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Diagnosis of Equine Influenza
Nitin Virmani, B.C.Bera, Taruna Anand
National Research Centre on Equines, Sirsa Road, Hisar-125001, Haryana

Collection of specimens
a. Collection of nasal swabs: Specimens for isolation of influenza viruses in
embryonated chicken eggs or cell cultures and for the direct detection of viral antigen
or nucleic acids should generally be taken earliest possible preferably during the first
3 days after onset of clinical symptoms for influenza. The best way to collect the
material is by nasal swabs which should atleast 18 -24 inches long to be passed into
the nasopharynx. Custom swabs consisting of cotton gauze attached to the end of a
18-guage soft stainless steel wire encased in rubber tubing are used. For swabbing, the
gauze end is inserted as far as possible into the horse’s nasopharynx, about 30 cm for
an adult horse, 25 cm for a pony, and 20 cm for a foal. Twitching or tranquilization of
the horse may be necessary to safely perform satisfactory nasopharyngeal swabbing.
Upon withdrawal the gauze is removed and immersed in a vial containing 2-3 ml of
viral transport medium.
b. Collection of sera: Optimally an acute phase serum specimen (3 - 5 ml of whole
blood) should be taken soon after onset of clinical symptoms but not later than 7 days,
and a convalescent phase serum specimen should be collected 2 to 4 weeks later. The
blood is allowed to clot and later centrifuged at 2500 rpm for 15 mins to separate the
blood cells and serum. The serum should be pipetted off, and the blood cells may be
discarded. Paired sera are collected for diagnosis of influenza. Serum samples are
stored at -20oC.
Transport and storage of specimens
Swabs should be put in a tube containing transport medium immediately after
collection. This medium consists of phosphate buffered saline (PBS) containing 40%
glycerol, or PBS containing 2% tryptose phosphate broth, 2% antibiotic solution. Specimens
for virus isolation should be chilled (40C) in an ice pack immediately after collection and
inoculated into susceptible cell cultures and eggs as soon as possible. If the specimen cannot
be processed within 48 - 72 hours, they should be kept frozen at or below -70oC.
Diagnostic techniques
A. Isolation of equine influenza virus in embryonated hens’ eggs: Fertile eggs are
incubated in a humid incubator at 37–38°C and turned twice daily; after 10–11 days,
they are examined by candling and live embryonated eggs are selected for use. The area
above the air sac is cleansed with alcohol and a small hole is made through the shell.
Several eggs/sample are inoculated (0.1 ml) in the amniotic cavity with no additional
dilution of the sample (sample may also be diluted). The syringe is withdrawn
approximately 1 cm and a further 0.1 ml is inoculated into the allantoic cavity.
Alternatively, the sample may be inoculated into the allantoic cavity alone through a
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second hole drilled just below the line of the air sac. The hole is sealed with wax or
tape, and the eggs are incubated at 34–35°C for 3 days. The embryos that die within 24
hours following inoculation should be discarded. The eggs that contain embryos that
die more that 24 hours after inoculation or contain live embryos after 3 days are
examined for the presence of EI virus. The eggs are transferred to 4°C for 4 hours or
overnight to kill the embryos and to reduce bleeding at harvest. The shells are
disinfected, and the amniotic and/or allantoic fluid is harvested by pipette, each harvest
being kept separate. These are tested for haemagglutination (HA) activity. If there is no
HA activity, aliquots of each harvest are pooled and passaged further into eggs. All HA
positive samples are divided into aliquots and stored at –70°C; one aliquot is titrated for
HA immediately. If the HA titre is 1/16 or more, the isolate is characterised
immediately. If titres are low, positive samples should be passaged. It may be necessary
to undertake as many as five passages to isolate the virus. If virus has not been
recovered by the fifth passage, further passages are unlikely to be successful.
Precaution must be taken to avoid contamination of clinical specimens with laboratory
strains.
B. Antigen detection by Enzyme linked immunosorbent assay (ELISA): In situations
where laboratory facilities for virus isolation are unavailable, influenza virus antigen in
nasal secretions may be detected directly by an antigen-capture ELISA for the H3N8
virus using a monoclonal antibody (MAb) against virus specific immunogenic proteins.
Positive ELISA results are useful in the selection of samples if resources are limited or
for the selection of specimens to be sent to a reference laboratory for virus isolation
attempts.
Commercial Enzyme immunoassays
Commercial self-contained kits for detecting human influenza are available and have
been shown to detect equine influenza antigen. This approach provides a rapid result on
which management decisions may be based. Commercial enzyme immunoassays allow rapid
detection of influenza virus in clinical specimens. Nasal swabs, or tracheal swabs are suitable
specimens for these assays. This test is useful to confirm the presence of influenza virus in
egg or cell culture grown material.
(a) Directigen Flu Kit: In the first step the specimen is treated with an extraction buffer
containing detergent to lyse cells and a mucolytic reagent. The diluted specimen is
homogenized and then applied to a filter membrane. Viral antigens are bound to the
membrane. In a following step, unbound material is washed off and nonspecific binding
of subsequent reagents is prevented by blocking the membrane with rabbit IgG.
Enzyme-labeled monoclonal antibody specific to influenza virus is added and after
repeated washing, activity of bound enzyme is detected by subsequent incubation with
two substrate- chromogen solutions. In the presence of viral antigens, a purple triangle
becomes visible on the membrane. Virus antigen on a small round area in the center of
the membrane serves as a test control. Positive and negative controls are included in the
kit.
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(b) FLU OIA kit: The test involves the extraction and detection of an influenza
nucleoprotein. The Optical ImmunoAssay technology enables the direct visual
detection of a physical change in the optical thickness of molecular thin films. The
change is a result of antigen-antibody binding on an optical surface which is a silicon
wafer. When extracted specimen is placed directly on the optical surface, the
immobilized specific antibodies capture the antigen. After washing, the substrate is
added, increasing the thickness of the molecular thin film. This change in thickness
alters the reflected light path and is visually perceived as a color change. Slight changes
in optical thickness produce a distinct visible color change. A positive result appears as
a purple spot on the gold background. When antigen is not present in the specimen, no
binding takes place. Therefore, the optical thickness remains unchanged and the surface
retains the original gold color indicating a negative result.
C. Molecular techniques
(a) Reverse transcriptase-Polymerase chain reaction (RT-PCR): RT-PCR assays are
increasingly used for the detection of equine influenza genome in nasal secretions. In
this technique, viral RNA is extracted from nasal swabs by the guanidine thiocyanate
extraction method or RNA isolation kit and subsequently reverse transcribed. The
complementary DNA is then used as template in a PCR reaction. Primers designed for
use in this assay are specific to different region of the genome. Designing of primers is
most critical part of successful PCR assay. For diagnostic RT-PCR, primers are
designed targeting highly conserved region of matrix (M), haemagglutinin (HA),
nucleoprotein (NP) and non-structural (NS) genes of equine influenza virus. Primers
directed at a target on conserved segment 7 (matrix gene) of influenza virus are mostly
used for diagnosis of infection which produce amplification products of 212bp. Singletube RT-PCR has been developed for the detection of influenza A viruses targeting the
highly conserved region of the matrix gene.
b) Immuno-PCR: Sano et al., (1992) developed a highly sensitive antigen detection
system that combines enzyme-linked immunosorbent assay and polymerase chain
reaction (Immuno-PCR). A rapid and highly sensitive method for diagnosis of equine
influenza has been developed by detecting viral antigens using imununo-PCR targeting
non structural protein (NS1) gene and haemagglutinin (HA) gene. The sensitivity of the
immuno-PCR for the detection of both proteins is higher than that of RT-PCR for the
detection of the viral genome. Detection of NS1antigen by immuno-PCR could be used
for diagnosis of equine influenza as NS1 is antigenically common in all influenza
viruses and produced only in infected cells. Samples positive by immuno-PCR for NS1
can be tested for HA antigen detection to determine the HA subtypes of the virus.
c) Real time RT-PCR: RT-PCR is a highly sensitive and specific technique used for the
detection of nucleic acids and revolutionized research and diagnostic possibilities. This
technique has been successfully used to detect viral nucleic acids in clinical samples
and has become the gold standard for microbial detection. The new generation PCR
method detects the amplified product during each PCR cycle by means of fluorescence
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dye. The use of fluorescent dye – labelled probes increases the sensitivity and reliably
of the assays in detection of pathogens. Realtime Light Cycler reverse transcription
PCR technology (QRT-PCR) has been shown to be more sensitive for the detection of
positive samples than virus culture in eggs or by ELISA technology. The real time RTPCR allows quantitative detection of infection using SYBR Green I dye or Taqmanprobe based chemistry. QRT-PCR techniques has been developed for rapid detection of
equine influenza from clinical samples using primers M52C (5′CTTCTAACCGAGGTCGAAACG-3′)
and
M253R
(5′AGGGCATTTTGGACAAAGCGTCTA-3′) targeting matrix gene which amplify a
244-bp product (Quinlivan et al., 2005; Foucher et al., 2000).
d) Serological tests: Equine influenza is detected by performing serological tests on
paired sera to show a rise in antibody. These tests should be carried out whether virus
isolation has been attempted or not. Serology methods such as the hemagglutinin
inhibition test (HAI), single radial haemolysis (SRH), the virus neutralization test, and
enzyme-linked immunosorbent assay (ELISA) are useful in epidemiologic and
immunologic studies as well as in the evaluation of vaccine immunogenicity. Two
simple methods namely HAI and SRH are equally efficient and widely used for
diagnosis of equine influenza. Both of the paired serum samples should be tested
together at the same time to minimise variability.
e) Hemagglutination inhibition (HAI) test: The HAI test is mostly used for diagnosis
and confirmation of influenza in equines. The HAI assay remains the test of choice for
WHO global influenza surveillance. In general, a standardized quantity of HA antigen
is mixed with serially diluted antisera, and red blood cells are added to determine
specific binding of antibody to the HA molecule. The HAI test is extremely reliable,
provided reference antisera are available. Disadvantages of the HAI test include the
need to remove nonspecific inhibitors which naturally occur in sera, to standardize
antigen each time a test is performed, and the need for specialized expertise in reading
the results of the test. Chicken RBCs are frequently chosen for HAI testing because the
settling time is shorter, inhibition patterns are clearer, and the cells are readily
available.
f)

Single radial haemolysis assay: In this test, viral antigens are coupled to fixed RBCs
that are suspended in agarose containing guinea-pig complement. Wells are punched in
the agarose and filled with test sera. Influenza antibodies and complement lyse the
antigen-coated RBCs, resulting in a clear, haemolytic zone around the well. The size of
this zone is directly proportional to the level of strain-specific antibody in the serum
sample. The antigens used are allantoic fluids or purified preparations. The viruses are
coupled to RBCs by potassium periodate or by chromic chloride and mixed with
complement, together with a 1% solution of agarose (low melting grade) in PBS. Care
must be taken to ensure that the temperature is not allowed to rise above 42°C at any
time. The mixture is poured into plates and left to set. Wells of 3 mm in diameter and
12 mm apart are punched in the solidified agarose at least 6 mm from the edge of the
plates. Sera are inactivated at 56°C for 30 minutes and no further treatment is
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necessary. Paired sera should be assayed on the same plate. A subtype-specific
antiserum should be included as a control serum in one well on each plate. All sera are
tested in a control plate containing all components except virus to check for nonspecific
lysis. Alternatively, an unrelated virus of some other HA type may be used in the
control plate. Sera that show haemolytic activity for sheep RBCs must be pre-absorbed
with sheep RBCs. Zones of lysis should be clear and not hazy or translucent. All clear
zones are measured and the area of haemolysis calculated.
g)

Indirect ELISA to detect antibody: ELISA technique based on NS1 protein is highly
specific as this protein is produced during an infection but is not incorporated into
inactivated whole virus vaccines, it theoretically enables differentiation of antibody
responses to infection from responses to vaccination with a traditional vaccine.

h) Virus neutralization assay: The virus neutralization test is a sensitive and specific
assay applicable to the identification of virus-specific antibody in equines. The
neutralization test is performed in two stages consisting of (1) a virus-antibody reaction
step, in which the virus is mixed and inoculated with the appropriate antibody reagents,
and (2) an inoculation step, in which the mixture is inoculated into the appropriate host
system (e.g. cell cultures, embryonated eggs, or animals) to detect residual virus
infectivity. The absence of infectivity constitutes a positive neutralization reaction and
indicates the presence of virus-specific antibodies in animal sera. The neutralization test
has several advantages for detecting antibody to influenza virus. First, like HI tests, the
assay primarily detects antibodies to the influenza virus HA, and thus can identify
functional, strain-specific antibodies in animal serum. Second, since infectious virus is
used, the assay can be developed quickly upon recognition of a novel virus and is
available before suitable purified viral proteins become available for use in other
assays. Because of their sensitivity and specificity, neutralisation tests can be used to
confirm the results of HI tests. Neutralising antibody is less cross-reactive between
antigenically related viruses than HI antibody and when used together, neutralisation
tests provide additional information on the identity of the infecting virus. There are
different options for the detection of virus neutralisation. In conventional neutralisation
tests, the neutralisation of virus activity is based on directly visualising the suppression
of CPE under an inverted microscope. Neutralisation tests with influenza differ from
that done with other viruses in that the culture medium needs to be serum free and
contain trypsin to allow influenza viruses to undergo productive replication.
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Equine Influenza – Virus isolation in Embryonated Hen’s egg
Nitin Virmani, Pavulraj S. B.C.Bera
National Research Centre on Equines, Sirsa Road, Hisar-125001, Haryana
Materials required
 Embryonated Hen’s eggs, 9-11 days old
 Egg candler
 70% ethanol
 Needle, 22 gauge, 1½ inch
 Syringe, 1ml
 Egg hole punch
 Molten wax
 15ml tubes & rack
 10 ml pipettes
 Sterile forceps
Procedure







Candling eggs: Candling is the process of holding a strong light above or below the
egg to observe the embryo. A candling lamp consists of a strong electric bulb covered
by a wooden, plastic or aluminium container and has an aperture. The egg is placed
against this aperture and illuminated by the light. Candling is done in a darkened
room.
Determining the viability of the embryo: Under the candling lamp, the embryo
appears as a dark shadow with the head as a dark spot. Healthy embryos will respond
to the light by moving. Sometimes the movement is very sluggish and it can take 30
to 40 seconds for the embryo to move when held under the candling lamp. This
indicates the embryo is not healthy and the egg should be discarded. Look carefully at
the blood vessels. They are well defined in a healthy embryo. After embryo has died,
the blood vessels start to break down. They then appear as streaks under the shell
when viewed under the candling lamp. Candling will also reveal cracks in the
eggshells. Eggs with cracked shells should be discarded.
Dead embryos: The embryo has developed for several days and then died. Candling
will reveal a small dark area and disrupted blood vessels.
Viable Embryos: These move in response to the light and have well defined blood
vessels.

Marking the inoculation site
1. Hold the blunt end of the egg against the aperture of the candling lamp and note the
position of the head of the embryo.
2. Turn the egg a quarter turn away from the head.
3. Draw a line on the shell marking the edge of the air sac.
4. Draw an X approximately 5 mm below this line.
5. The X marks the inoculation site.
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Processing nasal swabs for virus isolation
Procedure:
1. Thaw swab fluid at 4ºC and add 1/10th volume of 10X concentrated antibiotics.
2. Vigorously agitate collection vial with swab on vortex mixer and by swirling the
gauze to free trapped mucosal material.
3. The gauze is transferred to the barrel of a 10 ml syringe and the fluid squeezed into a
test tube together with the remaining contents of the vial. Swab fluid thus obtained is
used directly for testing, and is not filtered or otherwise treated. If excess mucous is
present a brief spin can be given to sediment the debris and mucous.
4. Inoculate the specimen in Hen’s embryonated eggs / MDCK cells and store the
remainder at -70ºC.
Inoculation of eggs
1. Place eggs with blunt end up into egg trays and label each egg with a specific
identification number.
2. Wipe the tops of the eggs with 70% ethanol and punch a small hole in the shell
below the air sac. Three eggs per specimen are usually inoculated.
3. Aspirate 1ml of processed clinical specimen into a tuberculin syringe with a 22
gauge, 1½ inch needle.
4. Insert the needle into the hole of the egg. Using a short stabbing motion, pierce the
amniotic membrane and inoculate 100 μl into the amniotic cavity. Withdraw the
needle about ½ inch and inoculate 100 μl of the specimen into the allantoic cavity.
Remove the needle.
5. Inoculate the two other eggs in the same manner with the same syringe and needle
for a total of three eggs inoculated per specimen. A dilution of 1:10 and 1:100 in
PBS containing antibiotic should also be inoculated in similar manner.
6. Discard syringe into a proper safety container.
7. Seal the holes punched in the eggs with a drop of molten wax.
8. Incubate the eggs at 34oC for 3 days.
Harvesting of allantoic fluid from chicken eggs
1. Eggs are chilled at 4ºC overnight before harvesting to avoid bleeding.
2. Label one plastic tube (15ml) for each egg with the specimen number. Clean off the
top of each egg with 70% ethanol.
3. With sterile forceps, break the shell over the air sac and push aside the allantoic
membrane with the forceps. Using a 10 ml pipette, aspirate the allantoic fluid and
place in a labeled plastic tube. Then using a syringe and needle, pierce the amniotic
sac and remove as much amniotic fluid as possible. Place harvest in a separate tubes.
4. Centrifuge harvested fluids at 3000 rpm for 5 minutes to remove blood and cells and
perform a hemagglutination test and incubate at 4ºC for 30 minutes. If no HA is
present, passage the specimen 2 more times before reporting inability to recover
virus from the specimen.
5. Identify the isolate by hemagglutination inhibition testing and store the isolate at 70ºC within a day of harvest.
Precautions
 Never use -20oC for storage of isolates. Influenza viruses are very unstable at this
temperature.
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Interpretation of Results:
The harvested allantoic fluid is centrifuged briefly and HA titration is done to confirm
the presence or absence of agglutinating activity. If agglutination is present, RT-PCR for
matrix gene followed by RT-PCR for subtyping for HA and NA are carried out as described
in separate protocols.
Virus isolation in eggs
Date eggs inoculated:
Age of eggs at inoculation (days):
Date eggs chilled:
Date eggs harvested:
Date of HA assay:
Batch of blood used:

Sample

Passage

HA titre of eggs inoculated at:
Neat
10-1
10-2
1
2
1
2
1

2
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Haemagglutination and Haemagglutination Inhibition Assay
Nitin Virmani & Pavulraj S.
National Research Centre on Equines, Sirsa Road, Hisar-125001, Haryana
Instruments and materials required
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

Bench top centrifuge
Microhaematocrit centrifuge
Microhaematocrit reader
Heparinised capillary tubes, plasticine
Water bath
96- well ‘V’ bottom Microtitre plates
Multichannel and single channel pipette
1000µl and 300 µl microtips
Magnetic stirrer and magnetic beads
Refrigerated incubator
1000 ml measuring cylinder, 1000 ml storage bottles
Permanent marker, Paper towel
Eppendorf tubes
Syringe and needle
Centrifuge tubes (1.8ml and 15ml)

Reagents required
1. Equine influenza virus antigen H3
2. Positive and Negative control serum
3. Distilled water
4. Alsever’s solution
5. Glucose, Sodium chloride, Tri-sodium citrate (2H2O (2-hydrate)
6. Citric acid, PBS, Sodium Chloride (NaCl)
7. Potassium Chloride (KCL), Disodium Hydrogen orthophosphate Na2HPO4
8. Potassium di-hydrogen orthophosphate KH2PO4
9. Hen’s Red blood cells
10. Ether
11. Potassium periodate
12. Glycerol
13. Tween-80
14. Ethanol 70%
Sample handling and preparation:
1. Keep samples at +2 to +8ºC
2. Separate serum from the whole blood sample
3. Inactivate sera in water bath at 56ºC for 30 minutes.
Preparation of Phosphate buffer saline - PBS
1. Sodium Chloride (NaCl) - 8.0g
2. Potassium Chloride (KCl) 0.20g
3. Disodium Hydrogen orthophosphate Na2HPO4 – 2.2g
4. Potassium di-hydrogen orthophosphate KH2PO4 - 0.20g
5. Distilled Water up to 1000ml
6. Adjust pH to 7.2-7.4 and aliquot into 500 ml bottles. Autoclave at 121ºC for 15 minutes.
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Preparation of Alsever’s solution
1.
2.
3.
4.
5.

