
Laboratory analyses are an essential feature of intensive
poultry production since they play an important role in
diagnosing, investigating and confirming disease.
The quality of the analysis work conducted is directly
dependent on the quality of the sampling technique and
on the sample taken.

These analyses are valuable both in controlling the health status of the
birds and in identifying their immune status ; they are also used to
assess the quality of the environment. 
This chapter thus describes the serological analyses which relate
directly to vaccination, in addition to other analyses performed on the
environment and the birds.

LABORATORY ANALYSES
AND THEIR USES

A. SANITARY MONITORING OF BIRDS' 
ENVIRONMENT :

1 - Water
2 - The feed 
3 - Microbiological analyses of the building

B. EXAMINING AND TAKING SAMPLES 
FROM ANIMALS 

1 - Necropsy 
2 - Sampling methods 
3 - Transporting samples and animals  
4 - Bacteriological analyses   
5 - Other examinations  

C. SEROLOGY 
1 - The main serological tests 
2 - Serology applied to diagnosis
3 - Using serology to monitor vaccinations
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SANITARY MONITORING OF BIRDS' ENVIRONMENT A

• 1. WATER

The water supplied to the animals must be fit for drinking both in microbiological and chemical terms.
As a general rule, a 1000-m2 poultry house consumes up to 4000 litres of water per day.
Although the quality of the water may have an impact on a farm, the farm can also affect the quality of the
water, as can industrial or phytosanitary pollution or even pollution originating from the geological sub-
strate. For this reason, the water should be monitored continuously so that its quality is known.

1.1 Where to take water samples

• Assessing the intrinsic quality of the water entering the farm :
Samples must be taken at the water meter, from a tap or near to the borehole for a private supply (well,
lake, etc.).
When taking samples from a lake, a river, a reservoir or a tank, the bottle should be immersed so that it is
away from the bottom (at least 50 cm), away from the banks or edges, and with care taken to avoid dis-
turbing any sediments. Moreover, for a lake, several samples should be taken from different depths.

• Assessing the quality of the water actually consumed by the animals :
In this case, the samples are taken as close as possible to the drinker or at the end of the drinking line

1.2 How to take samples

Although optional for chemical analyses, these rules are imperative for bacteriological analysis :

1. Wash your hands and forearms thoroughly.
2. Use a sterile glass bottle (0.5 to 1 litre) for bacteriological analyses – Use a glass or plastic bottle for che-

mical analyses (1 to 5 litres).
3. Sample from the required point on the farm : at the point where water enters the farm or at the end of the

watering line.
4. Sterilise the tap and the neck of the bottle with a flame.
5. Let 15 to 20 litres run through before taking the sample.
6. Fill the bottle completely, without touching the tap. Close and seal the bottle immediately, making sure

that you do not touch the water with your fingers.

Colour, Odour, Acceptable for consumers and
Taste, Cloudiness no significant degradation 

pH ≥ 6.5 and ≤ 8.5

Total hardness ≥ 150 ppm and    300 ppm

Aluminium * < 200 µg / l

Ammonium (NH4+) < 0.5 mg / l

Chlorides (Cl) < 200 mg / l

Iron < 200 µg / l

Nitrates ** < 50 mg / l

Nitrites ** < 0.1 mg / l

Organic substances < 5 mg / l

* when used as a flocculating agent.
** when chlorination is used as a disinfecting treatment.

TABLE XXII : 
Main physico-chemical parameters 

≥
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7. Ensure that the bottle reaches the laboratory within 6 hours, keeping it cool during this period.
8. Attach a form to the sample giving the information necessary for the analysis and its interpretation.

Sterile bottles and directions for how to use them are generally available from analytical laboratories.

1.3 Sampling frequency

Samples should be taken  :
- at least twice a year, at least one of which should be a bacteriological analysis,
- when any pathological episode occurs whose aetiology is not well defined;
- when any event occurs which might affect the quality of the water (very heavy rain, suspected chemi-

cal contamination, etc.).

1.4 Variations in microbiological parameters

Guideline figures for the evaluation of the quality of the water, based on microbiological characteristics and on
experience gained in the field, are given in the following table : 

Two "suspect" criteria mean
that the water should be
considered as hazardous.

The presence of fecal 
streptococci, which are not 
in themselves hazardous, but
which are resistant to chlorina-
tion, is an indicator of potential
pollution (VIENOT, 1999).

• 2. THE FEED 

The feed is analysed in order to check both its nutritional quality and to detect and identify the 
presence of toxic substances or pathogens.

2.1 Main principles behind sampling feed

Since the entire feed cannot practically be analysed, it is examined in part by sampling.
• Quantitative requirements of a representative sample :

The quantity of feed to be sampled and the total number of samples varies depending on the size of the
group and on the distribution of the substance or pathogen being investigated. 

For example, the growth of mycotoxins is not uniform in a batch of feed or raw materials. Several 100 to
200-gram samples must therefore be taken of (2 to 5 per tonne of feed) so as to increase the probability of
detection.

In general, the number of elemental samples varies from 10 to 15.
The elemental samples are then combined and mixed to form the overall sample (at least 4 kg) which, after

being reduced in size if necessary, constitutes the final sample.

TABLE XXIII : 
Evaluating the bacteriological quality of the water

Number of micro-organisms < 5 10 20 50 100 300 >300

Total micro-organisms/ml

Total coliforms/ml

E.coli/100 ml

Fecal strepto. /100 ml

Clostridium/100 ml

drinkable water suspected water hazardous water
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For bulk feeds (in silos), the sampling sites are distributed uniformly through the mass of feed (for a bro-
matological analysis, investigation of any bacterial contamination or of toxic substances).
The sampling sites may be targeted at specific locations when a certain contaminant is suspected and is
more likely to be found at specific points (e.g. the top crust in a silo when investigating mycotoxins)

• Technical requirements for sampling :
- Take and prepare the samples as quickly as possible so as to reduce the risks of degradation and secon-
dary contamination.
- Use clean and dry instruments and recipients.
- Ideally use clean, labelled paper bags. Sealed plastic bags and glass containers are only suitable for very
short-term storage (i.e. time taken to transport the sample to the laboratory, no more than a few hours)
since the feed degrades rapidly in hermetically-sealed bags or containers.
- If the water content of the feed is greater than 13%, it is preferable to stabilise the mycoflora by gentle
drying (at less than 45°C) before transporting it.
- When investigating mycotoxins, the 100 to 200-gram samples must be collected in separate recipients : 

- Identify each sample clearly and accurately: the nature and location of the sample (silo, bag, reservoir,
etc.), the farm's reference, the batch number, the date and the time of sampling, the identity of the per-
son who took the sample, the nature of the ingredients of the suspected feed, the storage or climatic
conditions, any other components of the feed.

- The sample should be accompanied by a data sheet specifying : the species, age, symptoms, lesions
and zootechnical performance levels observed.

• Delivering the sample  :
- The sample must be sent on as rapidly as possible.
- When sending by post, avoid sending during periods when the sample is likely to be held up and stored
under unfavourable conditions: e.g. at the end of the week, over a public holiday, transport strikes...

2.2 Investigating mycotoxins and yeasts

Mycotoxins and yeasts in the feed are investigated as a routine check, as part of the systematic checking of
the batches of raw materials and/or of finished feed. This investigation is also carried out when establishing
a differential diagnosis of disorders whose clinical consequences are reduced performance, and which may
cause lesions such as hepatic and renal damage, commonly involving haemorrhaging.

This investigation is performed on the feed, and not on the organs of the affected birds, due to the very small
concentrations found in the animal compared with those obtained from the feed.

MYCOLOGICAL EXAMINATION. The mycoculture is grown from an "average" sample obtained by successive
sub-sampling from a large, thoroughly-mixed initial sample. This examination identifies the fungal species
present, roughly evaluates the degree of contamination and determines the associated risks based on their
pathogenicity. 
This initial stage focuses, if necessary, subsequent analyses aimed at quantifying the mycotoxins. 
The direct detection of yeasts under a UV lamp is easy to perform but does not allow a specific or quanti-
tative diagnosis to be made.

