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Abbreviations

 

ACD Acid-citrate-dextrose

ACIAR Australian Centre for International Agricultural Research

AR Analytical reagent

ASEAN Association of South-East Asian Nations

°C Degrees Celsius

DGV Dextrose-gelatin-veronal

EID

 

50

 

Mean (50%) embryo-infectious dose

ELD

 

50

 

Mean (50%) embryo-lethal dose

°F Degrees Fahrenheit

g Grams

 

g

 

Acceleration due to gravity

GMP Good manufacturing practice

GMT Geometric mean titre

HA Haemagglutination or haemagglutination test

HI Haemagglutination inhibition

HN Haemagglutinin neuraminidase glycoprotein on envelope of 
Newcastle disease virus

I-2 Thermostable, avirulent strain of Newcastle disease virus

ICPI Intracerebral pathogenicity index

IVPI Intravenous pathogenicity index

L Litre

Log Logarithm

LDPE Low density polyethylene

MDT Mean death time

m Metre

µL Microlitre

mL Millilitre

mm Millimetre

Mol. wt Molecular weight

MSDS Materials safety data sheet
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ND Newcastle disease

NGO Nongovernmental organisation

NDV4-HR Live, thermostable, avirulent vaccine against Newcastle disease

OIE

 

Office International des Epizooties 

 

(World Organisation for Animal Health)

PBS Phosphate-buffered saline

PCR Polymerase chain reaction

PCV Packed cell volume

pH Measure of acidity or alkalinity of a solution

QA Quality assurance

QC Quality control

RBC Red blood cell

RCF Relative Centrifugal Force

r.p.m. Revolutions per minute

RT-PCR Reverse transcriptase polymerase chain reaction

SOP Standard operating procedure

SPF Specific-pathogen-free

US United States of America

UV Ultraviolet

V4 Avirulent strain of Newcastle disease virus

w/v Weight per volume (for instance g/mL or g/100 mL)
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The residual moisture content of freeze-dried vaccine can be measured; however, 
this requires specialised equipment. Excess residual moisture in the vaccine will 
influence the stability of the vaccine and the length of time it can be stored. 

After inspection, vials are sealed using aluminium closures. Where the laboratory 
produces other vaccines in addition to I-2, the use of coloured caps or closures 
should be considered.

5.3 Stability testing of vaccine
Stability tests provide evidence of how the quality of a vaccine varies with time 
under different environmental conditions. Data generated from such tests allows 
storage conditions and shelf life of the vaccine to be established. Tests should 
cover those features that may change during storage and are likely to influence 
the quality, safety and/or efficacy of the product. The length of the studies and 
the type of conditions should be sufficient to cover storage, transport and 
subsequent use of the vaccine. 

Many factors influence the stability of the vaccine. For instance, the stability of 
freeze-dried I-2 ND vaccine depends on:

• the nature of the stabiliser added to the vaccine

• the efficiency of the freeze-drying process

• the air and moisture tightness of the rubber stopper

• the quality of the freeze-dried pellet of vaccine

• the temperature of storage and transport of the vaccine.

A change in any one of these factors may influence the quality of the vaccine. 
Therefore, although test data on I-2 ND vaccine produced at another laboratory 
may serve as a guide, each manufacturer must perform stability tests on the 
vaccine produced in their own laboratory. 

The one factor that most affects vaccine stability in many developing countries 
is temperature. Where the cold chain is inadequate or non-existent, vaccine will 
rapidly lose its potency. Under such conditions, vaccination may fail to protect 
chickens, and farmers will lose confidence in the vaccine. To prevent this 
happening, the stability of I-2 ND vaccine must be tested at various 
temperatures.

Stability tests are simple to perform. Vaccine is held for up to 18 months at:

• the normal storage temperature (ideally 2–8°C),

• room temperature (both summer and winter if there are significant seasonal 
variations)

• 37°C.

The potency of the vaccine is measured by titration (see section 4.4) at specified 
intervals. For freeze-dried vaccine, testing should be performed once in four 
weeks (vaccine stored at 2–8°C), once in two weeks (room temperature), and 
twice each week (37°C). ‘Wet’ vaccine kept at room temperature and 37°C may 
need to be tested every second day.

Knowledge of the stability of the vaccine at 2–8°C will allow manufacturers to 
determine the shelf life of the vaccine and set a realistic expiry date. Expiry dates 
should always be set to allow for a margin of misuse. For example, if testing 
shows that the vaccine retains its infectivity titre for 15 months if held at 2–8°C, 
then the expiry date should specify 12 months.

National registration authorities will probably require stability data for three 
batches of vaccine. For the purposes of shelf life determination, they may allow 
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accelerated stability testing. These are studies designed to increase the rate of 
degradation of the vaccine by using exaggerated storage conditions — for 
example, vaccine held at 37°C. 

5.4 Labelling vaccine
Label the vaccine as soon after production as possible. This will avoid mix-up 
with other batches of I-2 ND vaccine or other types of vaccines in storage. 
The following information should be printed on the label (Figure 16):

• the name of the vaccine, including the strain 
of virus used

• the disease the vaccine will prevent

• the route of administration

• the storage conditions

• the batch number

• the expiry date (both month and year, 
calculated from vaccine stability trials)

• the number of doses in the container

• the name (and address) of the manufacturer

• the registration or licence number

• ‘For animal use only’

• a picture of a chicken

• the registration number.

Additional information could include:

• the composition of the vaccine

• the name of any bacteriostatic agents added.

For freeze-dried vaccine, the expiry date is set from the date of manufacture, 
taken as the date of freeze-drying. It is important that both the month and year 
of manufacture be included. Always allow a reasonable margin of error! For 
example, if stability testing shows that the vaccine retains its titre for 15 months 
if held at 2–8°C, then the expiry date should specify 12 months.

