cas9 system to completely dysrupt target protein produces a robust 

phenotype (Perreira et al., 2016). Genome-wide CRISPR/Cas9 knock out (GeCKO) 

technique has also been employed to investigate cellular factors required for replication of 

influenza A virus (IAV) (Heaton et al., 2017; Han et al., 2018), Zika virus (ZIKV) (Savidis et 

al., 2016) DENV (Savidis et al., 2016), flaviviruses (Richardson et al., 2018; Marceau et al., 

2016; Zhang et al., 2016), WNV (Ma et al., 2015), HIV-1(OhAinle et al., 2018; Park et al., 

2017) and norovirus (NV) (Orchard et al., 2016). Where range of proviral host factors 

identified by 9 influenza RNAi screens varied from 90-323, GeCKO screen identified 

maximum of 453 pro-influenza host genes (Han et al., 2018). GeCKO screen identified at 

least 33 common cellular factors whereas RNAi screens identified common proviral cellular 

factors in the range of 2-16 (Han et al., 2018). GeCKO screen also identified >400 unique 

genes which were not reflected in previous RNAi screens (Han et al., 2018) suggesting it can 

reveal previously unidentified cellular factors essential for virus replication. In GeCKO, 

SLC35A1 (a sialic acid transported) was identified as highest enriched hit (~5 log decrease in 

viral titres), loss of which rendered the cell resistant to IAV replication by inhibiting viral 

entry (Han et al., 2018). SLC35A1 has been identified only one of the prior siRNA screen and 

even that with ~50% decrease in influenza infectivity (Brass et al., 2009). This is due to the 

fact that survival-based GeCKO screens, as opposed to arrayed RNAi screens allow 

identification of the host factors that support early steps of virus replication (Perreira et al., 

2016). GeCKO screen was able to discover proteinaceous cellular receptors CD300If for NV 

(Orchard et al., 2016). Likewise, GeCKO screens approach also enabled to identify antiviral 

cellular factors. For example, GeCKO identified interferon-gamma inducible factor 16 (IF16) 

as an ER-resident interferon effector that block HCV replication. Three independent GeCKO 

studies identified endoplasmic reticulum-associated protein complex as key cellular factors 

for efficient flavivirus (FLV) replication suggesting GeCKO are more reproducible than 

RNAi (Savidis et al., 2016; Marceau et al., 2016; Zhang et al., 2016). OhAinle et al 
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conducted a virus packageble CRISPR screen where virus itself serves to reports levels of 

infection to identify genes regulating viral infection. The lentiviral genomes encoding 

CRISPR sgRNA were packaged into building HIV-1 virions, allowing robust identification of 

restriction and dependency factor in high throughput manner (OhAinle et al., 2018). It was 

demonstrated that IFN-mediated inhibition of HIV-1 replication in THP-1 cell is the 

combined effect of restriction factors like IFITM1, TRIM5α, MxB and Tetherin. Individually 

these interferon stimulated genes (ISGs) mediate a modest inhibitory effect on HIV-1 

replication but exert a robust effect together (OhAinle et al., 2018). 

CRISPR/Cas9-mediated genome editing to scale up virus production in culture cells 

As a proof of concept study, we exploited CRISPR/Cas9 technology to develop knock 

out (KO) HeLa cells deficient in antiviral (anti-HSV1) cellular protein CBX-5. Initially we 

targeted CBX5 gene that is known to inhibit HSV-1 replication (Fig. 2). To further enhance 

virus production, it is plan to remove some additional anti-HSV1 gene such as Med23 and 

HOXA10 from the CBX5-KO cells (double/triple knockouts). The technology is likely to be 

cost effective to scale up virus production for vaccine manufacturing. It can be applied to 

scale up vaccine production, particularly veterinary viral vaccines such as FMD and PPR 

where limited capacity of the manufacturers cannot meet the demand of various stakeholders 

in the country. 
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Figure 1: CRISPR components: CRISPR/Cas9 system has three basic components (i) Cas9 

(Endonuclease) that binds to target DNA in the presence of a gRNA and cleave the target DNA 

upstream of PAM sequences (ii) gRNA, comprises of crRNA that defines the genomic target for 

Cas9 and, tracrRNA that serve as scaffold to link crRNA and Cas9 (iii) PAM (protospacer adjacent  

motif) sequences: PAM sequences are 2-6 base pair DNA sequence immediately following the DNA 

sequence targeted by the Cas9 . Upon recognition of PAM and CRISPR sequences, Cas9 induces 

double stranded DNA break. The cellular machinery is equipped with a self repair mechanism to 

ligate the cleaved fragments of DNA. However, in this process few base pairs are being lost that may 

result in frameshift mutations. The exact number of nucleotides being lost during DNA repair may 

vary (3 bp to 150 bp), the phenomenon which is not well understood. Alternatively, the DNA repair 

machinery may ligate other DNA molecule between the nicked fragments, thereby resulting in 

insertion. 
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The genus Pestivirus is classified under family Flaviviridae along with three more 

genera Flavivirus, Hepacivirus and Pegivirus. The genus Pestivirus contains important 

veterinary pathogens, including bovine viral diarrhea virus, border disease virus of sheep, and 

classical swine fever virus.  

The pestivirus are 40–60 nm in diameter and spherical in shape. The viral RNA is a 

positive-sense, infectious ssRNA of 11.3–13.0 kb encoding a single ORF flanked by two non-

translated regions (NTR). The gene order is 5′-N
pro

-C-E
rns

-E1-E2-p7-NS2-3(NS2-NS3)-

NS4A-NS4B-NS5A-NS5B-3′.The single large ORF encode for a polyprotein of 

approximnate 3,900 aa that is preceded by a 5′-NCR of 370–385 nt contains an IRES and 

followed by a 3′-NCR of 185–273 nt contains a region with variable sequences and a highly 

conserved terminal region.  

Pestivirus virions contain four structural proteins: a nucleocapsid core protein, C (14 

kDa) and three envelope glycoproteins, E
rns

, E1 and E2. All three glycoproteins exist as 

intermolecular disulfide-linked complexes: E
rns

 homodimers, E1-E2 heterodimers and E2 

homodimers. The E
rns

 protein possesses an intrinsic RNase activity. E2 is considered most 

immunogenic and hypervariable glycoprotein. Pestiviruses encode eight nonstructural (NS) 

proteins among which N
pro

, p7 and NS2 are not necessary for RNA replication. In cells 

infected with cytopathic (cp) pestiviruses, large amounts of NS3 can be detected. NS5B 

possesses viral polymerase activity.  

Pestiviruses are antigenically related and cross-reactive epitopes have been reported. 

Separate antigenic determinants defined by monoclonal antibodies have also been identified. 

Antigenic variation is chiefly evident among isolates of BVDV and BDV. The N-terminal 

portion of E2 contains an antigenically hypervariable region. Monoclonal antibody binding 

patterns are generally consistent with the genetic relatedness of viruses. 

Infected animals mount potent antibody responses to two structural glycoproteins 

(E
rns

, E2) and to the NS2-3/NS3 protein, while antibody responses to other virus-encoded 

polypeptides are weak or not detectable. E
rns

 and E2 are able to induce protection 

independently and antibodies reactive with these proteins can neutralize virus infectivity.  

Viral genetic manipulation and reverse genetics 

The introduction of defined mutations into the genomes of many viruses has enabled 

rational approaches to the molecular manipulation of viral gene products and noncoding 

sequences. The reverse genetics system provides such a tool for the study of virus replication, 

the structure and function of the viral genome, and virus-host interactions, and also for the 

development of genetically engineered vaccines for RNA viruses.  
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A bacterial DNA plasmid clone containing the full-length complementary DNA 

(cDNA) of a positive-strand RNA virus and a suitable promoter, such as T7 can be used to 

produce infectious genomic viral RNA by in vitro transcription. These DNA clones enable 

stable introduction of desired mutations into viral genomes and the consequent study of the 

resulting phenotype. This powerful molecular tool is frequently referred to as reverse 

genetics.  

Infectious DNA clones have been obtained and used to study important virus 

properties such as virulence/ attenuation, cell penetration, replication, host range and 

functions of coding or non-coding genomic regions. However, their construction is often 

cumbersome, involving cloning of many subgenomic cDNA fragments. In spite of recent 

improvements afforded by novel molecular techniques, the process is still laborious and 

many difficulties remain including full length genome amplification, instability and toxicity 

of some viral sequences in bacterial hosts.  

Reverse genetics system for generation of infectious viruses 

Reverse genetics is a powerful molecular tool to generate customized virus and 

understand the molecular determinants related to virus attenuation, tissue tropism, and 

virulence factor(s). In last few years, reverse genetics has been markedly utilized to 

manipulate viral genomes at molecular level through a cDNA intermediate. More stable 

attenuated mutants can be generated by rational designs such as point mutations, deleted 

genes, changed virus gene expression order, and substituted gene or attenuating mutations 

from related viruses. In addition, the system provides reliable methods to identify and 

develop new types of mutations, including deletion of nonessential genes for virus replication 

for attenuation and construct marker viruses containing the specific sequence tag or 

restriction enzyme site(s) that distinguish the mutated virus groups from the wild/ parent viral 

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

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

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

Development of reverse genetics system  

A reverse genetics (RG) system provides a powerful tool for the study of virus 

replication, the structure and function of the viral genome, and virus-host interactions, and 

also for the development of genetically engineered vaccines for RNA viruses. The reverse 

genetics system constitutes of viral full length genomic backbone and appropriate 

transcription system for its expression in suitable host commonly cell culture system. The 

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

Transmissible gastroenteritis virus (TGEV), Japanese encephalitis virus (JEV), Porcine 

reproductive and respiratory syndrome virus (PRRSV), Human coronavirus OC43, Severe 

acute respiratory syndrome coronavirus (SARS-CoV), Kunjin virus (KUNV), Dengue virus 

type 1, Classical Swine fever virus Bovine viral diarrheal virus (BVDV), Border disease virus 

(BDV), Respiratory syncytial virus (RSV), Feline infectious peritonitis virus (FIPV), Middle 

East respiratory syndrome coronavirus (MERS-CoV) and Dengue virus type 2.  
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Development of reverse genetics system can be performed by amplification of full 

length pestiviral genome followed by cloning into appropriate vector with appropriate 

modifications allowing its in vitro transcription. Whilst pestivirus infectious clones provide a 

powerful tool for studying many aspects of viruses, their construction as full-length cDNA 

molecules in bacterial vectors can be problematic, laborious and time consuming because 

they are often unstable, contain unwanted induced substitutions and may be toxic for bacteria 

due to viral protein expression. Various approaches have been employed to overcome these 

problems using different hosts, vectors, promoters or strategies to mutate cryptic bacterial 

promoter sites in the viral genome. 

Amplification of full length pestiviral genome: The pestiviral viral RNA is converted into 

cDNA by Reverse transcription followed by amplification of full length genomic cDNA 

using various strategies: 

 Amplification of whole genome into multiple overlapping segments and their fusion 

by using overlap extension PCR. 

 Amplification of whole genome into multiple overlapping segments and their fusion 

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

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

using long acting PCR (LA-PCR). 

Development of RG system: Development of reverse genetics system includes incorporation 

of full length genomic backbone into appropriate vector with modifications allowing its in 

vitro transcription in cell culture system. Various strategies employed are: 

 Reverse genetics systems for pestivius have been achieved by transfecting susceptible 

cells with in vitro transcripts generated by T7 or SP6 RNA polymerase or by 

transfecting the SK6. T7 cell line expressing the T7 RNA polymerase with a plasmid 

harboring the viral full-length cDNA under the control of a T7 promoter.  

 In another approach, reverse genetics system for pestivirus was constructed using 

RNA polymerase II (pol II) with a chimeric intron and hammerhead ribozyme 

sequences at the 5` end and the hepatitis delta virus ribozyme and SV40 poly(A) 

signal sequences at the 3` end. This pol-II-driven transcription system has proven to 

be efficient for viral recovery. 

 A novel method for the generation of classical swine fever virus using a cDNA 

plasmid driven by a pol I promoter. An infectious full-length cDNA clone was flanked 

by fusion with the swine pol I promoter and murine terminator sequences to generate 

a viral genomic RNA with exact 5` and 3` UTRs. 

Applications of Reverse genetics:  Reverse genetics systems allow artificial manipulation of 

viral genomes by site-directed mutagenesis, deletion/insertion, and rearrangement. Studying 

the phenotype of the viruses generated using these methods has allowed the scientific 

community to gain valuable knowledge related to the replication, biological characteristics, 

and pathogeneses of these viral agents.  
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 Studying point mutations: Reverse genetics enables high fidelity production of 

infectious viruses from cloned viral cDNA, by utilizing the very low mutation rate of 

viral cDNA-bearing plasmids during their amplification in bacteria. This provides the 

possibility to investigate the consequences on replicative fitness of the introduction of 

a single mutation. 

 Host/pathogen interactions: The ease with which infectious clones can now be 

genetically modified has provided the opportunity to gain new insights into the nature 

of virus–host interactions in the context of virulence determinants, virus–host cell 

interactions and the mechanisms of evasion that underly host specificity. 

 Virulence determinants: By introducing mutations or constructing 

intratypic/heterotypic chimeric viruses, numerous virulence determinants have been 

identified and analyzed to understand the mechanistic basis behind these altered 

phenotypes. 

 Studying mechanisms of viral immune evasion: Research that focuses on 

identification and understanding of the mechanisms involved in viral evasion of host 

immune responses has also benefited significantly through the development of 

improved reverse genetics methodologies. 

 Functions of viral proteins. Two amino acid substitutions, NS2A-I59N and NS3-

Y518H, that contributed to severely impaired generation of virus infectivity were 

identified in reverse genetics studies that utilized the infectious clone of KUNV. 

Using site-directed mutagenesis, it was demonstrated that the mutation located in the 

NS3 protein induced severe inhibition of RNA replication while the introduced 

mutation in the NS2A protein blocked virus assembly and/or secretion.  

 Studying antiviral drugs resistance: Infectious clones can be used to characterize 

antiviral drug resistance mechanisms. For example, resistant mutants obtained in 

cellulo by passaging the virus with increased concentrations of antiviral drug, can be 

characterized using reverse genetics methods with infectious clones. By introducing 

the candidate mutations into the genome of the infectious clone the resistance 

phenotype of each mutated virus can be determined.  

 Vaccines development: By partial or complete deletion of a gene, the mutant strain is 

probably highly attenuated and simultaneously obtains a ‗negative marker‘. Serum 

antibodies induced by BVD/CSFV infection are mostly directed against nonstructural 

protein NS3 and envelope proteins Erns and E2. Monoclonal antibodies (Mabs) 

against NS3 are directed to highly conserved epitopes among pestiviruses, while those 

against Erns and E2 are able to discriminate between pestiviruses. So Erns and E2 are 

better targets than highly conserved NS3 to develop a recombinant deletion vaccine. 

Deletion of other genes, such as E1 or Npro, can attenuate the mother strain, but such 

deletion mutants induce a similar antibody pattern to that of nature infection. 

Additional deletion of Erns or E2 is necessary for these mutants to acquire the DIVA-

ability. The different deletion mutants for vaccine development include Erns- or E2-

deletion mutants, Erns- or E2-substitution mutants, E1-deletion mutants and Npro-

deletion mutants. The various deletion mutants used for vaccine production include 
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FLc22 {Erns (∆ 422-488) mutant derived from FLC2}, A187-Erns {Alfort/187 with 

whole Erns deleted}, FLc47{E2 (∆ 689-1062) mutant derived from FLC2}. 

 Development of chimeric vaccines: The ‗‗chimeric‘‘ approach for vaccine design is 

based on the observation that structural genes of one pestivirus can be exchanged with 

equivalent genes from other related viruses without significantly affecting the 

replicative capacity of the derived recombinant (chimeric) virus. The examples of 

chimeric CSFV vaccine are FLc11 {substituting C-strain Erns (aa 268-494) with that 

of BVDV 5250} and FLc-9 {substituting C-strain E2 (aa 690-865) with that of BVDV 

5250}. 

Conclusions: The availability of cDNA clones/PCR-amplicons for pestiviruses has facilitated 

the study of the genetic expression, replication and pathogenesis of RNA viruses using 

mutagenesis, deletions, and insertions and complementation experiments. It has also 

enhanced understanding of the molecular mechanisms of natural or induced RNA 

recombination as well as virus interactions with host cells and organisms. The production of 

infectious clones is an essential step in the development of reverse genetics systems and is 

now beginning to enable the acquisition of a huge amount of knowledge for these viruses. 

Advancement of the technology for de novo synthesis and the huge developments, that have 

been made during recent decades, have made it possible to generate new investigative 

approaches that avoid the need to use critical steps for infectious clone construction (cloning, 

propagation of cDNA into bacteria or in vitro RNA transcription) thus providing easier, faster 

and more reliable methods with which to unravel the scientific mysteries discussed in this 

review. These methodologies will undoubtedly continue to improve and become even more 

accessible, potentially ensuring an increasingly exciting future for scientific investigation. 
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Bovine tuberculosis (bTB) is a chronic bacterial zoonotic disease of cattle and 

buffaloes caused by Mycobacterium bovis.This organism can also cause tuberculosis in other 

domesticated and non-domesticated species such as deer, goats, camelids, dogs, cats, other 

mammals etc. The disease has been reported from all over the world and is more prevalent in 

Africa, Asia and parts of the Americas. Many developed countries have considerably reduced 

the incidence of bTB from their cattle population; however significant pockets of infection 

remain in wildlife. Test and slaughter policy was adopted by developed countries to control 

or eliminate this disease in bovine population. In countries like India, it is still a major 

problem because of religious sentiments, lack of the surveillance programmes at national 

level, limited manpower, money for testing of animals, etc. The disease is contagious and 

spread by contact with infected animals. The route of infection is by inhaling infected 

droplets that are expelled during coughing. Calves and humans can also become infected by 

ingesting raw milk. The course of disease is slow. Hence, an animal can spread the disease to 

many animals in the herd. The diagnostic tests for bovine tuberculosis are discussed in this 

chapter. 

1. Diagnostic tests for bTB  

Different diagnostic tests have been employed for the diagnosis of bTB. It is difficult 

to diagnose the disease based only on clinical signs. In live cattle and buffaloes, bTB is 

usually diagnosed with the help of tuberculin skin test.  

A) Immunological tests 

The immunological diagnosis of bTB is based on delayed type hypersensitivity 

(DTH) reaction in vivo, mainly represented by the tuberculin skin test and used worldwide. 

For this test, selection of proper site and intradermal injection of purified protein derivatives 

(PPDs) are  

critical for an accurate and consistent performance of intradermal test. This is because 

the sensitivity of intradermal test varies in different sites of the neck and decreases from the 

head towards the shoulder. Ensure there are no skin blemishes, no venule at the site of 

injection or other lesions present at selected sites which might interfere with the skin 

measurement or otherwise with the intradermal test. In these cases, the adjacent area of the 

selected site to be explored first and in case is not eligible; the other side of the neck should 

be used. 

i. Single intradermal (SID) test 

In this test, 0.1 ml of bovine tuberculin PPD is injected intradermally in the neck 

region (almost parallel to the skin). The correct injection at the site is confirmed by 
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visualising a small pea-like swelling at the site. Do not apply pressure or use bandage on the 

injection site. The reading can be taken between 48 -72 hours (hrs) for maximum 

sensitivity and at 96 hrs for maximum specificity. Invariably, the test is read at 72 (+/- 

four) hrs after the injection of tuberculin. Each injection site must be visually inspected 

and manually examined by careful palpation of skin fold at injection site. All reaction sites 

need to be measured, whether there is a visible or palpable reaction or not. Raise the skin fold 

between a finger and thumb (along the natural skin fold) using one hand and measure the 

swelling at the widest point with the callipers using your other hand, in the same place as on 

the first day. Reading needs to be done by the same operator as at 0 hrs and at 72 hrs as to 

ensure the pressure and the angle at which the measurement is taken are the same. The 

positive reaction constitutes a diffuse swelling at the site of injection.  

The lack of specificity is the main disadvantage of SID test. The mammalian 

tuberculin is not sufficiently specific to differentiate between reactions due to infection with 

M. bovis and infection with M. avium, M. tuberculosis and/or Nocardia farcinicus. The other 

disadvantages include failure to detect cases of minimal sensitivity, in older cows and in 

cows which have recently calved; as well as in early infection, in some cattle in an 

unresponsive state, referred to as anergy which is developed due to antigen excess or 

immunosuppression which inturn caused by non-specific factors such as malnutrition and 

stress. 

ii. Comparative intradermal (CID) test 

In this test, two sites are prepared at 12 cm apart in the mid neck region. In the CID 

test, 0.1ml of avian PPD and 0.1ml of bovine PPD are injected intradermally into separate 

clipped sites on the side of the neck. Care must be taken while injecting PPDs as it varies 

from place to place in the skin. The thickness is measured in millimetres with calliper before 

the injection of PPDs.  

Interpretation of the CIT: When the change in skin thickness is greater at avian PPD 

injection site, the result is considered negative for bTB. When the change in skin thickness is 

palpable at both sites, the difference between two changes is considered. A reaction is usually 

considered to be positive if the difference in skin thickness (bovine PPD-avian PPD) is more 

than 4 mm. The reaction is considered to be inconclusive if the increase in skin thickness at 

the bovine site of injection is from 1 to 4 mm greater than the avian reaction. The reaction is 

considered to be negative if the increase in skin thickness at the bovine site of injection is less 

than or equal to the increase in the skin reaction at the avian site of injection. Animal with the 

evidence of infection is termed as reactor. The CIT is used to differentiate between animals 

infected with M. bovis and those responding to bovine tuberculin as a result of exposure to 

other atypical mycobacteria. 