ECOLOGICAL INTERPRETATION : can only be performed when a series of separate samples are available, whose
origin is clearly indicated on the data sheet (top or bottom of the silo, north wall, etc.). For a compound
feed, such an interpretation also requires examination of the various raw materials used.

INVESTIGATING MYCOTOXINS : The techniques used to investigate mycotoxins are thin-layer, gas and liquid
(HPLC) chromatography, mass spectrometry and most importantly in recent years, the ELISA technique.
These techniques are used to quantify the contamination of the feed, a prognostic element of paramount
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• 3. MICROBIOLOGICAL ANALYSES OF THE BUILDING

The investigation of micro-organisms is performed 
- Between two production cycles, after cleaning and disinfecting the buil-

ding, so as to check the quality of these operations and so that they can be
repeated, if necessary, if the results are not satisfactory.

- During rearing, notably to detect specific micro-organisms (e.g. : salmo-
nella).

The bacteriological control performed after disinfecting the building gives only a picture of the sanitary
situation: it does not make the following measures of evaluating the sanitary quality of the poultry house
redundant :

- a simple visual check to ensure that there are no areas which are still contaminated having escaped the
cleaning and which must, without even needing to perform a microbiological control, constitute a reser-
voir of micro-organisms.

- the cleanliness of the area surrounding the building, concreted walkways, etc. so that the disinfection
can be conducted effectively of foot washes, changing rooms fitted with a washbasin, etc...

3.1 Checking the disinfection : Contact Petri dishes

These dishes are used to check the quality of the disinfection operations.
Each contact Petri dish contains a specific agar and must contain an agent
which neutralises the disinfectant used. After applying the Petri dish to the
surfaces to be checked, each dish is sealed, taped closed, identified and sent
to the analysis laboratory.
After growing the culture, the bacterial colonies are counted to assess the
quality of the cleaning and disinfection.

In general, a minimum of 16 contact dishes are required to check a building :

- access room : bottom of the door, top of the door, walls.
- rearing zone : base of the walls (4 samples), walls one metre above floor level and under the air inlet
louvers (4 samples).
- drinkers and feeders (2 samples from each, as a minimum).
- storage room and other specific zones of the building, where applicable.f

importance since the effects caused by the mycotoxins are dependant on the degree of contamination.

2.3 Other analyses

NUTRITIONAL COMPOSITION OF FEED

The evaluation of the analytical characteristics of the feed and/or of the raw materials used provides a
means of checking the balance of the diet and of evaluating how much of the key nutritional elements are
provided: raw proteins, amino acids, raw cellulose, carbohydrates, minerals, trace-elements, vitamins.

BACTERIOLOGICAL ANALYSES (e.g. for salmonella) and the INVESTIGATION OF TOXIC SUBSTANCES can also be per-
formed on the feed to check that it is healthy and safe. The conditions under which the samples are taken
are those described in the general methods above.

Laboratory analyses and their uses4
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3.2 Bacteriological investigation using drag-swabs

Drag-swabs are used to check the disinfection quality in conjunction with contact
Petri dishes, as well as during rearing, particularly to investigate salmonella.

The drag-swabs used are squares of sterile, unwoven cellulose which are soaked
in a medium which enables the bacteria to survive (peptonated water, normal
saline solution) and in a neutralising solution which must inhibit the residual

activity of the disinfectant used. The fact that the cloths are wet means that dust is picked
up more readily, thus improving the collection of any bacteria.
The number of drag-swabs used is determined by the person responsible for the sanitisation program on
the farm. However, it is advisable to concentrate on those zones which are difficult to clean (wood, air
extractors, electrical cabinets, cracked concrete areas, etc.) and on the zones at risk during rearing (cages,
caecal droppings, drinkers and feeders).
The laboratory usually takes 3 to 5 days to deliver its results.

Practical method of using drag-swabs (VIENOT, 1999)
1. 1. Store the drag-swabs in its original packaging in a clean place (hermetically-sealed box).
2. Remove as many drag-swabs as are required for taking the samples.
3. In the poultry house, put on a pair of sterile gloves and remove the cloth.
4. Rub the drag-swabs over a large number of surfaces, concentrating on those areas which are likely to

be contaminated.
5. Fold up the drag-swabs and replace it in its packaging, taking care not to contaminate the outside of

the packaging.
6. Identify the sample in terms of the locations sampled and the building number.
7. Put all the samples from the same building in a bag so as to avoid cross contamination.
8. Store the samples in a hermetically-sealed box provided for this purpose, fitted with a cooling system

if necessary.

TABLE XXIV : 
Sampling frequency for the investigation of Salmonella typhimurium and 

enteritidis, as specified by the French salmonella monitoring body

Pullets future layers Broiler breeders Table eggs layers

• Day 1 • Every 8 weeks during • 24 weeks

• 4 weeks laying (+ every 2 weeks for • 40 weeks

• 2 weeks before transfer chicks, in the hatchery) • 55 weeks

SANITARY MONITORING OF BIRDS' ENVIRONMENT A
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All the operations (conducting necropsies, taking samples, packaging samples, transporting
and opening packages, processing samples, etc.) must be carried out so that two objectives
are attained: to ensure the safety of the various operators from potential contamination
and to ensure the safety of the environment from potential contamination.

The interpretation of the analysis results must take into consideration variations relating to :
- THE SAMPLING ITSELF : the moment when the sample is taken, changes to the sample over

time, storage and transfer conditions, etc.
- THE ANALYSIS CONDUCTED ON THE SAMPLE:  : the method used, the reagents, material, operator, etc.
- THE CONDITIONS ON THE FARM.

• 1. NECROPSY 

The necropsy is a key diagnostic element for poultry.
It is performed with a view to revealing lesions, which are often characteristic of certain diseases, and to
enable samples to be taken for bacteriological or histopathological analyses. 

1.1 Data recorded

The data recorded must provide as much information as possible so as to make it easier to make a diagnosis.
• Administrative-type information : details about the farmer (and the farm), the health manager, the orga-

nisation which operates the farm.
• The species, age of the animals, their origin (hatchery), size and total population.
• The date when the problems started.
• Previous pathological history.
• The course of the disorders observed, their nature with a detailed description of the signs observed.
• How the mortality and morbidity have evolved.
• Any lesions observed, and if applicable, the results of necropsies performed in the field.
• The evolution of the performance curves : laying curve, growth curve, FCR,..
• The detailed programme of vaccinations : nature of the vaccine, date, administration method.
• The treatments prescribed : nature, date, dosage, duration, methods used.
• Any feed supplement that have been given.
• Feed diet changes.
• The building, how the feed is given, the rearing technique (free-range, in batteries, type of litter, bird

density, ventilation, etc.)

1.2 Location and equipment 

During necropsy, which is a highly septic operation, there is potential spreading for the pathogens : for this
reason, it should preferably be conducted off the farm premises, or sufficiently far away so that there is no
possibility of contaminating the surroundings or the operator.
Location

• The post-mortem examination room must only be used for this purpose, and must be easy to clean and
disinfect. Necropsies should not, under any circumstances, be conducted in the poultry house or in exa-
mination rooms.

• The room must have a water supply, a system for draining off and collecting waste water, one or more
tanks, sinks, tables and draining boards. 

EXAMINING AND TAKING SAMPLES FROM ANIMALSB
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If a post-mortem examination room cannot be made available, the work may be carried out in the open
air, away from the farm and neighbouring farms and near to the carcasses disposal site.

Material
Any equipment used must be stored in a sealed and sterilised bag or incinera-
ted after use. The various equipment used must be reserved for necropsy work.

• Everyday clothing must be replaced or covered with protective clothing:
overalls, overshoes, mobcaps, etc.

• Dissection and sampling equipment : forceps, scissors, scalpels, trays, etc.
• Scoring equipment.
• Packaging equipment : plastic bags for transporting samples, for packaging material which will later be

washed and sterilised, for wrapping around carcasses and waste.

1.3 Necropsy examination and techniques

Necropsies must be conducted on sick birds that have been humanely killed rather than on carcasses 
collected on the farm. The opening and examination of a humanely killed bird is always preferable to the
examination of isolated organs or viscera sent to the laboratory. With a humanely killed bird, the operator
can decide which samples to take.