To ensure that the vaccine is used properly, an instruction leaflet describing the 
handling, reconstitution and use of vaccine should be provided with the vaccine. 
Where possible, the instructions should be written in the language most 
commonly spoken by the people who will administer the vaccine. The following 
information should be given on the leaflet:

• the name of the vaccine

• the registration number 

• the composition of the vaccine (including the strain of virus used, ‘prepared in 
eggs’, minimum titre per dose)

• the indications for the use of the vaccine (‘To prevent ND in village chickens’, 
‘Safe for chickens of all ages’, ‘Vaccinate before an outbreak is expected’)

• the route of administration

• the precautions (such as ‘Do not vaccinate sick animals’, ‘For animal use only’)

• the storage conditions

• presentation (number of doses per vial, freeze-dried or ‘wet’ vaccine)

Figure 16: The label on 
the vaccine vial contains 
very important 
information.
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• the withholding period

• the name and address of the manufacturer

• contacts for further information and instructions.

Always check with the national registration authority before printing labels and 
leaflets in large numbers. They should provide details of the information to be 
included on the vaccine label and on any leaflet that accompanies it.

Vaccine manufacturers may also wish to prepare a summary of this leaflet for 
use by field staff, listing the basic instructions for the administration of 
I-2 ND vaccine. Examples are shown in Appendix 9.

5.5 Storing vaccine
I-2 ND vaccine must be stored away from excess heat, cold or light. Fluctuating 
temperatures should also be avoided. Both freeze-dried and ‘wet’ vaccines are best 
stored in a cold room or refrigerator at 2–8°C. A number of containers or vials 
from each batch of vaccine released for public use should be retained and stored 
by the manufacturer until after the expiry period has ended. These are called 
retention samples and will be useful if complaints are received about the quality 
of the vaccine. 

Storage areas should be clean and dry. They should be regularly checked and the 
temperature monitored. A maximum–minimum thermometer should be placed in 
each cold room and the temperatures written into a record book on a daily basis.

The ‘critical’ temperature, that is the temperature above which vaccine quality 
may be affected (normally 10°C), and the person responsible for taking action 
should this temperature be reached must be nominated. Monitoring should be 
assigned to a responsible staff member. 

Vaccine that has been exposed to high or fluctuating temperatures will lose its 
potency and should not be used. Potency will not be restored by returning vaccine 
to the correct storage temperature. 

5.6 Maintaining the cold chain
To ensure optimal potency, vaccine must be stored and handled correctly at all 
times. The process of production, distribution and use of vaccine is composed of 
a number of steps, each of which is a link in what is known as ‘the cold chain’. 
The cold chain is an essential component of any vaccination program since if any 
one of these links is broken, the vaccine may lose potency and will fail to provide 
protection. There are three major elements in the cold chain:

• equipment – for storage and transport of vaccine 

• personnel – to use, monitor and maintain the equipment and carry out the 
vaccination

• procedures – to ensure the correct conditions of storage, transportation and use 
of the vaccine.

Figure 17 shows the links in a typical I-2 ND vaccine cold chain in Mozambique 
and what may happen if links in the chain are broken.
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Figure 17: A typical cold chain encountered in Mozambique.
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1. Care during vaccine production. Ensure correct storage of master seed and 
working seed, of allantoic fluid before freeze-drying and correct operation of 
freeze-dryer. 

2. Storage of vaccine at the Central Vaccine Store. Ensure that vaccine is kept 
at a suitable temperature, that the temperature is monitored daily, that the 
person responsible for monitoring the temperature knows what to do if the 
temperature exceeds the set limits and that alternative arrangements are in 
place in case of equipment breakdown.

3. Dispatch and transport of vaccine. Ensure that the vaccine is packed in 
an insulated container with ice or freezer bricks and that the handling 
instructions are on the outside of the box. Make sure that instructions on how 
to store, dilute and use the vaccine are included in the container. During 
transport, ensure that the vaccine package is kept in the cool and is not in 
direct sunlight. If it is sent by commercial transport, ensure that instructions 
on how to take care of the vaccine are on the outside of the box, and that a 
contact name and number are given to the transporters. Vaccine should reach 
its destination in as short a time as possible. 

4. Storage at the provincial and district vaccine distribution points. 
Ensure that vaccine is kept at a suitable temperature, that the temperature is 
monitored daily, that the person responsible for monitoring the temperature 
knows what to do if the temperature exceeds the set limits and that 
alternative arrangements are in place in case of equipment breakdown. 

5. Dispatch of vaccine from the provincial and district vaccine distribution 
points. If an insulated box and ice or freezer bricks are not available to take 
vaccine to the field, evaporative cooling will keep it cool for a short time. 
Wrap the vaccine in a damp cloth and place it in an open-weave basket. The 
movement of air through the basket and over the cloth will cool the vaccine.

6. Storage and handling in the field. Store the vaccine in a cool place. Until 
the vaccine is ready for use, it could be stored at home beside a clay water 
pot in the shade. When transporting the vaccine in the field, use an open-
weave basket as described above. Use reconstituted freeze-dried vaccine for 
no more than two days after reconstitution.

Make sure that every person in the cold chain — vaccine producers and 
distributors, and community vaccinators — understands the need for maintaining 
the cold chain and their role in maintaining it.

NOTE:

• Vaccine should always be transported in accordance with national and 
international regulations. Check with the postal or transport authorities for 
the correct procedures.

• When planning vaccination campaigns, good coordination is needed between 
laboratory staff, distributors of the vaccine (for instance, veterinary pharmacies, 
NGOs or provincial laboratory staff) and community vaccinators. This will ensure 
that good quality vaccine reaches the vaccinators when it is needed.