Glucose 20.5g
Sodium chloride 4.2g
Tri-sodium citrate (2H2O (2-hydrate) 8.0g
Citric acid 0.55g
Distilled water 1000 ml

Dispense into 10 ml or 50 ml volume and autoclave at 121°C for 15 min before use.
Preparation of erythrocytes (RBC)
Blood collection
1. Place 5 ml of Alsever’s solution into each of two syringes.
2. With the help of 2 syringes with Alsever’s solution from draw 5 ml whole blood
from each of 2 birds to give a total mixture volume of 10 ml in each of the 2
syringes.
3. Pool the 2 mixtures of blood and Alsever’s in the 2 syringes into a universal bottle
to give a total volume of 20 ml. Mix gently. This will be the stock solution.
4. Store the stock solution at 4°C ± 2°C.
5. The stock solution can be stored for up to 5 days provided there is no haemolysis.
6. Cells for immediate use (working solution) are prepared freshly each day from the
stock solution.
Preparation of working RBC solution from the stock solution
1. Mix the stock solution cells gently.
2. Centrifuge the aliquoted cells at 2200 rpm for 5 minutes and discard the
supernatant to remove the Alsever’s solution.
3. Add PBS and centrifuge at 2200 rpm for 5 min and remove supernatant.
4. Repeat the step twice more.
Determination of the Packed Cell Volume (PCV) in prepared working solution:
1. Fill two capillary tubes with the working RBC solution and centrifuge in a
haematocrit for 3 minutes.
2. Read off the PCV from the haematocrit reader. The PCV should be in the range of
55 % - 70 %. If the PCV is less than 55%, the cells must be re-centrifuged and
excess PBS removed and if its more than 70% dilute with more PBS.
Prepare 1% cells from the PCV determined working solution from (e) according to
the following formula:
C1xV1 = C2xV2
Where,
 C1 is the original PCV
 C2 is the concentration required (i.e. 1%)
 V1 is volume of Packed Cells
 V2 is the Volume of the 1% cells to be prepared.
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Titration of haemagglutination
1. Add 25 µl of PBS to all wells in a row of a microtitre plate.
2. Add 25 µl of virus to first well then generate a twofold dilution series across the
plate leaving the last well as a negative control.
3. Add an extra 25 µl of PBS to all wells.
4. Add 50 µl of RBCs to all wells.
5. Leave at room temperature or at 4°C (particularly if ambient temperatures are
high), for 30 minutes.
6. The HA titre is taken as the last virus dilution giving partial HA
Potassium periodate pretreatment of serum sample
1. Mix one volume (150 μl) of serum with two volumes (300 μl) of freshly prepared
0.016 M potassium periodate (0.38 g in 100 ml of PBS), and leave at 22°C (±2°C)
for 15 minutes.
2. Add a further one volume of 3 % glycerol in PBS to neutralise any excess
periodate solution, mix and leave at room temperature (23°C ±2°C) for 15 minutes.
3. Heat inactivate the pretreated serum in a 56°C water bath for 30 minutes.
Test procedure
1. Dispense 25 μl of PBS to all wells of a microtitre plate.
2. Add 25 μl of serum to the first well of a row of 12 and titrate through, leaving the
last well as a control (1/8 to 1/512, allowing for dilution of 1/4 from treatment of
serum).
3. Dilute the antigen to give a dose of 4 HA units (4 × minimum agglutinating dose,
i.e. titre/4).
4. Add 25 μl of 4 HA units antigen to each well, and incubate at 22°C (±2°C) for 30
minutes.
5. Add 50 μl of RBCs to each well. Leave at 22°C (±2°C) for 30 minutes.
6. The plates may be read by tilting to 70° so that non-agglutinated cells ‘stream’ to
the bottom of the well. No agglutination is recorded as a positive result.
Interpretation of Results:
The HI titres are read as the highest dilution of serum giving complete inhibition of
agglutination. If chicken RBCs are used, the plates may read by tilting to 70° so that nonagglutinated cells ‘stream’ to the bottom of the well. Non-agglutinated guinea-pig cells
appear as a ‘button’ in the bottom of the well and may take longer to settle. Titre increases of
fourfold or more between paired sera indicate recent infection.
Criteria for test acceptance/Quality control
Results are accepted on the basis of:
 Antigen back titration to give 4 HA units;
 Cell control and serum control should show complete buttons;
 Positive control should fall within the range of titre 128-2048;
 In the negative control wells, only the serum control well should show a button.
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HI Assay Worksheet for Equine Influenza Diagnosis
Date __________

Ref No.___________



Executing Person ______________



Comments __________________



Serum Dilution

Sample type: ___________

1

2

3

4

5

6

7

8

9

S

4

8

1

3

6

1

2

5

1
0

A
S-1

C

6

2

4

28

56

12

1
1

024

048

1

1

2
2
096

4

B
S-2
C
S-3
D
S-4
E
S-5
F
S-6
G
H

Positive Control
Negative Control

HA Control
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TaqMan probe based qRT-PCR for detection of Equine Influenza
B.C.Bera, Nitin Virmani, Taruna Anand
National Research Centre on Equines, Sirsa Road, Hisar-125001, Haryana
Principle of the method:
Viral RNA is extracted from the specimens. RNA is also isolated from Equine
influenza virus to be used as Positive control. The known negative control is included from
the beginning of the extraction procedure. Viral RNA is subjected to TaqMan qRT-PCR
amplification using primers targeting the conserved region of nucleoprotein (NP) gene of
influenza A virus. The primers, probe and the method of real-time RT-PCR was described by
Lu et al., 2009. All the reactions are performed in a single tube. The presence of specific viral
sequences is detected by an increase of fluorescence signal in the reaction. A standard curve
is used to determine the absolute quantity of a target in a sample. This typically quantifies the
viral load and also allows comparisons against known standard quantities.
Operative guides:
Fill the Equine Influenza Virus Real-Time RT-PCR worksheet before starting the
experiment. In every reaction: an extracted negative control (NC) and an extracted positive
control (PC) should be included and 4 Standard curve samples also to be included when
quantification is needed.
Extraction of the specimens, positive (PC) and the negative (NC) controls
Specimens: Nasal swabs/allantoic fluid
Extraction of viral RNA: Viral RNA is extracted from 140 µl of nasal swab/allantoic fluid
specimens using QIAamp® Viral RNA Mini kit, Qiagen as per the manufacturer´s
instructions. The spin protocol for RNA isolation from samples is mentioned briefly as
below:
 Preparation of Buffer AVL: Dissolve the carrier RNA thoroughly by adding 310 μl
of buffer AVE to the tube containing 310 μg lyophilized carrier RNA to obtain a
solution of 1 μg/μl. Then divide it into conveniently sized aliquots, and store it at –
30 to –15°C. Do not freeze–thaw the aliquots of carrier RNA more than 3 times.
 Preparation of Buffer AW1: This buffer is supplied as a concentrate, hence before
using for the first time, the appropriate amount of ethanol (96–100%) to be added in
it as indicated on the bottle.
 Preparation of buffer AW2: This buffer is also supplied as a concentrate. Add
appropriate amount of ethanol (96–100%) to Buffer AW2 concentrate as indicated
on the bottle before using for the first time.
 560 μl of prepared Buffer AVL containing carrier RNA to be taken into a nuclease
free 1.5 ml microcentrifuge tube. If the sample volume is larger than 140 μl, increase
the amount of Buffer AVL–carrier RNA proportionally.
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 140 μl of samples to be added in the Buffer AVL–carrier RNA in the
microcentrifuge tube and mix thoroughly by pulse-vortexing for 15 s.
 The mixture is incubated at room temperature (15–25°C) for 10 min for lysis of viral
particle.
 Briefly centrifuge the tube to remove drops from the inside of the lid.
 Add 560 μl of ethanol (96–100%) to the sample, and mix thoroughly by pulsevortexing for 15s. If the sample volume is greater than 140 μl, increase the amount
of ethanol proportionally.
 Briefly centrifuge the tube to remove drops from inside the lid.
 Add 630 μl of the above mix to the QIAamp Mini column and centrifuge at 6000 x g
(8000 rpm) for 1 min.
 Place the QIAamp Mini column into a clean 2 ml collection tube, and discard the
tube containing the filtrate.
 Open up the QIAamp Mini column carefully, and remaining mix to be pass through
the same column. If the sample volume is greater than 140 μl, repeat this step until
all of the lysate has been loaded onto the spin column.
 Add 500μl of Buffer AW2 to the column and centrifuge at full speed (20,000 x g;
14,000 rpm) for 3 min.
 Transfer the QIAamp Mini column into a new 2 ml collection tube and discard the
old collection tube with the filtrate. Centrifuge at full speed for 1 min to remove
traces of buffer AW2.
 Transfer the QIAamp Mini column into a clean 1.5 ml microcentrifuge tube and add
50 μl of Buffer AVE equilibrated to room temperature.
 Incubate at room temperature for 1 min and centrifuge at 6000 x g (8000 rpm) for 1
min.
 Store eluted viral RNA at –20°C or –70°C.
Preparation of the reaction master mix
TaqMan qRT-PCR is carried out in a single tube using the TaqMan® Fast Virus 1Step Master Mix (Applied Biosystems). The preparation of reaction master mix is
mentioned Step-by-step as below:
i. First, thaw the following reagents for the preparation of reaction mix
 4✕ TaqMan® Fast Virus 1-Step Master Mix
 Forward primer for NP gene: EqFlu NPF
 Reverse primer for NP gene: EqFlu NPR
 Probe: EqFlu NPPrb (FAM-BHQ1)
 Nuclease free-water.
Before use, the regents have to be thawed completely, gently invert the master mix for
homogenous solution and spinning down briefly.
ii. Prepare the master mix according to the number of specimens (standards and unknown
samples) following the table. Samples are run in duplicate. Calculate the total volume
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required by multiplication of volume required for 1 reaction with total no. of samples +
1 extra reaction to compensate pipetting loss.
Component

Volume (in µl) X (total no. of
for
1 samples +
reaction (10µl)
3 controls +
3 standards +
1 extra)
4✕ TaqMan® Fast Virus 1- Step Master 2.5
Mix
Forward Primer:
0.9
EqFlu NPF (5µM)
Reverse Primer:
0.9
EqFlu NPR (5µM)
Probe:
0.5
EqFlu NP Prb/FAM (5µM)
Nuclease free H20
3.2
Master Mix
8.0
RNA sample
2.0
Final volume
10.0

Total
volume

iii. Vortex the complete master mix briefly and spin down in a centrifuge
Preparation of the plates/tubes for the StepOne Real Time machine

1
2
3
4
5
6

Using a 48-well plate
Take a 48 Fast-optical plate place it in the
MicroAmp® 48-Well Support Base
Pipette 8.0 µl of the reaction master mix
Add 2.0 µl of the extracted RNA samples
in each well
Close the plate with the ABI optical
adhesive film
Centrifuge the plate briefly

Using individual tubes
Set the 0.1 ml strip tubes in the rack
Pipette 8.0 µl of the reaction master mix
Add 2.0 µl of the extracted RNA samples
in each tube
Close the strip tubes with strip caps

Centrifuge the strip briefly in a
minicentrifuge
Load the plate in the StepOne Real Time Load the strip in the StepOne Real Time
machine and start the reaction
machine and start the reaction

Programming of the thermo cycling (Fast mode condition)
 Open up the real-time PCR system software (StepOne software)
 Step-by-step set up the run programme as per workflow such as quantitation mode
reaction mode, chemistry/reagent type, assay type, target, samples number,
standards, replicates, cycling condition etc.,
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 Set up following cycling condition for Fast mode running condition
1 hold
5 min at 50°C
20 sec at 95°C
40 cycles: 3 sec at 95°C
30 sec at 60°C
data collection
 Check plate set up properly to confirm the assigned wells to particular sample types
 Load the reaction plate/tubes into the real-time PCR system as per designed
programme
 Start the run
Analyis: After completion of the run go to analysis setting, then Ct setting and select the
target. Automatic threshold should be selected and analyse the results as below1. The NTC should be below the threshold:
2. The positive control must show a positive amplification plot falling within a range of
expected Ct +/- 2. If the internal control falls out of this range, this indicates to a
purification problem.
3. Standard Curve with the positive standards: As a guideline the curve should have the
following criteria: Efficiency >80% & R2 value >0.980.
4. Criteria for assessing whether a sample is positive or negative are as follows:
For diagnostic purpose





Ct value >40 in both replicates: sample is negative.
Ct value <33 in both replicates: sample is positive.
Ct value <33 in only one replicate: Repeat PCR.
Ct values of 34-40 with sigmoidal/logarithmic appearance are considered as weak
positive and the extraction and PCR should be repeated including a different primer
and probe set if available. These values are not consistently reproducible and may
also represent probe degradation or non-specific fluorescence.
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Serodiagnosis of Japanese Encephalitis in Animals
Baldev R. Gulati, Principal Scientist
National Research Centre on Equines, Sirsa Road, Hisar-125001, Haryana
Japanese encephalitis virus is mosquito-borne Flavivirus causing encephalitis in
equines. They also infect humans and cause encephalitis. Virus neutralization (VNT) and
haemagglutination inhibition (HI) are widely used for the diagnosis of Japanese encephalitis
in equine sera. These two assays are recommended by OIE for use in international trade.
Some cross-reactivity is observed with other flaviviruses in HI. Therefore, HI is commonly
used as a preliminary test for screening of large number of serum samples and virus
neutralization may be used in cases when cross-reactivity is an issue.
Virus neutralisation Test (VNT)
African green monkey kidney (Vero) cells or baby hamster kidney (BHK) cells or
Porcine Stable (PS) cells are sensitive and VNT is the most specific serological procedure for
JEV serodiagnosis. The cross reaction with other flaviviruses is minimal; however, if an
animal has a high titre to another flavivirus, such as West Nile virus, there may be a low
cross-neutralising antibody titre to JEV. Japanese encephalitis virus (equine strain) is
propagated in PS cell culture and titrated. The supernatant of virus-infected cell culture is
stored in aliquots at –80°C and is used for VNT at a titer of 600 TCID50/100L. Step-wise
test procedure is given below:
1.
2.
3.
4.
5.

6.
7.
8.
9.

Heat inactivate the test sera for 30 minutes in a water bath at 56°C. Also include
positive control and negative control serum samples.
Make twofold serial dilutions of the inactivated sera in cell culture medium (MEM
with 2% FBS) in duplicate wells of 96-well tissue culture plate in 50 L volume.
Dilute stock virus in cell culture medium to make 600 TCID50/100L.
Mix 50 L volume of diluted virus in all the wells. Positive and negative control
sera are included in each test. Incubate for 60 minutes in a CO2 incubator.
Trypsinize the PS Cells from confluent monolayer flask. Count the cells and adjust
the count to 5 x 106 cells/ml in Growth medium (MEM with 10% FBS). Then add
50 μl of the cell suspension to each well of 96-well culture plates.
Incubate the plates in a CO2 atmosphere for 4–5 days at 37°C.
Observe all the wells of the tissue culture plate under inverted microscope for
cytopathic effects and record your observation.
Check all the controls for correctness.
Determine the highest serum dilution that does not produce CPE in the inoculated
wells. This is the serum neutralization titre of the sample.
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Interpretation of the results
A serum sample giving neutralization titre of 1:8 or above is considered positive for
JEV antibodies. Demonstration of four-fold difference between the titre in the acute and
convalescent sera (collected at 14-21 day interval) is considered to be a significant rise or fall
and is diagnostic of infection with JEV.
Haemagglutination Inhibition (HI)
For HI, the sera must first be treated with acetone or kaolin, and then absorbed with
homotypic RBCs to remove any nonspecific haemagglutinins. The RBCs of geese or of 1day-old chickens are used at the optimum pH (6.6-7.0). The test should be conducted with the
treated sera and 8 units of standard antigen that is made from suckling mice brain infected
with JE virus. Antigen may be procured commercially, from NIV, Pune.
Preparation of virus antigen
Sucrose/acetone extraction of antigen from infected suckling mouse brains (SMB)
1.
2.
3.
4.

Homogenize infected SMB with 4 volumes of 8.5% sucrose.
Add the homogenate drop-wise to 20 times its volume of cold acetone.
Centrifuge (500 g for 5 minutes), then remove the supernatant.
Resuspend the sediment with the same volume as above of cold acetone, and keep
in an ice bath for 1 hour.
5. Centrifuge (500 g for 5 minutes), then remove the supernatant.
6. Pool the sediment with cold acetone in a single tube.
7. Centrifuge (500 g for 5 minutes), then remove the supernatant.
8. Spread the sediment inside the tube and vacuum dry for 1-2 hours.
9. Dissolve the dry sediment with saline in 0.4 volume of original homogenate.
10. Centrifuge (8000 g for 1 hour, 4°C). The supernatant is ready for use. Aliquot and
store at -70oC.
Preparation of goose red blood cells
1.

2.
3.

4.

Collect goose blood (2 ml) in equal volume of Elsever’s solution. Centrifuge at
1500 rpm for 5 min. Discard supernatant. Resuspend RBCs in 10 ml PBS. Store at
4oC (Max for 7 days).
Discard PBS by centrifugations and resuspend the sedimented RBCs in three
volumes (total blood) of DGV. Wash RBCs twice with DGV.
Take 40 l of the RBC suspension + 1560 l of 0.9% NaCl (1/40 dilution).Read
the optical density (OD)490 in a spectophotometer with 10 mm tube. Dilute the
RBC suspension in DGV so that 1/40 dilution gives 0.450 of OD490. (Final volume
= Initial volume x absorbance OD490/0.450.)
Before use, resuspend the RBC stock gently and dilute 1/24 in VAD of pH6.8.
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Haemagglutination for Antigen titration
1. Prepare twofold serial dilution of antigen with BABS on microtitre (U-shaped
microtray) in 25 l volume.
2. Add 25 µl of diluted RBCs to each well on microtitre tray containing diluted antigen
(25 µl/well).
3. Incubate at 37°C for 1 hour, then read the result.
++
Complete agglutination (uniformly thin pellicle of RBCs following the curvature of
the well bottom)
+
Partial agglutination (a ring associated with a rough or thinner pellicle)
+/Minimal agglutination (a button on a thin or scattered pellicle)
Negative agglutination (clearly defined button with no RBC film)
End point is the last dilution (highest dilution) in which + + or + is observed.
Titre: the reciprocal of the end point dilution.
Preparation of test sera
1.
2.
3.
4.
5.
6.
7.
8.

Place 50 µl of the sera into a small test tube. Add 2.5 ml of cold acetone into each
tube and extract for 5 minutes in an ice bath.
Centrifuge at 2000 rpm for 5 minutes, then remove the supernatant.
Repeat steps ii once more.
Spread the sediment inside tubes and vacuum dry at room temperature for 1 hour.
Add 0.5 ml of BS, pH 9.0, to each tube. Dissolve the sediment overnight at 4°C to
make 1/10 dilution of the sera.
To each treated serum add 50 l of stock and packed goose RBCs.
Absorb for 20 minutes in an ice bath.
Centrifuge at 1000 rpm for 10 minutes. The supernatant is ready for the HI test
(1/10 dilution).

Haemagglutination inhibition test
1.
2.
3.
4.

5.
6.
7.

Dilute the antigen to make 8 units/0.05 ml in VAD.
Make serial twofold dilution of test sera on microtray in 25 l volume.
Add 25 µl of diluted antigen into each well containing diluted test sera. Place the
remainder of the antigen in empty wells and incubate at 4°C for 1 hr.
For secondary haemagglutination titration of the antigen, collect antigen distributed
in empty wells and HA test by serial twofold dilution in 25 µl system. Add 25 µl of
BABS to each well to make 50 µl/well.
Distribute dilute RBC 50 µl into each well containing 50 µl of serum antigen
mixture or secondary titration of antigen.
Incubate at 37°C for 1 hour then read the result.
Serum HI titre: the reciprocal of the highest dilution of the test sera showing
complete inhibition of HA.
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Interpretation of the results
Four-fold difference between the titre in the acute and convalescent sera is considered
to be a significant rise or fall and is diagnostic of infection with a virus antigenically related
to that used in the test.
Annexure 1
REAGENTS FOR HI
Solutions for prepartion of goose RBCs:
Elsever’s solution
Glucose, anhydrous
Sodium chloride
Tri-Sodium citrate

100 ml
2.05 g
0.42 g

Aliquot 1.5 ml in 15 ml tubes and AUTOCLAVE AT 10 LBH FOR 10 MIN
Dextrose-Gelatine-veronal (DGV)
A. Stock Barbital solution (5X)
NaCl
Sodium barbital
1N HCl
1M MgCl2 / 0.3M CaCl2 solution
DW to make

200 ml
8.3 g
1.019 g
3.46 g
1.0 ml
200 ml.