It is essential to use sick, yet live animals when conducting histological examinations and parasitological
investigations (e.g.: looking for flagellates).
Moreover, in dead animals, micro-organisms spread from the intestine to the other organs, which may
interfere with the bacteriological analyses.
However, a few fresh carcasses may be added, since in some cases the lesions are more obvious.

Random sampling of animals for slaughter ; for example, take 6 chicks from each box. On the farm, 5 or
6 birds are sampled randomly, but should, however, reflect the overall degree of sickness of the birds.

The ante-mortem examination is used to perform a clinical examination and to collect, if necessary, blood
or to carry out a smear test for subsequent investigations.

EXAMINING AND TAKING SAMPLES FROM ANIMALSB
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TABLE XXV : 
Slaughter method before necropsy

Turkeys chopping through the nape, and bleeding of the animal 

after inserting a pair of scissors into the beak and cutting 

the vessels of the back of the throat (carotid and jugular 

arteries).

Chickens, Pullets, bleeding the vessels at the back of the throat, or stretching 

Laying hens the vertebral column.

Young chickens, chicks cutting through the spinal cord and the vessels at the back 

of the throat 
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The main stages in the necropsy are reviewed below :
• External examination (feathering, joints, etc.) 
• Examination of the head : wet the feathers ; lay out the bird on its back

• Organs to be examined : the liver, spleen, pancreas, kidneys, ovary, heart, lungs, gastrointestinal tract
which must be opened completely, the sciatic nerves and the brachial plexus, the brain, the bones and the
bone marrow.

• 2. SAMPLING METHODS  

The aim of sampling is to reveal either the direct cause of the pathology by identifying the pathogen (direct-
ly or after growing in culture) or the host's specific reaction through conducting histological and serologi-
cal examinations.

The samples must be taken as soon as possible after the start of the disease : as the time between sampling
and the appearance of the first signs of infection is shortened, so the chances of isolating the pathogen are
improved.

2.1 Blood samples

Serological, haematological, biochemical or toxicological studies can be carried out on blood samples
(serum or plasma).

Sampling method and the sample :
The value of the result of the examinations conducted, particularly the serological examination, is largely
dependent on the quality of the sampling method and of the sample. The aim is to obtain a picture of the

• Examine the oral cavity after cutting the corner of the mouth so
as to open it totally.

• Extend the incision through the skin and the œsophagus up to
the crop. Examine their contents as well as the thymus (in
young poultry).

• Cut through the larynx and continue the incision of the trachea.
Examine the lumen, the walls and the mucus of the trachea.

• Cut through the upper part of
the beak via a transverse inci-
sion. Inspect the nasal cavity
and the infra-orbital sinus.

• Open the sinuses if they are
inflamed to examine their
secretions and the eyes.

• Cut the skin between the feet
and the abdomen. 

• Dislocate the hip joints to sta-
bilise the carcass and to inspect
the head of the femurs.

• Cut the skin along the leng-
th of the abdomen and turn
over the bird to expose the
pectoral muscles.

• Cut the abdominal wall,
following the line of the
sternum, continue by sec-
tioning the ribs until the
thoracic cavity is open

• Examine the surface of the
organs in situ.

• Take a sample before conti-
nuing to examine the
organs.

• Move the liver and the intes-
tines to examine the kid-
neys, the air sacs and the
lungs.

• Remove the organs gradual-
ly as they are examined.
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flock's condition which is as representative as possible of the actual situation. To achieve this, a number of
precautions should be respected relating to :

• Which animals are sampled from the flock 
• The sample itself and how it is stored
• The size of the sample, which varies depending on the objective to be attained

The sample must be formed randomly : 
i.e. each bird from the flock must have an equal chance of being sampled. No discrimination must be made
between the healthy and the sick, or between the largest and the smallest, etc.

Moreover, it is also very important to take the samples from locations within the building which are as uni-
formly distributed as possible, so as to nullify any bias relating to the position of the birds. 
Classically, for broiler chickens or free-range pullets, the diagonals method is used (Figure 19).

The operator moves through the house in a diagonal manner, taking samples at regular intervals. The dis-
tance between each sampling may be approximated using a simple calculation. 
For example, 24 blood samples from a 1000-m2 house (L = 67m and W = 15m) : the diagonal is about 69
m, a bird must be caught and sampled about every 5 to 6 m along both diagonals.

For caged birds, the blood samples should be taken uniformly through the entire building, from one bird
per each selected cage, and taking care to sample from different cages the next time blood samples are
taken. In this case, the animals cannot move about. The cage numbers can also be selected at random.

SAMPLING INTO TUBES

The type of tube to be used will depend on the nature of the examination to be performed  
- dry tube for serum-based investigation (serology), which are used, after coagulation, to separate the

serum from the blood cells.
- tube with anticoagulant (EDTA, heparin, etc.) for biochemical and haematological investigations.

The blood sample is taken individually :
•  from the chick ( <10 days) : 

- by decapitation so as to be sure that a suffi-
cient quantity of blood is obtained, easily
and correctly.

- by intracardial puncture.

• from the chicken or adult : 
- by puncture using a scalpel blade or via a needle into a syringe

from the wing vein or at slaughter.

Figure 19  : Path taken by the operator 
in the house when sampling : 

diagonals method.

Laboratory analyses and their uses4
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During and after the operations, it is important to ensure that the blood samples are correctly handled and
stored. 

The following points should be respected :
• Sample 2 to 3 ml of blood so as to be sure of having 0.5 to 0.75 ml

of serum after coagulation for dry tubes (serology).
• Store and transport the samples in disposable, clean and sealed

plastic tubes.
• Use disposable syringes and needles.
• Identify the batches of samples clearly (farm, flock, age, type of

production) : for example, all the tubes from one batch may be kept
together in a labelled plastic bag.

• When sampling using dry tubes, separate the serum from the blood
by centrifugation or after natural coagulation (1 to 2 hours, with
the tubes lying horizontally)

• Storing serum : 
• < 48 hours, between 4 and 8°C
• > 48 hours, at - 20°C, for serum only, and if necessary in centrifugation tubes or in micro-dishes.  

When freezing, do not fill the bottles more than 3/4 full, otherwise they may break.
• Avoid exposing the serums to freeze – thaw cycles. 
• Avoid sudden variations in temperature. Small plastic blocks containing refrigerating fluid or, alternati-

vely, sachets of frozen water can be used to keep the samples at a temperature of around 4-5°C. When
employing this method, place the samples in a separate compartment, so that the samples are not fro-
zen. 

• Diluting the sera with a suitable diluent improves their stability.
• Respect the precautions relating to sampling into a tube with an anticoagulant : turn the tube upside

down several times gently.

Blood smears on a slide are used for haematological examinations (blood cell count, investigating blood
parasites). The drop of blood is taken from the comb or from a sample tube containing blood and EDTA.
If the examination is not due to be performed immediately, the smear should be dried in air, and treated
with a fixative (absolute methyl alcohol, one minute). 

2.2 Samples of organs or tissues

The samples must be taken in strict respect of asepsis and cleanliness procedures so as not to contaminate
the sample with foreign micro-organisms.

Histology 
• Always take samples from animals who have just been

slaughtered, although it is preferable to send to the labo-
ratory, rather than samples which have already been fixed,
live, sick animals if allowed by the logistics and the trans-
port times.

• The choice of sampled organs must be adapted to the sus-
pected aetiology, with a view to establishing a simple or
differential diagnosis.

• If possible, sample from the transition zone between heal-
thy and damaged tissue.

• The fragment must be prepared with a scalpel, and not
with scissors, which crush the cell structures.

• If several types of lesion or several stages of the same lesion are visible, take one from each.

Laboratory analyses and their uses4
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• The size of the fragment sampled should be small : 1 to 2 cm x 0.5 cm, to allow the fixative to pene-
trate well.

• Smaller organs (lymph nodes, endocrine glands) are sampled in their entirety. The entire encephalon is
isolated and placed in a large volume of formalin 10%. Smaller fragments are isolated 2 to 3 days later.