• Rapid, reliable means of communication and transport are needed to ensure that 
vaccine quality is maintained during its journey from producer to vaccinator.

• Always record the date on which the vaccine leaves the cold chain, preferably 
on the label of the vaccine vial. Use freeze-dried vaccine for only two months 
after this. It is useful to ‘recall’ vaccine from the field from time to time or to 
request the return of unused vials kept under dubious conditions. The potency 
of the vaccine can then be tested by titration and the effectiveness of the cold 
chain checked.
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5.7 Packaging vaccine
For distribution, I-2 vaccine must be dispensed into suitable containers. 
Containers must be:

• ‘virus friendly’

• chemically and physically inert

• low cost

• of appropriate size (number of doses).

Cost is a major consideration, especially when freeze-dried vaccine is being 
produced. The major component of the cost of freeze-dried I-2 vaccine is the cost 
of the container — glass vial, rubber stopper and aluminium seal. The cost of the 
container remains the same whether it holds 20, 50 or 100 doses of vaccine.

5.7.1 Freeze-dried vaccine
Good quality containers are required for freeze-dried vaccine to ensure uniform 
drying, a good seal and maintenance of the vacuum. 

Glass vials should be of good quality glass with thin walls of uniform thickness. 
Vials should not be recycled since complete cleaning is virtually impossible and 
contamination of the neck may result in the development of micro-leaks during 
storage. This will cause problems with the stability of the vaccine. Before use, 
vials must be stored in a dust-free environment, rinsed with distilled water and 
sterilised in a hot air oven.

The closures (bungs or stoppers) used for freeze-drying are generally made from 
natural rubber or a synthetic compound such as butyl or neoprene. They must be 
chemically inert and have appropriate slotting to allow removal of moisture during 
freeze-drying. Before use, they should be sterilised in an autoclave at 121°C. 
It is necessary to dry stoppers at 135–142°C for four hours after autoclaving since 
they may absorb moisture during autoclaving. If the stoppers are not dried, 
correctly-dried vaccine may absorb moisture from the stopper during storage, 
leading to a loss of stability.

Aluminium seals are used to hold the rubber stopper in place and to give the user 
of the vaccine confidence that the vaccine has not been tampered with. If a 
variety of vaccines is manufactured, different coloured seals may be used to 
differentiate the various vaccines. 

Further information may be found in Srinivasan, Kariath and Bangar Raju (1997).

5.7.2 ‘Wet’ vaccine
A wide range of containers is available for wet I-2 ND vaccine. Plastic containers 
are the most frequently used. These are lighter, less fragile and potentially 
cheaper than glass containers. Vaccine may also be transported in ready-to-use 
plastic eye droppers or disposable transfer pipettes, containing just enough doses 
for a farmer’s flock. Plastic eye droppers with tamper-proof caps are ideal.

5.7.3 ‘Virus-friendly’ vaccine containers and eye droppers
Plastic containers used to store or administer I-2 ND vaccine must be tested 
before they are used to show that they are ‘virus-friendly’. The containers could be 
contaminated with chemical residues that will harm the virus, or be made of a 
type of plastic that will inactivate the virus, and therefore the vaccine. Such 
containers or droppers must not be used. Before ordering a new batch of 
containers or eye droppers, ask the supplier for a few for testing.
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Equipment and materials

Vaccine container or eye dropper bottle and tip
I-2 vaccine
Sterile PBS with antibiotics
10mL sterile pipette or syringe

Procedure

1. If using freeze-dried vaccine, select the batch of vaccine to be tested, take a 
sample vial and allow it to reach room temperature.

2. Dilute the vaccine with a suitable volume of PBS. This need not be the 
recommended volume for dilution.

3. Transfer half of the diluted freeze-dried or ‘wet’ vaccine into the container or 
eye dropper, and seal.

4. Seal the vaccine vial containing the remainder of the vaccine.

5. Place the vial and container or eye dropper in a dark, cool place3 for 24 hours.

6. After 24 hours measure the infectivity titre of both samples of vaccine by egg 
inoculation (see section 4.4 for the procedure) and compare.

The containers or eye droppers are suitable for use if the infectivity titre of the 
vaccine stored in the container or eye dropper is equal to the titre of the vaccine 
stored in the vaccine vial.

5.7.4 Drop size
The size of the drop delivered by the eye dropper should also be checked. 
Eye-droppers that are made from low density polyethylene (LDPE) and deliver 
35–40 drops per mL are recommended. Methods of calibrating eye droppers are 
described in Appendix 3 of Controlling Newcastle disease in village chickens: a field 
manual (Alders and Spradbrow 2001).

Equipment and materials

eye dropper bottle and tip
Water
1 mL pipette or syringe

Procedure

1. Remove the tip from the eyedropper.

2. Place 1 mL of water into the eye dropper.

3. Invert the eye dropper, squeeze gently and count the number of drops.

4. Repeat at least two more times.

The eye droppers are ideal for use if the number of drops delivered per mL is 
35 to 40.

5.7.5 Using transfer pipettes to transport and administer wet 
I-2 vaccine
Disposable transfer pipettes may also be used to transport and administer wet 
I-2 vaccine. Not all pipettes will be suitable. Choose pipettes that will deliver 
35 to 40 drops per mL and check that they are ‘virus-friendly’ (see section 5.7.1). 

3 This procedure tests the infectivity of vaccine kept at room temperature, the temperature at which vaccine is 
likely to be kept under field conditions. A more correct measure of the capacity of a container to inactivate 
virus would be to place both the glass vial and the container at 4°C for 24 hours.
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Procedure

1. To load the pipette with vaccine, draw the vaccine into the pipette and leave 
an air bubble at the tip of the pipette tube between the vaccine and the 
section where the tube is heat-sealed. 