100 ml
4.15 g
0.510 g
1.730 g
0.5 ml
100 ml

Check: Take 2 ml of this solution and add 8.0 ml of DW. Check pH. It should be 7.2-7.4. If
pH is not correct, discard and make fresh again. Note on stock solution.
B. Dextrose Gelatine veronal (DGV)
Gelatine powder
Dissolve in Hot DW
Dextrose
DW to make
Stock Barbital solution (5X) (sol. a)

500 ml
0.300 g
100 ml
5.0 g
300 ml
100 ml

250 ml
0.150 g
50 ml
2.5 g
150 ml
50 ml

AUTOCLAVE AT 10 LBH FOR 10 MIN
Solutions for RBC Dilution:
Virus adjusting diluent (VAD), pH6.8
1.5 M Sodium Chloride
0.5 M Na2HPO4
1.0 M NaH2PO4
DW to make

5.0 ml
9.6 ml
5.2 ml
500 ml
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Solutions for Antigen Dilution:
Borate Saline (BS, pH 9.0)
1.5 N NaCl
0.5M boric acid
1.0 N NaOH
DW to make
4% Bovine albumin (BA)
Bovine albumin
BS, pH 9.0

500 ml
40 ml
50 ml
12 ml
500 ml
50 ml
2.0 g
45 ml

100 ml
8.0 ml
10.0 ml
2.4 ml
100 ml
20 ml
0.800 g
18.0 ml

50 ml
100 ml
10 ml
90 ml

20 ml
20 ml
2.0 ml
18.0 ml

Adjust the pH to 9.0 with 1N NaOH
Make volume to
Antigen Diluent (0.4% BA-BS)
4% bovine albumin
BS, pH 9.0
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Storage of Bacterial Strains
R K Vaid and Taruna Anand

NCVTC, National Research Centre on Equines, Sirsa Road, Hisar-125001, Haryana
Microbial cultures strains, once isolated and characterized, become a valuable asset
with attendant information about them adding to their value. If not preserved by a long term
storage method, they are in danger of being lost due to desiccation, contamination or may
become genetically altered. In order to make the best use of cultures, it is thus imperative that
they be stored by a long term storage method like Cryopreservation. As the cultures are used
for the purpose of employing a quality control procedure that can prevent avoidable mistakes,
thus storing them as quickly as possible, without many sub-culturing is critical.
Preservation of bacterial cultures
There are many means of preservation of living microbes. The term microorganisms
comprise all prokaryotes (archaea and bacteria), some eukaryotic organisms (fungi, yeasts,
algae, protozoa), non-cellular entities (e.g. viruses), their replicable parts and other derived
materials e.g. genomes, plasmids, cDNA. Microbes of Veterinary origin (MVOs) comprise of
all prokaryotes (archaea and bacteria), Viruses, Fungi, Rickettsia, Mycoplasmas, Chlamydia,
protozoa and their replicable parts and other derived materials like genomes, plasmids,
cDNAs, Cell-lines, clones etc.
For the preservation of organisms, many methods are available which range from
complex methods to very simple and cheap methods. Some methods are ideal for long-term
preservation of cultures, in which a part of culture is restored to its normal active state. Other
methods hold the organisms in a state of reduced metabolism and are available continuously
for subculturing but require transferring at intervals of months or years. The choice of method
for maintaining a stock culture collection depends upon the equipment available and the
intended use for the cultures. Recommended methods of preserving some bacterial isolates at
the intermediate and peripheral laboratories are given below:
Enterobacteriaceae
Escherichia coli (ATCC 25922) is required as one of the test organisms in performing
antibiotic susceptibility testing by the Kirby-Bauer technique. Many members of family
enterobacteriaceae may also be employed for checking various media such as MacConkey
agar, triple sugar iron agar (TSI), as well as different biochemical tests. If the laboratory is
required to test for Esch. coli, it is also desirable to maintain some of the cultures of the
recommended standard strains for comparison. All members of the family enterobacteriaceae
are readily maintained on heart infusion agar slants under oil at room temperature with yearly
transfers.
Pseudomonas
Pseudomonas aeruginosa and P. maltophilia are useful for checking oxidationfermentation (OF) media and Seller’s medium. The organisms may be maintained on heart
infusion agar slants under oil at room temperature with yearly transfers.
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Staphylococcus
Staphylococcus aureus (ATCC 25923) is required as one of the test organisms for
performing antibiotic susceptibility testing by the Kirby-Bauer technique. In addition, it can
be used for checking plasma for the coagulase test; for checking culture media for the
production of indole, catalase, and DNase; for the reduction of nitrates, and for checking the
Gram stain. Staph. epidermidis is used for a negative control in the coagulase and DNase
tests.
A strain of Staphylococcus that produces b-haemolysin and is suitable for the CAMP
test for identifying group B b-hemolytic streptococci is desirable. Staphylococci may be
grown on slants of heart infusion agar, placed under oil, and held at room temperature;
transfers can be made at intervals of 1 or 2 years.
Streptococcus
Streptococcus pyogenes is necessary for checking bacitracin discs, the quality of
group A antisera, the ability to produce b-haemolysis on blood agar plates, and to grow on
blood agar containing colistin and nalidixic acid.
Streptococcus group B is needed for positive controls in the CAMP test and sodium
hippurate test, for a negative control with bacitracin discs, and for checking the quality of
group B antisera.
From the group D streptococci, Streptococcus faecalis, a representative of enterococci
is needed for checking bile-aesculin medium, as a negative control in the starch hydrolysis
test, and for checking the quality of group D antisera. Strept. salivarius is needed as a
representative of the a haemolytic streptococci.
Streptococcal cultures can be maintained in 10-mL heart infusion broth containing
10% defibrinated sheep’s blood. After overnight incubation at 36°C, they can be stored at
4°C. Transfers need to be made every 3-4 months since some strains begin to die after 5 or 6
months.
Vibrio
Vibrio cholerae will grow easily on heart infusion agar. Good growth takes place on
heart infusion agar slants containing 1.5% NaCl, and the slants may be held under oil at room
temperature.
Fungi
Fewer and less complex culture media are required for fungi than are necessary for
bacteria in a clinical diagnostic laboratory, and so there are fewer requirements for quality
control. The necessary cultures of fungi may be maintained on slants of Sabouraud’s agar in
tubes with screw caps at room temperature and in the dark. Transfers need to be made every 2
or 3 months. Sterile mineral oil may be added to the slants after the cultures have attained
their optimum growth, and then transfers may be made.
Preservation of bacterial cultures
The preservation of Cultures at fro long term can be done by number of methods. This
is because, for any given culture, the POST-RECIEPT HANDLING, VALIDATION of
CULTURE, CHARACTERIZATION and DISTRIBUTION steps involve utilization of both
SHORT TERM and LONG TERM PRESERVATION TECHNIQUES. The cultures can be
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kept in broth and plates for several weeks or even months, but the problems of contamination
of cultures, loss of viability, mutation and infection by phages and other plasmids are inherent
in such type of storage method which is used for a short duration when working on a culture.
Short Term Preservation
Stab Cultures: For short term preservation, cultures at VTC can be done by stabbing
the actively-growing cells into a nutrient medium containing 0.6% (w/v) agar. Screw will be
tightened and tube will be sealed with candle wax or melted paraffin wax for effective airtight sealing. Tubes will be stored in polystyrene sheets in refrigerator.
Storage on Slants: Slants in screw caps can be used as in the case of stab cultures
described above, except that the cultures are streaked on slants. The use of screw cap tubes
for slant can increase the shelf life of slant cultures; however it is better to use such cultures
for duration of 1-2 weeks when cultures are being worked upon for characterization/other
works.
Long Term Preservation
The VTC, Hisar scientist generally discusses the preservation and maintenance
methods according to recommendations from the depositor and/or previous experience. It is
very important that the detailed process/procedures is documented step by step to ensure they
are reproducible and that key parameters of the process are recorded and monitored.
Methods
As per the recommendation of World Federation of Culture Collection (WFCC) the
culture/biological material shall be preserved by at least two methods. If two distinct
methods are not applicable to the culture than cryopreserved stocks shall be maintained in
separate locations and as master cell banks and as stocks for distribution.
The recommended preservation methods and distribution forms are mentioned in Table 1.
Table 1. Recommended preservation methods and distribution forms
Microbes Preservation
Bacteria

Two of the following methods:
Cryopreservation below -140°C is
preferred in a freezer.
Below -80°C is accepted
Drying: L-drying
Shelf-freeze-drying
Vacuum drying
Spin-freeze drying

Distribution forms
Actively growing strain on agar
slant
Freeze-dried or L-dried material
in sealed vials
Cryo-preserved material in dry
ice.
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Fungi

Viruses

Two of the following methods:
Cryopreservation below -140°C is
preferred
Cryopreservation below
-80°C is accepted
Freeze-drying or L-drying of the strain
Sporulating-strains should be maintained
by at least two of the four different
preservation methods listed, one of
which should be cryopreservation or
freeze drying

Actively growing strain on agar
slant
Freeze-dried or L-dried material
in vials sealed under vacuum or
inert gas

Non-sporulating strains will be
maintained under oil or water or freeze
drying and cryopreservation.
Two of the following methods :
Virus maintenance in situ

Liquid suspension deposited on
filter paper.

Cryopreservation in LN2/Freeze-drying

Cryo-preserved material in dry
ice.
Suspensions in liquid

Freeze-dried material in sealed
vials
Actively growing cultures in
flasks (25cm2)
Cryo-preserved material in dryice

The commonly used approach for sustainable preservation of microbial cultures is
long-term preservation employing liquid nitrogen, deep freezing, freeze-drying or Ldrying methods. These methods allow high quality long-term storage, recovery and use of
the micro-organism. For bacterial cultures the cryopreservation method at -80 C or below
(Table 1) is one of the best methods which is followed. A workflow of Glycerol preservation
is given below.
Workflow of bacterial preservation by cryopreservation
Purpose: Bacterial strains may be stored indefinitely at low temperatures (- 20 degrees
C and -80 degrees C) in 15 to 40% glycerol. It is lab policy to prepare a frozen
stock of newly acquired or created strains for the archives as soon as possible.
Time required: Cells are grown for 15-17 hours to overnight; a total of less than 5
minutes bench time for each strain is taken in the preservation process.
Procedure:
Day 1
1. Inoculate a 15 ml culture tube containing 5 ml of LBM or LBM+antibiotic selective
medium with a freshly grown isolated colony. For pathogenic bacteria use Brain
Heart Infusion broth (BHI) and/or Soyabean casein Digest Broth. Incubate at 37
degrees C until culture is in late log or stationary phase.
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Day 2
1. For each strain to be stored at -80 degrees C for the archives prepare a sterile labeled
cryovial. Pipet 225 µl sterile 80% glycerol into the cryovial. Add 1.0 ml of the
bacterial culture (frozen stock will be 15% glycerol). Mix well (vortex) and place tube
at -80 degrees C.
2. For each strain to be stored at -20 degrees C as a liquid glycerol "working" stock pipet
equal volumes 80% glycerol and bacterial culture into a labeled polypropylene tube.
Mix the contents well (if not well mixed ice crystals will form decreasing the viability
of the cells). Place the tube in a -20 degrees C freezer. If possible check the viability
of the cells after 1 week.
To recover a strain from the -80 degrees C glycerol stock use a sterile toothpick to
scrape some of the ice then streak out the cells on the appropriate medium e.g. LBM +
ampicillin. Do not thaw the frozen stocks because each freeze-thaw cycle will result in a 50%
loss in cell viability.
To use the -20 degrees C working stocks pipet 50 to 100 µl as inoculum for a 5 ml
overnight culture.
Proper cataloguing and resuscitation of cultures
It is very important to label your cryopreservation vials with proper cryolabels or
cryomarker pens with correct identifiers. It is also important to properly identify the
cryoboxes and the location in the Deep Freezers where boxes are going to be stored. It is a
practical utility technique to open a register and note the storage vial and boxes information
and location data for reference. Monitoring of the deep freezer temperature on daily basis and
their maintenance is important for good health of stored microbes. As the microbial sample
collection, isolation, processing, identification and storage entails an increasing cost
accretion, so proper maintenance and storage of culture needs a diligent staff and dedicated
research worker.
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Isolation, Characterization and Applications of Bacteriophages
against Pathogenic Bacteria
Taruna Anand, R.K. Vaid, B.C.Bera, Sanjay Barua & Nitin Virmani
NCVTC, National Research Centre on Equines, Sirsa Road, Hisar-125001, Haryana
Bacteriophages are obligate parasites of bacteria. Bacteriophages are widely
distributed in nature and are abundant in soil, sewage, water bodies, sludge, etc. The viral
ecologists calculate that there are about 1023 phage infections per second on a global scale,
indicating that the population is extremely large. The current phage representation is modest
and likely represents just a small portion of the overall diversity hence phages with new
characteristics are continuously being isolated from different parts of the world.
It is important to study the bacteriophages as they are mobile genetic elements that
actually play a key role in bacterial evolution. In addition to their role in the emergence of
new pathogenic strains by bringing virulence factors, phages are also responsible for a great
part of horizontal gene transfer that occurs in the bacterial world through transduction. Apart
from this, they have important role in phage therapy. The bacteriophages can also be used in
phage display, phage ligand technology, for counteraction of bioweapons, as biocides in
environmental surfaces such as hospitals, as vectors for protein and DNA vaccine and in gene
therapy as delivery vehicle.
Phages belong to two categories viz. virulent (exclusively undergoing the lytic cycle)
and temperate (undergoing the lysogenic cycle). Bacteriophages are very specific they
generally attack specific bacterial species. Virulent phages enter the bacterial cell, replicate
using the host machinery and finally lyse the host cell, leading to the disintegration of the
bacteria and release of progeny particles. In contrast, temperate phages enter the cell and
instead of creating new phage particles, the phage DNA first integrates into the host
chromosome to generate a prophage. The formed prophage replicates inside the host cell and
eventually when stimulus induces the prophage to initiate the lytic cycle, it produces
progenies. Temperate phages can’t be used as antimicrobial agents for therapeutic purposes,
as they are capable of transferring the genetic material from one bacterial cell to another
which may result in unpredictable horizontal gene transference that may induce detrimental
effects afterwards. In contrast, virulent phages rapidly exterminate the bacteria, enabling
them to be used as efficient antibacterial agents. They are also called as “Green bullets”.
Among, bacteriophages, the structure of bacteriophage T4 has been extensively
studied using various techniques such as complementation assays, cross-linking analyses, Xray crystallography and cryoEM. The typical morphology of a T4 phage is as depicted in the
figure.
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Two key approaches to defining viral diversity are:
1) Metagenomics of total concentrated phage samples collected from the
environment and
2) Genome-by-genome strategy of analyzing individually isolated phages.
These two approaches are compatible but have distinct outcomes. On one hand,
metagenomics generates a large amount of sequence data and provides good indicators of
diversity and on the other hand analysis of individually isolated phages generates smaller data
sets, but they are structured into whole genomes. Moreover, individual phages are available
for genetic, biochemical, and microbiological analyses, a critical resource given the evident
functional and regulatory novelty within the phage population.
Bacteriophages can be enriched from natural locations from sewage, dung, water,
litter and soil as they exist abundantly in these sources. The major steps involved include:
1. Sample collection: Samples of raw sewage, soil, litter, dung, water etc. are used
for bacteriophage enrichment.
2. Bacteriophage Enrichment: The media used for enrichment is such that it allows
proper growth of host bacteria. Generally this is used in 5X concentrated form. A
total of 5X media, 5ml of log culture of host bacteria and 40 ml of sample is
generally mixed and incubation is done overnight under shaking conditions at
37°C.
3. Spot analysis: Agar overlay technique is used to put a spot of enriched filtrate in
the presence of host bacteria. Appearance of a clear zone after incubation is an
indication of presence of bacteriophage.
4. Plaque characteristics: The phage isolates are purified thrice by picking single
plaques and plating by agar double layer technique and plaque characteristics are
noted.
5. Phage concentration: Bulk preparations of bacteriophages can be done using
Polyethylene glycol. The phage preparation can be purified by chloroform
treatment.
6. Transmission Electron microscopy: By TEM analysis, phage morphology can be
depicted. Bacteriophages isolated from natural sources generally belong to
families: Myoviridae, Podoviridae or Siphoviridae.
Use of phages in the Swine industry: Phage therapy has only recently regained impetus in
the research community as a tool for use against bacterial diseases in swine. A renewed
interest has been generated in phages as a means of preventing and treating bacterial diseases
in swine operations mainly in reducing the impact of infectious diseases caused by several
bacterial pathogens on animal health, production as well as controlling zoonotic human
pathogens by reducing the bacterial load spread from swine to humans through pork and for
use of phages for post-harvest control of bacterial microorganisms in both pork products and
processed foods.
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Diagnosis of trypanosomosis in animals
S.C Yadav and Rajender Kumar
National Research Centre on Equines, Sirsa Road, Hisar-125 001(Haryana), India
Trypanosomosis (surra) caused by T. evansi is one of the important diseases of
equines and transmitted mechanically by biting of blood sucking flies including tabanids
(Tabanus, Haematopota, Lyperosia). The rainy and post rainy seasons are most favourable
for larval development of tabanid flies resulting in to propagation of the disease in these
seasons. However, the cases of surra are come across throughout the year. Trypanosoma
evansi infects a wide range of domestic animals viz. camels, horses, donkeys, mules, cattle,
buffaloes, dogs, even pigs, goats and sheep. The infection has also been recorded in tigers,
cats and elephants.
The impact of the disease varies in different hosts from region to region. However, in
India the disease is more or less endemic in nature. It causes significant economic losses to
the farmers in terms of morbidity, mortality, abortion, infertility, reduced milk yield and
indiscriminate use of trypanocides. Though T. evansi has wide distribution, there is no up-todate information available on the prevalence and economic importance of equine
trypanosomosis in India. Presently, T. evansi has been emerging in non-endemic areas due to
rapid climatic change and infecting new hosts including occasional cases in humans raising
concern for zoonotic potential of this infection.
Accurate diagnosis of surra is extremely important for both in identifying animals for
treatment as well as tracking the prevalence of disease. The diagnosis of surra is usually
based on the demonstration of the parasites in the blood, supplemented by haematological,
biochemical, serological tests and DNA based tests. Attention has recently been focused on
the development of more sensitive and specific serological and DNA based tests.
The following diagnostic techniques are being used for diagnosis of trypnosomosis in
animals.

Conventional parasitological methods
These include microscopic examination of wet blood film, stained thick/thin smears,
lymph node biopsies, joint fluid, cerebro-spinal fluid (in the case of nervous signs) etc.
Demonstration of trypanosomes in blood is the most commonly adopted diagnostic technique
used in the field/laboratory. Parasites can also be demonstrated in other body fluids and
tissues.
Wet blood film examination:


For microscopic examination of the fresh blood, samples of blood were collected by
tail snip of mice.
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A drop of tail blood (approximately 2-3 µl) was obtained from mice, placed on to a
clean glass slide and covered with a glass cover slip to spread the blood as a thin layer
of cells.
Each wet film was scanned at 10X (Eye piece) x 20 X or 40 X (objectives) using a
microscope and examined for motile trypanosomes.
Improved visualization can be obtained with dark-ground or phase-contrast
microscopy
The sensitivity of this method is low, approximately 10 trypanosomes per μl may be
detected, which is frequent in early or acute infections only.

Stained blood smears examination:






Place a small drop of blood (3–5 μl) at one end of a clean microscope slide and draw
out a thin film in the usual way. Air-dry briefly and fix in methanol for 1-2 minute
and allow to dry.
Stain the smears in Giemsa (1:10 dilution in PBS pH 7.2) for 30 minutes. Pour off
stain and wash the slide in tap water to remove excess stain and dry it.
Examine at a magnification of 400–1000× with oil immersion.
This technique permits detailed morphological studies and identification of the
Trypanosoma species.

Microhematocrit centrifugation technique (MHCT):









The blood samples with anticoagulant also examined for the presence of T. evansi by
MHCT as per method of Woo and Rogers (1974).
Approximately 75 µl of diluted whole blood was drawn up in Capillary tubes and one
end was sealed with paraffin wax.
The tube was centrifuged at12000 rpm for 4 minutes in a micro-hematocrit centrifuge.
The capillary tube is examined and the value of the haematocrit is expressed as a
percentage of packed red blood cells (RBCs) to total blood volume; this gives an
indication on the anaemia of the animal.
The tube is examined within 15 minutes after centrifugation for the presence of motile
T. evansi under 40x at the inter-phase of buffy coat and plasma layer using a capillary
tube holder to detect the trypanosome motility.
To confirm the diagnosis, stained blood film was prepared by breaking the capillary
tube 1mm below the surface of the buffy coat and a drop of the Buffy coat was
emulsified with plasma and expelled on microscope slide.