• The sampled organs and fragments are placed in a fixative: Bouin's fluid or formalin 10%. When using
Bouin's fluid, the samples are transferred into alcohol at 80° 4 days later.

• The container is a jar with a large opening, which can be sealed hermetically.
• The sample is always placed in the bottle (rather than vice-versa) which had previously been filled with

fixative so that all the faces are correctly impregnated.
• The bottle is identified accurately, with particular mention of the fixing date.
• Any un-fixed tissues and organs intended for the isolation of the micro-organisms (bacteria, viruses)

must be preserved from heat (sealed plastic bags + absorbent + blocks of refrigerating liquid + isother-
mal box). 

Samples of tissues or organs used for isolating the virus
• The size of the sampled fragment should be small : 1 to 2 cm x 0.5 cm.
• The samples are placed in preservation medium which may contain antibiotics, then they are frozen or

placed in 50% glycerol in pH 7.4 buffer medium.
• The sampled fragments can then be used by the laboratory for viral isolation by inoculating the target

cells (tissue culture, embryonated egg, etc.)

Swabs used for isolating bacteria, fungi or viruses
• Swabs are used to take samples of mucus. 
• They can then be used to produce smears, fresh or stained (for the

investigation of fungi or bacteria), for growing bacteria by being pla-
ced directly in solid or liquid media, or for viral isolation (where the
swab is kept in a preservative).

• If necessary, the swab can be placed in a nutritive medium and chil-
led, if the sample is not due to be processed immediately after being
taken. 

Organ smears for a histological study (bacteriological or virological)
• The smears are obtained by transferring a fresh section of organ onto a slide and enable histological (bac-

teriological or virological) examinations to be carried out.
• The sample is applied to the slide by pressing rather than rubbing, and using a surface of the organ sample

which had previously been sponged.
• Once the slide has dried in air, the samples must be fixed immediately using pure methyl alcohol to pre-

vent any cell deterioration.

Samples for parasitological examination
• The determination of internal parasites, protozoa and helminths, using optical microscopy techniques,

should ideally be performed on a scraping of the intestinal mucosa, with note made of the point from
which the scraping was taken: anterior portion, middle, posterior, caecum (this determination is another
of the examinations which are enhanced by sending live animals to the laboratory).

• The determination can also be performed by inspecting the digestive mucosa (coccidia) or the droppings
(a few dozen grams), if necessary after enriching the sample, although in some cases this results in the
examination revealing less. 

• Faecal matter must be placed in bottles containing normal saline to prevent it from drying out. 
• To obtain a grouped sample from layers, brown paper can be laid out in the evening at various points in

the cages or under the perches (one, 0.5-m2 sheet for every 100 hens). 
• Caecal and intestinal faeces are collected in the morning separately (40 samples/1000 hens, then 20 addi-

tional samples for each extra 1000 hens). 
• For birds, the excreta are mixed with urine, and consequently the presence of urates and phosphates may

complicate the microscopic observation. To overcome this, the excreta are mixed with a 10% solution of
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acetic acid.
• The investigation of some extremely fragile parasites (eg. Histomonas), must be conducted immediately

after taking the sample.
• When the examination takes place some time after taking the sample, the latter should be stabilised, either

by chilling (+4°C, isothermal box + coolant) or in formalin at 4%.
• Any ectoparasites which are visible to the naked eye will be picked out and preserved in a bottle with alco-

hol at 70° whilst being sent to the laboratory.
• Samples of squama, feathers and scales from the feet can be sent to the laboratory in sealed plastic bags or

in bottles (containing alcohol at 70° for the determination of arthropods). The blade of the scalpel used
for scraping can be wetted with a drop of lactophenol (other than for a sample due to be used for a myco-
logical culture: the lactophenol inhibits the growth of fungi) or vaseline oil so that the epidermal debris
can be collected more easily.

• The sampled helminths are washed in normal saline and then fixed in formalin 5 %. 

• 3. TRANSPORTING SAMPLES AND ANIMALS   

The packaging and transport of animal samples must satisfy two objectives, they must :
• Prevent any contamination of the persons responsible for transporting or receiving and then opening

the parcels.
• Preserve the quality of the biological substances so that the samples can be used by the laboratory.

They must be accompanied by all the information necessary to focus the examinations or to enable an
accurate diagnosis to be made. 

3.1 Packaging 

Dead animals :
The standard postal services are not allowed by law to transport dead animals. Other carriers must be
contacted.3.1onditionnement   

Live poultry :
• First of all check that the carrier agrees to transport live animals (and, if necessary, that they are autho-

rised to do so).
• The birds must be kept in boxes, ventilated at the sides, which are both strong and water-proof. A label

with the words "Live animals" must be clearly affixed to the boxes.
• In the event of a suspected zoonosis or a particularly contagious disease, live animals should not be

transported by carriers.

Perishable biological substances that have been contaminated by pathogens
• The samples are placed in a thick glass or plastic bottle that is firmly stoppered or sealed. The bottle is

wrapped in thick, absorbent cloth and then placed in metal or plastic case, and then the cover is fitted
over the top of the case. This case, in turn, is wrapped in an absorbent substance soaked with an anti-
septic product that could destroy any of the micro-organisms released should the packaging break open.
Finally, the wrapped up case is enclosed in a protective wooden or metal box.

• Provisions must be made to ensure the preservation of thermo-sensitive matter : coolants, dry ice, etc.
This precaution is only required for samples that had previously been frozen (not less than 2-3 kg for
a transport duration of 24 hours ; remember to leave a small opening in the cover of the packaging to
allow the sublimated carbon dioxide to escape).

• Packages intended for airmail transport must be able to resist variations in air pressure.
• The label must clearly display the words "Material destined for a bacteriological or virological exami-

nation - Dangerous – Urgent", in addition to the sender's and recipient's address. A "Sensitive to heat"
or "Keep cool" label may also be used
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Biological substances that do not contain pathogens :
• The samples are placed in a hermetically-sealed container, wrapped in an absorbent substance and pla-

ced in a wooden or metal box.
The label does not display the word "Dangerous". It must, however, mention the sender's and recipient's

address, and the words "Biological substances – Urgent".  

Virological samples
The sample is placed in a sealed bottle, surrounded by a sufficient quantity of material able to absorb the
entire sample should it leak out. It is then placed in a sealed or heat-sealed plastic bag. After including pad-
ding, to absorb any impacts, the bag is placed in a rigid and water-proof container fitted either with a sea-
led, bolted closure or with a cover secured by pressure and fastened with adhesive tape.

Specific case of sending samples mounted on glass slides :
The slides must be placed in plastic boxes or inserted in thick cardboard and then enclosed in a strong
envelope, with the words "For urgent medical examination -– do not stamp – do not fold".

3.2 Sending samples 

• Sending biological substances internationally is generally regulated, or even forbidden depending on
the countries involved.

• Samples should not be sent just before a weekend or a national holiday unless the carrier can guaran-
tee that the transportation of the parcels will be unaffected during these periods. Potential strikes
should also be taken into consideration.

• If the examination of the samples is particularly important (major zoonosis, serious economic risks,
expert legal appraisal, etc.), the recipient laboratory should be telephoned to make sure that they are
aware of the nature of the sample and of its packaging, as well as to inform the laboratory of the par-
cel's estimated time of arrival. This measure allows them to plan for any delay and to be sure that appro-
priate personnel are available to receive the parcel.

• It is often preferable to transport the samples personally.