B) Blood based diagnostic test 

Besides, the classical diagnostic test for tuberculosis i.e. tuberculin test; a number of 

blood-based assays have been used. These tests are used as ancillary tests due to more 

complex nature of their procedures/protocols and high cost. The tests include viz. Gamma 
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Interferon Assays (Bovigam), Enzyme-Linked Immunosorbent Assays (ELISA) and 

Lymphocyte Proliferation Assay.  

i. Gamma Interferon Assays (Bovigam) 

This test is based on detection of specific cell mediated immune responses by 

circulating lymphocytes. This assay is based on the release of gamma interferon (IFN-γ) from 

sensitized lymphocytes after an incubation period of 16-24 hrs with a specific antigen (avian 

and bovine PPD).  In this test, release of lymphokine IFN-γ is measured in a whole-blood 

culture system. IFN-γ test has the capability of detecting early infections, therefore this test is 

very much useful in the detection of a larger number of infected animals before they become 

a potential source of infection for others and environmental contamination. This test is very 

much specific as it uses well defined mycobacterium antigens such as ESAT-6 and CFP-10. 

The use of these antigens plays an important role in differentiating BCG-vaccinated from 

unvaccinated animals.  

ii. Enzyme-Linked Immunosorbent Assays (ELISA) 

The ELISA is a complementary rather than an alternative test based on cellular 

immunity to identify the anergic cows which may be acting as reservoir. It has a limited 

sensitivity because of the late and irregular development of humoral immune response in 

cattle during the course of disease.  

iii. Lymphocyte proliferation assay 

This test is performed either on the whole blood or purified lymphocytes from 

peripheral blood samples. This in vitro assay compares the reactivity of lymphocytes to 

tuberculin PPD (PPD B) and a PPD from M. avium (PPD A). Analysis of the results are 

obtained by substracting the value obtained in the response to PPD A from PPD B. This test 

has scientific importance but it is not used for routine diagnosis because it is time consuming 

and use of radio active nucleotides.  

C) Postmortem diagnosis  

i. Gross pathology  

Bovine tuberculosis is characterized by the formation of tubercles (granulomas). 

These are usually observed in lungs and lymph nodes particularly the mediastinal and 

mesenteric lymph nodes. In disseminated cases, multiple small granulomas may be found in 

the various organs. On cutting a tubercle, gritty sensation and grating sound is indicative of 

the presence of calcareous material.  

ii. Histopathological diagnosis  

Histopathologically, it shows granulomas composed of epithelioid cells surrounded by 

a rim of fibroblasts with scattered lymphocytes. Epithelioid cells fuse to form multinucleated 

giant cells i.e. Langhan‘s giant cells. Centre of granuloma reveal caseous necrosis and more 

often it shows calcification. Demonstration of acid fat bacilli in the cytoplasm of Langhan‘s 

giant cells, epithelioid cells and in the caseous necrotic debris is highly suggestive of TB.  
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D) Molecular diagnosis  

Polymerase chain reaction (PCR) and Spoligotyping are some of the important 

molecular diagnostic techniques used for diagnosis of tuberculosis.  

i. Polymerase chain reaction (PCR) 

A PCR is a powerful tool which is used for the diagnosis of bTB. It is used to 

detect M. bovis in tissue/other clinical specimens collected at necropsy from animals 

suspected of being infected with bTB. PCR is used on tissues that have microscopic 

evidence compatible bTB with histopathology. A positive test obtained on PCR is highly 

suggestive that the animal is infected with bTB.  PCR has been widely used for the 

detection of M. tuberculosis complex (MTC) in clinical samples, mainly sputum in human 

patients and has recently been used for the diagnosis of tuberculosis in animals. 

ii. Spoligotyping 

Spoligotyping is also known as spacer oligonucleotide typing. It is a novel technique 

used for the simultaneous detection and typing of M. tuberculosis complex (MTC) bacteria. It 

is based on PCR amplification of highly polymorphic direct repeat (DR) locus in the M. 

tuberculosis genome. The DR region in M. bovis BCG contains direct repeat sequences of 36 

bp, which is interspersed by the non-repetitive DNA spacer of 35-41 bp in length. Other 

MTC strains contain one or more IS6110 elements in DR-region.  

iii. Culture  

In veterinary bacteriology, for culture of Mycobacterium, the egg-based media such as 

Lowenstein-Jensen and Stone Brinks media are commonly used. Glycerol is required for the 

growth of M. tuberculosis, M. avium and many of the atypical Mycobacteria. However, for 

M. bovis, glycerol is inhibitory but sodium pyruvate (0.4%) enhances its growth. Thus, the 

media with glycerol and without glycerol (but with sodium pyruvate) should be inoculated. 

It can be made more selective by the addition of cycloheximide (400μg/ml), lincomycin 

(2μg/ml) and nalidixic acid (35μg/ml). The inoculated media may have to be incubated at 

37°C for up to 8 weeks and preferably for 10 to 12 weeks with or without carbon dioxide. 

The cap of culture media should be loosened for better growth of M. tuberculosis and M. 

avium while M. bovis grows best in airtight containers.The characteristic rough, tough and 

buff colonies of M. tuberculosis on glycerol containing media is known as eugenic, 

however, the sparse and thin growth of M. bovis on glycerol containing media is referred 

dysgenic. M. bovis grow well on pyruvate-containing media without glycerol. M. bovis is a 

slow-growing aerobic bacterium and it has an approximate generation time of 16 to 20 hrs. 

Growth of M. avium on media containing glycerol is also described as eugenic. However, 

BSL-III facilities are required for its isolation. 

2. Control  

Test and slaughter or test and segregation methods are the important methods for the 

control of bTB. Periodical testing and retesting of affected herds are required to eliminate 

cattle that may shed the organism. Only test and slaughter technique can eliminate or 
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eradicate tuberculosis from domestic animals. As mentioned earlier most developed countries 

used this technique to eliminate bovine tuberculosis from cattle herds.  

In order to reduce the spread of the infective agent in the herd, proper sanitation and 

disinfection is required. M. bovis is relatively resistant to disinfectants and requires long 

contact times for inactivation. Phenol (5%), iodine solutions with a high concentration of 

available iodine and formaldehyde are some of the effective disinfectants. In environments 

with low concentrations of organic material, 1% sodium hypochlorite with a long contact 

time is also effective. M. bovis is also susceptible to moist heat of 121°C (250°F) for a 

minimum of 15 minutes. 

The occurrence of M. bovis in the wildlife reservoir hosts complicates eradication 

efforts. In addition, strict biosecurity measures on farms should be practiced to decrease the 

interactions between the wildlife and domesticated animals. Effective bTB vaccines are not 

currently available for cattle. Attempts have been made on antimicrobial treatment, the 

treatment must be long term and only clinical improvement can occur without bacteriological 

cure. The risk of shedding organisms, hazards to humans and potential for drug resistance 

make treatment controversial.  

It is difficult to control the disease in human population until and unless the steps are 

taken to control the disease in animals. The bTB eradication programmes and consumption of 

pasteurized milk led to drastic decrease in incidence of human tuberculosis in developed 

world. Such long-term strategies are required to be adopted at national level in countries like 

India to reduce bTB incidence. Mixed infection of M. bovis and M. tuberculosis is another 

concern. Recent studies indicate the detection of both species of Mycobacterium from 

humans and animals. The detection of mixed infection denotes the prospect of potential 

transmission of these pathogens from humans to cattle and vice versa. There is a need to 

create awareness among farmers, slaughter house workers and all those who are directly or 

indirectly linked with animal husbandry sector about this disease, its transmission and impact 

on society.  

Recently, Srinivasan et al. (2018) undertook meta-analysis on prevalence of bTB in 

India.  Based on a random-effects (RE) meta-regression model, these authors reported a 

pooled prevalence estimate of 7.3% (95% CI: 5.6, 9.5), indicating that there may be an 

estimated 21.8 million (95% CI: 16.6, 28.4) infected cattle in India. The data analyses 

suggested that production system, species, breed, study location, diagnostic technique, 

sample size and study period are likely moderators of bTB prevalence in India and need to be 

considered when developing future disease surveillance and control programmes.  
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Infectious pathogens of animals pose global public health risks due to emergence of 

sporadic zoonotic and pandemic infections. The vital elements for proficient and effective 

control of infectious diseases are identification of the causative agents, control of spread, and 

subsequent treatment. Early point-of-care (POC) diagnosis is crucial to control the spread of 

infection and also helps in better treatment options. The conventional methods used for 

detection of pathogens are culture based microbiological and biochemical assays followed by 

microscopic examination. Further, the improvements in pathogen diagnosis include 

immunological and molecular methods like enzyme linked immunosorbent assay (ELISA), 

blotting techniques, and various forms of polymerase chain reaction (PCR). Such techniques 

are highly sensitive, specific, and less time consuming. However, these techniques cannot be 

applied for on-site detection of infectious agents. Therefore, the development of highly 

specific, sensitive, portable, rapid and cost effective diagnostic platforms for detection of 

animal pathogens is the need of the hour.  

The economically important emerging and re-emerging diseases of livestock and 

poultry like foot-and-mouth disease (FMD), bovine respiratory disease, tuberculosis, 

brucellosis, paratuberculosis, etc.  in cattle and buffaloes; Swine Fever (CSF), African swine 

fever (ASF), Porcine Reproductive and Respiratory Syndrome (PPRS), Porcine Circovirus 2 

(PCV2), Porcine Parvovirus (PPV), and swine influenza virus infection in pigs; equine 

influenza, West Nile virus (WNV) disease in equines; canine distemper, canine parvovirus 

infection and leishmaniasis in dogs; avian influenza, Newcastle disease, fowl pox, and 

Clostridial infections in poultry; and some common bacterial infections reported from almost 

all the species like antimicrobial resistant (AMR) pathogens including methicillin-resistant 

Staphylococcus aureus (MRSA) infection need urgent diagnosis. 

Sensors are the analytical devices which comprise of biological recognition molecule 

attached to the physio-chemical transducer. Biosensors are smart alternative to conventional 

microbiological and molecular methods. The most common biological components include 

whole cells, antibodies, nucleic acids, enzymes, and aptamers. Optical, electrochemical, 

microbalance, surface plasmon resonance (SPR), etc. are major transduction techniques 

employed. The sensors offer simplicity, miniaturization, on-site applicability along with high 

specificity and sensitivity. Last three decades have witnessed a number of innovations in the 

field of biotechnology and nanotechnology for the fabrication of detection platforms for 

bacterial and viral animal pathogen monitoring.   

The biochemical properties of a bioreceptor which is a key constituent of a sensor, 

incorporates high sensitivity and specificity for target biomarker and evade cross-interference 

from other microorganisms and components present in the sample to be tested. The specific 

communication between the bioreceptor and the target analyte produces physio-chemical 



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 99 
 

change which is converted into readable signal using the transducer. The innovative 

biosensing systems that can be used for pathogen detection in livestock and poultry have been 

reviewed by Vidic et al. (2017). Some of the devices which are commercially available have 

been validated according to standards of the World Organization for Animal Health. These 

devices including the paper-based platforms are said to be rapid, affordable and easy to 

perform in the field. The researchers worldwide are focusing on improving different aspects 

of sensors by addressing the challenges like improving the sensitivity of biosensor, early 

detection of pathogens prior to appearance of clinical signs and incorporation of robustness 

into sensors to make them usable for on-field applications in complex biological samples.  

Major focus is being given to the electrochemical and optical sensors because of their 

high sensitivity, ease of readability, portability, and diverse functionality. The use of 

bacteriophages in sensors has been highlighted for the detection of AMR pathogens.    

For the detection of bovine respiratory disease (BRD), a novel potentiometric sensor 

based on extended-gate field-effect transistors in a dual-chip configuration has been 

presented (Tarasov et al., 2016). For the detection of bovine herpes virus-1 (BHV-1), viral 

protein gE expressed and immobilized on the gold surface served as a capture antigen for 

BHV-1-specific antibody (anti-gE). The gE-coated immunosensor exhibited high sensitivity 

and selectivity to anti-gE in serum samples and was reported to be cost effective. Cattle 

suffering from bovine tuberculosis caused by Mycobacterium bovis has been identified by 

monitoring changes in the volatile organic compounds (VOCs) profiles of cattle breath (Ellis 

et al., 2014). Peled et al., (2012) reported a nanotechnology based sensing array i.e. Nano 

artificial NOSE (NA-NOSE) for the detection of bovine tuberculosis via breath in M. bovis-

infected cattle. The possibility of using such method for screening other diseases, such as 

bovine brucellosis and paratuberculosis could also be explored. 

An immunobiosensor using a piezo-electric (PZ) crystal was developed and 

standardized for FMD diagnosis and virus typing (Gajendragad et al., 2001). Bhatta et al., 

(2012) demonstrated optical microchip immunosensor, SpectroSens
TM

 for label-free, rapid 

and robust detection of FMDV based on refractive index changes of high-precision planar 

Bragg gratings. Further, simplified ‗snap-shot‘ assay data has been displayed in ‗Turn 

ON/OFF‘ format using hand-held, portable device. A lateral flow device for monitoring of 

FMDV RNA has also been reported which can be used for nucleic acid sequencing, 

amplification or recovery of detected virus (Fowler et al., 2014).  

The important emerging and endemic swine viruses like CSF, ASF, PPRS, PCV2, 

PPV, and SIV have been targeted by SWINOSTICS diagnostics. Three novel and validated 

technologies have been used viz. Photonic Integrated Circuit (PIC) technology, label-free 

optical detection, based on refractive index sensing through ring resonators, and a nano-

deposition technology which is used to detect viruses in oral fluid such as saliva. Results are 

provided in less than 30 min for five samples simultaneously, thus, making it highly suitable 

for POC even by non-technical personnel also (Montagnese et al., 2019). 

West Nile virus (WNV) has been detected using biosensors and microfluidic systems 

using a linear, 15 amino acid fragment of domain III of WNV as an antigen on an 
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amperometric immunosensor (Ionescu et al., 2007). A surface enhanced Raman scattering 

immunoassay has been reported to be highly sensitive (>400-fold than indirect ELISA) for 

the detection of anti-WNV immunoglobulin (Neng et al., 2010). The origin of canine 

influenza and evolution of equine influenza have been studied using biosensors (Collins et 

al., 2014). 

Rapid and accurate diagnosis is crucial to reduce the incidences and epidemics of 

canine diseases including the zoonotic ones. The quartz crystal microbalance (QCM) based 

biosensor which measures the frequency changes in antigen-antibody interactions and 

ProLinker
TM

 B have been combined to enable rapid diagnosis of canine parvovirus (CPV) 

(Kim et al., 2015). An easy and low cost method for the monitoring of CDV without the need 

of any instrument has been developed using gold nanoparticle labeled antibodies (Basso et 

al., 2015). An electrochemical impedance spectroscopy based sensor for femtomolar 

detection of Leishmania spp. (CL) DNA has been reported using thiolated carbon nanotube 

(ThNT) (Frias et al., 2017). Another QCM based immunosensor using recombinant antigen 

of L. chagasi (rLci2B-NH6) for detection of canine visceral leishmaniasis has been 

developed which showed good productivity, exceptional sensitivity and specificity along with 

high reusability (Ramos-Jesus et al., 2011). 

A Fluorescence resonance energy transfer (FRET) based assay for detection of 

surface antigen, haemagglutinins (HAs) of influenza virus has been developed (Chen and 

Neethirajan, 2015). Immunosensors are able to differentiate between influenza virus A and B, 

but, they can‘t distinguish between highly pathogenic avian influenza virus (HPAIV) and low 

pathogenic avian influenza virus (LPAIV). By using aptamers as biorecognition elements, 

more specificity is incorporated in sensors. Quantum dots have also been used to improve 

sensitivity for avian influenza virus (Li et al., 2012). An optical biosensor has been developed 

for the detection of C. jejuni using diffraction based optical strategy and surface Plasmon 

resonance (Gnanaprakasa et al., 2011).  

Bacteriophage based sensors for detection of bacterial pathogens 

Bacteriophage based sensors has been explored for bacteria detection through the use 

of native as well as genetically modified phage particles. Several phage-based biosensors 

have been developed all over the world involving different mechanical and electronic systems 

such as QCM, magnetoelastic platform, SPR and electrochemical methods. Farooq et al. 

(2018) have reported the most recent advancements in whole-phage and phage components-

based sensing assays and sensors. SPR based biosensor was developed by Tawil et al., (2012) 

for the biodetection of pathogenic bacteria methicillin-resistant Staphylococcus aureus 

(MRSA) and Escherichia coli (E. coli) O157:H7, using bacteriophages as the recognition 

elements. An electrochemical sensor for detection of C. jejuni employing a glutathione-S-

transferase (GST) tagged phage receptor binding protein (RPB) Gp48 (GST-Gp48) was 

immobilized on gold modified electrode (Singh et al., 2011).  

Conclusion 

Biosensors are becoming the first choice of veterinarians in pen-side testing of animal 

diseases due to its small size, ease of handling and cost effective. Traditionally, pathogens 
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were detected from various biological samples by microscopic examination, biochemical 

analysis and other conventional methods like animal inoculation. But now, the spotlight has 

shifted to sensors which are wearable, ingestible, in-situ disease detection devices, online 

monitoring systems and many other smart nano-technologies. All these advances are 

ultimately helping the livestock and poultry industry in timely detection of diseases 

ultimately saving huge economic losses. 
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The emergence of antibiotic resistant bacteria worldwide has driven interest in finding 

effective alternatives to combat bacterial infections in animals and poultry. A range of new 

antibacterial agents are bacteriocins, peptides, metal and metal-dielectric core/shell 

nanoparticles (NPs), nanotubes, etc. One possible option, i.e. the use of bacteriophages 

(phage) or their products which was discovered many years ago, has again shown the interest 

of scientific community as highly efficient and effective solution for bacterial elimination in 

comparison to other antimicrobial agents. Therefore, antibiotic alternatives are being 

explored and one such measure is the use of bacteriophage to combat bacterial infections 

called phage therapy. 

The bacteriophages were discovered by Frederick Twort and Felix d‘Herelle during 

the early 20th century.
  

These are bacterial viruses that infect and multiply within their 

specific hosts and are stable under varied pH and temperature conditions. These are the most 

ubiquitous (total number estimated to be 10
30

–10
32

) known organisms on earth and play a key 

role in maintaining microbial balance in every ecosystem wherever bacteria exist. Also, they 

are highly specific for their host cell as their adsorption and entry are mediated by specific 

receptors (e.g. carbohydrates, proteins, lipo-polysaccharides etc.) present on host cells. They 

have found applications in treatment of various bacterial diseases and control of food borne 

pathogens. 

Phage therapy has been known since the end of 19
th

 century. Although ―phage 

therapy‖ has been historically associated with the use of bacteriophages in human medicine, 

phages also have been extensively used in veterinary medicine. The first-known therapeutic 

use of phages in veterinary medicine is associated with Felix d‘Herelle who examined their 

efficacy – in France, during 1919 – in preventing and treating Salmonella infections in 

chickens. But with the discovery and rise of antibiotics, the interest in bacteriophages faded 

away in most of the countries except Russia. However, in recent decades an interest in phage 

therapy has returned in other countries also, this time viewed from another perspective as a 

silver lining in the dark cloud of antibacterial resistance (ABR). Compared with antibiotics, 

phages kill hosts (bacteria) without destroying their normal microflora. Such a lytic 

mechanism prevents bacterial dysbiosis (microbial imbalance), which may cause secondary 

infections (Sulakvelidze et al., 2001). Phage has been proposed as the most promising 

alternative therapeutic agent against drug-resistant bacteria (Mapes et al., 2016). 

I. Molecular mechanism of phage therapy 

After adsorption and penetration of the bacterial cell, the phage inserts its genetic 

material into the cell for replication, in order to produce hundreds or thousands of its 

progenies.  Lysosyme from the phages dissolves the bacterial cell wall, thus letting the phage 

virions out of the microbe, so that they could further infect and lyse other phage sensitive 
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bacteria. This lytic cycle completes in 30-40 min. (Marina, 2011). Thus, in a very short time, 

a single phage can multiply to produce millions of phages, all with the potential to kill 

bacteria. The phages vary in specificity, being type-specific (lysing certain types of bacteria 

within one species), monovalent (lysing bacteria of only one species) and polyvalent (lysing 

bacteria of different species within a genus). 

II. Applications of Phages in Veterinary Science 

The use of phages in veterinary began in the beginning of the 20
th

 century. In 1919 

phages were first used in France against bird typhoid fever. Bacteriophages and the causative 

agent Salmonella gallinarum were isolated from the infected chicken and when tested, 

phages proved to be effective against Salmonella gallinarum and effectively reduced chicken 

mortality. The first trial model for testing phage therapy was mice salmonellosis, mainly 

caused by Salmonella typhimurium. Phages were both administered intraperitoneally and 

orally, where the latter did not give a positive bactericidal result and the former only 

decreased microbial spread insignificantly (Topley, et al., 1925). This trial failed most 

probably because the right type of phage was not used, since later scientists managed to infect 

typhoid bacteria in vitro successfully with a well-chosen anti-typhoid phage (Fisk, 1938). 

Since then there are multiple evidence of successful phage treatment of streptococcal 

meningitis in rabbits (Kolmer and Rule, 1933; Eaton and Bayne-Jones, 1934), E. coli cystitis 

in rabbits and guinea pigs (Larkum, 1926), Salmonella dysenteriae encephalitis in mice 

(Dubos, et al., 1943). Today phages are used both in human and veterinary medicine. Modern 

phage medicine is based upon virulent phages of a broad range of action that are active 

against antibiotic resistant bacteria also (Table 1). 