Animal inoculation
Mice inoculation test is generally considered as gold standard test for diagnosis of
trypanosomosis in animals. This approach is often used to diagnose subclinical and chronic
infections in domesticated animals. The incubation period before appearance of the parasites
and their virulence depends on the strain of trypanosomes, their concentration in the
inoculum, and the strain of laboratory animal used.
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Serological Method (ELISA)
The ELISA/ T. evansi is quite robust, regardless of the host species. It provides the
same range of sensitivity and specificity (90-95%) in the various host species investigated,
e.g. camels, cattle, buffalo, horses. In the field, one mostly comes across chronic stage of
trypanosomosis and in such cases diagnosis by antibody-ELISA is a better and sensitive tool.
The ELISA has some major advantages over the parasitological technique as the sample
processing does not have to be done within a short period after collection of bio-samples and
can be delayed thus enabling testing under controlled laboratory conditions. Ab-ELISA was
successfully used to study sero-epidemiology of the surra in different livestock species.
Maintenance of T. Evansi isolates
1. Detect/ isolates of T. evansi from a clinically infected camel /pony /cattle /donkey etc.
from the field.
2. Inject whole blood from the infected animal intraperitoneally (i/p) in mice, and
subsequently, examine peripheral blood of mice from the tail microscopically daily
for scoring the degree of parasitaemia.
3. The in vivo passaging in mice is done at intervals of 5–6 days by inoculating 104
parasites (counted using the Neubauer cell chamber) by the i/p route in naive mice so
as to maintain the isolate of T. evansi and raising huge quantitiy of parasite for
purification.
4. Further different isolates are maintained in vivo in mice and also stored as cryo
stabilate in liquid nitrogen.
Purification of Parasite
1. The purification of T. evansi parasites from mice blood (first parasitaemic peak) is
accomplished by DEAE-cellulose chromatography, followed by centrifugation
(Lanham and Godfrey, 1970).
2. Suspend 5– 10 g of pre-swollen DEAE-cellulose (DE52, Whatman, India) in
Phosphate Buffered Saline (PBS, pH 8). Pack the column with slurry and equilibrate
with PBS (pH 8.0).
3. Charge the column with PBS-G (57 mmol/L Na2HPO4, 3 mmol/L NaH2PO4, 43.8
mmol/L NaCl, pH 8.0 with 1% Glucose) without disturbing the surface.
4. Aseptically collect infected mice blood from mice heart in heparin (10 IU/ml). Then
pour 2–3 ml infected mice blood onto the equilibrated column. Elute the live parasites
eluted using PBS-G (pH 8.0; containing 1% glucose).
5. Wash the collected parasites twice with PBS, pH 7.2 and store at -40oC for further
use.
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Preparation of Whole Cell Lysate (WCL) Antigen
1. The sonicated whole cell lysate antigen of T. evansi can be prepared following the
method.
2. Collect cell-free trypanosomes obtained by anion exchange chromatography collected
and wash in PBS (pH 7.2).
3. Submit the so obtained trypanosomes to ultrasonication. Perfotm disruption of cells
using ultrasonic cell disruptor (Branson Sonifier 450, Branson, USA) at 20 kHz using
5 mm tapered tip with four disruptions of 15 s each with 30 s interval in ice-bath at
20% duty cycle.
4. Centrifuge the sonicated whole cell lysate at 10,000g for 15 min at 4oC. Collect the
supernatant, aliquot, thereafter added cocktail of proteases inhibitor and store at -40oC
till further use.
5. Determine the protein concentration of antigen following protocol described by
Bradford (1976).

Enzyme Linked Immunosorbent Assay (ELISA):
PRINCIPLE: ELISA using microtitre plate is solid phase assay using immobilized antigen
for assessing the antibody content of sera and other biological fluids such as hubridoma
culture supernatant, ascietic fluid etc. Antigen containing solution is simply incubated in the
wells of plastic microtiter plate, which allows a small proportion of the protein to coat the
surface of the wells. After unbound antigen(s) has been washed away, the samples of known
or unknown antibody content are incubated in the antigen coated wells. Specific antibody (if
present) binds to the immobilized antigen(s) and after washing, can be detected using enzyme
labeled detecting reagents (conjugate) with a specific substrate.
REAGENTS/SOLUTIONS REQUIRED
Coating buffer
NaHCO3

8.4 g

Na2CO3

2.12 g

Dissolve the above contents in distilled water. Adjust pH to 9.6 and make the final volume to
500 ml.
Citrate buffer
Citric acid

1.07 g

Sodium citrate

1.44 g
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Dissolve the above contents in distilled water. Adjust pH to 4.6 and make the final volume to
100 ml.
Substrate buffer (for 1 plate)
OPD

10 mg

30% H2O2

10 ul

Citrate buffer

10 ml

Always use freshly prepared.
PBST
1X PBS + 0.05% Tween 20
Procedure:
1.

Dilute the antigen (2 ug/ml) in coating buffer. Add 100 ul in each well of an
ELISA plate and incubate for either 1 hr at 37°C or overnight at 4°C.
2. Wash the plate 3 times with PBST.
3. Block the well with 200 ul PBST containing 3% skim milk and incubate as above.
4. Wash the plate 3 times with PBST.
5. Dilute the primary antibody or serum in PBST containing 1% skim milk and add
100 ul into each well. Incubate for 1 hr at 37°C/room temperature or overnight at
4°C.
6. Wash the plate 3 times with PBST
7. Dilute the secondary antibody-enzyme conjugate in PBST with 1% skim milk
(optimal concentration of the enzyme conjugate should be determined for each
ELISA). Add 100 ul into each well and incubate for 1 hr at 37°C or room
temperature.
8. Wash the plate 3 times with PBST.
9. Add 100 ul per well of freshly prepared chromogenic substrate (OPD).
10. Allow the colour to develop, stop the reaction with 25 ul of 2M H2SO4.
11. Read the plate at 492 nm.
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Proteomic approaches in diagnosis of T. evansi infection
in animals
Dr S. C. Yadav
ICAR-National Research Centre on Equines, Sirsa Road, Hisar-125001 (Haryana)

Introduction
Animal trypanosomosis is an important cause of economic losses among livestock in
tropical and sub tropical regions of the world. This disease is caused by Trypanosoma evansi
and mechanical transmitted by the arthropod vectors in domestic and wild animals. Surra is a
potentially fatal disease causing significant economic losses to livestock in terms of
morbidity , mortality, abortion, infertility, reduced milk yield and also by interference with
vaccination programmes of livestock, in countries, where the disease is endemic (Reid 2002).
The clinical signs of trypanosomosis in general are indicative, but are not sufficiently patho
gnomonic and diagnosis must be confirmed by laboratory methods. Since, conventional
parasitological and biochemical techniques are not sensitive, and immunological methods are
cumbersome, because of inherent problems in preparation of native antigens in complete
homogeneity and purity. At present globally most sero- prevalence studies are being
undertaken using whole cell lysate antigens (WCL) antigens using local isolate of T. evansi.
More recently, proteomic approaches are in use initially for identification of biomarkers
and further in conjunction with the molecular biology techniques shown to be promising for
production of recombinant antigens, against desired genes in complete homogeneity and
purity . These efforts to characterize the immunogenic molecules from proteome may replace
the existing native antigens. The advent of proteomics led us to propose a comparative
approach of the proteome (i.e. the whole parasite content) and the secretome (i.e. naturally
excreted/secreted molecules) of T. evansi with particular attention to identification of
common and infection specific molecules.
Proteomics offers the potential of defining changes in protein expression (Wilkins et
al. 1996), addressing the technically challenging problem of protein–protein interaction, post
translational modification (Mann et al. 2003) and proteome dynamics. Proteomic strategies
employ a combination of efficient separation technologies, high resolution mass spectrometry
and powerful bioinformatics tool to characterize and quantify protein from body and tissues
materials (Wittmann et al. 2006).
The overall objective of proteomic approach shall be to identify and isolate novel
biomarkers from T. evansi proteome / secretome, using traditional and latest proteomic tools
i.e. SDS-PAGE, immunoblot, 2-D gel electrophoresis , LC-MS/MS etc. in conjunction with
bioinformatics analysis. Further, the identification of proteins by mass spectrometry depends
on data base searches of peptide masses. While, it is possible to identify proteins with high
sequence conservation and cross species matching a single amino acid change in a protein
can results in dramatically different peptide mass finger print. Therefore, to accurately
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determine the identity of proteins from organisms often requires de novo sequencing of
peptides by tandem mass spectrometry.
In our earlier studies Yadav et. al. (2013) identified and successfully purified three
potential infection specific components from proteome of T. evansi using standard
immunological and biochemical methods. These immuno dominant clusters of proteins were
in the range of molecular wt. 62-66 kDa, 52-55kDa, and 41-43 kDa and these clusters
consistently reactive with experimentally infected equine serum samples up to 280 days post
infection (DPI). Further, studies on secretome using immunoblot also revealed that 66 kDa
proteins is immuno dominant and reactive similarly as proteome antigen with equine serum
samples. Keeping in view of these findings, at National Research Centre on Equines, we
focused proteomic approach for search of defined antigens, Thereafter these molecules
could be reproduced using molecular biology techniques in complete homogeneity and
purity, which in turn shall be applied universally for sero epidemiologyof trypanosomosis.
The major steps for proteomic analysis of given protein mixture are explained below

Flow Diagram

Source of Biological Material

Proteome:
Several batches of mice adapted horse isolate of T.evansi have been purified and
sonicated antigen was prepared. Briefly, host cell-free trypanosomes obtained by anion
exchange chromatography were collected and washed in PBS (pH 7.2) and subjected to
ultrasonication. The disruption of cells was performed using ultrasonic cell disruptor at 20
KHz using 5mm tapered tip with 4 disruptions of 15 seconds each with 30 seconds interval in
ice-bath at 20% duty cycle. The sonicated whole cell lysate was centrifuged at 10,000×g for
15 min at 4oC and supernatant collected, aliquoted and stored at -40oC till further use. The
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antigen prepared thus from all the batches were pooled and aliquoted after adding cocktail
proteases inhibitor. The protein concentration of antigen was determined as 8mg/ml by
(Bradford method 1976).
Secretome:
The secretome constitutes the entire set of secreted proteins, representing up to 30% of
the proteome of an organism and includes functionally diverse classes of molecules
Rangnathan and Garg et.al. (2009). The extracellular localization of trypanosomes obliges to
consider both the parasite and its excreted/ secreted factors in the course of the physiopathologic process. Excretory/secretory proteins (ESPs) of parasites change the host cell
environment by suppressing the immune system, and to aid for the proliferation of infection.
Identifying secretory protein involved in pathogen infection will lead to the discovery of
potential drug target and biomarkers for diagnostic applications.
Purified trypanosomes were incubated at 2x10 8 parasites / ml for three hours at 370 C
in the secretion medium for ESP production. During the incubation process, the parasite cell
viability was controlled every 30 minutes by trypan blue stain. Cellular integrity was assessed
by microscopic examination. After 3 hour of incubation, the secretome of ESPs was stopped
by centrifugation of the parasites, 2000 rpm for 10 minutes at 40 C. The supernatant was
collected and filtered on 0.2um filter and immediately mixed with cocktail protease
inhibitors. The ESPs were then concentrated by ultracentrifugation on (10 kDa cut-off)
membrane for further protein electrophoretic separation.
Sodium dodecyl sulphate - polyacrylamide gel electrophoresis (SDS-PAGE) profile and
purification of putative antigens.
SDS-PAGE is a basic and preliminary technique for proteome/secretome analysis and
was carried out under reducing conditions, as per the method of (Laemmli, 1970). The gel
was stained with coomassiae brilliant blue R-250 stain, and de-staining was performed using
isopropanol: acetic acid: water (10:10:80, v/v/v). SDS- PAGE profile of T.evansi purified
during first parasitaemic wave, revealed three immuno dominant common polypeptide bands
in the molecular weight range of 62-66kDa, 52-55kDa and 41-43kDa, were purified and
isolated by preparatory gel method. These three immuno reactive proteins were purified in
large quantity and subsequently used in immunological and/proteomic analysis. The
identified immuno-dominant polypeptide cluster of 62-66 kDa was purified from WCL
antigen by preparatory gel method. The purified polypeptide cluster was run on SDS-PAGE
to check the purity and integrity of proteins. The immuno-reactivity of purified polypeptide
cluster was further confirmed by immunoblot using sequential pooled serum samples. The
pooled ponies serum samples reacted with 62-66 kDa and recognised as early as 10 DPI till
termination of experiment. The purified protein cluster was purified and processed for mass
sequence analysis.
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With the advent of mass spectrometry (MS) and the ensuing bioinformatics analysis,
proteomic approaches have become the preferred route for obtaining data of pathogenic
organism. The two main methods available here are gel-based and gel-free proteomics.
Gel-based proteomic analysis
Two-dimensional gel electrophoresis (2-DE) with MS is the most established
proteomic approach technique. This method allow the separation of complex mixtures of
intact proteins at high resolution. These protein mixtures are first separated according to their
charge in the first dimension by isoelectric focusing, and according to size in the second
dimension by SDS-PAGE and then analyzed by peptide mass finger printing after in gel
trypsin digestion. This approach has been widely used in pathogens proteome / secretome
analysis.
Although 2-DE currently remains the most efficient method for the separation of
complex mixtures of proteins, this technique has a number of limitations, including poor
reproducibility between gels, low sensitivity to detection of proteins, limited sample capacity,
and low linear range of visualization procedures. In addition, this technique is time
consuming and labor intensive and has limited efficiency in protein detection due to its
limited amenability to automation.
Proteome/secretome analysis of T. evansi by 2-dimentional gel electrophoresis
Prior to mass spectrometry 2-DE analysis of WCL, secretome were carried out and
multiple spots were observed. Thereafter, 2-DE analysis of semi purified infection specific
antigen (62-66 kDa) was performed and an overall 42 spots were detected. These spots were
separated in exactly in the molecular weight range of 62-66 kDa and its iso-electric point Fig
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Gel free proteomic analysis
To overcome the drawbacks of gel-based approaches, efforts have been made to
introduce gel-free MS-based proteomics approaches. In these newly emerging techniques,
instead of depending on gels to separate and analyze proteins, complex mixtures of proteins
are first digested into peptides or peptide fragments, then separated by one or several steps of
capillary chromatography, and finally analyzed by tandem MS (MS/MS). The proteome and
secretome analysis of adopted liquid chromatography coupled with automated MS/MS.
Popular tool for the analysis of complex molecules, was used to analyze the proteome and
secretome of T. evansi using Matrix-assisted laser desorption/ionization-time of flight
(MALDI-TOF) MS.
The cluster of 62-66 kDa protein was subjected to in gel trypsin digestion and
extracted peptides were analyzed using shot-gun proteomic at mass spectrometer. Briefly,
proteins were first reduced using DTT and alkylated by iodoacetamide followed by 16 hours
in gel trypsin digestion. Peptides were then extracted in 5% formic acid and 60 % aceto
nitrile and fractionated by Reverse Phase chromatography on C-18 column on a nano-HPLC
system connected online to a nanospray ESI hybrid Q-TOF mass spectrometer from Applied
Bio systems. TOF MS and MS/MS data was acquired for each precursor ion using Analyst
QS software. Proteomic analysis revealed that this cluster of polypeptide contained 5 proteins
on homology driven searches for protein identification from MS/MS data using Trypanosoma
database by using protein pilot.
Mass analysis of purified cluster revealed Heat shock protein 70 (HSP70), variable
surface glycoprotein (VSG) and three hypothetical proteins. Peptides identified by mass
analysis showed maximum homology to T. brucei lister strain 427 and covered the 45.9%
sequence of T.brucei HSP70. The primer pairs were designed for full length HSP70 gene
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using sequence of T. brucei lister strain 427 (Accession no. tb 427tmp.01.3110). Total RNA
was extracted from purified parasites for further cloning of HSP70 gene. The cDNA was
synthesized using random hexamer primer and a PCR product of 2109bp for T. evansi HSP70
gene was amplified. The amplicon was purified from gel and cloned in TA cloning vector
pTZ57R/T. The full length T. evansi HSP70 sequence was submitted for first time in
GenBank (Accession no. KC35196).

Bioinformatics approach
With the generation of large scale expressed sequence and genomic data due to
worldwide sequencing efforts, proteome analysis can be advantageously carried out using
bioinformatics available analysis system
The original data files were analyzed using the Protein Pilot 2.0 software from a
combined database (Swiss Prot 2005, TrEMBL, NCBI and PDB). Peptide scores above 50
and a protein score of minimum 1.3 corresponding to a confidence level greater than 95%.
GPM analysis tool with mammalian database combined with protozoa was used for peak lists
of MASCOT Generic Format generated from the original data file. The error tolerance was
set at 100 ppm (ESI-QTOF). Spectra of each peptide used for identification of the proteins
were verified manually. Presence of at least 5 consecutive y ions or b ions or a combination
of both was considered to be significant. (Roy, N et. al. 2010).

Mass spectra of secretome antigen of T. evansi by nano-lc Quadrupole Time of Flight
(QTOF)
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Sequence coverage of a protein identified in secretome antigen of T. evansi with
trypanosomes database

Mass spectra of immuno-dominant protein purified from WCL antigen

Sequence coverage of a protein identified in immuno-dominant protein cluster of T.
evansi with trypanosomes database
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Phylogenetic analysis
The nucleotide sequence analysis of HSP70 gene revealed that Indian isolate was most
similar to the HSP70 sequence of T.b.brucei and T.brucei with an identity of 99%. The
deduced amino acid sequence of T. evansi HSP70 of Indian isolate was compared with other
HSP70 amino acid sequences of different species of Trypanosoma and Leishmania. The
sequence analysis revealed that N-terminal of protein is highly conserved while C-terminal
was divergent. The phylogenetic analysis of HSP70 protein sequence clustered the Indian
isolate within trypanosomes clade.
Cloning and expression of heat shock protein 70 (HSP70) protein identified by
proteomic analysis
To identify the diagnostic utility of these proteins, further work was designed to clone
and express the recombinant protein(s). For expression of identified protein HSP70, specific
primers were designed from the identified peptide sequences using Primer-BLAST, NCBI
software to amplify full-length gene sequence of T.evansi.
The total RNA was isolated from the purified T.evansi as per the standard protocol
using Trizol reagent. The purified RNA was subjected to synthesized cDNA using Revert Aid
reverse transcriptase and used for amplification of the different regions of the protein.
Oligonucleotide primer pairs containing the BamHI and SalI restriction enzyme sites was
designed based on the nucleotide sequence of the open reading frame of gene . Gene (Full
length) was amplified. The amplicon was electrophoresed using 1.0% ethidium bromidestained agarose gel and which were subsequently purified by Wizard SV gel and PCR clean–
up system .The resulting DNA fragments were ligated into pTZ57R/T vector and the positive
plasmids were isolated and subjected to DNA sequencing analysis Upon verification of the
authenticity of the sequencing data, further expression work was carried out.
The nucleotide sequence of Trypanosoma evansi gene specific cDNA were expressed
as a Thioredoxin fused protein using the expression vector pET-32a in E. coli. Cloning sites
are available for producing fusion proteins also containing Histidine tag for protein
purification. Histidine-tagged different fragments of proteins were purified using Ni-NTA
agarose beads under denaturizing conditions following the QiaExpressionist protocols.
Four different fragments of HSP70 (HSP-1, HSP-2, HSP-3 and HSP-40) were cloned
and expressed in prokaryotic vector. The HSP-1 and HSP-2 were truncated proteins from N& C-terminal region of protein, while HSP-3 and HSP-4 were complete C-terminal proteins.
The HSP-1 and HSP-2 were covering 26-360 amino acids and 333-612 amino acids
respectively. The HSP-3 and HSP-4 were covering 440-690 amino acids and 514-690 amino
acids respectively. The different fragments were cloned initially in TA cloning vector
pTZ57R/T and further sub-cloned in expression vector. The selected clones were induced
with 1mM IPTG for production of recombinant protein. The induction concentration of 1mM
IPTG and incubation period of 4h were standardized for maximum production of
recombinant protein. These all recombinant fragments were purified in large quantities and
comparative evaluated initially with experimentally infected ponies.
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Recombinant HSP70 (N-& C-terminal) proteins purified
by Ni-NTA agarose column
kDa

1

2

kDa

M

1

kDa

1

2

kDa

1

2

116.0
116.0
116.0
66.2

45.0

116.0
66.2

45.0

45.0
35.0

35.0

66.2

66.2
45.0

35.0

35.0

25.0

25.0

25.0

25.0
18.4
18.4

14.4

18.4

14.4

Lane 1: Marker (unstained)
Lane 2: HSP-1 (Truncated Nterminal protein 55 kDa )

18.4
14.4

Lane 1: Marker (unstained)
Lane 2: HSP-2 (Truncated Cterminal protein 50 kDa )

Lane 1: Marker (unstained) Lane 1: Marker (unstained)
Lane 2: HSP-3 (C-terminal Lane 2: HSP-4 (C-terminal
protein 27 kDa )
protein 20 kDa )
Yadav NRCE, 2014

CONCLUSIONS
Proteome and secretome analysis is a promising area of research providing insights into
identification of immunogenic molecules for diagnosis and control of Trypanosomosis.
Recent studies on malarial and filarial parasites have uncovered a myriad of processes
involved in pathogenic at the molecular level, enabling us to develop novel diagnostics
solutions to eradicate infections. Although much work remains to be done in generating
proteome/secretome data on T. evansi. The availability of proteome data of major pathogens
such as the T brucei and with the judicious application of bioinformatics tools, will provide
us working knowledge of host pathogen interactions and the immune evasion strategies
adopted by pathogenic organisms, which will in turn guide the development of therapeutics/
diagnostics or vaccines.
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Some protocols demonstrated during training for proteomic
analysis of T. evansi
SDS – PAGE (SODIUM DODECYL SULFATE POLYACRYLAMIDE GEL
ELECTROPHORESIS)
PRINCIPLE
In electrophoresis the migration of proteins is dependent upon the charge, size and
shape of the molecules. However, in the presence of sodium dodecy1 sulphate (SDS),
proteins bind SDS and become negatively charged with similar charge: weight ratios. When
SDS-coated proteins are placed in an electric field, their spatial separation will depend only
upon their size and shape. By varying the concentration of the polyacrylamide gel, used as
the medium for the electrophoretic separation, different resolution ranges of molecular weight
may be obtained. Proteins may be fractionated in the native state but more information is
usually obtained if the disulphide bonds are first reduced, allowing separation of the
individual peptide chains. After heating to 100°C in the presence of reducing agents and
SDS, the proteins unfold and bind with SDS. The strong negative charge on the proteins thus
means that their electrophoretic mobility will be inversely proportional to the logarithm of
their molecular weight.
SDS-PAGE SOLUTIONS/ REAGENTS
1. Upper Gel Buffer
This buffer is required for the preparation of stacking gel of one dimensional SDS-PAGE.
Composition:
Components (Final Concentration)

For 500 ml

0.4% SDS

2g

0.5 M Tris

30 g






Dissolve the above components in 400 ml distilled water.
Adjust pH to 6.8 with 10 N HCl.
Make the final volume to 500 ml with distilled water.
Store at 4°C.