3.3 The information sheet  

This sheet accompanies any request for analysis or autopsy. An example is given below
(figure 20)
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Figure 20 : 
Example of an 

information sheet
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Date : Sanitary supervisor :
Owner : Address :
Address :

Nature of the consignment : Type of production :

Species : Total population :
Origin : Number of production cycles :
Number of birds sent  : Density :
Sex : Type of ventilation  :
Age : Feed :
Rearing method  :

Course of the disorders observed : Cumulated mortality :

Date of onset : Daily mortality : 
N° of flocks affected : Proportion of sick birds :

Symptoms observed :

Results of the necropsies performed :

Treatments given (type, date) :
Before the onset of the disease:
After the onset of the disease:
Feed additives:

Vaccinations given :

Disease Vaccine strain Vaccination date Administration method

Assumed 
diagnosis 

Nature of the sample :
Sampling date:
Investigations requested :

Virology Serology Bacteriology Antibiogramme Haematology Histology
Parasitology Mycology Assay of Water analysis Feed analysis Toxic

mycotoxins investigation 
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• 4. BACTERIOLOGICAL ANALYSES   

Bacteriological examinations are carried out to identify pathogenic bacteria and to determine their sensiti-
vity to the various anti-infectives available.
A laboratory analysis should be ordered when the daily mortality increases abnormally, when the autopsies
carried out reveal lesions caused by infection or when the animals' behaviour has deteriorated and suggests
mortalities in the future (prostrated flocks with or without a drop in the consumption of water and feed).

4.1  Methods of identifying micro-organisms

❜ MICROSCOPIC OBSERVATION 

Observing fresh samples (live bacteria) enables an assessment to be made of the bacterial richness of the
sample (number and type of bacteria), the shape of the bacteria (cocci, bacilli, coccobacilli), how they are
assembled (isolated, in clusters or in chains, etc.) in addition to their mobility.

The next stage involves observing stained preparations (dead bacteria) which allows a precise study of the
morphology, or even of the structure of the bacterium to be performed. The first step is to fix the prepara-
tions, which are based on organ or blood smears, or on cultivated smears.
Gram staining is the most commonly used method, and differentiates the bacteria based on the structure of
their wall into Gram-positive, which stain violet, or Gram-negative which are stained pink by fuscine. Wall-
less bacteria (mycoplasmas) cannot be classified using this method. Moreover, some micro-organisms are
Gram "weak" (Gram-positive micro-organisms which are discoloured very easily or Gram-negative micro-
organisms which can resist exposure to alcohol for a long time without discolouring) in addition to Gram
"variable" micro-organisms.
Staining using methylene blue (Kühne blue) reveals all bacteria, in addition to whether their location is intra-
or extra-cellular, if applicable.

❜ ISOLATING MICRO-ORGANISMS BY SEEDING 

Different culture media are seeded with a bacterial inoculum and then placed in an oven at a given tempera-
ture (37°C for example) for a pre-determined duration (12, 24, 36 hours, etc.). An isolation is successful
when, in one of the portions of the Petri dish, the microbial colonies are well separated from each other.
The choice of media and culturing technique is made by the laboratory, based on the information given by
the veterinarian on the information sheet.

THE MAIN TYPES OF CULTURE MEDIUM :

SELECTIVE MEDIA : inhibit the development of the micro-organisms
which are often associated with the microbe being investigated.
ELECTIVE MEDIA : stimulate the growth of a given micro-organism.
ENRICHMENT MEDIA : combine the above two effects.
PRESERVATION MEDIA : poor media which enable the micro-orga-
nisms to survive.

❜ BIOCHEMICAL PROFILES  

Various media are used to study bacterial respiration (aerobic or anaerobic micro-organisms) in addition
to their metabolism. These identification media contain stained indicators which characterise the bacterial
development based on the detected metabolic reactions (fermentation, production of metabolites, produc-
tion of gas, reduction, etc.)
These various media are used to determine the biochemical profile of the micro-organism and thus enable its
identification.
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❜ RESULTS AND INTERPRETATION

The combination of these various laboratory techniques identifies, in the large majority of cases, the bacteria
being investigated, and can even define the serovar for the most pathogenic species (E. Coli, Pasteurella,
Salmonella).  
New techniques, based on enzyme activity, should make it possible to shorten the time taken to identify the
micro-organisms and thus how long it takes to determine the patterns of sensitivity to antibiotics for therapeu-
tic purposes.
In most cases, the results obtained by bacteriological analysis can only be interpreted validly if the initial see-
dings had been made from samples taken from sick, live animals who had not been treated and who had been
slaughtered under satisfactory conditions.
It is often difficult to interpret the results ; consequently some micro-organisms may be though to be playing a
pathogenic role when in fact they are not, and vice-versa, and in other cases the pathogenic role of "common"
micro-organisms is mistakenly neglected. The attention to detail applied when taking samples and when com-
piling the case history helps to ensure that an interpretable result is obtained.

4.2  Antibiogramme (pattern of sensitivity to antibiotics) 

The determination of the antibiogramme, otherwise known as the pattern of sensitivity to antibiotics, is an
in vitro technique aimed at establishing the sensitivity of a bacterium to a selection of anti-infectives. It first
requires identification of the isolated bacterium which narrows down the range of anti-infectives to be tes-
ted. The results are used in setting up or correcting an antibiotherapy by limiting the risk of resistance.
The results of the antibiogramme are also the main source of epidemiological data used in the monitoring
of bacterial resistance.

The antibiogramme can be determined by dif-
fusion on agar. This method is used to test 6 to
8 anti-infectives at the same time, but only indi-
cates a qualitative result which characterises
the bacterium as "S = sensitive", "I = interme-
diate sensitivity" or "R = resistant" in relation
to the various molecules tested. The quantitati-
ve method involves successive dilutions and is
much more accurate. It is used to define the
MIC of the isolated bacterium, but only allows
one anti-infective to be tested at a time. In prac-
tice, it is thus rarely used in determining the
correct choice of therapy.

The classical antibiogramme technique involves
prior isolation of the bacterium on agar, which
requires a minimum of 24 hours (for coli bacte-
ria) or 48 to 72 hours (for pasteurellacae), or
even longer when pre-enrichening is required
(salmonellae).

The quick antibiogramme, with no prior isolation, is carried out on all the flora present in the biopsied
sample. It is valuable when the pathology is acute, and when a day's delay could result in high levels of mor-
tality on the farm. The analysis laboratory must, in all cases, ensure that the results of the classical antibio-
gramme agree with those of the quick antibiogramme.

The reliability and limitations of the antibiogramme are dependent not only on the reliability and limitations

THE MIC (MINIMAL INHIBITORY CONCENTRATION) is the lowest
concentration of anti-infective which completely inhibits bacterial
growth (observed with the naked eye) after a given incubation period.

THE MBC (MINIMAL BACTERICIDAL CONCENTRATION) is the lowest
concentration of anti-infective which, after picking out into a medium
which does not contain the antibiotic, allows no growth of the bacteria.

SENSITIVE BACTERIUM :  the probability of achieving a therapeutic
success is high at the usual dosage.
INTERMEDIATE SENSITIVITY BACTERIUM : the therapeutic outcome is
less predictable, however, it is possible to treat the bacterium with a
higher dosage, or so long as the bacterium is located in those tissues
in which the antibiotic is naturally at a high concentration.
RESISTANT BACTERIUM : the risk of failure is high, even at a high
dosage.
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of this technique, but also on the reliability and limitations of all the other techniques implemented before-
hand, such as the sampling, isolation and identification of the suspected pathogenic bacteria. 

The R-I-S results provided by a laboratory must be considered carefully. In fact, these concepts of R-I-S are,
in most cases, based on a comparison of the (in vitro) MIC with the human serum concentrations attained in
vivo with the standard dosage regimens. These values have thus been determined from studies of man, and
not of animals !
Moreover, the diffusion-based antibiogramme provides information only about the bacteriostatic activity, and
not about the bactericidal activity of the tested anti-infectives.
The antibiogramme is designed to be used with rapid-growth bacteria, and thus the interpretations derived
are of little value for anaerobic bacteria or bacteria belonging to Genus Haemophilus; Pasteurella,
Campylobacter, Corynebacterium. Moreover, the antibiogramme produced by diffusion in agar is difficult to
perform for mycoplasmas or other pleomorphic bacteria (spirochetae, rickettsiae, chlamydiae). 
The diffusion in agar method does not reveal any interactions between two antimicrobial agents and does not
guarantee the clinical efficacy of the selected antibiotic. 
The in vivo activity may be less than that evaluated in vitro when the pharmacokinetic characteristics of the
anti-infective do not allow therapeutic concentrations to be attained at the site of infection (e.g. colistin that
is not resorbed after an oral administration, biotransformation, poor diffusion through tissues, etc.). 
Conversely, the in vivo efficacy of some treatments cannot be explained completely by the results of the anti-
biogramme, which does not evaluate the complementary activities of some molecules (e.g. inhibition of toxi-
nogenesis, post-antibiotic effect, stimulation of the immune system).