Table 1: In vivo studies of phage therapy in Veterinary Medicine (Borie et al., 2014) 

Animal Target Bacteria Phage 

strategy 

Treatment effect Authors 

Swine S. typhimurium Single phage 

(Felix-O1) 

Reduction of the bacterial count 

from tonsils and cecal content 

Lee and Harris 

2001 

Swine S. typhimurium Single phage 

(Felix-O1) 

Bacterial count reduction in 

several organs and tissues 

Lee and Harris 

2003 

Piglets S. typhimurium Phage mixture Caecum and ileal bacterial 

reduction 

Wall et al., 2010 

Chicken E. coli  Phage mixture Mortality in the phage‐treated 

chickens was reduced to 7% 

Huff et al., 2002 

Chicken E. coli O2 Phage mixture Mortality rate reduction in day-

dependent way 

Huff et al., 2003 

Chicken C. jejuni  Phage 3-log reduction in CFU counts 

after phage treatment 

Wagenaar et al., 

2005 

Chicken S. enteritidis Single phage Reduction of bacterial counts from 

cecal tonsils 

Filho et al., 2007 

Chicken S. enteritidis and 

S. typhimurium 

Single phage Reduction of cecal bacterial counts Atterbury et al., 

2007 

Chicken S. enteritidis Phage mixture Intestinal reduction by phage spray 

treatment 

Borie et al., 

2008(a) 

Chicken S. enteritidis Single phage Intestinal bacterial counts 

reduction 

Borie et al., 

2008(b) 
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III. Applications of Phages in Poultry 

In poultry, most of the research is carried out on Salmonella spp. but phage therapy 

has also been successful against Campylobactor and Colibacillus spp. (Table 1). The high 

population density of chickens in conventional rearing systems, as compared to backyard 

poultry, increases the risk of a rapid spread of disease and concomitant economic losses. 

However, the same high population density also favours the spread of phages through a flock, 

facilitating and reducing the cost of treating a large number of poultry birds. Colibacillosis is 

an E. coli infection which causes airsacculitis, pericarditis, perihepatitis in chickens and is a 

significant cause of morbidity and mortality in the industry.  

Salmonella can cause acute bacterial enteritis in man and fowl typhoid in poultry 

leading to morbidity and mortality in chickens. Phages that are used against Salmonella 

typhimurium are typically isolated from bird faeces in poultry farms. In an experiment on 

salmonella infected mice and rabbits, 90-100% of the animals were saved from death after 

phage therapy, as compared to 0-10% in the control group (Lenev, 2013). Thereafter, these 

phages were successfully used in poultry farms, dovecotes and zoos.  

In another phage therapy experiment in broiler poultry, from the pathologic material 

from broiler chicken, 11 Salmonella enteritidis strains have been isolated on the first day of 

phage treatment and on day 29, no strains were detected, while the control group had all the 

11 strains for 32 days. In addition, average daily body mass gain in the experimental group 

was 0.7 g/ chicken higher than in the control group, and the productivity index was 9.4 times 

the index of the control group. As a result, it can be concluded that phage therapy eradicates 

Chicken C. jejuni and C. 

coli 

Phage mixture Reduction in cecal bacterial counts Carvalho et al., 

2010 

Chicken S. enteritidis Single phage Significantly lower bacterial 

counts in cecal tissue 

Lim et al., 2012 

Chicken Enteropathogenic 

E. coli 

Single phage Diarrhea incidence and mortality 

rate decrease 

Xie et al., 2005 

Cows S. aureus Single phage No significantly bacterial 

reduction in udder 

Gill et al., 2006 

Dogs P. aeruginosa Phage mixture Decrease in clinical score of 

chronic otitis and reduction in 

bacterial counts 

Hawkins et al., 

2010 

Dogs P. aeruginosa Phage mixture Keratitis Santos et al., 

2011 

Sheep E. coli O157:H7 Phage mixture Bacterial count reduction in feces, 

cecum and rectum 

Callaway et al., 

2008 

Sheep E. coli O157:H7 Phage mixture Bacterial count reduction in 

gastrointestinal tract 

Raya et al., 2011 

Cattle E. coli and A. 

pyogenes 

Phage mixture No reduction in uterine isolation 

rate 

Machado et al., 

2012 
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salmonella, increases average daily mass gain, as well as the final mass at slaughter together 

with the productivity index (Pleshakova and Stepanov, 2013). 

IV. Challenges facing phage therapy and their probable solutions: 

• Issues of immunogenicity and pharmakokinetics: Side effects such as 

anaphylactic shock since phages are foreign antigens 

• 99% of phages in the circulatory system are phagocytosed by the liver and thus 

eliminated from the body. Hence, less use by I/V route and more by oral route 

• Less antigenic phages may be developed through phage displaying certain peptide 

ligands: Phage displaying peptide with arginine or carboxy-terminal lysine 

residues are protected against the complement-mediated inactivation of phage by 

binding C-reactive protein 

• Systemic side effects: Temperate phages can‘t be used in phage therapy because 

of risk of transferring fragments of the DNA of the host (which could be toxin 

encoding or antibiotic – resistant genes) to other bacterial spp.  

• Narrow host range: Cocktail of phages could be used 

• Manufacturing, safety and efficacy: new safer methods to be adopted 

• Regulatory approval: Phage therapy for decades in Poland, Georgia, etc. but not 

approved; Clinical data not developed under Regulatory Authorities Framework 

V. Commercialization 

• Biocontrol Ltd. (UK) Company has completed fully regulated Phase II clinical 

trial for phage therapy against Pseudomonas infections (2009). 

• In Europe, phage therapy is used under the supervision and responsibility of 

medical ethical committees within the approval of the World Medical 

Association. 

• Patentability: Issue of phage patentability resembles that of monoclonal 

antibodies. The European patent laws allow patenting of known phages provided 

their use has not been earlier disclosed. New phage formulation can be patented. 

For the US Patent Laws, only genetically engineered phages can be patented.  

The studies presented here expose the great interest that has been generated by phage 

therapy throughout the years, and also in their effectiveness in reducing the colonization of 

many pathogens in several tissues. While research began several decades ago, they have 

intensified in recent years due to the emergence of multi-drug resistant bacterial strains and, 
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of course, due to more information on these viral agents, allowing works on a much more 

solid knowledge base. 
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Campylobacter spp. are second most emerging bacterial zoonotic pathogen after 

Salmonella (Bereswill and Kist, 2003; Epps et al., 2013). It can infect cattle, sheep, chickens, 

turkeys, dogs, cats, mink, ferrets, pigs, non-human primates and other species. However, 

chicken is considered to be a major reservoir. This organism efficiently colonize caecal 

mucosal crypts of the gastrointestinal tract of chickens and they remain asymptomatic carriers 

until they reach slaughter age (Bolton, 2015). A total of 16 species and six subspecies  are  

now  categorized  in  the  genus Campylobacter  and  12  of  these  species  are  associated 

with  human  diseases. Humans and chicken population are more susceptible to C. jejuni, C. 

coli (enteritis) and C. fetus (septicemia). Additional species, such as C. lari, C. upsaliensis, 

and C. hyointestinalis have been less commonly detected (Silva et al., 2011). Campylobacter 

spp. are well known for their high optimum growth temperature (42°C) requirement and are 

thus called as thermophilic Campylobacters. Out of the four most common thermophilic 

Campylobacter responsible for gastroenteritis i.e. Campylobacterjejuni (C.jejuni), 

Campylobactercoli (C.coli), Campylobacter lari and Campylobacter upsalinesis; of which C. 

jejuni is responsible for the majority (80-90%) of these infections and a leading food borne 

pathogen followed by C. coli (Biswas et al., 2011). 

C.jejuni are small (0.2–0.8 𝜇m wide and 0.5–6.0 𝜇m long) gram-negative, spirally 

curved, motile by unipolar or bipolar flagella, microaerophillic, non-spore forming organism 

belonging to the family Campylobacteraceae (Wieczorek and Osek, 2013). Colonization 

rates in chickens are age-related. Intestinal colonization of chicks less than seven days old is 

rarely detected (Moore et al., 2005). Most flocks are negative until 2-3 weeks of age. Once C. 

jejuni colonization occurs in a flock, transmission, via coprophagy, is extremely rapid and 

complete flock can become colonized within 72 hours and once established, it is very 

difficult to eliminate (Newell and Wagenaar, 2000). High flock size, environmental water 

supplies, litter, insects, wild birds, rodents, fecal contact, personnel and other animals, 

increase the risk of colonization and dissemination (Sahin et al., 2001). C.jejuni can persist 

for long times in chilled and frozen products It is able to persist at 4°C and remain viable for 

3weeks in feces and 5weeks in urine. Survivability of C. jejuni at refrigeration and freezing 

temperatures is of relevance to food safety and public health (FAO/WHO, 2009). 

Identification of Campylobactererosis 

In mammals and birds, detection of intestinal colonisation is based on the isolation of 

the organism from faeces, caecal/rectal swabs or contents, or the use of direct 

polymerasechain reaction (PCR). Phenotypic identification is based on reactions under 

different growth conditions. Biochemical and molecular tests, including PCR and MALDI-

TOF (matrix assisted laser desorption ionisation–time of flight) mass spectrometry can be 

used to identify Campylobacter strains at species level. 
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a) Phenotypic identification 

A detailed description on Campylobacter detection by culture and the variety of 

existing media is given by (Corry et al., 2003). Blood-based media (eg. Preston agar, Skirrow 

agar, Butzler agar, Campy-cefex) and charcoal-based media (modified charcoal cefoperazone 

deoxycholate agar), Karmali agar or charcoal-selective medium, CAT agar) with addition of 

antibiotics are well recognized as two main selective medium for isolation of C. jejuni and C. 

coli.  (Bolton et al., 1984; Karmali et al., 1986). None of them allows growth of C. jejuni and 

inhibits C. coli or vice versa. The selectivity of the media is determined by the type and class 

of antibiotics used. Other Campylobacter species (e.g. C. lari, C. upsaliensis, C. helveticus, 

C. fetus and C. hyointestinalis) also grows on such media but relatively at lower temperature 

of 37
°
C. All of these Campylobacter species grows at microaerophillic conditions (reduced 

O2 level and 5% CO2) for 24-48 h. Incubation at 42
°
C helps in selective enrichment of 

thermophilic Campylobacters. 

Passive filtration /Pre-enrichment 

 For passive filtration, faeces or swab samples premixed with PBS (1/10 ratio) 

are filtered by 0.45 or 0.65 µm filter and can be used for isolation on non-selective blood agar 

plate. Blood based Campylobacter enrichment broth (Preston) supplemented with 

Campylobacter supplement IVand 7% lysed horse blood can be used for pre enrichment.  

Plating on selective medium 

For isolation of bacterium a loopful of inoculated broth is streaked on charcoal-based 

media such as mCCDA, (modified charcoal cefoperazone deoxycholate agar (mCCDA) 

supplemented with Campylobacter supplement V) and on Skirrow or other blood-containing 

agars (OIE terrestial manual, 2017). Colonies are identified by characteristic morphology 

such as greyish, flat and moistened, with a tendency to spread, and may have a metal sheen 

on charcoal based media and slightly pink, round, convex, smooth and shiny, with a regular 

edge on blood based media, respectively. Gram‘s staining shows typical spiral or curved 

slender rods and motility of organism can be observed by hanging drop method. Colonies, 

showing typical Campylobacter spp. morphology, were further subjected to primary 

biochemical tests i.e. catalase test and oxidase test. Although, Campylobacter spp. are less 

metabolic active and are not able to ferment sugars. Thus there is limitation in biochemical 

identification of this organism at genus and species level.  

Generally, C. jejuni can be differentiated from other Campylobacter species on the 

basis of the hydrolysis of hippurate and indoxyl acetate as this is the only hippurate-positive 

species isolated from veterinary or food samples.  

Detection of hippurate and indoxyl acetate hydrolysis 

Suspend a loopful of growth from a suspect colony in 400 µl of a 1% sodium 

hippurate solution and incubate at 37°C for 2 hours. After this, slowly add 200 µl 3.5% 

ninhydrin solution to the side of the tube to form an overlay. Re-incubate at 37°C for 10 

minutes, and read the reaction. If dark purple/ blue color appear as positive reaction while 

clear or grey color indicates negative reaction. For indoxyl acetate hydrolysis test, place a 
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suspect colony on an indoxyl acetate disk with a drop of sterile distilled water. Appearance of 

blue color within 5-10 min shows positive reaction.  

Several alternative and rapid methods have been developed for detecting and 

confirming Campylobacter spp. e.g. fluorescence in situ hybridization (Lehtola et al., 2006), 

latex agglutination (Wilma et al., 1992) and physical enrichment method (filtration) that 

permits the separation of Campylobacter from other organisms present in the food matrix. 

b) Molecular identification 

PCR-based methods for the detection of Campylobacter in animal fecal samples and 

enriched meat samples have been extensively described in the literature (Linton et al., 1997; 

Bang et al., 2003). Many molecular tests are available to identify Campylobacter species, but 

there is not a specific recommended one. Campylobacter isolates can be identified at species 

level with 16S rRNA sequencing (Gorkiewicz et al., 2003). Amplification of hippurase gene 

(hipO) is a specific identification marker for C. jejuni especially for certain strains that fail to 

express hippurate hydrolysis phenotypically, which were otherwise misclassified as C. coli 

(Vashin et al., 2012). This led to development of PCR (conventional and quantitative) 

strategies based on species-specific genes that have been used in C. jejuni species 

identification i.e. cadF (Khoshbakht et al., 2013), mapA (Best et al., 2003), ceuE (Houng et 

al., 2001), 23S rDNA (Eyers et al., 1993) and cdtA (Asakura et al., 2008).  

Identification of Campylobacter at genus or species level does not help in 

understanding the epidemiology of the disease (Nachamkinet al., 1993). There is a 

continuous cycle of transmission of the bacterium from one to another host. More importantly 

humans are commonly infected via various animal and poultry sources throughout the year 

(Aydin et al., 2007). Thus, typing of Campylobacter is important for differentiating and 

identifying various strains molecularly (Khoshbakht et al., 2013).  

Various classes of short repetitive element sequences have been described in diverse 

prokaryotic genomes. Currently, three types of such repetitive elements have been described 

i.e. repetitive extragenic palindromic (REP), enterobacterial repetitive intergenic consensus 

(ERIC) and the BOX elements. REP elements are 35–40-bp long, ERIC elements are the 

124–127-bp long and BOX elements are 154-bp sequences (Lupski and Weinstock, 1992). 

REP and ERIC elements have mostly been described from Gram‘s Negative bacteria and 

BOX elements have been described from Gram‘s positive bacteria (Martin et al., 1992). 

Consensus primers to each of these elements have been used in PCR to amplify regions 

between neighboring repetitive elements. This generates unambiguous DNA fingerprints that 

enable discrimination amongst the bacterial isolates (Gilson et al., 1984). Restriction 

fragment length polymorphism (RFLP) of Polymerase chain reaction (PCR) amplified 

product of flaA gene by restriction enzymes (ddeI, hinfI, ecoRI, pstI and aluI etc.) and 

Repetitive extragenic palindromic PCR (REP-PCR) have proved to be useful in 

epidemiological investigations of Campylobacteriosis (Gondo et al., 2006).  

Virulence characterization of C. jejuni 

Major virulence attribute of C. jejuni areadhesion, invasion, presence of 

lipoologisacchrides responsible for evading host defense mechanism and production of 



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 111 
 

cytotoxins (Fouts et al., 2005). Adherance is governed by flagellum, lipooligosaccharides, the 

major outer membrane protein, and pili (Konkel et al., 2001). The important adherence 

factors are; Campylobacter adhesion protein A (capA) a autotransporter (Flanagan et al., 

2009), factor for Campylobacter adhesion to fibronectin (cadF) (Rizal et al., 2010), heat 

shock proteins (dnaJ), thermoregulation protein (Rozynek et al., 2005), major outer 

membrane protein (MOMP) also called porA (Flanagan et al., 2009) and a surface exposed 

lipoprotein looselyattached to the bacterial cell surface (jlpA) (Jin et al., 2001). Invasion 

associated marker (iam) is associated with C. jejuni’s potential for colonization of multiple 

hosts(Wieczorek et al., 2012). The cia proteins are released after contact of C. jejuni with 

host cells or unidentified serum factors (Ghorbanalizadgan et al., 2014). Lipooligosaccharide 

(LOS) plays‘ a crucial role in immune avoidance and is important for serum resistance (Yang 

et al., 2014). Campylobacter cytotoxin consists of three subunits (cdtA, cdtB andcdtC) and is 

lethal for host enterocytes (Ghorbanalizadgan et al., 2014). Differences in the presence of 

pathogenicity associated genes have been reported depending on the source and region of 

sampling (Rizal et al., 2010). 
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Brucellosis is a widespread complex neglected zoonotic disease with significant 

epidemiological, economic, and global health impact specifically in developing countries like 

India that rely on co-operative farming and agricultural practices. Economic loss due to 

brucellosis was estimated to be around 3.4 billion US dollars to India (Singh et al., 2015). 

Brucella is a Gram-negative cocco-bacilli, facultative intracellular pathogen that has the 

ability to survive and multiply in professional and non-professional phagocytes (Cardoso et 

al., 2006). Brucella infected animals generally develop granulomatous inflammatory 

responses, which are often located within lymphoid tissues and organs with a prominent 

reticulo-endothelial component. 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 (Deka et 

al., 2018). Animal aborts once and subsequent delivery is normal; however, animal remains 

carrier of the disease (Godfroid et al., 2010). Infected animal excrete the brucella organism in 

milk and in each delivery, thus spreads the disease to other animals at farm. The disease can 

be transmitted 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 with involvement of gastrointestinal, cardiovascular, 

genitourinary, nervous, pulmonary and ocular system (OIE, 2018). 

Diagnosis of brucellosis: All abortions in animals in last trimester 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, 

diagnosis must be based on serological methods (OIE, 2018). 

Culture: Culture is considered as the reference standard assay for diagnosis of Brucella spp. 

in humans and animals. The preference of samples for bacterial isolation depends upon 

clinical signs observed in the animal. The stomach contents of the aborted fetus, fetal 

membranes, vaginal discharges, milk, semen and hygroma fluids are the preferred samples 

for isolation of brucella spp. on suitable media. The lymph nodes (especially head and 

mammary), spleen, udder, uterus, epididymes and testes are suggested from dead animals. 

The Farrell‘s medium, Brucella selective agar, Trypticase soya agar are the media used for 

bacterial isolation (OIE, 2018). Isolation of organisms is tedious, cumbersome, time 

consuming, requires biosafety level-3 bio-containment facilities and highly skilled technical 

personnel and the results are not always definitive (Bricker, 2002), thus it is generally not 

being followed as a routine diagnostic procedure. 

Nucleic acid identification methods: Molecular diagnostics have the edge over conventional 

methods as they are robust and versatile, and safer for laboratory personnel due to the non-

infectious nature of DNA. Several target genes like Brucella cell surface 31 kDa protein 

(bcsp 31), 16S rRNA, 16S-23S intergenic transcribed spacers, insertion sequence (IS711), 

perosamine synthetase (per), outer membrane proteins (omp 2b, 2a and 31) have been used 
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(Bounaadja et al., 2009) for detection and identification of Brucella spp. by conventional as 

well as real time PCR. Bruce-ladder PCR has been proposed for rapid and simple one-step 

identification of Brucella which can be used to identify all brucella species as well as the 

vaccine strains B. abortus S19, B. abortus RB51 and B melitensis Rev.1 (Garcia-Yoldi et al., 

2006). Based on the Bruce-ladder PCR, an improved multiplex PCR was developed that 

differentiates all nine currently recognized Brucella species, including the recently described 

species B. microti, B. inopinata, B. ceti and B. pinnipedialis (Mayer-Scholl et al., 2010). Pal 

et al. (2017) demonstrated a new test basedon hybridization assays with gold nanoparticles, 

which, upon detection of a specific pathogen-derived DNA sequence, yield a visual colour 

change as a point of care test. 

The diagnosis of brucellosis based on detection of nucleic acid depends upon the 

quality and purity of Brucella spp. DNA in the template. If the template DNA has inhibitors 

or contamination, PCR can provide erroneous results. False-negative reactions can occur 

through anumber of mechanisms such as specimens that contain EDTA, RNase or DNase, 

heme, heparin, phenol, polyamines, plant polysaccharides, urine, calcium alginate, and other 

reagents. Nucleic acid amplification methods have limited application in the field as they 

require well-equipped laboratory and skilled personnel.  

Serological tests for diagnosing brucellosis 

1. Rose Bengal Plate agglutination test:  

This test is based on agglutination reaction using rose bengal stained antigen 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 (Corbel 1972). 

The RBT is very sensitive. However, like all other serological tests, it could 

sometimes give a positive result in animals because of B. abortus S19 vaccination or due to 

cross reactivity between these antigen with other bacterial species including Yersinia 

enterocolitica O:9 and E. coli serotype O:157. Therefore positive reactions should be 

investigated using suitable confirmatory or complementary strategies (including 

epidemiological investigation).  

2. Indirect ELISA:  

The Indirect ELISA has been widely used for diagnosis of brucellosis in animals. LPS 

is a major immune-dominant antigen in Brucella and has immense role in serological 

diagnosis of brucellosis. The microbes which share the similar chemical structure of OPS 

which is major immune-dominant region of LPS give the false positive reactions. To 

overcome this false positive reaction, several other antigens like outer membrane proteins 

(OMPs) etc. may be used but no alternative antigens that could match the sensitivity achieved 

with LPS have not been found so far. The Indirect ELISAs that use S-LPS or OPS as antigens 

are highly sensitive for the detection of anti-Brucella antibodies in cattle, small ruminants and 

pigs, but are not capable of differentiating between antibodies resulting from B. abortus S19 

and B. melitensis Rev.1 vaccination (Nielsen, 1995). Further, B. canis and B. ovis being the 
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rough form of Brucella spp. lacks S-LPS antigen, and hence cannot be diagnosed by standard 

S-LPS-based serological assays. Several protocols of Indirect ELISA are available with 

varying sensitivity/ specificity; therefore results obtained from different assays are not always 

comparable. I-ELISA for diagnosing anti-Brucella antibodies in small ruminants and pigs is 

essentially the same as that described for cattle, but the cut-off should be properly established 

for these species using the appropriate validation techniques (McGiven et al., 2011). Kumar 

and Chand in 2011 reported improvement in the diagnosis of Brucella abortus infections in 

naturally infected water buffaloes using an ELISA with a Protein-G-based indicator system. 