2. Heat-seal the pipette. 

3. To deliver vaccine in the field, cut the tube of the pipette just behind the 
seal. 

Pipettes should contain sufficient vaccine to deliver at least five drops more than 
the number of doses shown on the label, for example, a transfer pipette that is 
distributed to vaccinate 30 chickens should contain a minimum of 35 drops. 

The transfer pipette can be calibrated in a manner similar but not identical to the 
second method for calibrating eye droppers in Controlling Newcastle disease in 
village chickens: a field manual (Alders and Spradbrow 2001).

Calibration of transfer pipettes

1. Heat-seal the tip of a transfer pipette, allow to cool and then cut the pipette 
to remove the seal as will be done in the field by vaccinators.

2. Aspirate water into the pipette.

3. Remove the plunger from a 2 mL or 5 mL syringe and hold the syringe 
vertically with the tip down. The tip should be closed with a finger or a 
thumb.

4. Hold the transfer pipette vertically, squeeze the bulb very gently and 
commence counting drops into the syringe. Count the number of drops 
required for the water level to reach the 1 mL mark on the syringe. The 
pipettor may need to be refilled with water before the 1 mL mark is reached.

5. Write down the number of drops required to form 1 mL. Repeat at least two 
more times.

6. The ‘wet’ vaccine should be prepared so that each drop contains a minimum 
of 107 EID50 I-2 vaccine. The formula below can be used to determine the 
necessary concentration of vaccine:

Minimum vaccine concentration � No of drops counted per mL × 107 EID50 
per drop (EID50/mL)

A worked example
A transfer pipette was calibrated using the method described above. 
The average number of drops needed to make 1 mL was 35. What must 
the concentration of the ‘wet’ vaccine be to ensure that the pipette is 
filled with vaccine containing the minimum production titre of 107 EID50 
per dose?
Minimum vaccine concentration of EID50/mL � 35 drops per mL × 107 EID50 per drop

� 35 × 107 EID50/mL 

� 3.5 × 101 × 107 EID50/mL 

� 3.5 × 108 EID50/mL 

� 100.5 × 108 EID50/mL 

� 108.5 EID50/mL 

Therefore, to ensure that the ‘wet’ vaccine contains at least 107 EID50 per drop, 
the vaccine must contain a minimum of 108.5 EID50/mL.
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Sterilisation of the transfer pipette

If the transfer pipettes are not sterile, they should be sterilised in 70% alcohol 
for 30 minutes, then dried under UV light (if possible). Make sure that the alcohol 
is drawn into the pipette. They should be rinsed out with sterile distilled water or 
saline solution immediately before being filled with vaccine.

The transfer pipette should be dispatched to the field carrying a label similar to 
that described in section 5.4. 

5.8 Vaccine transport
All transport containers should be tested for their effective ‘cold life’ — that is, 
the number of hours that the vaccine will be kept at a safe temperature (below 
10°C) after removal from the refrigerator or cold room, when packed with the 
recommended number of frozen ice or gel packs. The cold life depends on:

• the type of cool box or container — the insulation material, its thickness and 
the method of construction of the container

• the number, temperature of freezing and position of ice or gel packs placed in 
the cool box

• the surrounding temperature

• how many times the cool box is opened, and for how long.

Commercially available freezer bricks or gel packs are ideal for keeping vaccine 
cool. However, these are expensive and generally will not be returned to the 
vaccine producer or distributor after the vaccine is used. Therefore, the cost 
should be added to the cost of the vaccine. Frozen disposable plastic mineral 
water bottles, three-quarters filled with water or saturated salt solution, are a 
low cost, readily available alternative. However, these may not maintain low 
temperatures as long as the commercially available packs.

Data loggers

A data logger is a piece of electronic equipment that is used to record data 
such as temperature or humidity. It is like a cassette recorder, but instead 
of recording sound, it records temperature at intervals you have set using 
a computer and software. The data logger will continue to record and store 
information until you stop it. The information can then be downloaded, 
displayed and analysed. Before computers, chart recorders were used to record 
this information and before chart recorders, a thermometer, pencil and paper, 
and a dedicated technician!

Dataloggers are useful in the laboratory for monitoring the temperature 
of equipment such as egg incubators, cold rooms and refrigerators, and 
for carrying out simple experiments on the cold life of vaccine containers. 
A datalogger is not expensive and may save many times its purchase price 
in ensuring that correct transport conditions for vaccine are determined.
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5.9 Reconstituting and administering I-2 vaccine by 
eye-drop
Vaccine should be reconstituted and administered in a shady area, out of direct 
sunlight. This will ensure that the vaccine maintains its quality as long as 
possible.

5.9.1 Reconstituting and administering freeze-dried I-2 vaccine
Equipment and materials

10 mL syringe
Vial of I-2 ND vaccine
Eye dropper bottle and tip
Prepared potable water

Procedure

1. Remove the aluminium seal and rubber stopper from the vaccine vial.

2. Measure the recommended volume of potable water into a syringe and add to 
the vaccine vial.

3. Replace the rubber stopper and mix the vaccine by gently shaking the vial.

4. Pour the contents of the vaccine vial into the clean eye dropper.

5. Put the tip of the eye dropper back onto the bottle and swirl to mix the 
vaccine.

6. Ask your assistant or the owner of the bird to hold the chicken to be 
vaccinated horizontally, with one eye facing you.

7. Hold the head of the bird and open the eye with the thumb and forefinger of 
one hand.

8. Hold the eye dropper vertically and squeeze it gently to allow one drop of 
vaccine to fall into the chicken’s eye. Make sure that the drop of vaccine 
spreads over the surface of the eye before releasing the bird.

5.9.2 Administering wet I-2 vaccine using an eye dropper
1. Ask your assistant or the owner of the bird to hold the chicken to be 

vaccinated horizontally, with one eye facing you.