• 5. OTHER EXAMINATIONS

5.1  Histology

Histological investigation, alone or in combination with other techniques, plays a very important role in
diagnosing pathologies in poultry, and particularly viral infections. This role may even be essential since
in certain cases only histology can provide a certain diagnosis. However, it only rarely identifies the
aetiology of lesions of bacterial origin.

The quality of the sample taken and how it is preserved are essential since deterioration of the carcasses
and very early autolysis phenomena (particularly of nerve tissue, the kidneys and the gastrointestinal
tract) make it impossible to make an histological interpretation of any tissues which are sampled at too
late a stage and/or if they have been poorly preserved. Samples should, therefore, be taken from animals
which are slaughtered specifically for autopsy or from fresh carcasses.
Wherever possible, select specimens that have reached different stages in the course of the disease ; some
viral inclusions are very short-lived and are only visible at an early stage in the infection.
The choice of samples is guided by the case history and by the results of the autopsy. The same organs
will be sampled from all the autopsied subjects, even from those which had no macroscopically-visible
lesions. 

VIRAL DISEASES BACTERIAL DISEASES OTHERS

Avian encephalomyelitis Avian tuberculosis Aflatoxicosis

Infectious bursal disease Nutritional encephalamalacia 

Haemorrhagic enteritis in turkey Fatty liver disease

Inclusion-body hepatitis Various tumours

Infectious laryngotracheitis 

Fowl pox

Marek's disease

TABLE XXVI :  
Main avian pathologies for which histological examination is used as 

a common diagnostic technique  (WYERS, 1988)
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5.2  Parasitology

It begins during the necropsy with a macroscopic examination (binocular magnifying glass) which may
reveal certain helminths, another main way of investigating parasites is coprology

• Syngamus trachea in the respiratory tract,
• Capillaria contorta in the œsophagus and crop,
• Acuaria sp. in the gizzards,
• Capillaria sp., Ascaridia sp.for example in the small intestine,
• Heterakis gallinarum, Capillaria sp., Trichostrongylus tenuis in the caecum.

Moreover, the lesions observed during autopsy in the caecum and intestinal mucosa (haemorrhaging,
discoloration, thickening, deposit of fibrin, etc.) are also used to reveal or direct suspicion at a parasitic
infestation (coccidia), or even to establish a score in accordance with the JOHNSON and REID method.

The samples are taken either by scraping the intestinal mucosa during autopsy, or by collecting drop-
pings which are immediately mixed with normal saline.

It is often necessary to enrichen the samples. This involves concentrating the parasitic elements found
in the faecal matter so that they can be detected more easily. Concentration is generally achieved by using
the floatation method.

The microscopic coprological examination will then reveal the true parasitic elements :
• helminth eggs : Ascaridia sp., Heterakis sp., Capillaria sp., Syngamus trachea,...
• coccidia : oocysts and schizonts 
• segments of tapeworms : Davainea sp., Raillietina sp., Hymonolopis,...

It is also used to observe pseudoparasites, such as filaments and cells of plant origin, grains of pollen and
starch, muscle fibres, fungi spores, and the eggs and larvae of non-parasitic helminths.

The exact diagnosis, based on the morphology of the parasitic elements, requires a great deal of experience.

5.3 Haematology

Haematology provides accurate information regarding biological parameters. However, haematological
techniques are currently used rarely for diagnostic purposes, being more suited to experimental work
designed to evaluate the impact of a therapy on the animals.
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The infection of a bird by an extraneous organism induces, in most cases, the production of antibodies that
can fight this organism. This infection may be natural or artificial, such as a vaccination. Serology covers
the various laboratory techniques used to reveal, and if necessary quantify, these antibodies which are 
generally in the blood.

There are 3 main classes of antibody or immunoglobulin (Ig) :

• Ig M, which appear soon after the first infection, but which are short-lived.
• Ig G, which appear at a later stage, but which persist for a fairly long time.
• Ig A, also known as secretory immunoglobulins, which are produced mainly on the

surface of the respiratory or digestive mucosas and which are then involved in local
protection.

Numerous laboratory tests are used to detect Ig A, Ig M and Ig G in the blood. These tests are performed
on the serum of the blood, after the spontaneous coagulation of the blood and centrifugation. 
The tests for the detection of Ig in the tissues or secretions are not carried out routinely.

Serology is used for diagnostic purposes, for health and epidemiological monitoring and for monitoring
vaccinations. 
When establishing a diagnosis, serology is used to confirm a suspected clinical condition by revealing a
significant increase in the level of antibodies after a clinical outbreak. When the animals are not vaccina-
ted, the appearance of antibodies indicates that the birds have been exposed to a micro organism.
For health and epidemiological monitoring, serology is used, on a farm or regional scale, to analyse the rou-
tine samples taken with a view to identifying the passage of viruses. An unvaccinated animal living in a
zone free from a given disease ought not to carry antibodies against this disease, and if such antibodies are
detected this proves that the virus has been present.
For monitoring vaccinations, serology is used to determine suitable dates for vaccination, for example for
infectious bursal disease based on the level of maternal antibodies. Moreover, it is also used to monitor
whether the birds have become immunised. For certain diseases, it indicates the degree to which the birds
are protected, but in general it mainly provides information relating to the homogeneity of the immunisa-
tion and protection within the flock.

Serology is widely recommended and commonly used. Although it continues to be an element in the dia-
gnosis, it does not provide a diagnosis by itself. It must be considered in conjunction with clinical, necrop-
sic and epidemiological factors in order to establish the diagnosis. Unless these elements are taken into
consideration, the interpretation of the serological analysis is virtually impossible and certainly hazardous.

The tests most commonly used in current veterinary practice are presented in the following section.

• 1. THE MAIN SEROLOGICAL TESTS 

The basis of all serological tests is the detection and quantification of a reaction between the antibody requi-
red to be measured and the specific antigen being used.

SEROLOGY     C
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1.1  Agglutination test 

Agglutination tests are used to detect antibacterial antibodies.
The corpuscular antigen (supplied by the manufacturer of the test in the form of complete bacteria or anti-
gens bound to neutral particles) and the serum (to be tested) are mixed together as a suspension in a tube,
on a glass dish or in the micro-wells of a plastic dish.
The appearance of an agglutinate indicates the presence in the serum of antibodies that are able to bind
with the antigen and agglutinate the corpuscles.
If the suspension continues to be perfectly homogeneous, the reaction is said to be negative : there are no
antibodies in the serum that are able to agglutinate the corpuscles (Figure 21).
This test is straightforward and does not require very sophisticated equipment. Moreover, it allows antibo-
dies to be detected at a very early stage, since it preferentially detects Ig M which are the first to be secre-
ted. On the contrary, its specificity and sensitivity are poor and less than those of other tests.

This test is used for serological
detection by rapid slides agglutina-
tion (RSA) of mycoplasmas and 
salmonellae.

Figure 21 : 
Simplified diagram of the tube agglutination test

Antigens

No agglutinate

Serum :
antibodies ??

1.2  Precipitation test on agar

The principle behind the precipitation test on agar, otherwise known as immunodiffusion, is very similar
to that of the agglutination test. The precipitation test is carried out by diffusing the test substances in agar
in a Petri dish, and the reaction which indicates that antibodies have come into contact with the antigen is
a precipitation of the antigen–antibody complex, rather than the corpuscular agglutination observed with
the agglutination test.

The antigen is placed in a well, pierced in the agar, and the
sera to be tested are placed in wells pierced close to those
containing the antigen. The dish is then incubated for 24 to
48 hours at 37°C. During this period, the antibodies and the
antigens diffuse through the agar. When they come into
contact with each other, the complex produced precipitates in
the form of a precipitation arc which indicates the presence of
antibodies in the serum (Figure 22).
This test has been used for numerous diseases such as infec-
tious bursal disease, infectious bronchitis, Marek's disease,
laryngotracheitis, influenza, EDS 76 and infectious coryza.
Although inexpensive, the lack of sensitivity generally
means that other tests are preferred.