The competitive enzyme immunoassay is  a  multispecies  assay  for the detection of serum 

antibody to Brucella spp. which  seems to be capable  of  differentiating  vaccinal  and cross-

reacting  antibodies  from  antibodies  elicited  by  field  infection  in  cattle (Lucero et al., 

1999).   

3. Complement Fixation test:  

The CFT is recognized as a standard method for brucellosis diagnosis but difficult to 

perform and requires standardization andmaintenance of many reagents prior to test (Kumar 

and Chand, 2011). 

4. Fluorescence Polarization assay:  

The FPA is a rapid homogeneous assay used for measuring antigen/antibody 

interaction in which analytes are not separated thus no requirement of repetitive washing 

steps to remove unbound reactants. FPA is prescribed test by OIE for testing bovine 

brucellosis in animals for international trade. A small molecular weight of 22 KD fragment 

O-polysaccharide (OPS) of the B. abortus smooth lipopolysaccharide is labelled with 

fluorescein isothiocynate (FITC) and used as the antigen in FPA (Nielsen and Gall, 2001). 

The FPA is a simple, easy and less time consuming assay and can be performed in laboratory 

setting or in the field. The sensitivity and specificity of FPA was comparable to complement 

fixation test (CFT), competitive ELISA and indirect ELISA (Nielsen et al. 1996).  

Control of brucellosis: Brucellosis on dairy farms can be controlled by adopting three basic 

principles: (1) test and culling/segregation of positive animals, (2) maintain hygienic 

measures, and (3) vaccination of animals (Nicoletti, 2010). Control of brucellosis in India is 

even more difficult because of unrestricted movement of animals, and socio-religious 

sentiments towards rearing of dairy animals that does not allow slaughtering of cattle (Deka 

et al., 2018). Control is designed  to  reduce  the  disease  occurrence  in  populations  and  

can  be  achieved  by  reducing  or eliminating the causes to a level of little or no 

consequence and thereby aims to reduce the impact on human health and economy.  Control 

programmes therefore may have an indefinite duration  and will  need  to  be  maintained  

even  after the "acceptable  level" of infection  has  been  reached,  so that the disease does 

not re-emerge.  These components can be modified as per their suitability in any area.  Also 

slaughter of infected animal is not economically feasible and can only be afforded by 

developed countries. Therefore, test and segregation policy is followed in developing 

countries like India. Infected animals should be managed separately from the negative 

healthy animals and special attention should be given to positive animals at the time of 
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delivery to check the transmission of pathogens. Proper biosecurity measures should be 

followed at the animal farm. The placenta and any other discharges after delivery should be 

burnt or buried deep. The area should be properly cleaned and disinfected.  

The most widely used vaccine for the prevention of brucellosis in cattle is the 

Brucella abortus S19 vaccine, which remains the reference vaccine to which any other 

vaccines are compared. It is used as a live vaccine and is normally given to female calves 

aged between 3 and 6 months as a single subcutaneous dose of 5–8 ×10
10

 viable organisms 

(OIE, 2018). 

The presence of LPS with an O-chain on strain 19 explains the appearance and 

persistence of antibodies in serum following administration of this vaccine. These antibodies 

are detected in the serological assays used for the diagnosis of brucellosis and are the major 

problem associated with strain 19 vaccination since they prevent easy differentiation of 

vaccinated from infected cattle (Schurig et al., 2002). Appearance and persistence of these 

antibodies depends on age, dose and route of vaccination. A reduced dose of vaccine from 3 

× 10
8
 to 5 × 10

9
 organisms can be administered subcutaneously to adult cattle, but some 

animals can develop persistent antibody titres and may abort and excrete the vaccine strain in 

the milk. Alternatively, the vaccine can be administered to cattle of any age as either one or 

two doses of 5 × 10
9
 viable organisms, given by the conjunctival route (OIE, 2018). This 

vaccination procedure induces protection without a persistent antibody response and reduces 

the risks of abortion and excretion in milk when vaccinating adult cattle. 

Hygiene/sanitation  plays  a  vital  role  in  the  control  of brucellosis through  

reduction  of exposure  of susceptible animals to the infected  ones,  or to their discharges and  

tissues.  Factors  such  as animal  husbandry practices  (e.g., intensive/extensive  husbandry,  

mixing  of herds  or flocks),  patterns  of commerce,  type  of facilities,  and  degree  of 

dedication  of the  owners  of animals  too,  determine  the success  achieved.  For effective 

animal movement control, identification of individual animals is required. Unauthorized sale 

or movement of animals from an infected area to other areas should not be allowed.  

Alongside, the risk of transmission, especially reintroduction of disease needs to be 

monitored where the epidemiological role played by other species of animals including the 

wild animals becomes important. 

Further, to cover the zoonotic aspects of brucellosis, proper education of livestock 

owners, field workers, and the local community in endemic region is required. The effective 

pasteurization of milk and other products is of key importance before consumption. The 

proper biosafety and biosecurity measures in clinical diagnostic laboratory would also result 

in decrease in infection of laboratory personnel. 
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MICROBIOLOGICAL APPROACHES FOR CHARACTERIZATION OF 

ENTERIC PATHOGENS 

Archana Sharma, Parveen Kumar and Garima Shrinet 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

 

The gastrointestinal tract of animals harbours numerous saprophytic and pathogenic 

microorganisms. Their number and distribution varies with the part of gastrointestinal tract. 

The stomach and small intestine have relatively few microorganisms due to production of 

hydrochloric acid in stomach and rapid movement of food in small intestine. The lower 

portion of small intestine and large intestine harbour larger number and kind of 

microorganisms, majority of which are commensals. Majority of bacteria in lower intestine 

are anaerobes such as Bacteroides, anaerobic Streptococci, and Clostridia which outnumber 

facultative anaerobes such as E. coli, Klebsiella and other members of family 

Enterobacteriaceae. 

The characterization of these bacteria includes bacterial isolation in pure culture using 

various laboratory media, various biochemical tests, serological identification of cell 

wall/capsular/flagellar antigens and molecular approach that includes both phenotypic and 

genotypic methods. The molecular methods involve either target gene detection by PCR 

conventional or real time, southern blotting etc. or molecular subtyping by Pulse field gel 

electrophoresis, Restriction Fragment length polymorphism (RFLP), Amplified fragment 

length polymorphism (AFLP), PCR based subtyping. Molecular subtyping methods targets 

variation within the genomes of bacteria whilst reducing the limitations encountered with 

conventional phenotypic approaches. 

The gram-negative enteric bacilli are non-fastidious organisms. They grow rapidly 

and well under aerobic conditions on most nutrient media. The use of selective and 

differential culture media plays a large role in their isolation and identification. Their 

response to suppressive agents incorporated in culture media and their specific use of 

carbohydrate or protein components in the media provide the key to sorting and identifying 

them.  

Objective: To characterize enteric bacterial pathogens using microbiological        

approaches 

Procedure: 

Test 1: Colony and culture characteristics 

1. Streak the isolated bacterium on MLA plate, EMB plate and XLD plate. 

2. Incubate at 37
o
C for 24 hours.  

3. Examine the plates for the presence of growth and distinguishing features of 

 bacterial colonies. 

4. Record the observations and results. 

A: Eosine methylene blue agar: It is both selective and differential culture medium. It is 

selective for gram negative bacteria and can be used for isolation and differentiation of 

coliforms. Eosine and methylene blue inhibits growth of gram positive bacteria. Lactose 
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fermenting bacteria produces dark purple colonies due to acid production while E. coli 

produces greenish metallic sheen.  

1. Inoculate EMB agar with the isolated organism. 

2. Incubate at 37
o
C for 24 hours. 

3. Observe the appearance and record the results. 

 

B: Xylose lysine deoxycholate Agar: XLD is a selective medium for isolation of Salmonella 

and Shigella. The selective agent in XLD Agar is sodium deoxycholate, which inhibits the 

growth of gram-positive organisms. The carbohydrate source is xylose which is fermented by 

most enterics including Salmonella changing color to yellow; Shigella cannot ferment xylose 

and therefore remain red. After exhausting the xylose supply Salmonella unlike other bacteria 

decarboxylate lysine, increasing the pH once again to alkaline producing red Shigella like 

colonies. Salmonella additionally metabolise thiosulfate to produce hydrogen sulfide leading 

to the colonies with black centers. 

1. Inoculate XLD agar with the isolated organism. 

2. Incubate at 37
o
C for 24 hours. 

3. Observe the appearance and record the results. 

 

Test 2: IMViC test 

1. Inoculate the pure culture of the organism into one tube of Peptone water, two  

 tubes of GPPW and one tube of Simmon‘s citrate slant. (or) 

2. Inoculate the commercially available family Enterobacteriaceae detection kit  

 having substrate ~ 500 µl each for IMViC and sugar fermentation.  

3. Incubate all tubes at 37
o
C for 24 hours and then perform the test procedures as  

 follows. 

4. Indole test: Add 1 ml of Kovac‘s reagent to 2-3 ml of bacterial growth in   

 peptone water. Shake gently and allow standing for some time.  

5. Methyl red test: Add 4-5 drops of MR to bacterial growth in GPPW and look  

 for the colour development. 

6. Voges Proskaurer test: Add 3 ml of alpha-napthol and 1 ml of 40% KOH to  

 bacterial growth in GPPW. Shake well and allow it to stand for 5-15 minutes. 

7. Citrate test: Observe the change in colour of Simmon‘s citrate slant of each  

 culture. 

8. Record the observations and results. 

 

Test 3: Nitrogen metabolism 

1. Inoculate one tube each of urease slant, and nitrate broth with the isolated   

 bacterium and inoculate for 24-48 hours at 37
o
C. 

2. Add 1 ml of nitrate reagent solution A and B to nitrate broth. 

3. Shake the tube gently and watch for development of colour. 

4. Record the change in colour of urease slant. 
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Test 4: Triple sugar iron agar: TSI contains glucose, lactose, and sucrose as well as a pH-

sensitive color indicator. It also contains an iron ingredient for detecting hydrogen sulfide 

production, which blackens the medium if it is produced. The change of butt and slant colour 

from orange red to yellow signifies glucose and lactose fermentation respectively by the 

tested bacteria.  

1. Inoculate 1 tube of TSI agar with the isolated organism. 

2. Incubate at 37
o
C for 24 hours. 

3. Observe the appearance and record the results. 
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 ISOLATION OF VIRUSES IN EMBRYONATED CHICKEN EGGS AND 

CHICKEN EMBRYO FIBROBLAST CULTURE 

Sanjeevna Kumari, Anshul Lather, Parveen Kumar and Anita Dalal 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

 

The fertile egg is a unique living system and affords a number of different sites where 

viruses might grow. Goodpasture and Burnet in 1931 first used the embryonated hen‘s egg 

for the cultivation of viruses. The eggs are compartmentalized into the amnion, the chorion, 

the yolk sac and the embryo itself and various viruses have preferences for different 

locations. Viruses can be cultivated in embryonated eggs at different age by various routes of 

inoculation. Chicken, duck, and turkey eggs are the most common choices for inoculation. 

The egg used for cultivation must be sterile and the shell should be intact and healthy. Strict 

sterile techniques must be followed to prevent contamination by bacteria and fungi from the 

air and the outer surface of the shell. Viral growth and multiplication in the egg embryo is 

indicated by the death of the embryo (e.g. encephalitis virus), by the formation of typical 

pocks (localized areas of damage) on the egg membranes (e.g. Herpesvirus, buffalopox virus) 

or the development of haemagglutinins (e.g. influenza virus).  

Advantages of using embryonated eggs 

1. Provides ideal substrate for the viral growth and replication. 

2. Suitable for the primary isolation and identification of viruses. 

3. Isolation and cultivation of many avian and few mammalian viruses can be done. 

4. Easy method to grow virus for vaccine production. 

5. Cost is much less, easier maintenance, less labor and readily available. 

6. Provides sterile environment and wide range of tissues and fluids. 

7. They are free from contaminating bacteria and many latent viruses. 

8. Free from specific and non specific factors of host defense mechanism.  

Disadvantages of using embryonated eggs 

1. The site of inoculation varies with different virus. That is, each virus prefers different 

sites for their growth and replication. 

2. Most of mammalian viruses cannot grow by this method. 

Different Parts of Embryonated Egg: 

Shell and shell membrane: Act as a barrier for exchange system for gases and liquid 

molecules. 

Air sac: It is important for respiration and for pressure adjustments of developing embryos.  

Chorioallantoic sac: This sac along with its contents (allantoic fluid) removes waste 

products producedby the developing embryo. Embryo growth leads to increase in size of 

chorioallantoic sac along with the contents.  

Yolk sac: Provides source of nutrition for the developing embryo. As the embryo develops, 

the yolk sac decreases in size and completely absorbed into the digestive system of the 

mature embryo.  
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Amnion: It is a thin membrane that surrounds the embryo and protects it from physical 

damage. It also serves as an exchange system and is easily seen in the younger embryos. 

The chosen route of inoculation and age of the embryo are determined depending on 

the preference of the given virus for a certain membrane or developmental stage of the 

embryo. The different sites of viral inoculation in embryonated eggs are: 

A. Allantoic cavity  

B. Chorioallantoic membrane (CAM) 

C.  Yolk sac  

D. Amniotic cavity     

Materials required 

Embryonated chicken eggs, egg incubator, egg driller, refrigerator, laminar air flow, 

tuberculin syringe, disposables syringes and needles, 70% alcohol, scissors, forceps, Petri 

dish, test tube, storage vials, inoculums, melted wax or cello tape. 

A. Inoculation through Allantoic cavity 

Allantoic inoculation is most popular and easy method that yields large amounts (8–

15 ml) of virus-infected egg fluids. It is employed for the growth and replication of the 

influenza virus for vaccine production. Other vaccines produced by this route include Yellow 

fever, influenza virus, infectious bronchitis virus, New Castle disease virus and rabies 

vaccines. 

Procedure 

1. Candle 9-11 days old embryonated eggs.  

2. Mark the position of the air sac and an area 3mm below the air sac that is free from 

blood vessels on the opposite side of embryo. 

3. Swab the egg surface with 70% alcohol. 

4. Make a hole in the center of air sac. 

5. With the help of a tuberculin syringe fitted with a ½" long 24/26 gauge needle, 

deposit 0.2-1.0 ml of inoculumthrough the hole into the allantoic cavity. 

6. Seal the hole with melted wax or cello tape. 

7. Place the eggs in the egg incubator at 37°C for 3-4 days and observe daily for  the 

viability of the embryos. 

Harvesting 

1. Chill the eggs overnight in refrigerator and swab the surface with 70%  alcohol. 

2. Using sterile forceps, carefully remove the shell and shell membranes and  allantoic 

membrane over the air sac. 

3. With the help of a syringe attached to 16 gauge needle, aspirate the allantoic fluid into 

sterile test tube. 

B. Inoculation through Chorioallantoic membrane (CAM) 

Chorioallantoic membrane (CAM) is mainly employed in the growth of poxvirus, 

Rous-sarcoma virus and few Herpes virus (Infectious laryngotracheitis). Virus growth and 

replication in the CAM is indicated by visible lesions (pocks); grey white area in transparent 

CAM. Each infectious virus particle forms one pock. The morphology of the pocks may vary 



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 124 
 

depending on the nature of the virus. Under optimal conditions, each infectious virus particle 

can form one pock.  

Procedure 

1. Candle 10-12 days old embryonated eggs.  

2. Mark the position of the air sac and an area on the side of the egg that is free from 

blood vessels.  

3. Swab the egg surface with 70% alcohol. 

4. Make a hole in the centre of the air sac, as well as on the side of the egg in the shell 

(without piercing the shell membrane). 

5. Create an artificial air sac on the side of the egg by applying suction with the help of a 

rubber bulb through the hole over the air sac end. 

6. Gently tease apart the fibres of the shell membrane. The drop of the NSS will  be 

drawn in between the shell membrane and CAM. 

8. With the help of a tuberculin syringe fitted with ½" long 24 gauge needle,  deposit 

0.1-0.2 ml of inoculum into the false air sac. Rotate the egg to evenly  distribute 

the inoculum. 

9. Seal both the holes on with melted wax cello tape. 

10. Place the eggs in the egg incubator in horizontal position so that the false air  sac 

is facing up. 

11. Place the eggs in the egg incubator at 37°C for 3-5 days. 

12. Observe daily for the viability of the embryos. 

Harvesting 

1. Candle the eggs again to ascertain whether the air sac is still displaced. 

2. Swab the egg surface with 70% alcohol. 

3. Using sterile forceps, carefully remove the shell and shell membranes over the false 

air sac and expose the CAM. 

4. Observe the CAM for any pock lesions which may be the form of pearl, grey raised, 

irregularly shaped opacities. 

5. Decant the whole contents of the egg after loosening the CAM at one point. 

6. Remove the CAM from the egg by grasping the CAM with a forceps and  cutting 

completely around it. 

7. Wash the CAM in a Petri dish containing PBS/HBSS. Spread the membrane  flat 

against the bottom of the Petri dish. 

8. Place the Petri dish on a dark surface and observe for any pock lesions. 

C. Inoculation through Yolk sac 

Yolk sac is also a simplest method for growth and multiplication of virus. Many of the  

viruses like Blue tongue, Herpes simplex virus and Infectious bronchitis virus are isolated 

using this method. This method is also used for the cultivation of some bacteria like 

Chlamydiae and Rickettsiae. 

Procedure 

1. Candle 5-7 days old embryonated eggs. Mark the position of the air sac. 
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2. Swab the egg surface with 70% alcohol. 

3. Make a hole in the center of air sac. 

4. With the help of a tuberculin syringe fitted with a ½" long 24/26 gauge needle, 

deposit 0.2-1.0 ml of inoculum by inserting the needle through the hole along  the 

long axis to a point just beyond the centre of the egg. 

5. Withdraw the plunger gently before injecting, yolk should be seen entering the 

syringe. 

6. Seal the hole with melted wax or cello tape. 

7. Place the eggs in the egg incubator at 37°C for 3-8 days. 

8. Observe daily for the viability of the embryos. 

Harvesting 

1. Chill the eggs overnight in refrigerator 

2. Swab the egg surface with 70% alcohol. 

3. Using sterile forceps, carefully remove the shell and shell membranes over the air sac. 

4. Decant the whole contents of the egg after loosening the CAM at one point. 

5. Remove the yolk sac from embryo and perforate it to drain yolk from the sac. 

6. Wash the yolk sac membrane in a Petri dish containing PBS/HBSS.  

7. Spread the membrane flat against the bottom of the Petri dish for other observation 

and further processing. 

D. Inoculation through Amniotic cavity 

The virus is introduced directly into the amniotic fluid that bathes the developing 

embryo. The amniotic sac is employed for primary isolation of influenza and mumps viruses. 

Growth and replication of virus can be detected by haemagglutination assay. 

Procedure 

1. Candle 10-11 days old embryonated eggs. Mark the position of the air sac. 

2. Swab the egg surface with 70% alcohol. 

3. Make a lid-like hole in the air sac at a point over the embryo. 

4. Hold the egg over the egg candler and inoculate 0.2ml of inoculum with a  tuberculin 

syringe fitted with a 1" long 22/23 gauge needle by giving a quick  stab in direction of 

the embryo (amniotic cavity penetration is indicated by the movement of the embryo). 

5. Replace the lid and seal with melted wax or cello tape. 

6. Place the eggs in the egg incubator at 37°C for 3-8 days. 

7. Observe daily for the viability of the embryos. 

Harvesting 

1. Chill the eggs overnight in refrigerator 

2. Swab the egg surface with 70% alcohol. 

3. Using sterile forceps, carefully remove the shell and shell membranes over the  air 

sac and using a 10 ml pipette, aspirate the allantoic fluid.  

4. With the help of a syringe attached to a needle, pierce the amniotic sac and aspirate 

approximately 1 ml of the amnitoic fluid. 
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5. Centrifuge the harvested fluids at 200 rpm for 5 minutes to remove blood and cells 

and use the supernatant for further studies. 

 CHICKEN EMBRYO FIBROBLAST (CEF) CULTURE 

Viruses being obligate intracellular parasites can only be cultivated in the living cells. 

Cell cultures derived from dispersed cells taken from the original tissues by enzymatic, 

mechanical or chemical disaggregation form a primary culture. Cells are usually 

heterogeneous when cultured directly from the original tissue and closely represent the cell 

types comprising the specific tissues. The embryonated chicken eggs are commonly used due 

to the diversity of cell types, many of which grow well in culture. Many of viruses like 

Infectious bursal disease, New Castle Disease virus, Equine encephalomyelitis virus can 

easily grow in chicken embryo fibroblast cultures. 

To prepare CEF culture, fertile eggs procured from a specific pathogen free flock 

should be used. These should be clean, and pale shelled which will simplify candling. 

Infertile and dead eggs should be discarded and those showing satisfactory  development  of  

chorioallantioic  blood  vessels  and  embryonic  movement  are used for cell culture.   

Materials required 

9-11 days old embryonated chicken eggs, 70% alcohol, PBS, 0.5% trypan blue in 

PBS, sterile glassware such as pipettes, Petri dishes, beaker, 15-ml centrifuge tubes, beaker 

with cotton gauge, sterile plastic ware such as 25-cm
2
 flasks, tips, centrifuge tubes, 

micropipettes, egg candler, laminar flow, BOD incubator, magnetic stirrer, magnet, inverted 

microscope, Haemocytometer, cover slip, sterile forceps and scissors,  growth  medium 

containing 10% Fetal calf serum, 100 units/mL of penicillin, 100 µg/mL of streptomycin, and 

1 mM L-glutamine, 0.25% trypsin, 20 mM HEPES buffer.  