2. 4 X Lower Gel Buffer
This buffer is used for all resolving one dimensional SDS-PAGE gels.
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Composition:
Components (Final Concentration)

For 500 ml

0.4% SDS

2g

1.5 M Tris

90.85 g

 Dissolve the components in 400 ml distilled water.
 Adjust pH to 8.8 with 10 N HCl.
 Make the final volume to 500 ml with distilled water.
 Store at 4°C.
3. 10 X Running Buffer (Stock Solution)
This buffer is used for running SDS-PAGE gels.
Composition:
Components (Final Concentration)

For 1000 ml

1% SDS

10 g

1.9 M Glycine

142.6 g

0.25 M Tris

30.3 g

 Dissolve glycine and Tris in distilled water and then add SDS.
 Make the final volume to 1000 ml with distilled water.
 Store at room temperature.
Note: Prepare 1X SDS Running Buffer Working Solution from 10X Running Buffer Stock
Solution. To 900 ml distilled water, add 100 ml 10X Running Buffer Stock Solution.
4. 2 X Sample Buffer (Reducing)
This is a 1X stock containing a reducing agent.
Final Concentration 2 X

For 100 ml

20% Glycerol

20 ml

4.6% SDS

4.6 g

100 mM DTT

1.56 g

125 mM Tris

1.52 g

Bromophenol Blue

0.015 g






Dissolve Tris in 3 ml of distilled water, followed by the addition of DTT, SDS,
glycerol and Bromophenol blue.
Carefully adjust the pH to 6.8 using HCI avoiding back titration.
Make the final volume to 100 ml with distilled water.
Store at 4°C for further use.
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5. Non-Reducing Sample Buffer


This is prepared as above but without DTT.

6. 30% Acrylamide Stock Solution


Dissolve 30.0 g acrylamide and 0.82 g bis-acrylamide in 50 ml of distilled water.



Once dissolved, make the final volume to 100 ml.



Filter the solution through Whatman No 1 filter paper.



Store at 4°C in dark coloured bottle, protected from light.

7. 10% Ammonium persulfate (APS)


Dissolve 0.05 g Ammonium Persulfate in 500 ul of distilled water.



Store at 4°C. Use upto 7 days only.

8. Staining Solution: Coomassie Brilliant Blue Stain
Immediately after electrophoresis, the gel needs to be immersed in 0.1% Coomassie
Brilliant Blue R-250 stain.
Final Concentration 0.1%

For 100 ml

Coomassie Brilliant Blue R-250

100 mg

Methanol

45.4 ml

Acetic Acid

9.0 ml

Distilled Water upto

100 ml

Note: First dissolve the dye in methanol and then add acetic acid; followed by the addition
of water. Stir the entire mixture and finally pass the solution through Whatman No 1 filter
paper.
9. De-staining Solution
The stained gels are destained in 7.5% Glacial Acetic Acid. Prepare as below and store at
room temperature.
Final Concentration 7.5%

For 100 ml

Glacial Acetic Acid

7.5 ml

Distilled Water

92.5 ml
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PROCEDURE FOR MAKING MINIGELS:
1.

Clean glass plates with water and detergent. Rinse first in tap water and then in
distilled water. Dry and wipe with methanol or ethanol to remove any remaining
grease or dirt.
2. Arrange the plates with spacers.
3. Gently mix the running gel mixture and slowly add it to the plates to the marked
point, i.e. about 1 cm from the top of the plates.
4. Gently overlay each gel with n-butanol (200 ul from right and 200 ul from left
side). Ethanol can be used in place of butanol.
5. Leave the gel undisturbed until it has polymerized.
6. Remove the butanol by tilting the plates. Rinse with water and remove all the water
by shaking plates up and down.
7. Rinse with a little stacking gel mixture (before adding TEMED and APS) and
remove by tilting.
8. Add the TEMED and APS to the rest of the stacking gel mixture, mix well and
load to each plate.
9. Insert the comb in the stacking gel.
10. After gel has polymerized, remove the clamps, take out each gel set, rinse with
distilled water and the gel is ready to use.
PROCEDURE FOR RUNNING GEL:
1.

2.
3.
4.
5.
6.

Mix the protein samples to be analyzed with an equal amount of 2X sample buffer
and boil the sample containing the referral antigens for 5 minutes.
Note: If using snap-top Eppendorf tubes pierce the lids with a syringe needle as
they may explode under pressure and spill their contents into the water bath.
Set the polymerized gel into the gel apparatus after removing the comb. Tighten
with clamp and fill the top of the gel with running buffer.
Load denatured protein sample along with suitable molecular weight marker into
separate wells.
Connect the gel apparatus to the power pack and carry out electrophoresis at
constant volt/current.
When the run is complete (always check the position of the marker dye), switch off
power supply, remove place and separate plates gently with the help of a scalpel.
Remove the stacking gel and make a note of the orientation of gel.
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RECIPE FOR MAKING 2 MINI GELS
Stacking
(Upper) Gel

Resolving (Lower) Gel

5.0%

7.5%

10%

12%

12.5%

15%

20%

30% Acrylamide

0.79 ml

2.50 ml

3.33 ml

4.0 ml

4.16 ml

5.07 ml

6.66 ml

dd H2O

2.96 ml

5.02 ml

4.16 ml

6.50 ml

3.33 ml

2.50 ml

0.84 ml

4X buffer

1.25 ml

2.50 ml

2.50 ml

2.50 ml

2.50 ml

2.50 ml

2.50 ml

TEMED

5 ul

10 ul

10 ul

10 ul

10 ul

10 ul

10 ul

10% APS

15 ul

30 ul

30 ul

30 ul

30 ul

30 ul

30 ul

Note: Add TEMED at the time of gel casting.
WESTERN BLOTTING
PRINCIPLE
This technique is used to establish the specificity of antibodies and their ability to
recognize components present in complex mixtures. In this method it is necessary to separate
the antigenic components using SDS-PAGE. The most commonly used technique involves
transferring separated proteins from ployacrylamide gels to a porous membrane and probing
this blot with antibody. Antibody-antigen complexes are then detected by the use of enzyme
labeled anti-immunoglobulins. Antigens recognized by specific antibody thus appear as
bands on substrate developed blots nitrocellulose membrane.
REAGENTS / SOLUTIONS REQUIRED








Phosphate buffer saline (PBS)
PBS-T (1X PBS +0.05% Tween-20)
5% skim milk in PBS-T
BCIP/NBT
Primary antibody
Secondary antibody (IgG-AP conjugate)
Nitrocellulose membrane

10X Blotting buffer (pH 8.3)
Tris

: 30.28 g

Glycine

: 144.1 g

SDS

: 10 g

Distilled H2O

: 1000 ml
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Prepare 1X buffer by adding 100 ml of 10X blotting buffer to 200 ml of methanol and
then making the final volume to 1000 ml with distilled water.
Substrate buffer
Alkaline phosphatase buffer
10 mM Tris – Cl pH 9.5
100 mM NaCl
5 mM MgCl2
PROCEDURE FOR PROTEIN TRANSFER
1.

Cut Whatman paper to exact size of gel.

2.

Soak the filter paper in transfer buffer. Place the first filter paper on transfer
apparatus, avoiding trapping air bubbles. Add the second filter paper and remove
any trapped air by rolling a pipette over it. Place the third filter paper and again
remove trapped air bubbles.

3.

Place pre-wetted membrane on the filter and remove any air bubbles with a pipette
as described above.

4.

Place the gel on the membrane.

5.

Place one filter paper on top of the membrane and remove air bubbles (as above)
stretching the gel to the edge of the paper. Cut off extra gel protruding beyond the
edge of the paper.

6.

Place the additional two filter papers on top as described earlier.

7.

Pour some buffer on top of each sandwiched gel to fully wet the paper but remove
any extra buffer that spills over on to the place with tissue paper.

8.

Connect to the power pack and run at 2 mA/cm2 gel for 1 hr. The transfer of
protein from gel to membrane can be checked by Ponceau S staining.
Note: The paper should not overlap the gel otherwise “short circuit” can occur
during electrophoresis. Also cut membrane to the size of gel and other filter papers.
Always wear gloves while handling membrane. Wet the membrane by floating in
water before use.

IMMUNOBLOTTING
1.

Remove the membrane when the transfer is complete.

2.

Wash five times with PBST for 5 min each time.

3.

Block nitrocellulose in 5% skim milk in PBST (1X PBS with 0.05% Tween 20)

4.

Wash membrane 3 times in PBST.

5.

Probe the membrane in the appropriate dilution of primary antibody (5% skim milk
in PBST) for one hour at room temperature or overnight at 4°C.
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6.

Wash membrane 3 times in PBST.

7.

Probe the membrane in the appropriate dilution of antibody conjugate (in 5% skim
milk – PBST) for one hour at room temperature.

8.

Wash membrane 3 times in PBST.

9.

Add the substrate to the NC membrane
a.

10 ml AP buffer.

b.

33 ul NBT

c.

16.5 ul BCIP or use ready made BCIP/NBT solution.

10. As colour develops, stop the reaction by rinsing with water.
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Molecular diagnosis of trypanosomosis in animals-an overview
Rajender Kumar
National Fellow (ICAR)
National Research Centre on Equines, Sirsa Road, Hisar-125 001(Haryana), India
E-mail: rkg.nrce@mail.com
Quick and accurate diagnosis of trypanosomosis is extremely important for both in
identifying animals for treatment as well as tracking the prevalence of disease. Under field
conditions, the disease is diagnosed on the basis of clinical signs which are not sufficiently
pathognomonic and using conventional parasitological diagnostic methods viz., microscopic
examination of wet blood film, stained thick/thin smears, haematocrit centrifugation
technique, dark-ground/phase-contrast buffy coat technique, mini-anion exchange
centrifugation technique, lymph node biopsies, examination of synovial fluid / cerebro-spinal
fluid (in the case of nervous signs) supplemented with haematological, biochemical tests etc.
These methods are less sensitive and subclinical form of disease often remained undiagnosed
because of the periodically cryptic nature of the parasitaemia. Therefore, these methods are
not adequate to know the epidemiology and magnitude of the disease in a particular region/
country. Attention has recently been focused on the development of more sensitive and
specific serological, DNA based and molecular tests for the diagnosis of surra in animals.
Sensitive serological methods include card agglutination test (CATT), latex agglutination test
(LAT), ELISA, dot- ELISA, western blotting, IFAT etc. have been developed for detection of
specific antibodies/antigens. Presently, for sero-prevalence studies of trypanosomosis whole
cell lysate (WCL) antigen based ELISA is being used and the assay is also recommended by
OIE. But, for preparation WCL antigen laboratory animals are required for propagation of
sufficient number of the trypanosomes and procedures have also not been completely
standardized. Therefore, uniformity of the assay is still the main limitation.
Various immunological and molecular approaches such as recombinant antigens,
DNA based detection assays (PCR/nested PCR/ multiplex PCR/qPCR/LAMP-PCR/DNA
probes), nanobodies, RNA derived aptamers, synthetic peptide technology, biomarkers based
assays, etc. have been reported with considerable degree of sensitivity and specificity for
diagnosis of trypanosomosis. Recently, many recombinant antigens (RoTat 1.2, invariant
trypanosome surface protein 75, tandem repeat proteins, HSP70, flagellar protein) based
assays have been developed for diagnosis of trypanosomosis. The gold standard, to date, for
detection of the Trypanozoon subgenus are the TBR primers based PCR test. Further, qPCR
assay has added many advantages over conventional PCR methods, viz., simultaneous
amplification and detection during exponential amplification, useful for monitoring the load
of infection, lower carry over contamination due to closed tube operation, increased
sensitivity due to fluorescent chemistry, high throughput analysis. The recently developed
LAMP-PCR technique further simplified molecular detection of T. evansi with high
specificity, efficiency, rapidity and capability to amplify billions of copies in less than an
hour under isothermal conditions without need of sophisticated equipment.
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Several poly-reactive anti-trypanosomal nanobodies have been generated in recent
years using lymphocytes of T. evansi infected camel. It is expected that in future nanobodies
will be generated that create access to unique locations, such as crossing of the blood-brain
barrier or and penetrate cell membrane. Thus nanobodies may prove useful tools for detection
of T. evansi infection and specific anti-parasite drug targeting in near future. Aptamers are
single stranded nucleic acid probes that can be selected from a large random library. They are
analogues to antibodies in their mode of action and can be coupled to biotin or gold particles
for development of lateral flow assay. RNA derived aptamers are generally high specific,
thermostable and easy to use. The anti-trypanosome VSG-specific aptamers have been
developed and showed affinities in sub nanomolar range, binding to structurally conserved
epitopes of VSG. In recent years, phage display technique has been used as a powerful tool to
identify mimotopes, small peptides that mimic linear, discontinuous and/or non-protein
epitopes. The identification of mimotopes for epitopes of Trypanosoma may replace the
native VSG proteins in antibody detection tests for trypanosomosis. The R&D activities are
underway in many laboratories to search potential host-biomarkers using proteomic approach
for development of sensitive and specific assays for diagnosis of animal trypanosomosis and
there is hope for availability of uniform, sensitive and specific diagnostic assays using
potent molecular platforms which may be used with ease at field level by different
stakeholders in near future.
DNA detection based assays (PCR/qPCR)
(i) PCR:
To overcome these problems, the detection methods for Trypanosoma have been
developed using conventional PCR assays. PCR based diagnostic methods have also been
increasingly used for epidemiologic surveys in several countries. It is claimed that PCR is a
more sensitive method of detection than conventional techniques. Numerous targets have
been used for designing the primers like kinetoplast, repetitive sequence DNA and ribosomal
DNA. The internal transcribed spacer (ITS) region of rRNA has highly conserved sequences
that may be specific to each species and is present in 100-200 copies per genome.
The gold standard, to date, for detection of the Trypanozoon subgenus are the TBR
primers. Other primers have been published and are being evaluated; some of them are
specific for Trypanozoon and others for T.evansi and T. equiperdum (evaluation of the latter
is very difficult because of the absence of collections of reference strains). To date, the most
sensitive test is that of satellite DNA using TBR primers; the sensitivity of the other primers
is being compared under various conditions, including in laboratory rodents, but can only be
validated with a sufficient batch of field samples from natural hosts. The use of TBR primers
is recommended, at least in the first instance, and, if necessary, for example in areas and host
species potentially infected with other Trypanozoon such as T. brucei brucei, species
confirmation can be obtained with more specific primers such as TEPAN or TE2249/2250,
primers specific for RoTat or non-RoTat strains, The sensitivity of the PCR being dependent
on the amount of DNA available, it is proportional to the parasitaemia. PCR is thus more
sensitive in highly susceptible hosts (camels, horses, dogs etc.) than in hosts of mild or low
susceptibility (cattle, buffalo, pigs, etc.).
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However, although they are rapid and sensitive, these methods are unable to quantify
the level of parasitemia in the infected animals. PCR assay has also several other intrinsic
disadvantages, such as end-point detection in plateau phase with non spurious amplification,
post-PCR handling leading to carry over contaminations, sometimes missing borderline cases
with low gene copy number.
(ii) Quantitative PCR (qPCR)
The development of q PCR has brought true quantitation of target nucleic acids by
combining PCR amplification with fluorescent-labelled specific probes able to detect
amplified DNA during the amplification reaction. The fluorescent chemistry coupled with
advanced optical detectors makes it more sensitive than conventional gel-based PCR. Several
real-time PCR assays have been developed to address the need for reliable detection systems
for early infection and quantification of infectious agent load in the acute phase of illness.
The qPCR is accurate, precise, capable of high throughput and relatively easy to perform. In
addition, qPCR automates the laborious process of amplification by quantitating reaction
products for each sample in every cycle. Data analysis, including standard curve generation
and copy number calculation, is performed automatically. The real-time assays have many
advantages over conventional PCR methods, viz., simultaneous amplification and detection
during exponential amplification, real-time monitoring of amplification as it happens,
quantitative, thus useful for monitoring the load of infection, lower carry over contamination
due to closed tube operation, increased sensitivity due to fluorescent chemistry, high
throughput analysis due to software driven operation and drug efficacy studies in quantified
forms. In several protozoan infections, the monitoring of parasitemia level is essential for the
determination of disease stage and risk of transmission. Real-time PCR has been applied in
recent years for the evaluation of trypanosome infections viz., T. brucei, T. cruzi and for T.
evansi.
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Protocol for DNA isolation from T. evansi infected blood
Procedure
1. Take 500µl of infected blood in a microcentrifuge tube (1.5-2.0 ml).
2. To this blood add 500µl of solution-I (10 mM Tris pH =7.6, 10 mM KCl, 10mM
MgCl2).
3. Add 120µl of 1/10 x Nonidet P40 to lyse the cells (RBCs). Mix well by inverting
several times or vortex it.
4. Spin down the nuclear pellet at 2000 rpm for 10 minutes.
5. Pour off the supernatant without dislodging the pellet.
6. Gently resuspend the pellet in 150µl of solution-II (10 mM Tris pH =7.6 , 10 mM
KCl , 10mM MgCl2 , 0.5 M NaCl, 0.5% SDS, 2 mM EDTA disodium salt).
7. Add 25µl of proteinase K (stock concentration 18 mg/ml) and keep at 55°C for 2
hours.
8. Add 75µl of Tris saturated phenol (pH =8.0) and mix well.
9. Spin at 10,000 rpm for 1 minute. Transfer upper phase to a clean microfuge tube
without disturbing the lower organic phase and white interface of proteins.
10. Add 100µl of Phenol: Chloroform: Isoamyl alcohol (25:24:1). Mix well by
inverting.
11. Spin for 1 minute at 10,000 rpm. Transfer upper phase to a clean microfuse tube.
12. Add 150µl chloroform: Isoamyl alcohol and centrifuge at 10,000 rpm for 1 min.
13. Transfer upper aqueous phase to fresh tube. Avoid removing the interface. Add
double volume of ice cold absolute ethanol and mix to precipitate the DNA.
Centrifuge at 12000 rpm for 8 minutes. DNA fibre will appear in suspension or at
bottom of microfuge. Gently remove this absolute ethanol and add 1 ml of 70%
ethanol to this tube. Mix well to wash the DNA.
14. Spin for 8 min. at 12000rpm. DNA pellet will settle at the bottom of the tube.
Discard the ethanol and air dry pellet by placing the tube open for 2-3 minutes.
15. Resuspend the DNA pellet in 30-50µl of nuclease free water. Store this DNA at
-20°C or less temperature for future use.
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Flow chart for DNA isolation from T. evansi infected blood
Take 500µl of infected blood in a microcentrifuge tube (1.5-2.0 ml)
Add 500µl of solution-I (10 mM Tris pH=7.6, 10 mM KCl, 10mM MgCl2 )
Add 120µl of 1/10 x Nonidet P40 to lyse the cells (RBCs). Mix well by inverting several
times
Spin down the nuclear pellet at 2000 rpm for 10 minutes.
Pour off the supernatant without dislodging the pellet.
Gently re-suspend the pellet in 150µl of solution-II (10 mM Tris pH=7.6, 10 mM KCl ,
10mM MgCl2 , 0.5 M NaCl, 0.5% SDS, 2 mM EDTA disodium salt)
Add 25µl of proteinase K (stock concentration 18 mg/ml) and keep at 55°C for 2 hours.
Add 75µl of Tris saturated phenol (pH=8.0) and mix well.
Spin at 10,000 rpm for 1 minute. Transfer upper phase to a clean microfuge tube without
disturbing the lower organic phase and white interface of proteins.
Add 100µl of Phenol: Chloroform: Isoamyl alcohol (25:24:1). Mix well by inverting.
Spin for 1 minute at 10,000 rpm. Transfer upper phase to a clean microfuge tube.
Add 150µl chloroform: Isoamyl alcohol and centrifuge at 10,000 rpm for 1 min.
Transfer upper aqueous phase to fresh tube without disturbing lower phase. Add double
volume of ice cold absolute ethanol and mix to precipitate the DNA. Centrifuge at 12000 rpm
for 8 minutes. DNA fibre will appear in suspension or at bottom of tube. Gently remove this
absolute ethanol and add 1 ml of 70% ethanol to this tube. Mix well to wash the DNA.
Spin for 8 min. at 12000rpm. DNA pellet will settle at the bottom of the tube. Discard the
ethanol and air dry pellet by placing the tube open for 2-3 minutes.
Resuspend the DNA pellet in 30-50µl of nuclease free water. Store this DNA at -20°C or less
temperature for future use.
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PCR protocol for diagnosis of T evansi
Standardization of PCR to be done using OIE recommended primers (TBR1/2) which
will amplify 164 bp repetitive sequence of mini-chromosome satellite DNA (Table 1).
Table 1: Details of primers used in the study for PCR
Test
PCR

Oligo name
TBR-F

o
Sequence 5ˈ-3ˈ
Length Tm C GC%
57.4
35
5ˈGAATATTAAACAATGCGCAG3ˈ 20

TBR-R

5ˈCCATTTATTAGCTTTGTTGC3ˈ

20

56.5

Product size

35

164 bp

Optimization of TBR1/2 PCR
The PCR conditions have been described in Table 2.
Table 2: Parameters used for optimization of TBR-PCR
Test

Component

Quantity

PCR Conditions

Dream Taq PCR Master Mix

12.5µl

Initial denaturation: 94°C for 5 min

TBR1/2

Primer Forward (10µM/µl)

1.0µl

Denaturation: 94°C for 30sec

PCR

Primer Reverse (10µM/µl)

1.0µl

Annealing: 56-58°C for 45sec x 35

Template DNA

1.0 µl (15ng)

Nuclease free water

up to 25µl

Extension: 72°C for 30sec
Final extension: 72°C for 2min

PCR products to be electrophoresed in 2.0% agarose in 1X TAE buffer and visualized
under UV light with the help of visualising dye EtBr and optimum condition of amplification
will be selected which giving a visual size band without any non specific amplification.