2. Hold the head of the bird and open the eye with the thumb and forefinger of 
one hand.

3. Hold the eye dropper vertically and squeeze it gently to allow one drop of 
vaccine to fall into the chicken’s eye. Make sure that the drop of vaccine 
spreads over the surface of the eye before releasing the bird.

NOTE:

• Where freeze-dried vaccine is reconstituted with local potable water, use the 
vaccine for two days only. Any unused vaccine must be discarded on the third 
day because the potency of the vaccine may have been affected by elements in 
the water, or the vaccine may have been exposed to field contaminants on 
opening.

• Chlorinated tap water is unsuitable for reconstitution or dilution of I-2 ND 
vaccine. If it is the only water available, allow it to stand overnight (Alders 
and Spradbrow 2001) before use. 
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5.10 Troubleshooting
Use problems that arise as opportunities to learn and to improve techniques. 
If a problem occurs, the laboratory supervisor and staff should troubleshoot the 
problem — that is, discuss it and work through the following steps to find a 
solution:

• Identify the problem.

• Review the procedure step by step, including the records and calculations.

• Identify where the problem may have occurred.

• Work out what could have caused the problem.

• Think of what can be done to confirm the cause of the problem.

• Identify steps that can be taken to reduce the chances of the problem 
occurring again.

• If necessary, review and revise the standard operating procedures.

Remember

• Always read the instructions and protocol first. This way you will be sure to use 
the correct procedure.

• Always record all details of your work. When problems occur, you will be able to 
check data such as weights, dilutions and calculations.

• Good records save money! Problems can be more readily identified if all aspects 
of the work are recorded. Remember that the sale price of your vaccine must 
cover not only the cost of production of the batches of vaccine that are sold 
but also the cost of the batches that are rejected.

Some of the problems that may be encountered during vaccine production are 
shown in Figure 18 and discussed in the examples.

Example 1
Fertile eggs are procured from the usual source and held at 16°C for 48 hours 
before being placed in the incubator. They are incubated for nine days then 
taken from the incubator and candled in preparation for inoculation of working 
seed virus. However, approximately 35% of the eggs must be discarded since 
they contain dead embryos.

❏ Problems with embryo viability before inoculation could indicate poor 
quality embryos (problems with health of parent flock), incorrect holding 
temperature or humidity before incubation, or incorrect temperature and 
humidity during incubation. Interruptions to the power supply to the 
incubator could also cause poor embryonic viability. 

➢ Review previous records of embryonic viability during incubation and, 
if necessary contact the egg supplier to ask if any health problems or 
changes in management have occurred in the parent flock. Use a 
thermometer or data logger to monitor the temperature of the incubators 
and ensure that the water trays inside the incubators have been filled 
regularly. If possible, find out if the power supply was interrupted, and for 
how long. If the area experiences frequent and long-lasting interruptions 
to the electricity supply, it may be necessary to provide a back-up power 
supply.
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Figure 18: Flow chart of I-2 vaccine production showing some of the problems that may be 
encountered during I-2 ND vaccine production and field use.

Procedure

Procure eggs from healthy flock
Incubate

Candle eggs, mark air sac and inoculation site 
(day 9 or 10 of incubation)

Inoculate eggs with diluted working seed virus

Incubate for 96 hours

Harvest allantoic fluid

Prepare wet or freeze-dried vaccine
Dispense

Vaccine released for use

Problem

Low fertility

Low embryo viability

Low embryo viability

Allantoic fluid discoloured

Allantoic fluid viscous

Allantoic fluid HA negative

Infectivity titre very low

Infectivity titre very high

Vaccine contaminated

Vaccine failure4 in the field

4 Some of the reasons for vaccine failure are discussed in Appendix 8 of Controlling Newcastle disease in 
village chickens: a field manual (Alders and Spradbrow 2001).
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Example 2
100 ten-day-old embryonating eggs are candled and inoculated with I-2 ND 
working seed virus. After 24 hours of incubation, the eggs are candled again 
and 15 show evidence of embryonic death.

❏ Embryonic death in more than 2% of inoculated eggs within 24 hours 
of inoculation usually indicates faulty technique — for example, the 
inoculation site was incorrectly marked or the needle used for inoculation 
was too large or too long so that the needle penetrated the yolk sac or 
large blood vessels. (If deaths occurred after 24 hours incubation, then 
the problem is generally due to bacterial contamination of the inoculum.) 

➢ Review the candling and marking of eggs for inoculation. Check the gauge 
and length of the needles used for inoculation. Check the inoculation 
technique by mixing a little blue food dye with PBS and inoculating a few 
eggs using the usual route and technique. Open the eggs carefully after 
cooling in the refrigerator and look at the distribution of the blue dye. 
I-2 ND virus will kill embryos inoculated via the yolk sac. 

Example 3
Tenfold serial dilutions of freshly prepared wet I-2 ND vaccine are prepared 
and inoculated into embryonating eggs. The results of the infectivity titration 
are shown below.

❏ These results suggest that the vaccine has an infectivity titre greater than 
that usually achieved with freshly prepared I-2 ND vaccine. This is an error 
due to faulty technique and is generally due to failure to change pipette 
tips or pipettes when preparing the dilutions of vaccine for inoculation. 
However, it may also be due to contamination of PBS (used as diluent) 
with I-2 ND virus or another organism that causes haemagglutination.

➢ Repeat the titration and ensure that a new pipette or pipette tip is used 
at each dilution (see section 4.4). If the result is the same, then it is likely 
that the PBS is contaminated. To test for contamination of the PBS, 
inoculate several eggs with PBS, incubate for 96 hours and test the allantoic 
fluids for the presence of virus using the HA test (see section 4.3.1). 