Procedure  

1. Candle the eggs for determining the viability of the embryos. Mark the position of 

air sac with pencil and clean the eggs with 70% alcohol. 

2. With the help of sharp end of a sterile forceps, peel off the top of shell over the air 

sac. 

3. Pick up theembryo  withsterile  forceps  and  keep  it  in  a  Petri  dish  containing  

about 20ml sterile PBS or medium. 

4. Dissect the embryo  in  the  dish,  remove  and  discard  the  head, eye balls,  limbs, 

viscera and feathers.   

5. Transfer the remaining tissues to awide neck bottle containing 10ml of PBS. 

6. Then finely mince the  tissue  with curved  scissors,  and  wash it several  times  in  

sterile PBS  to  remove  blood  cells  and  debris.  

7. After prior washing with medium, transfer the minced tissues to a flask containing 

sterile silicone  covered  magnet in 0.25% trypsin, and stirr for 10 -30 min at 37 °C.  

8. Then collect the supernatant containing cells in a sterile flask containing growth 

medium and stored at 4 °C to neutralize the trypsin activity.  

9. Repeat the trypsinization and pool cells in the supernatant together into the same 

flask. 

10. Filter the  suspension  through  sterile  muslin cloth and  centrifuge  filtrate  for  

10min  at  1000  rpm. 
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11. Discard supernatant and resuspend  cells  in  growth  medium,  containing antibiotics 

and count the number of the live cells by trypan blue dye exclusion method using 

haemocytometer. 

12. Dilute 0.9ml  suspension  with  0.1ml  trypan  blue  solution  and  count  cells  in  

haemocytometer. Adjust to a final concentration of 2 × 10
6
 cells/mL in growth 

medium and dispense into tubes or bottles.  

13. Dispense the cell suspension in the tissue culture flasks and incubate at 37 °C with 

5% CO2 atmosphere till the formation of monolayer (2-3 days).   
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LATEX AGGLUTINATION TEST FOR THE DIAGNOSIS OF TRYPANOSOMA 

EVANSI ANTIGEN IN THE SERA OF SUSCEPTIBLE DOMESTIC ANIMAL 

SPECIES 

Akhil K. Gupta, Ajit Singh and Jaideep 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

Lala Lajpat Rai University of Veterinary and Animal Sciences, 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 (anti - 

T. evansi antigen) and suspended in a suitable buffer. Use of colored beads improves 

visibility of the reaction. Mixing of the TE-LAT reagent on a cavity/plane glass slide 

with equal volumes of the serum sample from suspected animal results in 

agglutination or clumping of the beads within a few minutes. In case of the negative 

samples, the latex suspension remains without granular aggregates or fl akes 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 or 15  

 min, with swirling the suspension before observation every time.  

4. Record the results as positive (granular or curdling type clumps) with or  

 without grading or negative (homogeneous blue solution at the end of 15  

 min) (Please see figure). 

 

 
 

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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NEXT GENERATION SEQUENCING OF VIRAL PATHOGENS 
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Maan 

Department of Animal Biotechnology, College of Veterinary Sciences, 

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

 

For NGS run there is a three main steps i.e., extraction of RNA, Library preparation and Run 

on MIseq.  

1. Extraction of RNA: The RNA from field samples can be extracted using Qiamp viral RNA 

 mini Kit as per manufacturer‘s instructions.  

2. Library preparationusingSMARTer® Stranded Total RNA-Seq Kit v2 - Pico Input 

 Mammalian kit (Clontech, cat no # 634413). In this methodology 6 sub steps. 

 

A. Protocol: First-Strand cDNA Synthesis (With Fragmentation): Starting from High-

Quality or Partially Degraded RNA 

1. Mix the following components on ice: 

1–8 µl RNA 

1 µl SMART Pico Oligos Mix v2 

4 µl 5X First-Strand Buffer 

0–7 µl Nuclease-Free Water 

13 µl Total volume per reaction 

2. Incubate the tubes at 94°C in a preheated, hot-lid thermal cycler for the amount of time     

 recommended place the samples on an ice-cold PCR chiller rack for 2 min. 

3. Prepare enough First-Strand Master Mix for all reactions, plus 10%, by combining the 

 following reagents on ice, in the order shown: 

4.5 µl SMART TSO Mix v2 

0.5 µl RNase Inhibitor 

2 µl SMARTScribe Reverse Transcriptase 

7 µl Total volume per reaction 

4. Add 7 µl of the First-Strand Master Mix to each reaction tube from Step 2. Mix the 

 contents of the tubes by vortexing for ~2 sec, then spin the tubes briefly to collect  the 

 contents at the bottom. 

5. Incubate the tubes in a preheated hot-lid thermal cycler with the following program: 

42°C 90 min 

70°C 10 min 

4°C forever 

6. Leave the samples in the thermal cycler at 4°C until the next step. 

 

B. Protocol: PCR1—Addition of Illumina Adapters and Indexes 

 1. Prepare a PCR1 Master Mix for all reactions. Combine the following reagents in the 

 order shown, then mix well and spin the tube briefly in a microcentrifuge: 

2 µl Nuclease-Free Water 
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25 µl SeqAmp CB PCR Buffer (2X) 

1 µl SeqAmp DNA Polymerase 

28 µl Total volume per reaction 

2. Add 28 µl (29 µl if the 3‘ PCR Primer is included) of PCR Master Mix to each sample 

 from Step A.6. 

3. Add 1 µl of each 5‘ and 3‘ PCR Primer HT to each sample. Mix by gentle vortexing or 

 tapping of the tubes, then spin down briefly. 

4. Place the tubes in a preheated hot-lid thermal cycler. Perform PCR using the following 

 program: 

94°C 1 min 

5 cycles: 

98°C 15 sec 

55°C 15 sec 

68°C 30 sec 

68°C 2 min 

4°C forever 

 

C. Protocol: Purification of the RNA-Seq Library Using AMPure Beads 

1. Allow AMPure beads to come to room temperature before use (~30 min). Add 1X of 

 AMPurebeads to each sample.NOTE: Mix by vortexing for 5 sec (recommended) or by 

 pipetting the entire volume up and down atleast 10 times. The beads are viscous; pipette 

 the entire volume up and then out slowly. 

2. Incubate at room temperature for 8 min to allow the DNA to bind to the beads. 

3. Briefly spin the sample tubes to collect the liquid at the bottom. Place the sample tubes 

 on the  magnetic separation device for 5 min or longer, until the solution is 

 completely clear. 

4. While the tubes are sitting on the magnetic separation device, pipette out the 

 supernatant and  discard. 

5. Keeping the tubes on the magnetic separation device, add 200 µl of freshly made 80% 

 ethanol to each sample—without disturbing the beads—to wash away contaminants. 

 Wait for 30 sec and carefully pipette out and discard the supernatant. cDNA will 

 remain bound to the beads during  the washing process. 

6. Repeat Step 5 once. 

7. Briefly spin the tubes (~2,000g) to collect the remaining ethanol at the bottom of each 

 tube. Place the tubes on the magnetic separation device for 30 sec, then carefully 

 remove any remaining ethanol with a pipette, without disturbing the beads. 

8. Let the open sample tubes rest at room temperature for 3–5 min until the pellets appear 

 dry. 

9. Once the beads are dry, add 52 µl of Nuclease-Free Water to cover the beads. Remove 

 the tubes from the magnetic separation device and mix thoroughly by pipetting up  and 

 down until all the beads have been washed off the sides of the tubes. 

10. Incubate at room temperature for 5 min to rehydrate. 
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11. Briefly spin the sample tubes. Place the sample tubes on the magnetic separation 

 device for 1  min or longer, until the solution is completely clear. 

12. Pipette 50 µl of supernatant from each sample into respective wells of a new 8-well 

 strip. 

13. Again repeat from section c washing steps. 

 

D. Protocol: Depletion of Ribosomal cDNA with ZapR v2 and R-Probes v2 

1. Incubate the PCR tube containing R-Probes v2 at 72°C in a preheated hot-lid thermal 

 cycler  using the following program: 72°C 2 min and 4°C forever 

2. Leave the R-Probes v2 tube in the thermal cycler at 4°C for at least 2 min, but for no 

 more than 10–15 min, before using it in the next step (Step D.12). 

3.  Add below rx component in  

16.8 µl Nuclease-Free Water 

2.2 µl 10X ZapR Buffer 

1.5 µl ZapR v2 

1.5 µl R-Probes v2 

22 µl Total volume per reaction 

 To each tube of dried AMPure beads from Step D.11, add 22 µl of the ZapR Master 

 Mix. Remove tubes from magnetic separation device and mix thoroughly to  resuspend 

 the beads. 

4. Incubate at room temperature for 5 min to rehydrate.Briefly spin the sample tubes to 

 collect the liquid at the bottom. Place the sample tubes on the magnetic separation 

 device for 1 min or longer, until the solution is completely clear. 

5. Pipet out 20 µl of supernatant, being careful not to disturb the beads, into a new PCR 

 strip. 

6. Incubate the tubes in a preheated hot-lid thermal cycler using the following program: 

 37°C 60 min, 

72°C 10 min and 4°C forever 

 

E. Protocol: PCR2—Final RNA-Seq Library Amplification 

1. Prepare a PCR2 Master Mix for all reactions (plus 10%). Combine the following 

 reagents in the  order shown, then mix well and spin the tubes briefly in a 

 microcentrifuge: 

26 µl Nuclease-Free Water 

50 µl SeqAmp CB PCR Buffer 

2 µl PCR2 Primers v2 

2 µl SeqAmp DNA Polymerase 

2. Add 80 µl of PCR2 Master Mix to each tube from Step D.17. Mix by tapping gently, 

 then spin down. 

3. Place the tubes in a preheated hot-lid thermal cycler. Perform PCR using the following 

 program: 

94°C 1 min 

9–16 cycles: 
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98°C 15 sec 

55°C 15 sec 

68°C 30 sec 

4°C forever 

 

F. Protocol: Purification of Final RNA-Seq Library Using AMPure Beads 

 The amplified RNA-seq library is purified by immobilization onto AMPure beads. 

The beads are then washed with 80% ethanol and eluted in Tris Buffer. As above said 

protocol part C. But here only one time washing step. 

 

G. Protocol: Validation Using the Advances Analytical Fragment Analyzer.  

1. Quantify libraries with Qubit dsDNA HS kit (Thermo Fisher Scientific). A yield >2 

 ng/µl will provide enough material for further library validation and sequencing.  

2. Evaluate library size distribution by running samples on the AATI using the HS NGS 

 Fragment (1-6000 bp) cat no DNF-474-0500. 

3. MiSeq workflow 

 

MiSeq Reagent Kit microv2 ,MiSeq Reagent Kit v3 

1. Prepare the prefilled reagent cartridge for use.  

2. Load the library mix onto the reagent cartridge in the designated reservoir.  

3. From the software interface, select Sequence to start the run setup steps. Wash and 

 thoroughly dry the flow cell. Load the flow cell.  

4. Load the PR2 bottle and make sure that the waste bottle is empty. Load the reagent 

 cartridge.  

5. Review run parameters and pre-run check results. Select Start Run.  

6. Monitor your run from the MCS interface or from another computer using Sequencing 

 Analysis Viewer (SAV). 

7. Perform a post-run wash. 

Cluster generation  

During cluster generation, single DNA molecules are bound to the surface of the flow 

cell, and then bridge-amplified to form clusters.  

 

Sequencing: Following cluster generation, clusters are imaged using LED and filter 

combinations specific to each of the 4 fluorescently labelled dideoxynucleotides. After 

imaging of a tile is complete, the flow cell is moved into place to expose the next tile. The 

process is repeated for each cycle of sequencing. Following image analysis, the software 

performs base calling, filtering, and quality scoring. 

 

Analysis: When the run is complete, the MiSeq Reporter analysis software launches 

automatically to perform secondary analysis, which includes alignment and variant calling.  
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Mastitis is a multi-etiologic disease of the mammary gland characterized mainly by 

reduction in milk production and milk quality due to intra mammary infection by pathogenic 

bacteria (Harjanti et al., 2018).  It is caused by multiple etiological agents; hence 

simultaneous detection of all becomes important. The genome sequences of many major 

mastitis causing pathogens are now available and can be utilized to develop molecular testing 

methods. Nucleic acid testing by PCR is highly sensitive and specific (Zadoks et al., 2009). 

The identification of the bacteria using PCR at the species level is based on amplification of a 

target gene which is mostly rRNA gene which is highly conserved in bacteria.  The multiplex 

PCR assay allows simultaneous screening of multiple pathogens that might be causing 

mastitis (Shome et al., 2011). Multiplex polymerase chain improves the diagnosis of mastitis 

pathogens making it rapid, sensitive and allows detection at early stage of infection. The 

common bacterial pathogens involved in mastitis include contagious pathogens like 

Staphylococcus aureus, Streptococcus agalactiae, Streptococcus dysgalactiae and 

environmental pathogens like Streptococcus uberis, Escherichia coli and Klebseilla 

pneumoniae (Liu et al., 2008). The 16S rRNA and 23S rRNA sequences of all of these 

bacteria are submitted in NCBI and can be used to design multiplex PCR primers for their 

specific identification. This rapid and specific identification is necessary for early treatment 

and control of much dread AMR for which mastitis is suitable target. 

Other than multiplex PCR there is some equipment like the Magpix multiplex reader 

of Luminex Corp. which allows multiplexing of upto 50 analyates in single reaction (Lin et 

al., 2011) which is much more that multiplex PCR which has shown multiplexing above four 

analyates becomes difficult. Moreover this Magpix analyser uses magnetic bead based 

detection technique which increase the sensitivity and detection limit of each pathogen. This 

technique requires coupling of colour coded carboxylated beads with 5‘Amino modified 

species specific probe and the hybridization reaction of Biotinylated PCR product with probe 

labelled beads and finally detection with SAPE in the Magpix multiplex reader. Thus it does 

not require gel electrophoresis like PCR and is both qualitative and quantitative detection 

technique. 

Objective of practical: Multiplex PCR based detection of common bacterial pathogens of 

mastitis. 

Material required: Qiagen DNeasy blood and tissue DNA extraction kit, bacterial culture 

from mastitic milk sample, 0.2 μL PCR tubes, Promega GoTaq 2X master mix, Nuclease free 

water, species specific 10 pmole primers designed from Staphylococcus aureus 23S rRNA 

gene, Streptococcus agalactiae 16SrRNA gene, Streptococcus dysgalactiae 16SrRNA, 

Streptococcus uberis Cpn gene, E. coli PhoA gene and Klebsiella pneumoniae  

16S-23S rRNA gene, DNA isolated from Staphylococcus aureus ATCC 12600, 
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Streptococcus agalactiae ATCC 12386, Streptococcus dysgalactiae ATCC 12394, 

Streptococcus uberis ATCC 700407, E. coli ATCC 10536, Klebsiella pneumoniae ATCC 

1706 cultures as positive control. 

Procedure: 

1. The pure bacterial colony from culture of mastitic milk sample is inoculated in 200  μL 

 of sterile PBS then vortexed for 30 secs to make bacterial suspension. 

2. Then Isolation of bacterial DNA is done using Qiagen DNeasy blood and tissue DNA 

 extraction kit. At first 20 μL of provided Protease is added to the bacterial suspension 

 and then 200 μL of AL buffer. After this all the steps are as per manufacturer‘s 

 protocol. 

3. After the DNA isolated is eluted in Elution buffer and quantitated by Scandrop 
2 

 
AnalytikJena at A260/280 

 

4. Then multiplex PCR reaction is prepared for isolated DNA from milk sample  and 

 ATCC culture as positive control 
 

5. Then subjected to multiplex PCR amplification cycle condition
 

6. A 1.5 % agarose is prepared in 1 XTAE buffer by adding 2.5 μL ethidium bromide
 

7. Then 10 μL of PCR product is loaded in each well and 4 μL of 100 bp plus DNA 

 ladder is also loaded in one well
 

8. Then gel electrophoresis is carried at 70V for 45 mins
 

9. The gel is analysed in C150 Azure gel documentation system
 

Multiplex PCR amplification cycle conditions
 

i. Initial Denaturation at 95ºC for 7 mins 

ii. Denaturation at 95ºC for 30 secs 

iii. Annealing at 57ºC for 45 secs 

iv. Extension at 72ºC for 45 secs 

v. Repeat step ii to iv 30 cycles 

vi. Final extension at 72 ºC for 10 mins & hold at 4 ºC 
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INDIRECT ELISA FOR MONITORING OF ANTIBODY RESPONSE IN 
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Haemorrhagic septicaemia (HS) is a major economic important disease primarily of 

cattle and 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 measures and 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 Department of 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 

vaccination or 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 with coating 

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.  

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. 
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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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The Vitek 2.0 compact system provides a rapid colorimetric based measure for 

specific species identification. This system provides the result within few hours (Ligozzi et 

al., 2002). Being automatic the interpretation is without any manual assistance. It can process 

up to 60 samples at a time, making it applicable for screening of large number of samples on 

herd basis in very short duration. It can provide identification results for gram-positive and 

gram-negative organisms in few hours. This system allows kinetic analysis of reagent cards 

by reading each test every 15 min. The optical system combines multichannel fluorimeter and 

photometer readings to record and compare fluorescence, turbidity, and colorimetric signals. 

Materials: 

1. Reagent cards 

2. Sterile saline (aqueous 0.45% to 0.50% NaCl, pH 4.5 to 7.0) 

3. 12 x 75 mm clear plastic (polystyrene) test tube 

4. DensiChek
TM

 

5. McFarland Standards for calibration (0.0, 0.5, 3.0, and 5.0 McF) 

6. Bar-coded 10 well cassette card holders  

7. Internal Carousel for card processing 

There  are  currently  four  reagent  cards  available  for  the  identification  of different 

organism classes as follows: 

1. GN - Gram-negative fermenting and non-fermenting bacilli 

2. GP - Gram-positive cocci and non-spore-forming bacilli 

3. YST - yeasts and yeast-like organisms 

4. BCL - Gram-positive spore-forming bacilli 

Suspension Preparation 

a) Allow the card(s) to come at room temperature before opening the package liner. 

b) Select the appropriate card based on the Gram stain reaction and the organism‘s 

 microscopic appearance 

c) Pure colonies of all isolates will be processed in 3 ml sterile saline solution in 

 polystyrene tubes to prepare microorganism suspension.  

d) McFarland turbidity range as per table 1will be measured using DensiCkeck provided 

 with the equipment. 

e) Then the cards will be loaded into Vitek 2.0 compact systemin cassette card 

 holder,where the suspension is loaded automatically into the cards by inbuilt vacuum 

 loader. 

f) After this the cards are transferred into the carousel incubator for incubation at 35.5 ± 

 1.0ºC  
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g) This is followed by automatic data collection every 15 mins during incubation by 

 optical unit of the Vitek 2.0 compact system. 

h) Proceed to data entry. 

Table 1: Suspension Turbidity Used for Card Inoculation 

S. 

No. 

Product Mcfarland  

turbidity range 

1. GN 0.50-0.63 

2. GP 0.50-0.63 

3. YST 1.80-2.20 

4. BCL 1.80-2.20 

 

NOTE: The age of the suspension must not exceed 30 minutes before inoculating the cards. 

Results 

a) Results are concurrently printed and the data sent to the Results View folder on the  left 

 side of the screen also called the Navigation Tree where the information is  archived. 

 A red cassette in the Navigation Tree is indicative of an error. If an error  occurs 

 during processing, refer to the Software User Manual. 

b) Review results printout and file appropriately. 

Identification Levels  

An unknown biopattern is compared to the database of reactions for each taxon, and a 

numerical probability calculation is performed. Various qualitative levels of identification are 

assigned based on the numerical probability calculation. The different levels and associated 

information are Excellent (96-99 % probability), very Good (93-95 % probability), Good (89-

92 % probability), Acceptable (85-88 % probability), Low Discrimination (Sum of choice-

100 after resolution of one choice) and Unidentified organism.  

Antibiotic sensitivity 

Vitek 2.0 compact system can provide rapid, accurate susceptibility test results and 

resistance detection in clinically relevant bacteria and yeasts with the use of self-contained, 

disposable test cards based on CLSI and EUCAST.Bacterial AST results are available in as 

little as 4 hours and yeast AST results in as little as 13 hours. 

Reagents / Materials 

 ID-GN (gram negative identification) 

 ID-GP (gram positive identification) 

 AST- GN 66 (gram negative susceptibility) 

 AST- GP 67 (gram positive susceptibility) 

 0.45% sterile saline solution 

 Pipette tips 

 Polystyrene tubes 

Procedure 

1. Fill polystyrene tube with 3 ml of 0.45% sterile saline make a homogeneous  suspension 

of organism in the saline. 
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2. Insert tube into the optical block of the DensiCheck Plus making sure it is seated at  the 

 bottom. Rotate the tube one complete revolution within 2 seconds. 

3. Check the display for density reading. Acceptable readings: 0.5 – 0.63 for gram 

 negative and gram positive organisms.Adjust density with more saline or organism 

 until the reading is in the acceptable range. 

4. In a second tube Aseptically transfer 3.0 ml of sterile saline, transfer 145µl of the 

 suspension prepared  for Gram negative or 280µl  for Gram positive AST card of the 

 suspension prepared into a clear plastic (polystyrene) test tube 

5. Then place this tube in the cassette with a susceptibility card. 

 

NOTE: the age of the suspension before loading the instrument for AST testing must be less 

than 30 minutes. 