59

REAGENTS FOR DNA EXTRACTION
Solution-I (for 50 mL)
1
2
3
4

10 mM Tris HCL pH=7.6
10 mM KCl
10mM MgCl2.6H20
Distilled water

0.078 g
0.037 g
0.101 g
Up to 50 mL

Solution-II (for 50 mL)
1
2
3
4
5
6
7








10 mM Tris HCL pH=7.6
10 mM KCl
10mM MgCl2.6H20
0.5 M NaCl
2 mM EDTA disodium. 2H20
0.5% SDS (W/V)
Distilled water

0.078 g
0.037 g
0.101 g
1.46 g
0.037 g
0.25 g
Up to 50 mL

Proteinase K (stock concentration 18 mg/ml)
1/10 x Nonidet P40
Tris saturated phenol (pH =8.0)
Phenol: Chloroform: Isoamyl alcohol (25:24:1)
Chloroform: Isoamyl alcohol
Ice cold absolute ethanol
70% ethanol
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Acquisition, Authentication, Accessioning and Maintenance of
microbes in the repository: An Overview
Dr. Sanjay Barua and Dr. Riyesh T
NCVTC, ICAR-NRCE, Sirsa Road, Hisar, Haryana-125001
Microorganisms have acquired a special status since time immemorial for their use in
enhancing livestock productivity. Ever since their discovery, microbes have influenced
human and animal life and shaped the path of human evolution. They have also been
dreaded for their role in causing diseases in animals and human beings. The emergence
and re-emergence of a number of diseases both in human and animals pose significant global
challenges.
Research on animal microbes in the country is advancing well, though with c e r t a i n
limitations. These microbes would be invaluable for research and development in improving
livestock production either through direct interventions or by way of improvement in health.
This would help in food security and advances in human health researches apart from the
direct benefit of enhancing livestock productivity and production. There is a compelling need
for discovery and identification of such microbial agents, in improving livestock production
and encouraging their use in public and private sectors.
The research pertaining to use of microbes of animal origin is based on the following
fundamental features:To search for novel products from the microbes for the benefit of human
kind,
1.

2.
3.

To study the pattern in which these organisms behave so as to harness them for
overall livestock development and improving human health. This could be
achieved through the search of newer products and processes in order to develop
safer and cheaper diagnostics, vaccines and therapeutic strategies to combat the
harmful organisms on one side and utilizing the useful microbes for efficient
utilization of feed and fodder.
Their application in development of livestock products (including dairy products)
where in dairy and rumen microbes play significant roles.
To understand microbial evolution in general and the changing pattern of infectious
diseases in particular for preparedness in emergency situations will give an edge.

Microbial culture repositories are collections of various microbes, which act as
invaluable resources for microbiologists, molecular biologists and researchers in other fields.
The study and utilization of this virtually unexplored biological reservoir would lead to food
safety, nutritional security as well as human and animal welfare through disease control and
eradication, efficient utilization of feed resources, identifying the commercial potential of the
diversified strains for designing novel starter cultures with functional/probiotic properties and
developing novel and more nutritious dairy products. However, many professionals lack
adequate access to these microbes in lack of proper guidance on locating the source,
obtaining, and processing such materials.
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Though a number of international repositories like ATCC, NCTC, etc. are catering to a
wide variety of reference microbes for use by researches/industry, similar facilities, especially
in agricultural and livestock sector, were lacking in our country. A number of small microbial
culture collections exist in India too viz., MTCC which house microbes of industrial
importance, NIV repositions include viruses (mainly of medical and zoonotic significance),
and National Collection of Industrial Micro-organisms maintaining organisms of value to
research and industry. However, none of them covers the microbes of animal origin
comprehensively. World Federation for Culture Collections lists more than 20 such
repositories in India but none of them cater to the entire gamut of animal microbes.
Considering this, NAIMCC, dedicated to the microbes in agriculture, has been
established at NBAIM, Mau Nath Bhanjan in Uttar Pradesh and a similar facility has been
established at National Centre for Veterinary Type Cultures (NCVTC), Hisar for the
livestock sector. NCVTC is the first facility in livestock sector in India for collection of
animal microbes comprising veterinary, rumen, and dairy microbes. The overall benefit of
NCVTC activities would result in enhancement of knowledge in all the spheres of animal
microbes including utilization of their useful properties. The repository of the animal microbes
would be useful in understanding microbial evolution and would help in
1. developing newer approaches towards development of diagnostics, drugs, vaccines,
functional foods/feeds,
2. enhancing utilization of cellulosic fodder and non-conventional feeds/fodder, and
3. ensuring human and animal health as well as sustenance of ecosystem.
NCVTC, thus, is a step forward, where microbial biodiversity (of animal origin) is
being conserved to be utilized effectively by scientists, researchers and R & D personnel in
various organizations including Sate Agricultural/Veterinary Universities, drug and vaccines
houses, Biological Products Units of Animal Husbandry departments, private industries,
public sector organizations and policy-makers for boosting livestock & human health, and
thereby realizing the goal of “One-Health” which will ensure a sustainably healthy
ecosystem.
1. ACQUISITION OF MICROBES IN THE REPOSITORY: Acquisition of
Cultures is an important step towards establishing and populating the Culture Collection with
useful cultures. The four major strategies that are applied to achieve the acquisition of animal
microbes in a repository are:1.1 Procurement of standard, reference and test strains of animal microbes from
accredited culture collections: The standard, reference and test strains of Animal microbes
can be procured from accredited culture collections from within the country. Avenues can
also be explored for procurement of important reference cultures of Animal origin and
veterinary importance from International Culture Collections.
1.2 Obtaining animal microbes as gifts, repatriation of animal microbes cultures
from accredited/established national and international culture collections: Many
research workers and scientists have been working in the field of Veterinary Microbiology in
the National agricultural systems. Such workers have done commendable work in their
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microbes of interest. Such cultures can be obtained as gifts from retired workers, individuals.
Efforts can also be made for the repatriation of cultures of Indian origin from International
Culture collections.
1.3 Depositions by research workers, contributors: The repository can also acquire
microbes from researchers, research and educational institutes, private and governmental
organization, individuals etc. following a documented process. Acquired microbes can
deposited in the repository as General deposit/Safe deposit.
1.3.1 General deposit: This is a deposit in which “The DEPOSITOR and the Duly
Authorized Signatory of the DEPOSITOR’s Institution, whichever represents the legal owner
of the MATERIAL confers complete ownership of the deposited material to the repository.
There are no charges levied on general deposits.
1.3.2 Safe deposit: This is a deposit in which “The DEPOSITOR and the Duly
Authorized Signatory of the DEPOSITOR’s Institution, whichever represents the legal owner
of the MATERIAL is provided a special service for long-term preservation of
microorganisms whose distribution will be restricted by the repository at the discretion of the
depositor without loss of ownership. This method does not comply with the requirements of a
patent deposit but provides the equivalent of the protection of a “trade secret.” Annual
charges are levied for each deposit.
2. DEPOSITION OF MICROBES IN THE REPOSITORY: The repository will
prefer the deposition of microbial deposits of well characterized cultures, isolates with
sequenced genomes and isolates with truly unique properties. The strains characterized by
modern polyphasic techniques in addition to less characterized but unique strain will be
acceptable.
An overview of deposition process in the Repository
a. Contact the concerned scientific staff before depositing microbial cultures in
repository.
b. Download the preliminary culture data sheet from the Centre’ website (http://
www.nrce.nic.in ; http://NCVTC.gov.in )
c. Send the microbial cultures alongwith the duly filled preliminary culture data sheet
to the curator.
d. Allotment of Repository Receipt number (RR number): The RR No. allotment will
be based on Preliminary Quality Check of deposits by the repository receipt
incharge which shall further include Verification of the duly filled Preliminary
Culture data sheet for accuracy and completeness of the information provided along
with the quality of the packaging, volume of the material, sterility conditions,
maintenance of cold chain during transport etc.
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Bacteria: The bacterial cultures can be deposited in freeze dried form or as slant and
may be transported on ice.
Virus: The virus cultures should be deposited preferably in freeze dried form (10 nos)
or as frozen cultures (10 X 2ml cryovials) and transported preferably in dry ice / liquid
nitrogen.
Plasmid/genomic DNA: Plasmid/genomic DNA should be deposited in both liquid
form in TE buffer & precipitate form in 80% ethanol. Amount of genetic material: a)
plasmid: 200µl ( 50ng/µl) in TE & ~1µg in 80% ethanol; b) genomic: 200µ (100-200ng/ul) in
TE & ~5ug in 80% ethanol.
Recombinant clones: Should be submitted as described under deposit form for
recombinant clones
Bacteriophage: The bacteriophages should be deposited in SM buffer and
corresponding host in freeze dried form/stab in slant
Repository receipt numbers will be communicated to the depositors for those cultures
which pass the preliminary quality testing.
3. AUTHENTICATION OF MICROBES IN THE REPOSITORY: The repository
will undertake authentication of microbial deposits using appropriate available technology.
Bacteria: The first step is to check the growth, purity, and cell and colony morphology
of each culture received in the repository. Cultures will then undergo biochemical testing if
appropriate. For common bacteria, a standard set of growth and biochemical methods based
on the phenotypic traits of these organisms will be carried out. Further, the cultures will be
identified upto genus/species level using estimation of microbial fatty acid methyl esters
using gas chromatographic (GC) analysis, microseq based 16S rRNA gene sequencing etc.
Virus: The authentication of virus culture received in the repository is dependent on
characteristics cytopathic effect in the cell cultures/specific lesions in the infected egg
embryo, amplification of the virus specific gene segments in PCR, nucleotide sequencing of
selected gene segments, characteristic growth pattern of the viruses, immunofluorescence in
the cultured cells, virus neutralization assay.
4. ACCESSIONING OF MICROBES IN THE REPOSITORY: A unique collection
number (Accession No.) will be allocated to the biological material which will never be
reassigned if the biological material is later discarded. Accession numbers shall be
communicated after authentication of the cultures, subject to the submission of the duly filled
deposit form. An Accession number will be assigned once the viability testing has been
completed and provided that the deposit is found to be viable. The repository shall adopt an
expanded format for assigning Catalogue Numbers to new Accessions. The numbering model
shall use a combination of letters and numbers to differentiate cultures/materials received.
The Accession Nos. shall be intimated to the depositors within a period of 10-12 weeks from
the date of acceptance of the deposited cultures.
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5. PRESERVATION OF MICROBES IN THE REPOSITORY: A culture which
has been checked and used successfully is a valuable laboratory asset. It should be preserved
as efficiently as possible. For each micro-organism culture, an appropriate preservation
method(s) would be chosen by the repository based on its own experience or on the
recommendations of the depositor.
A] Storage and preservation of viruses: Viruses are non-cellular forms of life and are
much smaller and less biochemically complex than the simplest unicellular organism. They
consist of either RNA or DNA as a single molecule or as segmented genome enclosed by one
or more protein. In general DNA viruses are more stable than RNA viruses’ but both types
are extremely stable and can be preserved relatively easily. Many viruses can be kept for
months at refrigerated temperatures and stored for years at very low temperature without the
need for special preservative or carefully regulated slow freezing techniques. Their simple
structure, small size and the absence of free water are largely responsible for this stability.
Viruses with lipid envelopes are often less stable than non-enveloped viruses at ambient
temperatures but survive well at ultra low temperatures or in the freeze-dried state.
A variety of procedures exist for maintaining virus stocks and these depend to some
extent on the peculiar properties of particular viruses. For example Pox viruses can be easily
preserved for decades in dried form. Further Tick-borne Arboviruses can be maintained for
long duration in ticks themselves. Viruses can also be preserved in animal tissue specimens,
in brains from virus-infect mice, intact arthropods.
a) Cryopreservation at -70oC: Viruses present in infected arthropods or animal tissues
that need to be preserved at ultra low temperature can also be frozen directly or they can be
prepared as clarified suspensions in diluents and then frozen at -70oC deep freeze. The
appropriate method will be followed as per the virus.
b) Freeze drying of viruses for long term preservation: This is probably the most
satisfactory method for preserving viruses for very long periods. A small volume of virus
suspension is introduced into each ampoule using a long thin Pasteur pipette (0.5 ml in 2 ml
ampoules) avoiding the contamination of neck of the ampoule. After freeze drying of the
specimen by appropriate method depending on the freeze dryer in use, ampoules are labeled
and store at 4ºC or lower if possible avoiding direct exposure to light. After storage for a few
days, one of the ampoules can be opened in appropriate safety cabinet to test the infectivity of
the virus.
c) Preservation of virus as nucleic acids: The purified nucleic acid of positive
stranded RNA viruses and many DNA viruses is infectious. This principle will be utilized to
preserve such viruses for very long periods of time. The ethanol precipitated RNA and DNA
will be stored at 4ºC or lower temperatures under ethanol. DNA will be stored either under
ethanol or as dried DNA.
B] Storage and preservation of bacteria: The preservation of bacterial cultures can be
done by a number of methods. The cultures can be kept in broth and plates for several weeks
or even months, but the problems of contamination of cultures, loss of viability, mutation and
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infection by phages and other plasmids are inherent in such type of storage method which is
used for a short duration when working on a culture.
a) Stab cultures: For short term preservation, cultures can be stored by stabbing the
actively-growing cells into a nutrient medium containing 0.6% (w/v) agar. Screw will be
tightened and tube will be sealed with candle wax or melted paraffin wax for effective airtight sealing. Tubes will be stored in polystyrene sheets in refrigerator.
b) Storage on slants: Slants in screw caps can be sued as in the case of stab cultures
described above, except that the cultures are streaked on slants. The use of screw cap tubes
for slant can increase the shelf life of slant cultures; however it is better to use such cultures
for duration of 1-2 weeks when cultures are being worked upon for characterization/other
works.
C) Freeze-drying: Probably the most satisfactory method for preserving bacteria for
very long periods
6. DISTRIBUTION OF MICROBIAL CULTURES TO THE STAKEHOLDERS
1. In order to obtain microbial cultures from NCVTC, please contact the curator
regarding availability of the culture for distribution.
2. NCVTC distributes microbial cultures only for research and teaching purposes
3. The distribution of cultures with restricted access will only be done after seeking
permission from the depositor for which the requesting authority will have to sign an
MTA with NCVTC
4. Transportation of the cultures will depend on the type of cultures and their
pathogenicity. All the cultures may not be amenable to distribution by post / courier.
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Depositor’s ID (DID)……………………………………………
RR No (To be filled by NCVTC)…………………………………

NATIONAL CENTRE FOR VETERINARY TYPE CULTURES
ICAR-National Research Centre on Equines, Sirsa Road, Hisar 125 001 (Haryana)
Tel-Fax: 01662-278790 Email: vtcc.icar@nic.in
PRELIMINARY CULTURE DATA SHEET
1. Depositor’s name (s): ……………………………………………………………………..
2. Depositor’s affiliation & contact details (please include phone/mobile no. & Email ID):
…………………………………………………………………………………………………
………………………………………………………………………………………………..
3.
Material
submitted
/other):…………...................

(Bacteria/Virus/Fungus/Bacteriophage/Genetic

material

4. Details of material submitted (Specify genus, species, variety etc.): ………………………..
………………………………………………………………………………………………...
5. Origin of material: Animal/species: ………………………
Place:………….........................
6. Whether the material is known or likely to be hazardous to
human…………………………..
7. Growth requirements: (specify media, culture conditions, any specific requirement, etc.)
………………………………………………………………………………………………
……………………………………………………………………………………………..
8. Mention the test with details to be employed for authentication of the deposit:
………………………………………………………………………………………………
………………………………………………………………………………………………
9. Preservation protocol/recommendation if any:………………………...............................
10. Any other relevant information……………………………...........................................
11. Mandatory information to be filled:
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A.

In case of deposit of Bacteria:

Colony and culture morphology ………………………….
Characterization details (please provide maximum information related to sequence
data, GenBank accession, 16SrRNA/FAME/BIOLOG/API analysis result, special
usage/features etc.), if carried out.
………………………………………………………………………………………………
B.

In case of deposit of Virus:

Cell line/primary culture:……………………………, Virus titre……………………..
Inoculation route for embryonated egg …………

CPE characteristics………………………

Specific test for authentication………………………………………………………………..
C.

In case of deposit of Bacteriophage:

Host/indicator bacteria:……………………………, Plaque titre…………………………
Plaque characteristics…………………………………………………………………………
Specific test for authentication………………………………………………………………
D.

In case of deposit of Genetic material:

Quality & quantity of DNA/plasmid: A260/280………………….. Quantity………………..
Insert name………………….., Size………………….. Vector……………………………
Host of clone:……………………………, Antibiotic resistant………………………………
PCR details: Primer concentration………………… PCR condition…………………………
…………………………………………………………………………………………………..
Sequence information……………………………………………………………………
I/We hereby authorize the NCVTC to accession the culture in its collection as
per Accession Policy of NCVTC.

Name & Signature of depositor:

Date:
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Do not write in this box
RR Number: ________________________
Accession No. _______________________
Accession Date: _____________________
Date Received: ______________________

DEPOSIT FORM-BACTERIA
Vol. Received:

______________________

Deposit ID No…………..........
(To be provided by depositor mandatorily)

(Individual form to be filled up by the depositor for each deposit)
PART 1: SCIENTIFIC INFORMATION
1. Scientific name of the organism/culture (to be deposited)
Genus_________________________________Species_________________________
2. Isolate/Strain designations other than NCVTC number
______________________________________________________________________
3. Is this the type strain of the organism? � Yes � No
4. If this strain has been designated in the literature as the type strain, please cite
reference:
5. Isolation details:
Source, Species, Age, Location, Year etc.: ______________________________________
Isolated by (with date):
a)__________________ b) _____________________ c)________________________
Identified by (with date):
a)__________________ b) _____________________ c)________________________
6. Was the organism isolated from human? � Yes

� No

7. If you did not isolate this strain, indicate from whom you received it:
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8. Reason for deposit:
Requested by NCVTC: _____ New taxon: Species ______________
Subspecies_________________ ____________________
Any other unique character ________________________________________________
9. Growth conditions:
Media______________________________________________________
Temperature___________________ Incubation Time ___________________________
Any special requirement__________________________________________________
10. A brief description or distinctive features of the microorganisms:
___________________________________________________________________________
___________________________________________________________________________
11. Preservation details:
a) In active culture:
b) In liquid nitrogen (-196OC)
c) By freeze-drying?