Example 4
Two vials of I-2 vaccine (250 doses per vial) have been returned from the 
field as field staff were concerned that the vaccine was provoking high 
mortality among vaccinated birds.

❏ I-2 ND vaccine is safe and will not harm birds even if 100 times the 
recommended dose is given. Problems may occur where counterfeit or 
mislabelled vaccine is used, or where birds are vaccinated in the face 
of an outbreak. Appendix 8 of Controlling Newcastle disease in village 

Dilution of Vaccine Result

10–6 + + + + +

10–7 + + + + +

10–8 + + + + +

10–9 + + + + +

10–10 + + + + +

10–11 + + + + +
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chickens: a field manual (Alders and Spradbrow 2001) discusses some of 
the reasons for vaccine failure. 

➢ Check the label of the vaccine vial. Titrate the vaccine. (When the vaccine 
was titrated the titre was above the recommended minimum and no 
embryonic death was recorded during the infectivity titration.)

➢ Ask the field staff about the situation in the field. Were any of the birds 
sick at the time of vaccination? Were any problems experienced during 
vaccination? How was the vaccine prepared? Were other birds in the 
village healthy? (These investigations revealed that the vaccine had been 
administered to birds in a flock two days after the neighbour’s flock had 
died of ND.)

➢ Remind the field staff that it takes 7–14 days for birds to develop a 
protective antibody titre after vaccination. Sick birds or those in contact 
with birds that have died from ND should not be vaccinated as farmers will 
associate mortalities with the vaccine rather than the disease.

Example 5
Two plastic pipettes containing wet I-2 ND vaccine from a box of 300 pipettes 
sent to the field have been returned to the laboratory because the box had 
been left outside the cool room for one week by mistake. The field staff 
would like to know if they can still use the remaining vaccine. Each pipette 
contains 30 doses and produces a drop size of 40 µL.

➢ Titrate the vaccine. Based on the results, decide if the field staff should 
use the vaccine.

The vaccine was titrated and yielded the following results. Is the vaccine 
acceptable for use? (See Appendix 10 for the answer).

➢ Review the cold chain. Remind the field staff of the conditions under 
which vaccine should be stored to best conserve vaccine infectivity.

Dilution HA results No. of 
infected 
eggs

No. of 
uninfected 
eggs

Accumulated 
total infected 
eggs

Accumulated 
total 
uninfected 
eggs

Ratio and % 
accumulated 
infected eggs

10–1 + + + + +

10–2 + + + + +

10–3 + + + + +

10–4 + + + + +

10–5 + + + + +

10–6 + + + + +

10–7 + + + + +

10–8 + + + + –

10–9 + + + – –

10–10 – – – – –
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6.0
Newcastle disease diagnosis
A provisional diagnosis of ND in the field is based on the history of the disease 
outbreak, the clinical signs and the lesions observed at necropsy. The clinical 
signs of ND vary widely and are dependent on the strain of the virus, the age of 
chicken, the presence of concurrent infections, the immune status of the host and 
environmental stress, among others. Clinical signs associated with ND include 
respiratory distress, diarrhoea, depression, oedema of the head, face and wattles, 
nervous signs and death. In laying birds, egg production may also be reduced and 
misshapen eggs may be produced (Alders and Spradbrow 2001). Lesions observed 
at necropsy of birds that have died due to ND are not pathognomonic.

In order to confirm the diagnosis, ND virus must be isolated, identified and its 
pathogenicity determined in the laboratory. In most laboratories, the assessment 
of virulence will be based on in vivo testing of the isolate. However, the current 
OIE definition of what constitutes ND for the purposes of trade, control measures 
and policies allows molecular assessment of virulence (OIE 2000).

ND is confirmed by isolation of the virus in embryonating chicken eggs and 
identification and characterisation of virulent ND virus. Such isolates will provide 
virus for use in trials testing the efficacy of I-2 ND vaccine if a suitable challenge 
strain is not available. Collection and storage of field strains of ND virus is 
important for epidemiological studies.

6.1 Virus isolation and characterisation
Collect samples of lung, spleen, liver, heart, brain and marrow from a long bone 
(for example, femur or humerus), wrap in plastic and place in a cool box with ice or 
freezer bricks. Other samples collected should reflect clinical signs. For example, 
the brain (or whole head) should be collected if nervous signs were observed, as 
well as any organs or tissues showing lesions. If it is possible, collect tracheal 

OIE definition for reporting an outbreak of ND

Newcastle disease is defined as an infection of birds caused by a virus of 
avian paramyxovirus serotype 1 (APMV-1) that meets one of the following 
criteria for virulence:

a) The virus has an intracerebral pathogenicity index (ICPI) in day-old chicks 
(Gallus gallus) of 0.7 or greater.

or

b) Multiple basic amino acids have been demonstrated in the virus (either 
directly or by deduction) at the C-terminus of the F2 protein and 
phenylalanine at residue 117, which is the N-terminus of the F1 protein. 
The term ‘multiple basic amino acids’ refers to at least three arginine or 
lysine residues between residues 113 and 116. Failure to demonstrate the 
characteristic pattern of amino acid residues as described above would 
require characterisation of the isolated virus by an ICPI test.

In this definition, amino acid residues are numbered from the N-terminus of 
the amino acid sequence deduced from the nucleotide sequence of the F0 
gene, 113-116 corresponds to residues –4 to –1 from the cleavage site.

(OIE 2000)
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swabs, cloacal swabs and/or faeces since these samples are most consistently 
associated with successful virus isolation (Alexander 1998). Swabs should be fully 
immersed in antibiotic medium. Collect faeces into antibiotic medium.