Results for antibiotic sensitivity 

Report provides the MIC and the sensitivity result in terms of resistant (R), Susceptible (S) 

and intermediate (I). 
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FMD VIRUS DETECTION AND SEROTYPING IN CLINICAL SAMPLES USING 

ELISA AND MULTIPLEX RT-PCR 

 Swati Dahiya and Anshul Lather 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

World Organization for Animal Health (OIE) listed Foot-and-Mouth Disease (FMD) 

as notifiable transboundary animal disease. FMD is a debilitating and highly contagious 

disease of domestic (cattle, buffaloes, sheep, goats, pigs) and other cloven hoofed wild 

ruminants and poses a catastrophic threat to the livestock. Of the seven FMD virus (FMDV) 

serotypes prevalent worldwide, serotypes O, A and Asia-1 are currently circulating in India. 

FMDV serotype C has not been reported from India since 1995. No incidence of FMDV 

serotype Asia-1 has been reported from Haryana after 2009. Of these, FMDV serotype O is 

the most common.  

A. Diagnosis and serotyping of FMDV by sandwich ELISA  

The double antibody sandwich ELISA for serotyping of FMD virus was developed by 

Venkataraman et al. (1995) at ICAR-Directorate on FMD, IVRI Campus, Mukteswar, 

Nainital. The technique is very specific, sensitive, less time consuming and reproducible. A 

large number of samples can be analyzed in a single day. The basic principle of the test is 

described in Figure 1.  

  

 

 

 Fig. 1: FMD virus serotyping by Sandwich ELISA 

 

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]. 

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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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.  

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. Diagnosis and serotyping of FMDV by multiplex RT-PCR  

The FMD suspected clinical materials are tested by a very sensitive and specific 

multiplex RT-PCR (mRT-PCR) assay using primers reported by Knowles and Samuel (1995) 

and Giridharan et al. (2005).  

Protocol:  

1. Sample collection and RNA extraction: The tissue sample collected from suspected 

 cases of FMD in 50% buffered glycerol is brought to lab. Approximately 1g of tissue  is 

 triturated in 1ml of PBS thoroughly in sterile pestle and mortar and 10% PBS suspension 
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 is prepared. Centrifuge 1 ml of tissue suspension in microcentrifuge tube (MCT) at 10,000 

 rpm for 10 min at 4°C. Take 400 µl of supernatant in fresh sterile 2 ml MCT and add 600 

 µl of TRIzol™ reagent (Chomczynski, 1993). After vortexing the sample with TRIzol™, 

 120 µl of chloroform is added, vortexed and kept in ice for 15 min. Centrifugation at  

 12000 rpm for 15 min at 4°C allowed the mixture to separate into a clear upper aqueous 

 layer (containing RNA), an interphase, and a red lower organic layer (containing the DNA 

 and proteins). RNA is precipitated using the upper aqueous layer along with equal volume 

 of isopropanol, vortexing and keeping at -20°C overnight. RNA pellet is prepared by 

 centrifuging at 12,000 rpm for 20 min at 4°C. The RNA pellet is washed using 70% 

 ethanol to remove impurities, and then resuspended in 40-50 µl nuclease free water 

 (NFW).  

2. Reverse Transcription- Polymerase Chain Reaction: Mix template RNA, NFW and 

 primer pNK61 in 0.2ml MCT and put in thermocycler at 65°C for 5 min. Immediately 

 chill on ice. Then add 10mM dNTPs, RNasin, buffer and RT (ThermoScientific). Mix  and 

 keep the contents in thermocycler at 42°C for 60 min followed by 70°C from 5 min and 

 then at 4°C. For multiplex PCR, the cDNA and NFW are mixed with Dream Taq 

 Green PCR Master mix (ThermoScientific) and primers (pNK61, DHP13, DHP15, 

 DHP9 and DHP16). The contents are kept in thermo-cycler with run conditions as 

 described in Figure 3.  

 

 

 

 

 

 

Figure 3: Cycling condition for mPCR in thermal cycler 

3. Agarose Gel Electrophoresis: Prepare 1.5% (1.5g/100ml) agarose using 5μg/ ml ethidium 

 bromide. Run the PCR product in agarose gel electrophoresis apparatus using 1X 

 TAE buffer. For reference add 100 bp DNA ladder (Fermentas) in one lane. Visualize  the 

 gel in Gel documentation system and interpret the results.  

Interpretation  

 Consider the test as valid only if positive control have amplicon at 249 bp, 376 bp and  537 

 bp for serotype O, A and Asia-1, respectively and negative control should not be 

 have any amplification (Fig. 4). Compare the size of the amplified product with above 

 sizes for serotype determination.  

 
Fig. 3: Multiplex PCR for FMDV typing, Lane 1: FMDV O, A, & Asia-1 positive 

controls; 2-5: Tissue samples from FMD incidences; 6: 100bp DNA ladder  

249 bp FMDV ‘O’

376 bp FMDV ‘A’

537 bp FMDV ‘Asia-1’
500 bp

1       2          3        4         5          6
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DIFFERENTIATION OF FMD INFECTED AND VACCINATED ANIMALS USING 

RECOMBINANT 3AB3-NSP ELISA 

Anshul Lather, Swati Dahiya and Anita Dalal 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

  

 Foot-and-mouth disease (FMD) is a highly contagious viral disease of even-

toed ungulates. The hallmarks of the Foot-and-mouth disease virus (FMDV) infection 

include rapid replication of the virus, ability to infect even in small doses, the multitude of 

transmission routes, including spread by wind and the multiple virus antigenic types which 

make the FMD very difficult to control. The situation is further complicated by the fact that 

infection of animals with FMDV may lead to establishment of in-apparent persistent infection 

in both naïve and vaccinated animals. It is economically the most devastating disease of 

farm animals due to lost production and interference with international trade. 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. Therefore, differentiating infected and 

vaccinated animals (DIVA) is equally important both for countries  i) which are endemic in 

FMD, where large number of carriers exist and where vaccination is practiced; ii) and for 

those countries which are supposed to use vaccination in face of an outbreak. 

Four methods can be used for DIVA strategy against FMDV viz: (i) virus 

isolation (ii) detection of viral RNA by RT-PCR (iii) mucosal IgA response and (iv) 

NSP serology. Due to the low virus titre, intermittent nature of virus recovery and the 

possible presence of neutralizing antibodies in OPF most of the times the first three 

methods do not seem to be suitable for DIVA strategy. The current FMD vaccine which 

is used worldwide is an inactivated whole virus particle mixed with an adjuvant. The 

animals immunized with such a vaccine mount antibody response only against structural 

proteins of the virus. However, an animal becomes infected, not only develop antibodies 

against structural proteins but also against NSPs (viral polymerases and proteases) of 

the virus at the time of cytolysis because virus replicates inside host under such 

circumstances. The conventional diagnostic methods detect antibodies only against 

structural proteins and, therefore, are not suitable for DIVA strategy. Detection of 

antibodies against NSPs can be a tool for DIVA strategy. The detection of antibody to the 

NSPs of FMDV can be used to identify past or present infection with any of the seven  

serotypes  of  the  virus,  whether  or  not  the  animal  has  been  vaccinated.  Therefore, this 

test can be used to confirm suspected cases of FMD, carrier animals and to evaluate 

prevalence of infection or to substantiate freedom from infection on a population basis. 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.  

The Directorate, ICAR on FMD, Mukteswar has developed baculovirus expressed 

r3AB3 NSP based indirect ELISA for FMD DIVA strategy. The r3AB3 NSP ELISA is 

designed, developed and evaluated completely using in-house produced and standardized 

reagents at the Central FMD Laboratory, Directorate on FMD, Mukteswar, India.    
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Protocol: 

1. Recombinantly expressed freeze dried (r3AB3) protein is dissolved with 11 ml of coating 

buffer (One vial is sufficient for coating two 96-well ELISA plates). The reconstituted 

protein vial should be used for coating immediately on the same day. Reconstitute the 

freeze dried vials of positive and negative control serum with 500µl of diluents buffer. 

Dissolve the freeze dried E. coli lysate in 70 µl of PBS and store at –20
0
C after use. 

2. Coat 96-well polystyrene (Nunc Maxisorp) Immuno plates with the diluted recombinant 

protein @ 50 µl per well (~80 ng of purified recombinant protein per well). Tap the plate 

gently from all sides and incubate (refrigerate) the plate at 4°C overnight.  

3. Remove the plates from the refrigerator and thaw them at 37°C for 15 minutes.  

4. In a low protein binding Perspex plate dilute the test serum @ 1:20 in diluents 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. 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.  

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

6. Transfer 100 µl of the diluted test serum from Perspex plate to the r3AB3 coated ELISA 

plate in respective wells (as shown below in plate layout). 100µl of each of the supplied 

control sera (positive & negative controls) after reconstitution with diluents buffer should 

be added to the duplicate wells. For background controls only 100 µl of diluent buffer is 

dispensed without any serum.  Incubate for 1 hour at 37
0
C and tap the plate gently from all 

sides at every 15 minute intervals. 

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

8. Prepare anti-cow IgG HRP conjugate @ 1:2000 (3µl conjugate in 6ml of diluent). 

Dispense @ 50 µl per well. Incubate for 1 hour at 37°C and tap the plate gently from all 

sides at every 15 minute intervals. Give three washes of 5 minute soak period each. 

9. Add freshly prepared substrate solution @ 50 µl per well and incubate for 15 minutes at 

37°C without shaking. Then stop the colour reaction by adding 1M H2SO4 @ 50 µl per 

well. 

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

 

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 PP. The O.D. in back ground 

control wells should be less than 10 PP. Additionally, the OD values in each of the duplicate 

wells of the positive control should not differ by more than 20% from the mean OD of the 

duplicate wells. 

To reduce inter-run variation due to differences in absolute absorbance between runs, 

final results for each test serum needs to be expressed as the PP value {(test serum sample 

mean OD/positive control serum mean OD) x 100 i.e. percent positivity value or PP value ≥ 

40%}, calculated by dividing the reaction of the test serum by that of the positive control 
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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%  

 

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 

 

References   

User Protocol Sheet, DIVA test for FMD, ICAR-Directorate on FMD, Mukteswar. 

 

Composition of r3AB3 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 
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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: 15 ml (Prepare immediately before use) 

 OPD      10 mg 

 Substrate (phosphate-citrate) Buffer  15 ml 

 H2O2 (30%)     8 l 

 6.     Stopper solution 1 M H2SO4: 100 ml 

 H2SO4 (95-97%)    5.55 ml 

 Distilled Water     94.45 ml 
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VIRUS QUANTITATION TECHNIQUES – METHODS AND APPLICATIONS  
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Viral quantification is the most important assay in any virology laboratory. Precise 

measurement of virus concentration allows virus production processes to be altered and 

optimized to give maximum virus yields. Virus quantitation is based on measurement of- 

viral infectivity, viral protein antigen and viral nucleic acid. Recently, methods that allow 

direct counting of viral particles have also been developed. Though oldest and time 

consuming, but the assays based on measuring virus infectivity are the most trusted method 

of virus quantitation and has been discussed here in details. Virus quantitation techniques 

based on measurement of viral protein antigen (hemagglutination, ELISA, single radial 

immunodiffusion assay) or viral nucleic acid (quantitative real-time PCR) are beyond the 

scope of this lecture and are not described. 

MEASUREMENT OF VIRUS INFECTIVITY  

Plaque Assay 

Plaque assay is the gold standard and most accurate test for the quantification of viral 

infectivity in biological specimens. To perform plaque assay, the biological specimens are 

serially diluted (usually 10-fold) and then one or more of these dilutions are used to infect 

confluent monolayer of cells (cell type depend on the nature of the virus) usually for 1-2 hors 

where the virus binds to the cells. Thereafter adsorbed virus particles are immobilized with 

the addition of agar-overlay nutrient medium. Agar-overlay is a semisolid medium (1% Agar 

plus DMEM or any other cell culture growth medium) which, unlike regular cell culture 

growth medium, restricts free movements of the released virus particles to ensue localized 

infection (lateral movements only). The cells are then incubated for several days (2-7 days 

depending on the virus type) until plaques are visible. Plaques are usually seen with naked 

eyesbut can be stain if required. The number of infectious particles in the original sample, 

termed as plaque forming unit (FPU) can be calculated from the dilution factor of the sample 

used to infect the cells, the volume applied, and the number of plaques. The plaque assay 

requires very limited specialized resources and can directly measures infectious virus 

particles that retain the ability to infect and replicate in cells. The only drawback of plaque 

assay is that its time consuming. In addition viruses that do not cause any cell damage 

(noncytopathic) or that cause minor/insufficient cell damage cannot be quantified by plaque 

assay.  

Protocol for quantifying Newcastle disease virus (NDV) by plaque assay 

1. Grow Vero cells in 6 well tissue culture plates (Corning Inc.). 

2. Infect confluent monolayers of Vero cells with 10-fold serial dilutions (in triplicates, 500 

 µl volume) of NDV for 1 h at 37
o
C. Virus dilutions are made in serum free MEM 

 supplemented only with antibiotics (without serum). 

3. Remove infecting medium and replace it with an agar-overlay containing equal volume 

 of 2X L-15 medium and 2% agar.  
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2X L-15 medium: (For 500 ml) 

2X L-15 (Sigma)     : 13.8 gm (1 vial)  

BSA        : 1.25 gm  

Nonessential amino acids     : 10 ml  

1M HEPES buffer      : 10 ml  

7.5% Sodium bicarbonate     : 10 ml  

Antibiotic and antimycotic solution (100X)   : 10ml  

Dissolve L-15 powder and BSA in 450 ml distilled water. Add remaining reagents. 

Adjust pH 7.4. Filter using 0.22 μ vacuum filters. 

4. Plaques are visible at 5-6 days post infection  

5. Remove agar-overlay and stain the plate by crystal violet (1% crystal violet and 20% 

 methanol).  

6. Calculate virus titters as plaque forming unit/ml (PFU/ml) as follows 

Virus titre (PFU/ml) = (Number of plaques X dilution factor)/infection volume 

For example, if8, 12 and 10 plaques were obtained (triplicate well) at 10
-5

 dilution, the 

  virus titter would be  

Virus titre = [{(8+12+10)/3}*10
5
]/0.5 

  =2x10
6
PFU/ml 

Tissue culture infective dose assay (TCID50) 

Despite producing cell damage (cytopathic effect), some viruses do not form plaques, 

therefore endpoint dilution has been developed as an alternative technique. Briefly, numerous 

replicates of confluent monolayers of  susceptible cells are infected with serial dilutions of 

the viral inoculum. Thereafter the cells are incubated for several days until development of 

the CPE. TCID50 values represent the virus concentration required to induce CPE in 50% of 

cell cultures (wells) inoculated. TCID50 may be calculated by Reed Muench method. The 

values of TCID50 and plaque assay may differ but it is considered that the number of plaque 

forming units (PFUs) would be approximately ½ or slightly more than ½ the value derived 

from TCID50.  Like plaque assays, this assay also requires considerable labor and time. 

Moreover, visualizing the cell damage under microscope is associated with subjective eye 

effect, it is usually not as accurate as counting PFU in plaque assay. 

Fluorescent Focus Assay (FFA) 

To overcome the lengthy incubation times in plaque assays and TCID50 

determination, as well as quantifying the infectivity of the noncytolytic viruses, fluorescent 

focus assay (FFAs) was developed. The assay procedure is quite similar to plaque assay. 

However, it does not involve requirement of agar-overlay, and the entire procedure can be 

completed with 24-48 hrs. Virus-specific proteins in the infected cells are detected by use of 

fluorescently-labelled antibodies. The cells expressing viral proteins are thereby counted as 

fluorescent-forming units (FFUs) under fluorescence microscopy. FFA is much more 

sensitive and faster than the plaque assays but is quite costly due to the requirement of the 

antibodies. Additionally, availability of suitable antibodies for detection of target antigens 

may become an issue. Also, high background signals generated either due to non-specific 

binding, or cross-reactivity with non-viral protein targets. 
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DIRECT COUNTING OF VIRAL PARTICLES IN SOLUTION 

The Viruscounter 2100 is a novel flow cytometry-based method for quantifying 

number of viral particles in a given sample, developed specifically to count particles of 

nanometre scale. Virus counter is based on staining with two different fluorescent dyes 

against nucleic acid and protein. Using a specialized algorithm, the computer analysed the 

instrument output for events where there is coincident fluorescent output. These events are 

counted and integrated with a very accurate flow rate measurement to arrive at a volumetric 

virus particle concentration. By reducing a measurement which previously took hours or days 

into a process which takes less than an hour, the labor and time involved in quantifying virus 

is dramatically reduced. In addition, because the process is wholly controlled with a computer 

and does not rely on user input to calculate the result, the reproducibility is dramatically 

increased, while inter-laboratory variability is significantly decreased. The Viruscounter can 

count a wide variety of viruses by using similar procedure, therefore eliminating the 

requirement of specific procedures and reagents. Drastically reduced time and cost, combined 

with high reproducibility and universality make the Viruscounter2100 a potent tool for virus 

quantitation. 
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MULTIPLEX MOLECULAR ASSAY FOR IDENTIFICATION OF Brucella abortus, 

Leptospira spp. AND BoHV-1 

Aman Kumar, Sushila Maan, Kanisht Batra, Anubha Sharma and Trilok Nanda 

Department of Animal Biotechnology, College of Veterinary Sciences,  

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

  

Infectious abortion among dairy animals is one of the major causes of economic 

losses in the cattle and buffalo based dairy industry. A variety of infectious agents have been 

reported to cause bovine abortion throughout the world but Brucella abortus, Leptospira spp. 

and bovine herpesvirus-1 (BoHV-1) are the important pathogens responsible for abortion in 

cattle and buffalo. More specifically, Brucella abortus, Leptospira spp. are responsible for 

late abortion however; BoHV1 is responsible for mid to late abortion. It has been suggested 

that 50-65% of infectious abortions is because of bacterial pathogens and Brucella abortus is 

considered as one of the most common cause of bovine bacterial abortion which leads to 

great economic losses to dairy industry. Unlikely to bacterial abortion only 15-20 % of 

infectious abortion is due to viral pathogens and among viral pathogens BoHV-1 is the major 

causative agent associated with abortion. 

The prompt diagnosis of the abortions in bovine is essential to prevent the economic 

losses and to maintain proper bio-safety line. Although the conventional techniques, such as 

culture isolation, which is considered as a gold standard, but keeping in view poor quality 

samples and unavoidable collection delays, there are chances of environmental microbial 

contamination which undermines the actual etiology involved in abortions. Therefore, 

advanced diagnostic technique capable to identify multiple suspected pathogens in culture 

independent manner is required and hence multiplex real-time PCR (mqPCR) assay based on 

TaqMan chemistry has been developed by department of Animal Biotechnology, LUVAS, 

Hisar. This experiment is practical demonstration of the said assay. Moreover, design of 

mqPCR assay depends upon several factors such as goals to be achieved, number of target 

genes, availability of real-time PCR platform, sensitivity, specificity to be achieved etc. Real-

time polymerase chain reaction (PCR) has become the gold standard for detecting nucleic 

acids because of its robustness, low analytical detection limits, equipment access, and ease of 

performance due to the numerous publications describing experimental setup guidelines. 

The mqPCR is one kind of modification in conventional PCR in which the 

amplification of the multiple targets are observed in real-time. The exponential increase in 

product is seen as an increase in fluorescence, measured by a photo-detector in a real-time 

PCR instrument. The PCR reaction can take place and be measured in a single tube with no 

need for further gel based electrophoretic analysis and hence called as a ‗closed tube 

technique‘. 

The advantages of multiplex assay  

a. Multiple targets per reaction: Increase number of analytes/targets, whch is 

 convenient for screening. 

b. Cost savings: Fewer reactions are run hence, conserving expensive reagents e.g. 

 dNTPs, enzymes, endogenous controls, etc. 
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c. Preservation of limited samples: Where sample amount is limited, multiplexing 

 allows more targets to be analyzing using a single aliquot of sample material. 

d. Reliability: Data quality can be improved because the target of interest is normalized to 

 the endogenous control within the same aliquot of the sample and comparatively less 

 effect of pipetting errors. 

e. Turnaround time: Comparatively less if compared with simplex assays. 

Challenges involved in multiplex assay development 

Although multiplex assays have several advantages, there are challenges involved in 

multiplex assay and it is worthwhile to discuss the challenges and limitation along with 

advantages. We have tried to summarize the limitations as: 

1. Oligonucleotide design: Designing of specific and intra as well as inter-

 oligonucleotide interaction free primers and probe. Similarly selection of specific 

 antibodies/antigen without cross reactivity in immunoassay. 

2. Loss of sensitivity of one of the target: Due to unwanted interactions among multiple 

 targets and reaction components. 

3. False negative and positive: Due to cross reactivity and cross talking among 

 components of the reaction mixture 

Steps involved in multiplex qPCR assay design 

 As multiple primers and probes must be designed for this application, we strongly 

recommend use of a design tool with a validated algorithm.  

Step 1. Select primer and probe sequences. Using NCBI database, identify the target 

sequences and after multiple sequence alignmentand blast searched finalized the target 

sequence for primer and probe designing using online available software like Premier biosoft, 

Oligo 3. Primer Quest
®
 Tool etc.  

Step 2. Analyze primer and probe sequences. Use the OligoAnalyzer
®
 Tool to identify 

primer/probe hairpins, homo- or heterodimers, or any primer/probe complementarity across 

the different assays to be used in the same multiplex qPCR experiment. Avoid extensive 3‘ 

overlap (greater than 4 bases) between primers, otherwise the primers can be consumed in 

nonproductive amplification. Often, shifting the primers over a few bases will reduce the 

overlap. 