� Yes � No
� Yes � No
� Yes � No

d) any other method
12. Safety information: Is this organism hazardous to:
Humans _____ Animals ____ If yes, what is the recommended Biosafety Level
____________________________________________________________________
13. Additional information if any (characterization): attached annexure if required
______________________________________________________________________
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PART 2: OWNERSHIP AND DISTRIBUTION

1. PROPRIETARY STATUS OF DEPOSIT:
i. IPR/Patent information if any:_______________________________________________
ii. Provide accession number, if deposited elsewhere: _______________________________
__________________________________________________________________________
2. DISTRIBUTION RIGHTS
(select only one from i, ii or iii below):
i. � DEPOSITOR conveys ownership of the deposited material to NCVTC as a General
Deposit
The depositor and the Duly Authorized Signatory of the depositor’s Institution,
whichever represents the legal owner of the material, hereby gives NCVTC ownership in
their interests in the transferred quantity of material, with the right, including the right under
any patent or patent application, should there be one, to reproduce, use, give or otherwise
transfer material to third parties in any manner,
OR
ii. � RESTRICTED RIGHTS DEPOSIT
Depositor grants NCVTC Restricted Material Distribution Rights.
Material is free for distribution for research and teaching use only and will require
execution of a license agreement for distribution for commercial purposes by recipient that
incorporates or otherwise uses the material. The depositor and the Duly Authorized Signatory
of the depositor’s Institution, whichever represents the legal owner of the material, hereby
conveys to NCVTC rights to the transferred quantity of material, with the authority to
reproduce, use, give or otherwise transfer material to third parties. The terms of such transfer
to third parties will be negotiated between NCVTC and depositor under a separate agreement.
OR
iii. � SAFE DEPOSIT
Depositor does not grant NCVTC any material distribution rights
(Material shall be maintained in the repository for which an annual fee may be levied for each
organism deposited)
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3. MISCELLANEOUS:
a. This form states the entire agreement between the parties regarding the Material.
b. The undersigned are authorized to execute this Agreement.
c. Except to the extent prohibited by law, the providing party disclaims all risks and
responsibility in connection with the receiving party's receipt, handling, storage, disposal,
internal transfer and use of material and modification.
d. Additional requirements (one block MUST BE CHECKED):
� None
� Please specify: ___________________________________________________________
ACKNOWLEDGEMENT

This Deposit Form Agreement (“Agreement”) is between __________________________
At (Institution & Place)__________________________________________________
(“DEPOSITOR”) and the NCVTC, an institution under ICAR, Krishi Bhawan, New Delhi,
India on the last date of execution hereof (the “effective Date”). The Agreement regulates the
conditions under which DEPOSITOR and NCVTC agree to transfer the MATERIAL
(defined below) from DEPOSITOR to NCVTC. MATERIAL will be examined by NCVTC
and, if it meets NCVTC’s criteria, will be accessioned, authenticated and preserved.
The information provided in this Deposit Form is accurate and complete to the best of
my knowledge as Depositor. I agree to make a best effort to replace Material transmitted here
under in the event it is found to be non-viable, impure, or otherwise atypical. As Depositor I
agree to evaluate Material for quality control purposes after initial authentication by NCVTC
to the extent I am able to do so.
I recognize that the NCVTC Collection Scientists may need me to provide more
information pertaining to the Material and agree to provide such information to the extent I
am able to do so.
As the duly authorized signatory for the Depositor’s Institution, I warrant that the
Depositor’s Institution has the legal authority to grant full right, title and interest conveyed in
“PROPRIETARY STATUS OF DEPOSIT” above.
This signatory page covers only the Materials (list by name) _______________________
_____________________________________ described in Part 1 of the deposit form.
Signatures on Next Page
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AGREED TO:
Duly Authorized Signatory for Depositor’s Institution:
Signature_______________________________________ Date: _____________________
Name:______________________________Designation: ____________________________
Institution: ________________________________________________________________
E-mail: ___________________________________________________________________
Telephone: _______________________________ Fax: _____________________________
Mailing Address: ___________________________________________________________
_________________________________________________________________________
For NCVTC:
Signature__________________________________________ Date: ___________________
Name: ________________________________ Designation: _________________________
READ, UNDERSTOOD AND AGREED BY:
Depositor(s):
1. __________________________________ Designation: _______________________
(Name)
2. ____________________________________Date: ____________________________
(Signature)
3. __________________________________ Designation: _______________________
(Name)
Phone: ___________________________ E-mail: __________________________________
Fax: __________________________________________________________
Institution:______________________________ Department: ________________________
Mailing Address: ______________________________________________________

73

Deposit ID No…………..........
(To be provided by depositor mandatorily)

DEPOSIT FORM-VIRUS
(Individual form to be filled up by the depositor for each deposit)
PART 1: SCIENTIFIC INFORMATION
Name of Virus:
Classification (specify Genus, Species etc.):

1. General information
a. Source, Species, Age, Location, Year etc.:
______________________________________________________________________

b. Clinical disease or symptoms exhibited by host:

______________________________________________________________________
c. Special characteristics (physical properties, stability, cross reactions, presence or absence
of mycoplasma, sequence information etc.) if any

d . List special handling requirements if any:___________________________________
______________________________________________________________________
e. Isolated by (with date):
i)__________________ ii) _____________________ iii)________________________
f) Identified by (with date):
i)__________________ ii) _____________________ iii)________________________
g . If you did not isolate this strain, indicate from whom you received it:
2. Reason for deposit: (new taxon, attenuated strain, utility as a vector, etc.)
______________________________________________________________________
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_____________________________________________________________________
3. Properties of deposited isolate:
a. Strain/Isolate name designated if any:
b. Deposited as freeze dried /Liquid culture:
c. Quantity deposited (Mention volume or number of vials):
d. Propagated in (Cell line, animal host or embryonated eggs):
e. Media used_________________________________________________________
f. Days of appearance of CPE and CPE characteristics:
g. Specify route of inoculation, in case of embryonated chicken egg adapted virus:
h. Incubation temperature
i. Titer (list as units/volume, i.e., TCID50/ml)___________________On __/___/200____
j. in case of non-cytopathic viruses provide complete details for isolation and authentication
4. Virus authentication details
a. PCR cycling condition:
______________________________________________________________________
b. Primer sequences (Forward & Reverse)
___________________________________________________________________________
_________________________________________________________________
5. Preservation details:
a. in liquid nitrogen (-196OC)
b. by freeze-drying

� Yes � No
� Yes � No

c. any other method
6. Safety information: Is this organism hazardous to:
Humans _____ Animals____ If yes, what is the recommended Biosafety level
____________________________________________________________________
7. Additional information, if any (characterization): attach annexure if required
______________________________________________________________________
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PART 2: OWNERSHIP AND DISTRIBUTION
1. PROPRIETARY STATUS OF DEPOSIT:
i.
IPR/Patent
information
any:____________________________________________________

if

ii. Provide accession number, if deposited elsewhere: _________________________
__________________________________________________________________________
2. DISTRIBUTION RIGHTS
(select only one from i, ii or iii below):
i. � GENERAL DEPOSIT
Depositor conveys ownership of the material to NCVTC as General Deposit
(Unrestricted Material Distribution Rights)
The depositor and the Duly Authorized Signatory of the depositor’s Institution, whichever
represents the legal owner of the material, hereby gives NCVTC ownership in their interests
in the transferred quantity of material, with the right, including the right under any patent or
patent application, should there be one, to reproduce, use, give or otherwise transfer material
to third parties in any manner,
OR
ii. � RESTRICTED RIGHTS DEPOSIT
Depositor grants NCVTC Restricted Material Distribution Rights.

Material is free for distribution for research and teaching use only and will require execution
of a license agreement for distribution for commercial purposes by recipient that incorporates
or otherwise uses the material. The depositor and the Duly Authorized Signatory of the
depositor’s Institution, whichever represents the legal owner of the material, hereby conveys
to NCVTC rights to the transferred quantity of material, with the authority to reproduce, use,
give or otherwise transfer material to third parties. The terms of such transfer to third parties
will be negotiated between NCVTC and depositor under a separate agreement.
OR
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iii. � SAFE DEPOSIT
Depositor does not grant NCVTC any material distribution rights
(Material shall be maintained in the repository for which an annual fee may be levied for each
organism deposited)
3. MISCELLANEOUS:
a. This form states the entire agreement between the parties regarding the Material.
b. The undersigned are authorized to execute this Agreement.
c. Except to the extent prohibited by law, the providing party disclaims all risks and
responsibility in connection with the receiving party's receipt, handling, storage, disposal,
internal transfer and use of material and modifications.
d. Additional requirements (one block MUST BE CHECKED):
� None
�
ACKNOWLEDGEMENT

Please specify: ___________________________________________________________
This Deposit Form Agreement (“Agreement”) is between ___________________________
At (Institution & Place)_______________________________________________________
(“DEPOSITOR”) and the NCVTC, an institution under ICAR, Krishi Bhawan, New Delhi,
India on the last date of execution hereof (the “effective Date”). The Agreement regulates the
conditions under which DEPOSITOR and NCVTC agree to transfer the MATERIAL
(defined below) from DEPOSITOR to NCVTC. MATERIAL will be examined by NCVTC
and, if it meets NCVTC’s criteria, will be accessioned, authenticated and preserved.
The information provided in this Deposit Form is accurate and complete to the best of
my knowledge as Depositor. I agree to make a best effort to replace Material transmitted
hereunder in the event it is found to be nonviable, impure, or otherwise atypical. As
Depositor I agree to evaluate Material for quality control purposes after initial authentication
by NCVTC to the extent I am able to do so.
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I recognize that the NCVTC Collection Scientists may need me to provide more
information pertaining to the Material and agree to provide such information to the extent I
am able to do so.
As the duly authorized signatory for the Depositor’s Institution, I warrant that the
Depositor’s Institution has the legal authority to grant full right, title and interest conveyed in
“PROPRIETARY STATUS OF DEPOSIT” above.
This signatory page covers only the Materials (list by name) _________
described in Part 1 of the deposit form.
Signatures on Next Page
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AGREED TO:
Duly Authorized Signatory for Depositor’s Institution:
Signature_______________________________________ Date: __________________
Name:______________________________Designation: _______________________
Institution: ________________________________________________________
E-mail: _____________________________________________________________
Telephone: _______________________________ Fax: _________________________
Mailing Address: ____________________________________________________
For NCVTC:
Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________
READ, UNDERSTOOD AND AGREED BY:
Depositor(s):
1. Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________
2. Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________
3. Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________

Phone: ___________________________ E-mail: Fax: ____________________________
Institution:______________________________ Department: __________
Mailing Address: _________________________________________
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Do not write in this box
RR Number : __________________________
Accession No. _______________________
Accession Date : _____________________
Date Received : ______________________

DEPOSIT FORM- BACTERIOPHAGE

Vol. Received : ______________________

Deposit ID No…………..........
(To be provided by depositor mandatorily)

(Individual form to be filled up by the depositor for each deposit)
PART 1: SCIENTIFIC INFORMATION
Bacteriophage_____________________ Strain/Isolate________________________
Classification: __________________________________________________________
1. Basic information
a) Source, Species, Age, Location, Year etc.:
______________________________________________________________________
b) Indicator strain details:
______________________________________________________________________
c. References (enclose a copy of relevant references):____________________
d. Officially recognized as reference strain by: _________________________________
e Propagation Media _________________________________Days________________
Incubation temperature______________Plaque characteristics____________________
f. Special characteristics (physical properties, stability, PCR/sequence information, TEM
details, protein profile etc.) if any
g. List special handling requirements if any:___________________________________
h. Isolated by (with date):
i)__________________ ii) _____________________ iii)________________________
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d) Identified by (with date):
i)__________________ ii) _____________________ iii)________________________
I. If you did not isolate this strain, indicate from whom you received it:
2. Reason for deposit: (new taxon, utility as a vector, etc.)
______________________________________________________________________
______________________________________________________________________
3. Properties of deposited isolate:
a. Propagated in (host cell/indicator strain): _______________________
b. Media used_________________________________________________________
c. Titer (list as units/volume, i.e., PFU/ml)___________________On __/___/200____
4. Preservation details:
a) in liquid nitrogen (-196OC)
b) at -80 OC

� Yes � No

� Yes � No

c) any other method
5. Safety information: Is this organism hazardous to:
Humans _____ Animals____ If yes, what is the recommended Biosafety level
____________________________________________________________________
6. Additional information, if any (characterization): attach annexure if required
______________________________________________________________________
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PART 2: OWNERSHIP AND DISTRIBUTION

1. PROPRIETARY STATUS OF DEPOSIT:

i. IPR/Patent information if any:__________________________________________

ii. Provide accession number, if deposited elsewhere: _________________
2. DISTRIBUTION RIGHTS
(select only one from i, ii or iii below):

i. � GENERAL DEPOSIT
Depositor conveys ownership of the material to NCVTC as General Deposit
(Unrestricted Material Distribution Rights)
The depositor and the Duly Authorized Signatory of the depositor’s Institution,
whichever represents the legal owner of the material, hereby gives NCVTC ownership in
their interests in the transferred quantity of material, with the right, including the right under
any patent or patent application, should there be one, to reproduce, use, give or otherwise
transfer material to third parties in any manner,
OR
ii. � RESTRICTED RIGHTS DEPOSIT
Depositor grants NCVTC Restricted Material Distribution Rights.
Material is free for distribution for research and teaching use only and will require
execution of a license agreement for distribution for commercial purposes by recipient that
incorporates or otherwise uses the material. The depositor and the Duly Authorized Signatory
of the depositor’s Institution, whichever represents the legal owner of the material, hereby
conveys to NCVTC rights to the transferred quantity of material, with the authority to
reproduce, use, give or otherwise transfer material to third parties. The terms of such transfer
to third parties will be negotiated between NCVTC and depositor under a separate agreement.
OR

iii. � SAFE DEPOSIT
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Depositor does not grant NCVTC any material distribution rights
(Material shall be maintained in the repository for which an annual fee may be levied for each
organism deposited)
3. MISCELLANEOUS:
a. This form states the entire agreement between the parties regarding the Material.
b. The undersigned are authorized to execute this Agreement.
c. Except to the extent prohibited by law, the providing party disclaims all risks and
responsibility in connection with the receiving party's receipt, handling, storage, disposal,
internal transfer and use of material and modifications.
d. Additional requirements (one block MUST BE CHECKED):
� None
ACKNOWLEDGEMENT

�

Please specify: ___________________________________________________________
This Deposit Form Agreement (“Agreement”) is between ____________________
At (Institution & Place)_________________________________________
(“DEPOSITOR”) and the NCVTC, an institution under ICAR, Krishi Bhawan, New Delhi,
India on the last date of execution hereof (the “effective Date”). The Agreement regulates the
conditions under which DEPOSITOR and NCVTC agree to transfer the MATERIAL
(defined below) from DEPOSITOR to NCVTC. MATERIAL will be examined by NCVTC
and, if it meets NCVTC’s criteria, will be accessioned, authenticated and preserved.
The information provided in this Deposit Form is accurate and complete to the best of
my knowledge as Depositor. I agree to make a best effort to replace Material transmitted
hereunder in the event it is found to be nonviable, impure, or otherwise atypical. As
Depositor I agree to evaluate Material for quality control purposes after initial authentication
by NCVTC to the extent I am able to do so.
I recognize that the NCVTC Collection Scientists may need me to provide more
information pertaining to the Material and agree to provide such information to the extent I
am able to do so.
As the duly authorized signatory for the Depositor’s Institution, I warrant that the Depositor’s
Institution has the legal authority to grant full right, title and interest conveyed in
“PROPRIETARY STATUS OF DEPOSIT” above.
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This signatory page covers only the Materials (list by name) _____________
described in Part 1 of the deposit form.

Signatures on Next Page
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AGREED TO:
Duly Authorized Signatory for Depositor’s Institution:
Signature_______________________________________ Date: __________________
Name:______________________________Designation: _______________________
Institution: ________________________________________________________
E-mail: _____________________________________________________________
Telephone: _______________________________ Fax: _________________________
Mailing Address: ____________________________________________________
For NCVTC:
Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________
READ, UNDERSTOOD AND AGREED BY:
Depositor(s):
1. Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________
2. Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________
3. Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________

Phone: ___________________________ E-mail: Fax:
Institution:______________________________ Department: __________
Mailing Address: _________________________________________
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Do not write in this box
RR Number: ________________________
Accession Date:_____________________
Date Received: ______________________
Vol. Received: _______________________

CELL LINE DEPOSIT FORM
To be completed by the strain's contributor or contributor's authorized representative.
PART 1: SCIENTIFIC INFORMATION
1. Name of cell _______________________Species_____________________________
2. Primary culture/Cell line:_____________

3. Normal/Malignant:_____________

4. Date of origin:_____________________________
5.Cell type:

Epithelial-like:_________________ Fibroblast-like:_____________
Lymphoblast-like:______________ Other:__________________

6. Source of cell line:

Donor species:_____________ Sex:__________________
Age:_____________Organ/tissue:____________________

7. Status of the host at the time of collection:
Healthy:_________________Diseased (if yes, mention disease type):_____________
8. Original/Genetically Modified:_____________________________
9. Special properties, characteristics, or uses:__________________
10. Current passage level (since origin):_______________________
11. Maximum number of passage possible (if information available):__________________
12. Antibiotics/Antifungal/other agents used to check contamination:
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________________________________________________________________________
13. Mycoplasma sps tested:

Yes _____________ :No_____________________________

14. Recommended cell culture medium/serum/antibiotics:
15. Type of fetal calf serum used for cultivation
USA origin:______________________New Zealand origin:_________________________
South American origin_____________Any other origin:______________________
13. Recommended subcultivation procedure: ____________________________________
14. Recommendations for freezing cells, if any: __________________________________
15. Any reason why this cell line is important: ____________________________________
16. Safety Information: Does this cell line contain any agent known to be hazardous to:
Animals? : ________________________________________________________________
17. References: Original description or other appropriate publications.
Please enclose a copy of relevant reference
18. Name and Address of the originating investigator:
___________________________________________________________________________
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PART 2: OWNERSHIP AND DISTRIBUTION (As in ANNEXURE I)

1. PROPRIETARY STATUS OF DEPOSIT:
i. IPR/Patent information if any:__________________________________________
ii. Provide accession number, if deposited elsewhere: _____________
2. DISTRIBUTION RIGHTS
(select only one from i, ii or iii below):
i. � GENERAL DEPOSIT
Depositor conveys ownership of the material to NCVTC as General Deposit
(Unrestricted Material Distribution Rights)
The depositor and the Duly Authorized Signatory of the depositor’s Institution,
whichever represents the legal owner of the material, hereby gives NCVTC ownership in
their interests in the transferred quantity of material, with the right, including the right under
any patent or patent application, should there be one, to reproduce, use, give or otherwise
transfer material to third parties in any manner,
OR
ii. � RESTRICTED RIGHTS DEPOSIT
Depositor grants NCVTC Restricted Material Distribution Rights.
Material is free for distribution for research and teaching use only and will require
execution of a license agreement for distribution for commercial purposes by recipient that
incorporates or otherwise uses the material. The depositor and the Duly Authorized Signatory
of the depositor’s Institution, whichever represents the legal owner of the material, hereby
conveys to NCVTC rights to the transferred quantity of material, with the authority to
reproduce, use, give or otherwise transfer material to third parties. The terms of such transfer
to third parties will be negotiated between NCVTC and depositor under a separate agreement.
OR
iii. � SAFE DEPOSIT
Depositor does not grant NCVTC any material distribution rights
(Material shall be maintained in the repository for which an annual fee may be levied for each
organism deposited)
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3. MISCELLANEOUS:
a. This form states the entire agreement between the parties regarding the Material.
b. The undersigned are authorized to execute this Agreement.
c. Except to the extent prohibited by law, the providing party disclaims all risks and
responsibility in connection with the receiving party's receipt, handling, storage, disposal,
internal transfer and use of material and modifications.
d. Additional requirements (one block MUST BE CHECKED):
� None
�

ACKNOWLEDGEMENT

Please specify: ___________________________________________________________
This Deposit Form Agreement (“Agreement”) is between __________________
At

(Institution

&

Place)___________________________________________________________
(“DEPOSITOR”) and the NCVTC, an institution under ICAR, Krishi Bhawan, New Delhi,
India on the last date of execution hereof (the “effective Date”). The Agreement regulates the
conditions under which DEPOSITOR and NCVTC agree to transfer the MATERIAL
(defined below) from DEPOSITOR to NCVTC. MATERIAL will be examined by NCVTC
and, if it meets NCVTC’s criteria, will be accessioned, authenticated and preserved.
The information provided in this Deposit Form is accurate and complete to the best of
my knowledge as Depositor. I agree to make a best effort to replace Material transmitted
hereunder in the event it is found to be nonviable, impure, or otherwise atypical. As
Depositor I agree to evaluate Material for quality control purposes after initial authentication
by NCVTC to the extent I am able to do so.
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I recognize that the NCVTC Collection Scientists may need me to provide more
information pertaining to the Material and agree to provide such information to the extent I
am able to do so.
As the duly authorized signatory for the Depositor’s Institution, I warrant that the Depositor’s
Institution has the legal authority to grant full right, title and interest conveyed in
“PROPRIETARY STATUS OF DEPOSIT” above.
.This signatory page covers only the Materials (list by name)

described in Part 1 of the deposit form.