When it is not possible to keep the samples cold or when it is uncertain that the 
samples will arrive at the laboratory within 24 hours, spleen, lung, the entire head 
(brain still within the head) and long bones should be collected into 50% glycerol 
(glycerin) in saline and kept as cold as possible (Alders and Spradbrow 2001).

The type and concentration of antibiotics used in transport media may vary 
according to the sample to be transported and the local availability and cost of 
antibiotics. High concentrations of antibiotics are needed in transport medium for 
faecal samples. Suggested levels in PBS are 10 000 IU/mL penicillin, 10 mg/mL 
streptomycin, 0.25 mg/mL gentamycin and 5000 IU/mL nystatin (Alexander 
1998). For transport of swabs, the concentration of antibiotics may be reduced: 
PBS with 2000 IU/mL penicillin, 2 mg/mL streptomycin, 0.05 mg/mL gentamycin, 
and 1000 IU/mL nystatin at pH 7.0–7.4 is recommended.

Try to keep samples cool during transport to the laboratory. High temperatures 
and decomposition of tissues destroy virus infectivity.

For isolation of virus, it is ideal if samples are kept separate. However, in the 
laboratory it is often necessary to pool organ and tissue samples. 

Swabs in antibiotic medium
1. Vortex the sample to free as much sample material as possible from swab 

fibres.
2. Remove the swab and transfer the sample to a centrifuge tube. Centrifuge at 

1000–1500 × g for 10 minutes in a refrigerated centrifuge at 4–10°C. This will 
sediment the tissue debris and most bacteria.

3. Remove the supernatant using aseptic technique and inoculate into 
embryonating eggs (see ‘Faeces: step 4’ below).

Tissues and organs
1. Grind or mince the sample finely using a homogeniser or a mortar and pestle, 

or load the sample into a syringe and squirt it through a narrow gauge needle. 
The sample could also be ground using sterile glass beads or sand. 

2. Make a 20% w/v suspension in antibiotic medium (PBS with 2000 IU/mL 
penicillin, 2 mg/mL streptomycin, 0.05 mg/mL gentamycin and 1000 IU/mL 
nystatin, pH 7.0–7.4).

3. Centrifuge at 1000–1500 × g for 10 minutes in a refrigerated centrifuge at 
4–10°C to sediment tissue debris and most bacteria. Remove the supernatant 
aseptically and inoculate into embryonating eggs (see ‘Faeces: step 4’ below).

Faeces
1. Faeces should be collected as a 20% w/v suspension in antibiotic medium 

(PBS with antibiotics at pH 7.0–7.4: 10 000 IU/mL penicillin, 10 mg/mL 
streptomycin, 0.25 mg/mL gentamycin and 5000 IU/mL nystatin).

2. Centrifuge at 1000–1500 × g for 10 minutes in a refrigerated centrifuge at 
4–10°C to sediment tissue debris and most bacteria.

3. Remove the supernatant aseptically.
4. Inoculate 0.1 mL of the supernatant into the allantoic cavity of 9- to 10-day-

old embryonating chicken eggs from an SPF flock or a flock free of NDV 
antibodies.

5. Incubate the eggs at 37°C and candle each day. Place the eggs containing 
dead embryos in a refrigerator or cold room at 4°C.
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6. Test the allantoic fluid from all eggs containing dead or dying embryos, and 
all eggs 5–7 days after inoculation for haemagglutinin.

7. Confirm the presence of ND virus by HI test using specific antiserum.

6.2 Pathogenicity tests
It is necessary to confirm the virulence of ND virus isolates using tests for 
pathogenicity. This will differentiate ND virus isolates of high and low virulence. 
Several tests for pathogenicity have been developed and these are described in 
detail in Alexander (1998). The four most commonly used are:

• mean death time (MDT) in eggs
• intracerebral pathogenicity index (ICPI)
• intravenous pathogenicity index (IVPI)
• intracloacal inoculation pathogenicity test.

In addition, molecular studies have recently been used to assess pathogenicity. 
These rely on deducing the sequence of amino acids around a particular site by 
reverse-transcriptase-polymerase chain reaction (RT-PCR) and sequencing of the 
PCR product. 

Only MDT will be described here since this is the easiest and cheapest way of 
estimating the virulence of an ND virus isolate and can be performed using the 
simple equipment found in most laboratories. 

Mean death time (MDT) in eggs

1. Make a series of tenfold dilutions of the isolate in sterile isotonic saline.
2. Inoculate 0.1 mL of each dilution into the allantoic cavity of each of at least 

five 9- to 10-day-old embryonating chicken eggs.
3. Keep the remainder of the diluted isolate at 4°C.
4. Around 8 hours later, inoculate another 5 eggs at each dilution.
5. Incubate the eggs at 37°C and candle twice daily for 7 days.
6. Record the time at which each embryo is first observed as dead.
7. Calculate the minimum lethal dose. This is the highest dilution at which all 

eggs die.
8. Calculate the MDT. This is the mean time (in hours) for the minimum lethal 

dose to kill embryos. 

Three groups are differentiated on the basis of MDT in SPF eggs (Hanson and 
Brandly 1955):

— velogenic <60 hours
— mesogenic 60–90 hours
— lentogenic >90 hours

If SPF eggs are not available, commercial eggs can be used to give an estimate of 
the MDT. These eggs will probably contain antibodies to ND, but the antibodies 
will be confined to the yolk sac until around day 15 of incubation (Senne 1998). 
Initially, the virus will replicate in the antibody-free allantoic sac. Virulent virus 
will then spread to the amniotic cavity and the embryo itself, killing the embryo. 
In contrast, avirulent ND virus will be confined to the allantoic cavity since it 
lacks the enzymes necessary to invade further. 