Step 3. Always test assay efficiency. Run each assay in singleplex reactions before 

conducting multiplex qPCR. This is important to determine that the Cq/Ct values obtained are 

real and not artificially reduced by the multiplex reaction. 
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SEROLOGICAL AND MOLECULAR DIAGNOSIS OF EQUINE HERPES VIRUS 1 

INFECTION 

Baldev R. Gulati, Charavati Sago and Parta Pratim Chowdhury 

ICAR-National Research Centre for Equines, Sirsa Road, Hisar-125001, Haryana, India 

 

Equine herpesvirus 1 (EHV1) is a highly contagious respiratory pathogen associated 

with a variety of disease conditions in horses. It is estimated that 80 to 90% of horses have 

been exposed to EHV1 infections by two years of age. EHV1 infection causes upper 

respiratory tract infection in young horses, abortion in pregnant mares, neonatal foal mortality 

and neurological disorders. Abortion is the most economically crippling outcome of EHV1 

infection with 95% of EHV1 associated abortions occurring in the last four months of 

pregnancy. Respiratory disease associated with EHV1 is most commonly seen in young 

animals at the time of weaning. The genome of EHV1 is a linear double-stranded DNA 

composed of a unique long region, joined to a unique short region that is flanked by an 

identical pair of inverted repeat regions, the terminal repeat and the internal repeat regions. 

The EHV1 genome is approximately 150 kbp in size and encodes for 76 open reading frames 

(ORFs).  

Laboratory diagnosis of EHV1 is done by direct means such as virus isolation, viral 

nucleic acid detection, demonstration of viral antigen detection by tests such as PCR, or 

indirect means by serological assays comprising of virus neutralization test or ELISA. Virus 

isolation requires a fair bit of time and is laborious, also there is a chance that virus may 

contaminate the environment. Molecular tests like PCR or real-time PCR require help in 

quick diagnosis, if facilities are available. Serological tests such as virus neutralization (VN) 

and ELISA are commonly employed. Serological assays require paired serum samples for 

confirmation of infection and are also time consuming. VNT takes 3-5 days to give proper 

results. ELISA is a sensitive test but recognizes cross reactive epitopes oo EHV1 and EHV4, 

as both the viruses have significant antigenic cross-reactivity. The synthetic peptides, which 

have been developed based on the sequences of linear antigenic epitopes, can also be used for 

the development of peptide-based assays. Our laboratory has developed an ELISA using 

linear epitope on glycoprotein E of EHV1 for specific serodiagnosis. In this practical, a 

quantitative real-time PCR using TAQMAN chemistry will be done for demonstration of 

EHV1 infection from clinical samples. 

A. Real-time PCR  

A real-time PCR has been standardized targeting glycoprotein B gene. The clinical 

samples in case of respiratory infection is nasal swab and blood, while in case of abortion,  

placenta, aborted fetus stomach content, aborted fetal tissues (liver, spleen, kidneys, lung, 

heart) or whole blood is collected for EHV1 diagnosis. A 10% homogenate of tissue samples 

is made and used for viral DNA isolation. 

DNA Isolation: Viral nucleic acid (DNA) is extracted from clinical sample/tissue culture 

supernatant using the Qiagen DNeasy blood and tissue kit according to the manufacturer‘s 

instructions. Briefly, 

1. 200 µL tissue fluid/triturated tissue sample is taken in a 1.5 ml microcentrifuge tube. To 

  it, add 20 μl proteinase K and 200 μl Buffer AL. Mix by vortexing and incubate at 56°C 

  for 10 min.  
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2. Then 200 μl of ethanol (96–100%) is added to the sample, and mixed by vortexing. 

3. The mixture is pipeted into the DNeasy Mini spin column and centrifuged at 8000 rpm 

  for 1 min  in table top refrigerated centrifuge 3-18K (Sigma SVI). The flow-through is 

  discarded and the spin column is kept back into the collection tube. 

4. Add 500 μl Buffer AW1 to the spin column and centrifuge at 8000 rpm for 1 min.  

  Discard flow-through and keep the spin column back into the collection tube. Add 500 μl 

  Buffer AW2 to the spin column and centrifuge for 4 min at 12000 rpm. 

5. Place the DNeasy Mini spin column in a clean 1.5 ml microcentrifuge tube. Pipette 40 μl 

  Buffer AE directly onto the DNeasy membrane inside the spin column. Incubate at room 

  temperature for 1 min, and then centrifuge at 8000 rpm for 1 min to elute the DNA. Store 

  the isolated DNA at -20⁰ C until further use. 

Real time PCR protocol: The gB forward primer (gBF-RT), gB reverse primer (gBR-RT), 

and gB-probe coupled with FAM dye are used in real-time PCR, using Quantitect multiplex 

PCR NoRox Kit (Qiagen, Hilden, Germany). The reactions are conducted in a total volume 

of 20 µl. The following reagents are taken in a 0.2 ml optical PCR tubes (BioRad). 

 

Components  Amount       

(Volume) 

Final   

Concentration 

 2X Quantitect Multiplex Master Mix  10.0 μL 1X 

Forward Primer (10000 nM) 1.0 μL 500 nM 

Reverse Primer (10000 nM) 1.0 μL 500 nM 

Probe  (2000 nM) 1.0 μL 100 nM 

Template DNA 2.0 μL - 

Water, nuclease-free 5.0 μL - 

Total volume 20.0 μL  

The PCR components are mixed properly and set with the amplification condition as 

follows: 50°C for 2 min, initial denaturation at 95°C for 10 min, 40 cycles of 95°C for 15 s 

and 60°C for 60 sec. Each sample is run in duplicate, including a positive control, negative 

control and no-template control. The Bio Rad CFX96 Real Time PCR machine is used to run 

PCR and CFX manager software is used for the data analysis and calculation of Cq mean. 

The PCR products are stored at -20
o
C till further use. 

Result interpretation: Sample with a Cq value below 35 is considered positive and Cq value 

above35 are weak reactions indicative of negative reactions which could represent an 

environmental contamination. 

B. Peptide ELISA for diagnosis of equine herpesvirus 1 antibodies 

A synthetic peptide-based indirect ELISA has been developed and optimized for 

detection of antibodies to EHV1 in equine serum sampels. For this, amino acid sequence of 

glycoprotein E (gE) were used for the prediction of EHV1-specific linear epitope regions by 

online tool at Immune Epitope Database Analysis Resource (IEDB). Optimal concentration 

of streptavidin, peptides, serum and anti-horse HRPO conjugate were determined by 

checkerboard titration. The ELISA so developed is being used for screening of field sera 

using following protocol: 



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 158 
 

1. Each well of 96-well ELISA plate (Maxisorp, Nunc) is coated for 1h at 37
o
C with 100 

 µl/well of streptavidin (1 g/ml in PBS).  

2. Plate is washed three times with washing buffer (PBS with 1% Tween 20) and then 

 incubated with 100µl/well of biotinylated peptide (1 g/ml in PBS) for 1 h at 37
o
C.  

3. After three washings, wells are blocked with 200 µl/well of blocking solution (5% rabbit 

 serum in PBS) for 1 h at 37
o
C.  

4. After three washings, 100 µl of test horse serum dilution (1:400) in blocking solution is 

 added in duplicate wells and incubated for 1 h at 37
o
C. Known EHV1 positive and 

 negative horse sera are included as control in each plate. 

5. On washing, the plate is incubated with 100µl/well of rabbit anti-horse IgG-peroxidase 

 diluted 1:10000 in blocking solution for 1 h at 37
o
C.  

6. After washing, 100µl/well of TMB substrate solution is added (Appendix I) for 10 min.  

7. The reaction is stopped using 100µl/ well of 1M sulphuric acid.  

8. The optical density at 450 nm is measured using ELISA reader (SUNRISE Tecan). The 

 cut off value is determined using mean +3SD of OD value of known negative horse 

 serum samples.  

Annex. Buffers & reagents for ELISA 

Coating buffer (PBS, pH 7.2) 

Na2HPO4    1.150 g 

KH2PO4    0.2 g 

KCl     0.2 g 

NaCl    8.0 g 

MilliQ H2O                 ad  1000 ml 

Autoclave at 15 Psi for 30 min and store at 4⁰C. 

Washing buffer (PBS-T) 

PBS, pH 7.2   1000 ml 

Tween 20    1 ml 

Blocking buffer (PBS- 5% rabbit serum ) 

Rabbit serum   4 ml 

TBS, pH 7.2   80 ml 

Made fresh for use on the same day 

Substrate buffer [Citrate phosphate buffer (CPB), pH 5.0] 

Citric acid    47 mg 

Na2HPO4    73 mg 

MilliQ H2O    10 ml 

Membrane-filtered and stored at RT. 

Substrate/colour development solution  

3,3',5,5'-Tetramethylbenzidine  0.1ml 

CPB        10 ml 

Made fresh just before use and used immediately keeping away from light. 

Stopping solution (4N H2SO4) 

Concentrated H2SO4   27.240 ml 

MilliQ H2O/DW    62.760 ml 

Stored at RT. 
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BIOINFORMATICS TOOLS TO STUDY MOLECULAR EPIDEMIOLOGY OF 

EMERGING VETERINARY VIRAL PATHOGENS 

Parveen Kumar, Sanjeevna Kumari and Rajpreet Kaur 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

  

Viral sequence data has been recognized as a major asset for various studies including 

characterization of both animal and human pathogens, comparing different inter-species viral 

sequences in an effort to classify(or re-classify) old or new virus genotype or strains, 

analyzing the evolutionary rates of rapidly evolving RNA viruses, identifying drug-resistant 

mutations in the viral genome, mapping the genetic drift corresponding to a subsequent 

antigenic of the epidemic virus for updating vaccine seed strains. 

Viral genetic diversity is generally generated by natural selection or other ecological 

forces and their study could help in studying evolutionary and epidemiological events of past 

viral infections. Molecular epidemiology complements traditional epidemiological studies 

because they primarily focus on the etiological agent rather than the host. In the absence of 

historical information of infecting viruses, which are often unavailable, the evolutionary 

history of viruses in current circulation can be hypothesized based on the sampling of current 

genetic markers to infer the most likely series of events which best explain the observed 

relationships.  

The historical information contained in viral gene sequences contributes to a better 

insight in emergence and early transmission dynamics, even before systematic 

epidemiological surveillance has been initiated, or it enables tracking its global trajectories 

once it has grown too large for individual cases to be examined. Fundamental to 

reconstructing such an evolutionary history is the comparison of homologous characters 

(often nucleotide or amino acid sequence positions); i.e. those which descend from a common 

ancestor. In practice, this involves creating an alignment of sequences, which represents a 

hypothesis of positional homology and provides the basis for reconstructing evolutionary 

history based on a mathematical model of evolution. 

For many years, phylogenetic analysis has been the primary tool in studying the 

molecular epidemiology. By reconstructing a phylogenetic tree, we are able to study the 

evolutionary history of the viral strains and assess epidemiological linkage amongst different 

viral isolates. Some of important viruses and their respective genomic segments used for 

studying molecular epidemiology and genetic typing are enlisted in the given table. 

 

Steps for constructionof Phylogenetic tree using MEGA X software: 

 Part A: Adding genomic sequences to generate FASTA file of sequences. 

 Part B: Aligning sequences. 

 Part C: Building phylogenetic tree.  

 Part D: Viewing and publishing the phylogenetic tree. 
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Table: Genomic segments commonly used for studying molecular epidemiology of different 

veterinary viral pathogens 

 

S. No. Name of the virus Segment used for phylogeny 

1.  Foot and Mouth Disease virus  VP1  

2.  Peste des Petits Ruminants virus  N gene 

3.  Influenza virus  HA, NA gene   

4.  New Castle Disease virus  F gene  

5.  Infectious Bursa Disease  VP2 

6.  Chicken Anemia virus  VP1 

7.  Classical Swine Fever  5‘NTR, E2, NS5B 

8.  Bovine Viral Diarrhea  5‘NTR, E2, NS5B 

9.  Rabies virus N gene  

10.  Canine Distemper  H, P gene  

11.  Canine Parvo virus  VP2 

12.  Rotavirus  VP7, VP1, VP8 

13.  Blue tongue virus  VP7, Vp3, S7 

14.  Bovine Herpes virus  gB, gD, gC 

15.  Sheep, goat pox  P32, GPCR, RPO30 gene 

 

A. Developing FASTA file of sequences: 

 Open FASTA sequences, which need to be aligned in either FASTA, seq, word or text 

 format. Download other sequences to be aligned from NCBI site 

 (http://www.ncbi.nlm.nih.gov/).  

 Prepare a FASTA file containing all the sequencesby copying the entire files in notepad 

 file. All the sequences should start with >1
st
 SEQUENCE NAME ↵ SEQUENCE 

 (A/T/G/C) ↵ >2
nd

 SEQUENCE NAME ↵ >3
rd 

SEQUENCE………….. 

 Save the notepad file with .fas extension to convert it to a FASTA file. 

 

B. Aligning Sequences 

B. 1. Opening an Alignment 

The Alignment Explorer is the tool for building and editing multiple sequence alignments 

 in MEGA. 

 Launch the Alignment Explorer by selecting the Align | Edit/Build Alignment on the 

 launch bar of the main MEGA window. 

 Select Create New Alignment and click Ok. A dialog will appear asking ―Are you 

 building a DNA or Protein sequence alignment?‖ Click the button labeled ―DNA”. 

 From the Alignment Explorer main menu, select Data | Open | Retrieve sequences from 

 File. Select the desired file.  

B.2. Aligning Sequences by ClustalW/ Muscle 

You can create a multiple sequence alignment in MEGA using either the ClustalW or 

 Muscle algorithms. Here we align a set of sequences using the ClustalW option. 

 Open the alignment file (using the instructions above). 

http://www.ncbi.nlm.nih.gov/
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 Select the Edit | Select All menu command to select all sites for every sequence in the data 

 set. 

 Select Alignment | Align by ClustalW from the main menu to align the selected sequences 

 data using the ClustalW algorithm. Click the ―Ok‖ button to accept the default settings for 

 ClustalW. 

 Once the alignment is complete, save the current alignment session by selecting Data | 

 Save Session from the main menu. Give the file an appropriate name (.mas). This will 

 allow the current alignment session to be restored for future editing. Export the aligned file 

 to MEGA file.  

 Exit the Alignment Explorer by selecting Data | Exit Aln Explorer from the main menu. 

Note: Once you have aligned the sequences and they are ready to be analyzed. Whenever you 

need to edit/change your sequence data, you will need to open it in the Alignment Editor and 

edit or align it there. Then export it to the MEGA format and open the resulting file. 

 

C. Building Trees from Sequence Data 

Building a Neighbor-Joining (NJ)/ maximum likelyhood/ minimum evolution Tree 

In this example, we will illustrate the basics of phylogenetic tree re-construction 

 using MEGA and become familiar with the Tree Explorer window. 

 From the main MEGA launch bar, select Phylogeny | Construct/Test Neighbor-Joining 

 Tree /maximum likelyhood/ minimum evolutionmenu option. 

 Click Compute to accept the defaults for the rest of the options and begin the computation. 

 A progress indicator will appear briefly before the tree displays in the Tree 

 Explorer window. 

D. Viewing and publishing the phylogenetic tree. 

 You can display the numerical branch lengths in the Topology Onlyoption by 

 selecting View | Options and clicking on the Branch tab. Check the box labeled Display 

 Branch Length and click Ok.   

 Windows users can print directly from Tree Explorer or save it to a PNG, PDF or EMF 

 file.   
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3
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4
 and Mohit Kumar
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Bovine gamma interferon (BOVIGAM) ELISA is a rapid blood based assay of cell 

mediated immunity for the diagnosis of bovine tuberculosis (bTB) infection in bovines. In 

general, animals infected with Mycobacterium bovis or other M. tuberculosis complex 

pathogens have lymphocytes in their blood that can recognize specific mycobacterial antigens 

including those present in bovine tuberculin purified protein derivative (PPD). Part of this 

recognition process involves the generation and secretion of the cytokine, interferon gamma 

(IFN-γ), and is the basis of the test. Mycobacterial antigens, those present in tuberculin PPD 

are presented to lymphocytes in whole blood cultures and the production of IFN-γ from the 

stimulated T cells is detected using a monoclonal antibody-based sandwich enzyme 

immunoassay (EIA). 

Materials required  

Multichannel pipettes (0-50µl, 50-200µl), Sterile tips, Sterile disposable pipettes (5 

and 10 ml), Sterile disposable troughs, Absorbent paper, Autoclave bags, Tape, 96 well flat 

bottom cell culture plates, ELISA plate washer, ELISA plate reader, CO2 incubator, 

Centrifuge with plate rotor, BOVIGAM IFN- γ Kit, EIA Plates, PPD-B, PPD-A, Pokeweed 

mitogen, RPMI 1640 

A. Preparation of PPD-B and PPD-A 

PPD-B and PPD-A arrive in vials at a concentration of 30,000 IU/ml and 25,000 

IU/ml respectively. Both are used 300 IU/ml and 250 IU/ml in the whole blood assay. 

Antigen solutions 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. Duplicate 

well per antigen is required. 

B. Preparation of Poke Weed Mitogen (PWM) 

The 5 mg vials of lyophilized PWM should be ordered directly from Sigma. 

Reconstitute the vial 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. Aliquots may be stored in this way for up to 

one year. Label these aliquot tubes as PWM Stock and withthe date of preparation. 

For the assay, we need a 11x final concentration to be added to  the whole blood 

culture. Hence, we want to use a 110 ug/ml concentration and our stock is at 1000 ug/ml. To 

arrive at the 11x final assay concentration solution, we need to dilute the PWM stock 

solution. 

C. 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: 



ICAR-CAFT 33rd Course ‘Microbiological Techniques for Diagnosis of Emerging and Re-emerging Diseases of Veterinary 
Importance’, Department of Veterinary Microbiology, LUVAS, Hisar, Nov. 20-Dec. 10, 2019. 

 

N. K. Kakker, Akhil K. Gupta, Anshul Lather and Mahavir Singh (Editors), LUVAS, Hisar 163 
 

 

D. Whole blood culture assay for the BOVIGAM IFN-γ assay 

Blood samples received in lithium heparin vacutainers are appropriate. The 0.25 ml 

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. Pipette tips must 

be changed between dispensing individual samples. 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. 

E. Harvesting supernatants 

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

g at room temperature to facilitate ease of recovery of plasma supernatant. Ensure that the 

centrifuge is balanced. Harvest plasma samples in a safety cabinet. Carefully remove 110 μl 

of plasma supernatant from each well using a multichannel pipette and sterile pipette tips. 

Pipette tips must be changed between harvesting different samples. 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. Use a new pipette tip for each 

plasma sample. 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. 

 

F. 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.  
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 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. 

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 
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 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 should be kept in mind. These are performed on the 

 OD values as they are (i.e. without subtracting the nil-antigen value). 

 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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EXPRESSION AND CHARACTERIZATION OF SINGLE DOMAIN ANTIBODY 

CLONE SELECTED FROM PHAGE DISPLAY LIBRARY OF INDIAN DESERT 

CAMEL 

Akhil K. Gupta, Jaideep and Anu Malik 

Department of Veterinary Microbiology, College of Veterinary Sciences, 

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

  

Principle & Methodology 

The vector DNA from selected positive clones was transformed into the Amber non-

suppressor strain of E. coli (WK6) allows IPTG inducible expression of soluble dAbs with 

6xHis tag. For expression, the culture was grown to mid-log phase (OD600= 0.6-0.9) at 37°C 

with shaking and IPTG was added to a final conc. of 1 mM. The cultures were subsequently 

grown at 28°C for 16-18 hr in a shaking water bath in order to express dAb-6xHis tag and its 

transport into periplasm. The periplasmic contents are released from the bacterial pellet 

suspension in hypotonic tris-EDTA-sucrose solution. Yield of the expressed clones may 

range between 1–15 mg/L culture.      

In this practical, the expression of VHH-pHEN4/WK6 clones sub-cloned in pET 

303/CT-His vector (Invitrogen, USA, K6302-03) with 6xHis tag and transformed in chemi-

competent BL21 (DE3) E. coli strain will be demonstrated. For expression, VHH-pET/BL21 

clones are grown to mid-log phase (OD600= 0.4-0.6) in LB broth/ampicillin, induced with 

IPTG (final conc. of 1 mM) for expression of dAb-6xHis products at 37°C for 10-12 hrs at 

200 rpm in a shaking incubator. The expressed product of VHH i.e. dAb-6xHis in BL21 cell 

lysates can then be detected as a band of about 16-17 kDa by SDS-polyacrylamide gel 

electrophoresis (SDS-PAGE). 

Materials, reagents & equipment 

1. VHH- pET 303/CT transformed BL21 (DE3) colonies on LB/amp agar, freshly grown 

2. LB broth /amp (100μg/ml), one litre 

3. 1M IPTG stock solution 

4. Conical flasks (250ml, 500ml, 1000ml), sterilized 

5. 50 ml sterile culture/centrifuge tubes 

6. Spectrophotometer for OD600 measurement 

7. Shaking Incubator or shaker water bath 

8. Cooling centrifuge 

9. Pipettes, disposable (2 ml & 10 ml)  

10. Eppendorf tubes & stand 

11. 96-well microtitre plate  

12. Micropipettes &microtips 

13. Refrigerator & deep-freezer 

14. SDS-PAGE assembly and reagents 

Procedure 

1. Inoculate 50 µl of a VHH-pET/BL21(DE3) clone in 5 ml LB/amp broth (100μg/ml)  

 in 50 ml sterile culture tube and incubate at 37ºC in a shaking incubator overnight. 

2. Next day, inoculate 10 ml of LB/amp broth with 200 µl (1:50) of O/N grown culture. 

 Grow the culture at 37°C with shaking until the OD600 reaches between 0.4-0.6. 
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3. Then, add IPTG to a final concentration of 1 mM in the culture flask and further 

 incubate it at 37°C for 10-12 hrs in the shaking incubator. 

4. Take 1.0 ml samples of the culture at zero hour just before IPTG induction and 10 hrs 

 after induction. 