Figure 22 : 
Simplified diagram of a precipitation in agar in a Petri dish 

serums 1, 4 and 5 are positive ; serums 2, 3 and 6 are negative.

S2

Precipitation
arc

S1
S3

Ag

S4

S5

S6

Ag : Antigen
S1 : Serum 1
S2 : Serum 2
S3 :  Serum 3…
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1.3  Haemagglutination inhibition test (HI test) 

The basic principle behind this test is the ability of certain bacteria or viruses to agglutinate red blood cells (hae-
magglutination). 
The antigen provided by the manufacturer is brought into contact with the serum to be tested in the presence
of red blood cells. If the serum contains antibodies which were developed to counter the antigen, the antigens
will be neutralised and will not agglutinate the red blood cells. This is haemagglutination inhibition.
However, if the serum does not contain antibodies, the antigens are free and will agglutinate the red blood cells.
The degree of inhibition relates directly to the quantity of antibodies in the serum. This is a quantitative test.

Successive dilutions of the serum with a constant factor (usually a division by 2) are used to determine the
last inhibitory dilution and to give a value for the level of antibodies. Throughout the test, the quantity of
antigen is kept constant (4 or 8 antigen haemagglutination units or HAU).

The test is read when the control red blood cells (RBC control), placed in the wells without serum, have
agglutinated.
Sedimentation indicates the inhibition of agglutination and thus a positive result. The serum contains suf-
ficient antibodies to block the agglutination caused by the antigens.
Agglutination in a well, on the contrary, indicates a negative result. The serum does not contain sufficient
antibodies to inhibit agglutination.
Successive dilutions of the serum (usually by a constant factor of 2) enable the level of antibodies to be
determined.

The results presented, for example in figure 23 give the following levels of antibodies :
Serum 1 : 0 : no sedimentation, thus no inhibition of haemagglutination  
Serum 2 : 1/16 or 4 log2 : last sedimentation at the 1/16 dilution
Serum 3 : 1/32 or 5 log2
Serum 4 : 1/512 or 9 log2
Serum 5 : 1/256 or 8 log2
Serum 6 : 1/32 or 5 log2
Serum 7 : 1 /2  or 1 log2

The HI test is used for Newcastle disease, influenza, IB and EDS 76 serology. It is occasionally applied also
to the detection of mycoplasmas.

Figure 23 : Simplified diagram of an hemagglutination inhibition test (HI test) on a 96-well plastic dish.
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Serum dilutions 1/2 1/4 1/8 1/16 1/32 1/64 1/128 1/256 1/512 1/1024 1/2048 1/4096
Log2 1 2 3 4 5 6 7 8 9 10 11 12

Serum 1

Serum 2

Serum 3

Serum 4

Serum 5

Serum 6

Serum 7

RBC control
Haemagglutination

Sedimentation = Inhibition
of haemagglutination

RBC :  Red Blood Cell
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1.4  Enzyme-Linked ImmunoSorbent Assay (ELISA)

The ELISA test is based, in its simple form (indirect ELISA), on the binding of serum antibodies to 
antigens at the bottom of micro-wells. The antibodies bound to the antigens of the well are then revealed
by the action of enzyme-labelled chicken anti-antibody antibodies. A substrate (chromogen) is added,
which is sensitive to being hydrolysed by the enzyme and to changing colour. The intensity of the staining
is proportional to the quantity of bound antibodies. The test is read using a spectrophotometer which 
provides values of the optical density (Figure 24).

The result can be expressed usefully as
an ELISA titre by applying a mathemati-
cal formula which transforms the optical
densities into "titres". Feeding the
results from the spectrophotometer 
into a suitable software programme
transforms the data into a user-friendly
presentation of the results for all the
samples from a batch. The interpretation
of the results requires a certain degree of
experience and a good understanding of
the ELISA tool.

The most popular technique under field
conditions is the indirect ELISA test
since it can detect antibodies.
The popularity of the ELISA method
under field conditions is due to its 
simplicity, speed, low cost and the fact
that a large number of samples can be
examined at the same time. It is used to
study numerous bacterial, viral and
parasitic diseases. In avian pathology
these include :

- Infectious bursal disease
- Infectious bronchitis
- Newcastle disease
- Turkey rhinotracheitis
- Avian reovirosis
- EDS
- Avian encephalomyelitis
- Avian leukosis
- Infectious anaemia
- Salmonella enteritidis and S. typhimurium
- Pasteurella multocida
- Mycoplasma gallisepticum and M. synoviae
- Ornithobacterium rhinotracheale
- The mycotoxins found in the feed.
- etc…

Figure 24 : 
Simplified diagram of the main steps 

in an indirect ELISA test

Step 1 : 
Binding of the antibodies to the
antigens in the wells.

Step 2 : 
Antibodies bound to the antigens
in the wells.

Step 3 : 
After rinsing, binding of the
labelled antibodies to the fixed
antibodies

Step 4 : 
Labelled anti-antibody antibodies
bound to the antibodies under
investigation

Addition of chromogen

Step 5 : 
After rinsing, the staining is 
revealed by the action of an 
enzyme

Step 6 : 
measure of optical density using
a spectrophotometer
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There are also other types of ELISA test, such as 
• the ELISA "sandwich" whereby the antibodies to be measured are adsorbed at the bottom of the wells, with

the antigens then added on top. Antigen-specific labelled antibodies are then used to measure the quantity of
antigen bound to the antibody being measured which allows quantification of the antibodies present in the
serum compared with a control reference.

• the "competitive" ELISA test whereby the serum antibodies are added to the well at the same time as the anti-
gen-specific labelled antibodies. The 2 categories of antibodies then compete to bind to the antigen. After rin-
sing, the intensity of the staining allows measurement of the binding of the labelled antibodies, and in com-
parison with a control that does not have serum, to determine the quantity of antibodies in the serum.

1.5  Serum neutralisation (SN) or Viral neutralisation (VN)

These 2 tests, which share the same principle, are based on the neutralisation of the action of the virus by the serum
under test.
The serum under test for a given virus is mixed with a viral suspension for about 30 minutes and then the mixture
is inoculated into a suitable culture medium : e.g. embryonated egg, tissue culture or tracheal cartilage (for IB). 
The efficacy of the serum is determined in terms of its ability to neutralise the action of the virus in the culture
medium during the hours or days following the inoculation of the serum–virus mixture.

The antibodies contained in the serum are quantified, like for the HI test, by determining the last effective dilution.
Successive dilutions are performed either on the serum to be titrated (beta method) with a fixed viral titre, or on the
viral suspension (alpha method) with a fixed concentration of the serum under test.
These dilutions are produced either on a log2 or a log10 basis, and the results are expressed as the neutralisation index
for the alpha method or as serum dilution for the beta method which, in practice, is the most commonly used.

This method is extremely reliable in principle, yet requires a large number of cultures (usually embryonated eggs), a
laboratory that is accustomed to performing this technique and several days work.
Consequently it is fairly costly, and is reserved for the research or study of IB variants, etc..

Its specificity and the precise picture that it provides of the protection provided by the serum make this the referen-
ce technique for the serological study of a large number of avian viral infections. They are the reference standards for
the serological study of a number of diseases, including infectious bursal disease.

• 2. SEROLOGY APPLIED TO DIAGNOSIS  

Serology reveals whether or not the subjects have been exposed to the disease :  
• in unvaccinated birds or chicks hatched from unvaccinated hens : the presence of anti-

bodies indicates the passage or presence of the suspected disease.
• in vaccinated animals when the serological levels observed are not compatible with

those classically observed (generally much higher) or if the levels have varied suffi-
ciently to indicate the passage of the disease.

2.1  When should a sample be taken ?

Antibodies cannot be detected in blood immediately after the infection. A minimum of ten to fifteen days must 
elapse before antibodies appear or can be observed to increase significantly.