MDT correlates well with the clinical disease that results from infection of 
susceptible chickens. Any isolate of ND virus that kills embryos in commercial 
eggs in less than 60 hours is definitely velogenic and suitable for use as a 
challenge strain.
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8.0
Glossary 
Adsorption — the adhesion of a substance to an organic particle in a solution: 
for example, the adhesion of a virus to a cell.

Agglutination — clumping together.

Antigen — a substance that stimulates the production of antibodies when 
introduced into the body.

Antiseptic — a chemical agent that is applied topically to inhibit the growth of 
micro-organisms.

Aseptic — preventing microbial contamination of living tissues or sterile 
materials by excluding, removing or killing micro-organisms.

Batch — all the sealed, final containers derived from the same homogeneous bulk 
of vaccine and identified by a unique code number.

Batch record — essentially the written history or diary of a specific batch of 
vaccine. The batch record traces the manipulations of the components and raw 
materials once the production process begins. 

Bench record — the raw data or laboratory records.

Biosecurity — all measures taken to prevent the transmission of an infectious 
organism from one host to another. In the case of Newcastle disease, biosecurity 
encompasses all measures taken to prevent the introduction of ND virus onto a 
farm or into a flock of chickens. 

Certificate of analysis — the written specifications of the product.

Contamination — introduction of micro-organisms to sterile articles, materials or 
tissues.

Disinfectant — an agent that is intended to kill or remove pathogenic micro-
organisms, with the exception of bacterial spores.

Dose — the amount of a biological product recommended on the label to be 
given to one animal of a specified age, at one time, and by a specified route 
of administration.

Efficacy — the specific ability of the biological product to produce the result for 
which it is offered, when used under the conditions recommended by the 
manufacturer.

Endpoint — the point in an assay where the highest dilution of the substance 
being tested produces a positive result. In titrating virus for infectivity, the 
endpoint is the highest dilution of virus that will produce a detectable effect 
in 50% of the inoculated hosts. It is usually determined mathematically.

Freedom from contamination — free of viable bacterial and fungal 
contaminants, and extraneous viruses which could be harmful to chickens 
receiving the vaccine.

Good manufacturing practice (GMP) — that part of QA that ensures that a 
product is manufactured in a safe, clean environment, by specified methods, 
under adequate supervision, with effective quality control procedures, so that 
the finished product meets quality standards.

Haemagglutination — the clumping together of red blood cells.

Haemagglutination inhibition — the prevention of haemagglutination.

Haemolysis — the destruction of red blood cells and release of haemoglobin.
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Hazard — the ability of an agent or substance to cause harm.

Isotonic — denotes a solution having the same osmotic pressure as some other 
solution with which it is compared, such as physiologic salt solution and the 
blood serum. 

Log book — a book containing a permanent record of all events in the life of 
an item of equipment, such as maintenance, breakdowns, repairs and results of 
validation tests. 

Master seed virus — a collection of aliquots of an organism at a specific passage 
level, which has been selected and permanently stored by the producer, and from 
which all other seed passages are derived, within permitted levels. Aliquots must 
be distributed into containers in a single operation, processed together in such a 
manner as to ensure uniformity, and stored so as to ensure stability.

Material safety data sheet (MSDS) — gives information on hazards associated 
with use of the chemical including fire and explosion hazard data, precautions 
needed when handling the chemical, how to deal with accidents and spills, and 
first aid treatment.

Mean (50%) embryo infectious dose (EID50) — the amount of an agent 
capable of infecting 50% of the inoculated hosts. Usually expressed as the 
number of infectious units per volume. This represents the titre of the suspension.

Mean (50%) embryo lethal dose (ELD50) — the amount of an agent capable of 
killing 50% of the inoculated hosts. Usually expressed as the number of lethal 
units per volume. This represents the titre of the suspension.

Passage — the natural or experimental transmission of an agent from one host 
to another.

Pathogenic — capable of causing disease in a susceptible host.

Potency — the relative strength of a biological product as determined by 
appropriate test methods. (Initially the potency is measured using an efficacy 
test in animals. Later this may be correlated with tests of antigen content, or 
antibody response, for routine batch potency tests.)

Purity — freedom from extraneous micro-organisms and extraneous material 
(organic or inorganic) which could adversely affect the safety, potency or efficacy 
of the product, as determined by test methods appropriate to the product. 

Quality — the features and characteristics of a product that influence its ability 
to satisfy stated or implied needs. 

Quality assurance (QA) — includes all the planned actions and specifications 
necessary to provide adequate confidence that a product will satisfy the given 
requirements for safety.

Quality control — that part of GMP concerned with the taking of samples, the 
specifications of the product and the tests applied, together with organisation, 
documentation and release procedures.

Risk — the likelihood that the hazardous substance or agent might be harmful 
under specific circumstances.

Safety — freedom from properties causing undue local or systemic reactions 
when used as recommended or suggested by the manufacturer.

Specific-pathogen-free (SPF) — refers to animals that have been shown by the 
use of appropriate tests to be free from specified pathogenic micro-organisms, 
and also refers to eggs derived from SPF birds.

Stability — ability to retain activity under specified conditions.
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Standard operating procedure (SOP) — the step-by-step written instructions 
that describe how to perform a specific function in a process. The SOP should be 
concise, to the point and able to be understood by the person who is performing 
the procedure.

Sterility — freedom from viable contaminating micro-organisms, as demonstrated 
by approved and appropriate tests.

Sterilisation — the complete destruction of micro-organisms.

Thermostable — retains activity (especially infectivity) at elevated 
temperatures.

Titre — an expression of the strength of a solution: for example, the 
concentration of infectious virus present in a sample or a measure of the 
concentration of a specific antibody in serum.

Validation — proof that the procedure, process, equipment, material, activity or 
system leads to the results expected.

Virulent — causing severe disease.

Working seed virus — a collection of aliquots of a virus derived from the master 
seed virus and from which vaccine is produced.