5. Pellet bacterial cultures in 1.5 ml Eppendorf tubes, decant supernatant from each and 

 prepare the bacterial lysate by adding 50 µl of 1xLaemmli‘s sample buffer.  

6. Analyze the dAb expression by SDS-PAGE in 15% polyacrylamide gel using 

 discontinuous buffer system of Laemmli. 

7. Boil the lysate samples for 5 min. before loading in 15% polyacrylamide gel. Load 

 Mr size markers in one lane of the gel. Run electrophoresis under constant current 

 conditions. 

8. Stain the gel with Coomassie‘s brilliant blue R250 solution and destain using 

 methanol: acetic acid: water mixture (40:10:50). 

9. Record results by photography and present as shown in Fig. below. 

 

References: 

1. Jangra, P. and Singh, A. (2010). Asian Pacific J Trop. Med. 3:1-7. 

2. Gupta, A. and Singh, A. (2014). Res Rev: J Immunol. 4(1): 1-7. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.: SDS-PAGE of dAb Cl18 of ~ 17.0 kDa size bands expressed in BL21 (DE3) [Lane 

Mr: Protein Marker; Lane 1: uninduced culture of Cl18 after 10 hour; Lane 2: IPTG 

induced culture of Cl18 after 10 hour] 

Further reading: Baral TN and Arbabi-Ghahroudi M. (2012) Expression of single-domain 

antibodies in  bacterial systems. Methods Mol Biol. 911: 257-75. doi: 10.1007/978-1-61779-968-

6_16. 
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 Rosano GL and Ceccarelli EA. (2014) Recombinant protein expression in Escherichia 

 coli: advances and challenges. Front Microbiol. doi: 10.3389/fmicb.2014.00172.  

Trouble-shooting: 

Problem Possible explanation Solutions 

No or low production Protein may be toxic before 

induction   

 

 

 

 

 

 

 

 

Protein may be toxic after 

induction 

 

Control basal induction:   

 add glucose when using expression vectors 

 containing lac-based promoters  

 use defined media with glucose as source 

 of carbon  

 use pLysS/pLysE bearing strains in T7- based 

systems use promoters with tighter  regulation 

Lower plasmid copy number 

 

Control level of induction:  

 Use strains that allow control of induction  

Lower plasmid copy number  

Use strains that are better for the expression of toxic 

proteins  

Direct protein to the periplasm 

Inclusion body 

formation 

Incorrect disulfide bond 

formation 

 

 

Incorrect folding 

 

 

 

Low solubility of the protein 

 

Direct protein to the periplasm 

Use E. coli strains with oxidative cytoplasmic 

environment 

 

Co-express molecular chaperones  

Supplement media with chemical chaperones and 

cofactors  

 

Fuse desired protein to a solubility enhancer (fusion 

partners) 

Change microorganism 

Protein inactivity Incomplete folding 

 

 

 

Mutations in cDNA 

 

Lower temperature  

Monitor disulfide bond formation and allow further 

folding in vitro 

 

Sequence plasmid before and after induction. If 

mutations are detected, the protein may be toxic. 

Transform E. coli before each expression round 

 

Further reading: 

 Baral TN and Arbabi-Ghahroudi M. (2012) Expression of single-domain antibodies in bacterial 

 systems. Methods Mol Biol. 911: 257-75. doi: 10.1007/978-1-61779-968-6_16. 

 Rosano GL and Ceccarelli EA. (2014) Recombinant protein expression in Escherichia coli: 

 advances and challenges. Front Microbiol. doi: 10.3389/fmicb.2014.00172.  
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COMPETITIVE ELISA FOR DIAGNOSIS OF BRUCELLOSIS IN ANIMALS 

 Mahavir Singh, Kuldeep Singh and Jinu Manoj 

College Central Laboratory, College of Veterinary Sciences, 

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

  

Principle & Methodology  

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 

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. 
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 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. 

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. 
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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: 

 

       PI = 100- {(OD Samples or Control × 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: Svanovir Brucella Ab c-ELISA kit cat no. 10-2701-10. User manual. 
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SOLID PHASE PEPTIDE SYNTHESIS AND DETERMINATION OF MINIMUM 

INHIBITORY CONCENTRATION OF ANTIMICROBIAL PEPTIDES 
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1
 and Ruchi Sharma

1
 

1
Department of Animal Biotechnology, 

2
College Central Laboratory,  

College of Veterinary Sciences, 

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

  

The solid-phase synthesis is a method in which molecules are bound on a bead and 

synthesized step-by-step in a reactant solution; compared with normal synthesis in a liquid 

state, it is easier to remove excess reactant or byproduct from the product. In this method, 

building blocks are protected at all reactive functional groups. The two functional groups that 

are able to participate in the desired reaction between building blocks in the solution and on 

the bead can be controlled by the order of deprotection. This method is used for the synthesis 

of peptides, deoxyribonucleic acid (DNA), and other molecules that need to be synthesized in 

a certain alignment. More recently, this method has also been used in combinatorial 

chemistry and other synthetic applications. The process was originally developed in the 

1950s and 1960s by Robert Bruce Merrifield in order to synthesize peptide chains, and which 

was the basis for his 1984 Nobel Prize in Chemistry. The chemicals used in SPPS are 

harsh, so work should be done in fumehood with precaution.  

Protocol for SPPS: 

 Take a small amount (50-60mg) of rink amide resin and let it swell overnight in DMF 

in the column. Perform the Kaiser test to determine all sites (amino group) blocked by 

 Fmoc. 

 De-blocking of the amino group is done by 20% piperidine in DMF. Then, resin beads 

 are washed with five times with DMF and then DCM (Dichloromethane) and 

followed by two DMF wash. Kaiser teat can be again performed to confirm the 

activation of  amino group. 

 Pre-activation of amino acids is done to activate their carboxyl group so that amide 

 linkage will establish during coupling reaction. Pre-activation is done by incubating 

 amino acid, HBTU {2(-1H-Benzotriazol-1-yl)-1,1,3,3-trimethyl uranium 

 hexafluorophosphate} and OXYMA pure in DMF at 4⁰ C for 20 mins and then DIEA  

(N- ethyl disopropyl amine) is added.  

 Add the pre-activated amino acids into the resins and incubate it for two hours under 

 shaking condition at room temperature. 

 Then, wash the resins with DMF and again add the pre-activated same amino acid. 

 After the first complete coupling reaction all other remaining activated sites are 

capped by adding a mixture of DMF, DIEA and acetic anhydride. 

 De- blocking, pre-activation, coupling and capping reactions are repeated until 

complete  peptide is synthesised. Then drying of resin is done with methanol 

washing and kept  overnight in dessicator. 

 Then cleavage reaction is performed to remove all the blocking groups present in the 

 peptide. It is done a mixture of TFA (Trifluoroacetic acid), TIS (Tri-isopropyl silane) 

for 5 hours.  

https://en.wikipedia.org/wiki/Molecule
https://en.wikipedia.org/wiki/Chemical_synthesis
https://en.wikipedia.org/wiki/Protective_group
https://en.wikipedia.org/wiki/Functional_group
https://en.wikipedia.org/wiki/Peptides
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/Combinatorial_chemistry
https://en.wikipedia.org/wiki/Combinatorial_chemistry
https://en.wikipedia.org/wiki/Robert_Bruce_Merrifield
https://en.wikipedia.org/wiki/Nobel_Prize_in_Chemistry
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 The peptide is precipitated by adding chilled diethyl ether (DEE) and incubated at 4°C 

 overnight and followed by centrifugation (@ 5500 rpm for 7 minutes at 4⁰ C). 

 Decant the DEE and let the peptide dry off in the dessicator. 

 Dry peptide is ready for further experiments. 

Kaiser Test 

 Requirements: 

 Solution A:  five grams of ninhydrin in 100 ml of ethanol. 

 Solution B:  forty gram of phenol in 10 mL of ehanol. 

 Solution C: 100 ml of pyridine. 

Procedure: Take very small amount of beads and thrice wash with ethanol and dry them. Add 

 equal amount of Sol A, B & C. Heat the vial at 120⁰ C for five minutes. 

Interpretation:   

 Colourless beads with blue solution - no free amino group. 

 Blue beads - amino group free 

 Blue and colourless beads -  incomplete activation of amino group or incomplete 

 blocking 

Characterizations of peptide and peptide concentration determination: 

  The peptide has a chromophore in the sequence (W or Y residues), peptide 

 concentration can be conveniently determined based on the extinction coefficient of 

 these residues.  The following steps can be used for the calculations: 

1.  Molar extinction coefficients of chromophoric residues at 280 nm at neutral pH using a 

 1- cm cell: 

 Tryptophan 5560AU/mmole/ml 

 Tyrosine 1200 AU/mmole/ml 

2.  The extinction coefficient of each chromophore in the peptide sequence is generally 

 considered to be additive, that is, the overall molar extinction coefficient of the peptide 

 depends on the types and number of these choromophoric residues in the sequence. 

3.  Calculations: mg peptide per ml = (A280 x DF x MW) / e 

 where A280 is the actual absorbance of the solution at 280 nm in a 1-cm cell, DF is the 

 dilution factor, MW is the molecular weight of the peptide and e is the molar extinction 

 coefficient of each chromophore at 280 nm 

4.  Hypothetical example: A 50X diluted solution of a peptide with the sequence 

 RRNWNQYKIQFGYSFSNSE  (MW = 2414) reads 0.5 AU at 280 nm in a 1-cm cell. To 

 calculate the original peptide concentration in the stock peptide solution: 

 Mg peptide/ml    =    (0.5AU x 50 x 2414 mg/mmole) 

                                [(1 x 5560) + (2 x 1200)] AU/mmole/ml  

                               

     =  7.58 

 

1.  It is possible to determine the concentration of peptides that do not contain aromatic 

 amino acids by measuring absorbance at 205 nm. However this measurement is far more 
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 prone to external influence, since many solvents and other chemicals will absorb at this 

 wavelength. A high quality, dual-beam spectrophotometer is required in order to reduce 

 the effects of non-specific absorption and to measure low concentrations. For a high level 

 of reproducibility, a combination of absorption measurements at a range of wavelengths 

 is recommended. 

2.  If routine analysis is required, then HPLC analysis with measurement at 205 nm would 

 be a far superior option because of its ability to resolve the peptide from the buffer 

 constituents, thus allowing for more accurate concentration determination. Integration of 

 the peak of interest will allow for accurate determination of peptide quantity. Using  

 control peptide solutions to determine the absorbance at 205 nm that corresponds to a 

 fixed concentration of peptide is recommended. 

Determination of Minimum Inhibitory Concentration (MIC) of antimicrobial peptides 

One of the methods for in vitro assessment of antimicrobial activity of peptide is MIC 

determination. MIC is defined as the lowest concentration of the antimicrobial agent that 

prevents visible growth of a microorganism under defined conditions. Agar dilution and broth 

dilution are most commonly used methods for MIC determination. Here, we are going to 

discuss broth microdilution method briefly which is used for antimicrobial peptides.  

Broth microdilution method (Wiegand et al., 2008)* for determination of MIC of 

antimicrobial peptides 

1. Use 96-well sterile polypropylene microtiter plates for MIC. Keep the plate covered 

 when not handling the plate to avoid contamination by airborne pollutants. Test each 

 peptide in triplicate. 

2. Add 50 μl of MHB (Mueller–Hinton Broth) into column 2–11 of microtiter plate. Add 

 100 μl into column 12 (sterility control). 

3. Make two -fold dilution of antimicrobial peptide. Add 100 μl of the peptide solution into 

 the wells in column 1. 

4. Withdraw 50 μl from each well in column 1 and add this to the corresponding wells in 

 column 2. This makes column 2 a twofold dilution of column 1. Mix by carefully 

 pipetting up and down 6–8 times. 

5. Repeat the procedure down to column 10. Discard the withdrawn solution from column 

 10. 

6. The turbidity of a McFarland 0.5 standard is equal to 1–2 x 10
8
 cfu /ml. Adjust the 

 bacterial suspension to 1 x10
8
 cfu/ ml and mix it by vortex and dilutes it 1:100 with 

 MHB. 

7. Then add 50 μl of the bacterial suspension in wells (1-10) containing the peptide solution 

 and the growth control well (11). This result in final desired inoculum of 5 x10
5 

cfu /ml 

 in each well. 

8. Withdraw 10 μl aliquot from the growth control well immediately after inoculating the 

 plate and pipette it into a sterile Eppendorf tube holding 990 ml of sterile saline or broth. 
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 Mix well by vortexing. Make a further dilution of this suspension (1:10) by pipetting 100 

 ml into 900 ml of sterile saline or broth and mix well. 

9. Plate 100 ml of each of the two dilutions onto two different nutrient-rich agar plates.  Use 

 a sterile cell spreader to spread the liquid. 

10. Incubate microtiter plate and agar plates at 37 ⁰ C for 16–20 hrs. 

11. Count colonies the next day. The presence of around 50 colonies on the lower of the two 

 dilutions (1:1000 of the initial inoculum) is expected when using the correct inoculum 

 density of 5 x10
5
 cfu/ml.  

12. Wipe off the bottom of the microtiter plate with lint free tissue paper. Take the 

 absorbance at 620nm using an ELISA reader. 

13. Do not read the plate if growth in sterility control. 

14. The MIC is defined as the lowest concentration of the antimicrobial substance that 

 inhibits visible growth of the tested isolate.  When growth of the tested organism occurs 

 in all the wells with antimicrobial agent, the MIC is recorded as greater than the highest 

 concentration tested. The MIC is recorded as less than or equal to the lowest 

 concentration when no growth occurs in any of the well but the growth control. 

 

References: 

Wiegand, I., Hilpert, K. and Hancock, R.E. 2008. Agar and broth dilution methods to determine the minimal 

inhibitory concentration (MIC) of antimicrobial substances. Nat Protoc 3:  163–175. 
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Chicken Infectious Anemia (CIA), a viral disease, causes severe immunosuppression 

in chicken and possesses potential to become a single cause of havoc for 22
nd

 century poultry 

sector in India despite the fact that it is controllable through vaccine available in other parts 

of globe. Here its impact is still undermined due to very scanty studies done so far about its 

prevalence. But, whatever had done so far highlight an alarming situation for our poultry 

population which is very soon going to outnumber humans due to its phenomenal growth of 

over 5% per annum. Poultry is most organized sector among all the livestock species in India. 

Commercial chicken production is increasing in quantum according to rising appetite among 

Indians for non-vegetarian diet.  

Commercial or intensive chicken production involves rearing birds at higher density 

(less floor/cage space per bird) which puts stress on birds. Stress and Chicken Infectious 

Anemia virus is close ally in birds especially in younger ones leading to breaking the immune 

system of body and making birds prone to acquire secondary (other) infections as CIA virus 

shows synergy with some other viral diseases. These secondary infections are mostly fatal for 

these young birds and disguise the real culprit in post-mortem examination by making 

impression in pathologist‘s mind that birds are dying due to secondary infection. Symptoms 

of this viral infection are also similar to many other infections such as weakness, reduced 

growth, ruffled feathers, loss of appetite etc leading to non-confirmation of CIA in the flock. 

Those lucky birds which survive or overcome this infection may bring havoc at farms in near 

future by becoming carrier. Carriers spread the virus inside the sheds through various 

secretions including feces. These viruses will enter in new host and flare up when birds will 

be under stress most often under summer/heat stress. Further, this virus also gets vertically 

transmitted (from parent stock to progeny through eggs) leading to rapid dissemination of the 

virus to the farms procuring chicks from infected breeder farms. 

Chicken Infectious anaemia virus (CIAV): The smallest known virus of chicken was 

recently reclassified from the family Circoviridae to Anelloviridae, under Genus Gyrovirus, 

species Chicken Anemia Virus. The virions are nonenveloped with icosahedral symmetry and 

the diameter ranges from 19.1–26.5 nm (T=3 icosahedron with 32 morphological subunits) 

with spherical and/or hexagonal shape. The Genome consists of a single molecule of circular 

negative sense, ssDNA, which ranges from 1.7 to 2.3 kb in size. Three important overlapping 

open reading frame (ORF) have been reported in the genome of CIAV. The coding region 

containing three partially overlapping ORF which encodes VP1 (51 kDa/449 AA), VP2 (26 

kDa/216AA) and VP3 (14 kDa/121 AA) proteins. VP1 is the only structural protein known to 

form viral capsid (coded by ORF1) and VP2 may act as a scaffold protein during virion 

assembly to facilitate the correct conformation of VP1. VP3 is apoptin protein capable of 

causing apoptosis in infected cells especially in thymocytes and lymphoblastoid cells. 
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Serotypes of CIAV: Based on antigenicity to viral proteins, different CIAV strains were 

reported from throughout the world. All strains belong to one serotype as there was no 

antigenic differences have been recognized in these strains. 

Pathogenicity: Chicken Infectious Anemia is highly contagious acute disease, clinically 

characterized by severe anemia, generalized lymphoid atrophy and increased mortality in 

young chicks (1-3 weeks). Birds of All age, sex, broilers, layers are susceptible to CIAV 

infection. Clinical and subclinical forms of infection are observed in young and adult birds 

respectively. Affected birds show depression, anorexia, pale comb and wattle, ruffled feathers 

and stunted growth, weight loss and death within one week of infection.   

During egg production virus get transmitted to developing embryo and after hatching, 

virus target the hematopoietic cells (hemocytoblasts) in the bone marrow and thymocytes in 

the thymus. The peak virus load in thymus occurs during 10-14 days of infection. Peak 

mortality occurs in chicks within 5-6 days of onset of clinical sign. Focal skin lesions have 

been observed on the wings, head, on the sides of the thorax and abdomen, on the thighs, legs 

and feet and ecchymotic haemorrhages on the skin. The only specific sign observable is 

anemia and gross lesion consists of severe bone marrow aplasia and pancytopenia, with 

reduction in haematocrit values ranging between 6 - 27%. In adult birds, clinical form of 

disease is not occurring but sub-clinically virus circulate among birds without any outward 

signs or symptoms 

The development of pathogenicity is related to the genetic makeup of the virus. 

Genetic makeup of the virus may be changed during natural infection of birds in different 

geographical area thus it can persist in the flocks and transmit to next generation. Also, cell 

culture experiment (MDCC MSB1 cells) shows that after a number of passages, the virus 

become attenuated and become less virulent. But it maintains the ability to infect the cells. 

The repeated passages of the isolates in cell culture (approximately passage 123) produced 

low pathogenic viruses that showed a significantly reduced level of pathogenicity in SPF 

chickens compared to the low passage isolates. 

Diagnosis: Diagnosis of CIA is primarily based on clinical profiles, history of flock, signs 

and symptoms, haematological changes, gross pathological lesions (in autopsy of affected 

birds) along with the knowledge of its differentiation from other avian pathogens like MD, 

IBD, AL etc. Further diagnosis can be made by various methods for detection of antigen, 

antibody or molecular level detection of viral genome. Confirmatory diagnosis can be done 

by isolation and identification of the CIAV in cell culture, SPF day old chick, embryonated 

chicken egg (ECE) or demonstration of virus by Electron microscopy. Other methods include 

 Immunofluorescent technique 

 Indirect immunofluorescent test (IIFT) 

 Virus neutralization (VN) 

 Enzyme linked immunosorbent assay (ELISA),  

 Immunoperoxidase (IP) tests  

 Nucleic acid amplification methods like polymerase chain reaction (PCR), 

restriction fragment length polymorphism (RFLP)  
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Prevention and control: special attention needs to be given in management and hygiene 

procedures to prevent immunosuppression and further occurrence of disease. Due to vertical 

transmission, viral persistence, and hardy nature of the virus, it is practically impossible to 

eradicate CIAV from the poultry premises. Vaccination of young breeder flocks is the current 

strategy of prevention of anemia and disease in young chicks. Maternal derived antibody may 

protect the young birds from natural infection.  

Vaccination should be performed at about 9–15 weeks of age, but never later than 3–4 

weeks before the first collection of hatching eggs to avoid the hazard of vaccine virus spread 

through the eggs. But various report on molecular study on CIAV showed that recombinant 

stains of CIAV is circulating among chicken flocks. Most of these isolates were found to be 

highly pathogenic. Therefore, along with preventive measures time to time monitoring of 

CIAV among chicken flocks is very important for the control of CIA 

Epidemiological status: CIAV has been reported from almost all the continents including 

Asia. Since last four decades, it was emerged as an economically important avian pathogen. 

Various epidemiological studies show high prevalence ranging from 50% to more than 88% 

globally.  

In India, the disease was first reported from Tamil Nadu and studies from various 

geographical area shows the emerging tendency of CIA in India. A high sero-molecular 

prevalence (more than 70%) was reported since 2011. Higher prevalence of CIAV in 

association with other immunosuppressive viruses like MD, IBD, IBH, AL is posing severe 

threat to burgeoning poultry industry in India. Therefore, time to time monitoring of these 

pathogens from different geographical area is very crucial for prevention and control of 

CIAV.  

Economic impact: The negative impact of CIA on economy is mainly due to huge mortality 

in chicks, the cost of treatment to prevent or control secondary microbial infection and poor 

performance of recovered bird. The economic impact of CIAV showed production loss, 

decreased weight gain, suboptimal feed conversion ratio. Previous studies reported that a 17-

19% reduction in income per 1000 bird was observed in flocks having vertically transmitted 

CIAV. An average weight of 3.3% less and an average mortality of 2% more was observed in 

affected birds when compared to unaffected flocks. It causes severe economic threat to the 

poultry industry especially to broiler producers and SPF chick and egg producers. 

Importance of CIAV in SPF chick and egg is depends on legislation for vaccine 

production in various countries. European Union requires the absence of CIAV from eggs 

used for the production of all poultry vaccines. In Australia, Europe, and the United States 

requires the absence of CIAV in SPF eggs used for human vaccines like measles and mumps. 

 