Signatures on Next Page
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AGREED TO:
Duly Authorized Signatory for Depositor’s Institution:
Signature_______________________________________ Date: __________________
Name:______________________________Designation: _______________________
Institution: ________________________________________________________
E-mail: _____________________________________________________________
Telephone: _______________________________ Fax: _________________________
Mailing Address: ____________________________________________________
For NCVTC:
Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________
READ, UNDERSTOOD AND AGREED BY:
Depositor(s):
1. Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________
2. Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________
3. Signature__________________________________________ Date: _______________
Name: ________________________________ Designation: ________________

Phone: ___________________________ E-mail: Fax:
Institution:______________________________ Department: __________
Mailing Address: _________________________________________
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Do not write in this box
RR Number: _______________________
Accession Date:_____________________
Date Received: ______________________
Received: _______________________
DEPOSIT FORM-RECOMBINANTVol.
CLONE/PLASMID/DNA

Deposit ID No…………..........
(To be provided by depositor mandatorily)

(Individual form to be completed by the depositor for each deposit)
PART 1: SCIENTIFIC INFORMATION
1. Deposit (recombinant clone/plasmid/DNA):
Gene/insert:
Organism (Name/species/place/year):
2. GenBank accession no., if any:
3. Developed by:_______________________________________________________
Place:________________________________________________________________
Date:__________________
4. If you did not construct/design the clone/plasmid, indicate from whom you received
it: _____________________________ _____________________
5. Reason for deposit (New property, use as vector):
Requested by NCVTC:___________________________
6. Detailed description of clone/plasmid/DNA along with organism details from which
isolated
a) Deposited in the form of broth/freeze dried/solution/precipitate
b) Vector: Name_______________________ size (kb): __________________
c) Vector promoter/markers: _____________________________________________
d) Vector insertion site(s): _____________________________________________
e) Source of insert(s)__________________________________________________
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f) Insert size range (kb): ________________________________________________
g) Restriction enzyme(s) used to generate inserts (partial or complete?):
____________________________________________________________________
h) Plasmid/DNA: quantity:__________________, concentration:________________
purity: ______________________________________________________________
l) Amplification history:
Primer sequences (Forward & reverse)_____________________________________
___________________________________________________________________________
_________________________________________________________________
Quantity & Concentration of the primers supplied:_________________________
______________________________________________________________________PCR
cycling condition: _________________________________________________
j) Suggested host(s): Name:_________________________________
Organism name with complete culture details:_______________________________
Propagation media and condition:_________________________________________
Selection marker:______________________________________________________

Brief description/distinct features of host/organism: _________________________
7. Attach a complete description of the insert, vector, host strain, organism and
confirmation of clone/plasmid/DNA unless given in accompanying reprint.
8. References. Please enclose a copy of relevant references. __________________
______________________________________________________________________9.
Safety information: Does this strain contain any agents known to be hazardous to:
Humans? _____________________ Animals? ____________________________
If yes, what is the recommended Biosafety Level for working with this culture? ________
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PART 2: OWNERSHIP AND DISTRIBUTION

1. PROPRIETARY STATUS OF DEPOSIT:
i. IPR/Patent information if
any:____________________________________________________
ii. Provide accession number, if deposited elsewhere:

2. DISTRIBUTION RIGHTS
(select only one from i, ii or iii below):
i. � GENERAL DEPOSIT
Depositor conveys ownership of the material to NCVTC as General Deposit
(Unrestricted Material Distribution Rights)
The depositor and the Duly Authorized Signatory of the depositor’s Institution,
whichever represents the legal owner of the material, hereby gives NCVTC ownership in
their interests in the transferred quantity of material, with the right, including the right under
any patent or patent application, should there be one, to reproduce, use, give or otherwise
transfer material to third parties in any manner,
OR
ii. � RESTRICTED RIGHTS DEPOSIT
Depositor grants NCVTC Restricted Material Distribution Rights.
Material is free for distribution for research and teaching use only and will require
execution of a license agreement for distribution for commercial purposes by recipient that
incorporates or otherwise uses the material. The depositor and the Duly Authorized Signatory
of the depositor’s Institution, whichever represents the legal owner of the material, hereby
conveys to NCVTC rights to the transferred quantity of material, with the authority to
reproduce, use, give or otherwise transfer material to third parties. The terms of such transfer
to third parties will be negotiated between NCVTC and depositor under a separate agreement.
OR
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iii. � SAFE DEPOSIT
Depositor does not grant NCVTC any material distribution rights
(Material shall be maintained in the repository for which an annual fee may be levied for each
organism deposited)
3. MISCELLANEOUS:
a. This form states the entire agreement between the parties regarding the Material.
b. The undersigned are authorized to execute this Agreement.
c. Except to the extent prohibited by law, the providing party disclaims all risks and
responsibility in connection with the receiving party's receipt, handling, storage, disposal,
internal transfer and use of material and modifications.
d. Additional requirements (one block MUST BE CHECKED):
� None
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ACKNOWLEDGEMENT

� Please specify: ___________________________________________________________
This Deposit Form Agreement (“Agreement”) is between ________________
At

(Institution

&

Place)___________________________________________________________
(“DEPOSITOR”) and the NCVTC, an institution under ICAR, Krishi Bhawan, New Delhi,
India on the last date of execution hereof (the “effective Date”). The Agreement regulates the
conditions under which DEPOSITOR and NCVTC agree to transfer the MATERIAL
(defined below) from DEPOSITOR to VTC. MATERIAL will be examined by NCVTC and,
if it meets NCVTC’s criteria, will be accessioned, authenticated and preserved.
The information provided in this Deposit Form is accurate and complete to the best of
my knowledge as Depositor. I agree to make a best effort to replace Material transmitted
hereunder in the event it is found to be nonviable, impure, or otherwise atypical. As
Depositor I agree to evaluate Material for quality control purposes after initial authentication
by NCVTC to the extent I am able to do so.
I recognize that the NCVTC Collection Scientists may need me to provide more
information pertaining to the Material and agree to provide such information to the extent I
am able to do so.
As the duly authorized signatory for the Depositor’s Institution, I warrant that the
Depositor’s Institution has the legal authority to grant full right, title and interest conveyed in
“PROPRIETARY STATUS OF DEPOSIT” above.
This signatory page covers only the Materials (list by name)

described in Part 1 of the deposit form.
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Material Transfer Agreement
Between
National Centre for Veterinary Type Cultures (NCVTC)
ICAR-National Research Centre on Equines, Hisar (hereinafter called NRCE)
(A constituent of the Indian Council of Agricultural Research (ICAR), 1, Dr Rajendra Prasad
Road, Krishi Bhawan, New Delhi– 110 001)
and
1.
In reference to the request from Dr
, vide
email dated
,
the NCVTC, NRCE agrees to transfer
_________________________ to ________________________________________
2.
The use of the material is limited to the research/teaching purpose at
_________________. Any deviations from the permitted use shall require a new prior
informed consent/MTA with the NCVTC, NRCE. The Agreement also applies to variations
of the Material. Place of performance will be the registered office of the sending institute.
The Beneficiary will bear the shipping risk and cost. The Beneficiary acquires ownership of
the Material after delivery.
3.
The Beneficiary agrees to use the Material in compliance with all applicable laws
and ordinances, as well as any other applicable regulations and safety rules. The
Beneficiary ensures that it obtains all necessary authorization from the regulatory authorities
and will submit it on request. Transfer of the Material or parts or variations thereof is
permitted only if agreed upon in a separate agreement.
4.
The NCVTC, NRCE shall not be liable for the fitness for use or for certain features of
the Material. In addition the NCVTC, NRCE will not be liable for the harm due to use of the
Material. Contamination of the Material cannot be generally excluded, although adequate
care will be applied. Therefore the Beneficiary is obliged to observe and to comply with any
information or measure of conduct amended in the Annex to this agreement.
Especially, the NCVTC, NRCE shall not be responsible for the Material's fitness for
use for the intended purposes. The NCVTC, NRCE declares that it is not aware of rights of
third parties that would limit the right to work with the Material for the said purposes.
The NCVTC, NRCE shall not be liable for damages caused by the Material or its use,
even for gross negligence or willful acts.
The Beneficiary agrees to keep strictly confidential all information marked as
confidential, even after expiration of the contract, and especially not to pass the
information/Material on to third parties.
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5.
NCVTC, NRCE shall share the benefits* arising out of the transfer of Material. The
part of revenue generated by the sale of products developed using the transferred Material
will also be shared with the concerned scientists/staff of NCVTC, NRCE as per the prevailing
rules and guidelines of ICAR, if the same is distributed amongst ------------------------------------ employees.
The Beneficiary grants the NCVTC, NRCE the right of use of results for research
purposes. This shall also include the right to use the results in research and development
cooperation. All descriptions of the original Material in the declarations require the prior
written consent of NCVTC, NRCE. Otherwise reference shall be made that the Material was
provided by NCVTC, NRCE.
6.
This agreement shall be governed by Indian law. Place of jurisdiction shall be the
Delhi High Court. The directors of both parties shall endeavor to settle any dispute amicably
before referring it to a court of law. In the event of any dispute or difference related to the
interpretation and application of the provisions of this agreement, such dispute or difference
shall be referred to by either party to the arbitration. The Arbitrator will be appointed by the
Director General (ICAR).
7.
Both contracting parties, NCVTC, NRCE and -----------------------, shall be obliged to
comply with the MTA.
8.
The agreement will remain in force till the transferred Material shall be used for the
intended purpose mentioned at Sl No. 2 above.
[*Monetary benefits may include anyone or more than one of the following; (i) Fees, (ii)
Up-front payment, (iii) Milestone payment, (iv) Royalty payment, (v) Licence fees in case of
commercialization, (vi) Salaries and preferential tenus where mutually agreed, (vii) Research
funding, (viii) Joint ventures, (ix) Joint ownership of relevant IPRs, etc. Similarly, nonmonetary benefits may include, (i) Sharing of research results, (ii) Collaboration,
cooperation and contribution in scientific/R&D programmes, education and training, (iii)
Participation in product development, (iv) Strengthening capacity for technology transfer, (v)
Institutional capacity building, (vi) Access to relevant scientific information, including
inventories and databases, (vii) Research directed towards priority needs, e.g. food and
nutritional security, (viii) Joint ownership of relevant IPR.]41

Place and Date: _______________

Place and Date: _____________________

For NCVTC, NRCE

For the beneficiary

Director
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Annex to the Material Transfer Agreement
Declaration concerning measures of performance
The signing of the above mentioned agreement includes the obligation to adhere the
following measures of performance:
By taking possession of the material the Beneficiary ensures to use the Material in
compliance with all applicable laws and ordinances, as well as any other applicable
regulations and safety rules. In general, contamination of Material cannot be excluded,
although appropriate measures and tests and adequate care have been applied.
Place and Date: ________________________

Place and Date: ________________________

For NCVTC, ICAR-NRCE

For the beneficiary

Director
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Demonstration of techniques for isolation, identification and preservation
of Buffalopox virus
Dr. Riyesh T and Dr. Sanjay Barua
NCVTC, ICAR-NRCE, Sirsa Road, Hisar, Haryana-125001

Isolation of Buffalopox virus: Buffalopox is emerging contagious viral zoonoses, often
associated with high morbidity and productivity losses among affected buffaloes (Bubalus
bubalis). In rare cases disease also affects cows. The disease has zoonotic importance as
disease occur frequently in animal attendants and research workers. The causative agent of
the disease, buffalopox virus (BPXV) is a close variant of Vaccinia virus (VACV), a type
species of the genus Orthopoxvirus (OPXV) of the subfamily Chordopoxvirinae in the family
Poxviridae. The disease is prevalent throughout the major buffalo rearing areas of countries
like Indonesia, Egypt and Pakistan.
Biosafety: Humans are susceptible to infection by these poxviruses. The greatest risk of
working with these agents is the escape of the organism into susceptible domestic animal
populations. These viruses are not considered to be an exotic pathogen, as this disease is
already prevalent in India. Due to the highly contagious nature of the agent and the severe
economic consequences of this disease in India, this organism should only be handled in vitro
in a BSL-2 laboratory.
Sample collection and transportation: Skin biopsies (Scabs) of early lesions can be used
for virus isolation. Samples aspirated from enlarged lymph nodes can also be used for virus
isolation. Samples for virus isolation should be shipped to the laboratory under ice if the
shipment takes 2 days but in delay cases, sample should be shipped under dry ice. Serum
samples should be taken from both acute and chronic cases.
Processing of samples
1. Homogenisation: Cut 1–2 g of scab material into small pieces and then ground in a
mortar with sterile sand in 5-6 ml of sterile phosphate buffered saline (PBS, pH 7.4)/
Eagle’s minimum essential media (EMEM) containing sodium penicillin (1000
international units [IU]/ml), streptomycin sulphate (1 mg/ml), mycostatin (100 IU/ml)
or fungizone (2.5 μg/ml) and neomycin (200 IU/ml). Alternatively, use a tissue
homogenizer, preferably at 4°C.
2. Transfer the suspension to 15 ml centrifuge tube/5 ml cryovial
3. Freeze–thaw the homogenized suspension for two times.
4. Clarify the freeze-thawed suspension by centrifugation using a bench centrifuge at
1000 rpm for 10 minutes.
5. Filter the clarified supernatant through 0.45 µm filter into a 5 ml cryovial keep at 200C/-700C.
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Virus isolation in cell culture: Bufflopox virus can be isolated in African green monkey
kidney (Vero) cell lines.
Procedure for pre-formed monolayer inoculation
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

11.
12.
13.

14.
15.
16.
17.

18.
19.

Sterilize the Biosafety Cabinet with 70% ethanol.
Take the sterile PBS and EMEM media out of refrigerator and place in a water
bath set at 370C.
Take the clarified samples to be inoculated from the refrigerator and arrange them
properly. Bring samples to room temperature.
Bring samples, pipette tips, pipettes, PBS and EMEM media into the Bio-safety
cabinet.
Label each culture flask individually with case number. Date each flask. Bring the
flasks to the Bio-safety cabinet.
Decant cell culture media from each flask.
Rinse each flask three times with sterile PBS.
Add 1 ml of clarified filtered supernatant fluid to monolayer of flask.
Incubate flasks for 1-2 hour in CO2 incubator at 370C with intermittent swirling in
order to spread the inoculum evenly on the monolayer.
After 2 hour, decant the inoculum from each flask individually.(Note: After
decanting, monolayer can be washed two times with EMEM Medium if any cell
toxicity is suspected)
Following decanting add 5 ml of EMEM, supplemented with 2% fetal bovine
serum to each individual flask.
Return all flasks to 370C incubator and observe daily for development of CPE for
5 days.
CPE appears first as discrete foci, cells become round, the monolayer is disrupted,
and cells agglomerate at the periphery of foci. In some cultures syncitia are
formed. Then CPE spreads over the entire cell monolayer, causing its complete
disruption.
If a flask shows up to 80% CPE of the cells, then it is frozen at -700C overnight.
After 5 days, freeze the flasks with no CPE at -700C. These are passed for second
blind passage.
For blind passage, freeze thaw the flasks two times and inoculate 1 ml of culture
fluid to fresh monolayer of cells by following steps 6 through 14.
Repeat any samples that are toxic in passage 1 by diluting them. If there are any
contaminated samples, these should be filtered using 0.45micron filter and
inoculated again by following steps 6 through 14.
The fluid from the thawed cultures is used for virus identification.
Once isolated these isolates are preserved in 1.8ml cryovails at -700C /freeze dried
in ampoules/vials for future use.
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Acceptance criteria:
1.
2.
3.
4.

At each inoculation, one flask is kept as negative control. For assay to be valid, the
negative control flask should not display any CPE.
Results are reported as Positive if BPXV specific CPE (rounding ,detachment
ballooning of cells ) is observed
If CPE is absent even after five blind passage, the sample is reported as Negative.
If CPE is present in the negative control flask, then the test must be repeated. If
negative control cells are again positive, a fresh lot of cells must be obtained &
tested before use in further testing.

Waste disposal: Any employer has a ‘duty of care’ to dispose of all biological waste safely
in accordance with national legislative requirements. Given below is a list of ways in which
tissue culture waste can be decontaminated and disposed of safely. One of the most important
aspects of the management of all laboratory-generated waste is to dispose of waste regularly.
Different forms of waste require different treatment.
1.
2.
3.

Tissue culture waste (culture medium) – inactivate for at least 2 hours in a solution
of hypochlorite (10,000ppm) prior to disposal to drain with an excess of water.
Contaminated pipettes should be placed in hypochlorite solution (2500ppm)
overnight before disposal by autoclaving and incineration.
Solid waste such as flasks, centrifuge tubes, contaminated gloves, tissues, etc.,
should be placed inside heavy-duty sacks and incinerated.

Identification of Buffalopox virus: BPXV can be identified by employing a PCR targeting
DNA polymerase gene (C18L) using the published primers (BPXV-C18L-F: 5’GCGGGTATCACTGTTATGAAACC-3’ and BPXV-C18L-R: 5’CATAAATACACTTTTATAGTCCTCG-3’ ), which may results in a expected amplification
of 368bp.
Preservation of Buffalopox virus : Viruses can be stored at -80oC in cryovials (2ml/5ml
capacity) for 1-2 years . For long term preservation viruses can be freeze-dried. The usage
stabilizers helps to increase the shelf life of freeze-dried viruses. LS stabilizer [Lactalbumin
hydrolysate (5%) +Sucrose (10%)] can be used for freeze-drying of pox viruses.
Preparation of stabilizer (2X)
1. Weigh 20 gm of Lactalbumin hydrolysate into a sterile autoclavable flask (500ml
capacity).
2. Add 150ml of Hanks balanced salt solution (HBSS) into the flask and stir on a
magnetic stirrer for 10 minutes.
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3. Keep the flask in a water bath at 37°C until LAH is dissolved completely.
4. After cooling the solution to room temperature, add 40 gm of sucrose into the
mixture and stir on a magnetic stirrer until the sucrose is dissolved completely.
5. Make up the volume to 200 ml with HBSS and adjust the pH to 7.2 with 0.1N
NaOH.
6. Filter the solution using 0.45µm Seitz filter and store at 4°C until use.
Lyophilisation: The viruses can be lyophilized in sterile 5 ml/2ml capacity glass vials using
a freeze-dryer.
1. Mix one part of virus suspension with one part of LS stabilizer (2X concentration).
2. Dispense 1ml of the mixture in glass vials and partially seal the vial with vented
rubber stopper.
3. Keep the vials at -80oC for overnight and lyophilize on next day at a condenser
temperature of -60oC as per manufacturers protocol.
4. After the lyophilisation process (vary from 8hrs-48hrs), seal the rubber –stoppered
glass vials under vacuum as per manufacturers protocol.
5. Take out the vials from freeze-drying chamber and apply an aluminium cap with the
help of an applicator.
6. Store the freeze-dried vials at -80oC
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Demonstration of in – house diagnostic tests developed by NRCE for detection of viral
and protozoan diseases and development of repository of veterinary microbes
Under
DBT – NER project
Advanced Animal disease Diagnosis and Management Consortium (ADMaC)
organized
at
ICAR-National Research Centre on Equines, India
February 29 - March 5, 2016
Schedule of training
Date
29-02-16
10:00 AM - 1:00 PM
29-02-16
2:00pm -5:00pm

01-03-16
10:00AM- 11:00 AM
01-03-16
11:00AM- 05:00 PM
02-03-16
10:00AM- 11:00 AM
(Lecture by Dr S.C.Yadav)
02-03-16
11:00AM- 05:00 PM

Training details
Orientation to laboratories at NRCE/NCVTC
Serological diagnosis of influenza A viruses by
Haemagglutination inhibition assay (demonstration of
technique for H3N8 specific HI assay)- Dr.Nitin Virmani and
Dr Pavulraj S.
Surveillance and diagnosis of Japanese Encephalitis virus
(Lecture by Dr B.R.Gulati)
HI and VNT for serodiagnosis of JEV
(Dr.B.R.Gulati)
In vivo maintenance of T.evansi
Proteome approaches in diagnosis of Trypanosoma evansi
infection in livestock
(Dr.S.C.Yadav)
RT-PCR for diagnosis of JEV
(Dr.B.R.Gulati)
Conventional parasitological techniques and in vitro
maintenance of T.evansi.
Diagnosis of T.evansi using molecular approaches (PCR,
qPCR)- (Dr Rajender Kumar)

03-03-16
10:00AM- 11:00 AM

Surveillance and diagnosis of Influenza A viruses
(Lecture by Dr Nitin Virmani & B.C.Bera)

03-03-16
11:00AM- 05:00 PM

ELISA, SDS PAGE, western blot and other relevant
diagnostic techniques for T.evansi (Dr.S.C.Yadav)
Isolation of Influenza A viruses in embryonated eggs and HA
titration (Dr. Nitin Virmani)
Isolation, identification and characterization of bacteria

04-03-16
10:00AM- 11:00 AM
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(Lecture by Dr R.K.Vaid)
04-03-16
11:00AM- 05:00 PM

05-03-16
10:00AM- 11:00 AM

11:00 AM – 2:00 PM

3:00 PM -4:00 PM

qRT-PCR for Equine Influenza viruses (Dr. B.C.Bera and
Nitin Virmani)
Advanced techniques in molecular biology – Dr. Taruna
Anand (Lecture during qRTPCR)
Demonstration of techniques for isolation
identification and characterization of bacteria (Dr.R.K.Vaid)
Acquisition, Authentication, Accessioning and Maintenance
of
microbes in the repository: An Overview
(Lecture by Dr Sanjay Barua)
Demonstration of techniques for Isolation, Identification and
Preservation of Viruses in the repository (Dr. Riyesh and Dr.
Sanjay Barua)
Valedictory function
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