Exposure is revealed by detecting an increase in the levels of circulating antibodies. An antibody kinetic is
produced by taking blood samples at the start of the clinical outbreak, then 15 days to 3 weeks later. If there
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is a marked increase in the level of antibodies (a deviation of at least 2 log2), this indicates in most cases
the passage of a virus through the farm.

Since standard broiler chickens  are very short-lived, the sample is often taken at slaughter.
However, the longer lifespan of pullets intended to become layers or breeders, combined with the difficulties asso-
ciated with identifying certain infections, means that systematic screening programmes should be set up. For
example, screening should take place every month, for the investigation of mycoplasmas or every 8 or 12 weeks for
the investigation of salmonellae. This serological research is usually combined with bacteriological analyses or PCR
in the building or the birds.

2.2  Sample size

The size of the sample is a critical aspect of any serological study.

❜ PREVALENCE OF THE DISEASE / SENSITIVITY AND SPECIFICITY OF THE TEST

When using serology to establish a diagnosis, the prevalence of the infection in the flock must be taken into
consideration, i.e. the percentage of birds in the flock who are infected.
This value is not easy to predict, but can be approximated from the contagiousness and the speed of diffusion,
standard figures which are known for a given disease. When an extremely contagious disease such as infectious
bronchitis or Newcastle disease breaks out, the prevalence can soon reach 50 to 80% of the flock. However, for
diseases which spread more slowly (EDS for example) or which are not as contagious, the prevalence is lower.

This prevalence determines, to a large extent, the number of samples which should be taken. In fact, if the 
prevalence is low (0.5 to 5 %), the number of samples needs to be increased, to improve the likelihood of 
finding one or more positive animals. On the contrary, if a large number of animals are affected, it is much more
likely to find positive animals more quickly which indicate the passage or presence of the disease.

The sensitivity of the test has a strong
influence on the size of the sample required
for a serological diagnosis insofar as the test
relies on finding animals which are carriers
of antibodies from a given sample. The 
sensitivity of the diagnostic investigation
increases with the size of the sample. 
On the contrary, the specificity of the inves-
tigation is reduced by an increase in the size
of the sample. This is because, for a given
test, an increase in the number of analyses
increases the likelihood of detecting false
positives.

In fact, a compromise should 
be found between both
(Table XXVII).

In practical situations in
industrial poultry farming,
the size of the flock, the
contagiousness of the viral
diseases and thus their preva-
lence results in the need to 
take 15 to 20 blood samples for effective diagnosis. However, the detection of low-prevalence micro-organisms,

THE SENSITIVITY : of the test used is a statistical measure of the percen-
tage of infected animals which are found to be positive by the test. This para-
meter illustrates the ability of the test to actually detect infected animals.
When the sensitivity of a test is high, there will be very few false negatives
(i.e. infected animals which are detected as negative).

THE SPECIFICITY : of the test is a statistical measure of the percentage
of uninfected animals which are found to be negative by the test. This para-
meter illustrates the ability of the test not to detect uninfected animals.
When the specificity is high, there are very few false positives (i.e. uninfec-
ted animals which are detected as positive).

PREVALENCE % 30 AND OVER 25 20 15 10 5 2 1 0.5

Flock size
200 8 11 13 18 27 51 105 155 190
500 8 11 14 19 28 56 129 225 349
1000 8 11 14 19 29 57 138 258 450
5000 8 11 14 19 29 59 147 290 564
10 000 and over 8 11 14 19 29 59 148 294 581

TABLE XXVII : 
Approximate number of samples to be taken, based on the size of the population and 
the prevalence of the disease (a risk = 5% and test sensitivity = 100%). (De WITT, 1999)
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mycoplasmas or salmonella, in flocks of breeders, for example, can result in a considerable increase in sample
size being required.

2.3  Example 1 : infectious bronchitis 

From a serological viewpoint, it is always difficult to establish general rules. The figures are only interesting and 
relevant when they are considered in conjunction with a clinical picture and/or an epidemiological study. Only the
principles underlying the use of serology as a diagnostic tool can be described accurately, although a few guideline
values can be suggested for specific examples.

Diagnosing infectious bronchitis in broiler chickens is clinically very difficult to carry out since the respiratory 
symptoms which it causes can also be due by numerous other common factors.
The serological study of blood samples taken at the slaughterhouse can confirm the diagnosis, or at least support the
suspicion of an outbreak.

In fact, De WITT (1992) clearly showed, for vaccinated birds, that the average ELISA titres at slaughter were higher
for vaccinated birds who were then infected during rearing than for vaccinated birds who were not infected. Figure
25 below presents the results for 37 flocks :

In this study, infectious bronchitis was diagnosed by immuno-fluorescence on tissues which revealed the passage of
the virus. Samples were taken regularly during the rearing period and enabled the diagnosis to be made with certainty.
ELISA analyses were then carried out on blood samples at slaughter using the laboratory's own ELISA kit.
The graph shows that the average titres for the infected flocks are clearly higher that those for the uninfected
flocks.

The figures indicated are those obtained using an ELISA kit developed by the laboratory. It is classically accepted,
for commercially-available ELISA kits, that the threshold value lies at around 2000 to 3000 for infectious 
bronchitis. 
If the average titre or a significant proportion of individual animals is above these values, it is highly likely that the
flock has been exposed to the passage of infectious bronchitis. Ten to fifteen samples taken at the slaughterhouse
enable ELISA-based serology to strongly suggest or to rule out the viral passage of IB.

Class of average IB titres for the flocks

Number of flocks

6

7

5

4

3

2

1

0

2 3 4 5 6 7 8 9 10 11

Uninfected flocks

Infectd flocks

Threshold

Figure 25 : Distribution of the average
ELISA IB titres for flocks infected 
or not with infectious bronchitis. 

The titre values were obtained with an
ELISA kit that is not 

commercially available. 
(De WITT, 1992).
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2.4  Example 2 : Newcastle disease

A few principles underlying the use of serology in diagnosing Newcastle disease are explained in the following two
examples.

❜ EXAMPLE OF USE IN BROILER CHICKENS

When broiler chickens are vaccinated using live vaccines only, and when the clinical signs suggest the passage of
Newcastle disease, serology provides a valuable tool in confirming the passage. The analysis using ELISA or HI
of blood samples taken at the slaughterhouse enables an objective assessment to be made of the infection.
When broiler chickens are vaccinated twice with live attenuated vaccines, without the use of inactivated vaccines,
the titres at slaughter are, in general, between 3 and 6 log2 using the HI test (4 HAU units) or 1000 to 2000 using
the ELISA test.
If a viral passage of Newcastle disease is suspected, but the pathognomonic lesions cannot be identified, then
serology at slaughter can provide valuable clues. In fact, so long as the clinical outbreak occurs at least ten days
before slaughter, a significant increase in the average titres at slaughter is observed, with high titres in most cases.
Thus, the average values at slaughter of around 9 to 11 log2 HI test or 5000 to 8000 (or more) with ELISA are
indicative of a viral passage.
A minimum of 10 days must elapse between the clinical events and taking the blood samples so as to allow the
antibody levels (seroconversion) to rise sufficiently. Where slaughter is scheduled to take place shortly after the
clinical signs are seen, a group of 15 to 20 chickens can be kept back for a short while to leave time for sufficient
seroconversion to occur.
The combination of epidemiological elements, clinical symptoms, observed lesions and serological results enable
the veterinarian, in this specific case, to make a diagnosis.

❜ SEROLOGY ASSOCIATED WITH NEWCASTLE DISEASE FOR LAYING HENS DURING 
LAYING.

Serology can provide information that confirm or suggest the viral passage of Newcastle disease in laying hens
or breeders.
Indeed, in certain cases, the viral passage is only expressed by a drop in egg production with no observable 
symptoms or lesions. In fact, the birds generally receive, after the vaccination with a live attenuated vaccine, an
injection of inactivated vaccine shortly before the start of laying. This vaccination reduces the clinical expressions
of the disease to simply a decrease in egg production.
In such a case, it is possible to produce a kinetic of the antibodies by taking samples starting from the initial
observation of the drop in egg production, and up to 3 to 4 weeks later. If a viral passage occurred, an increase
is observed in the serological titres, up to values of 11 to 12 log2 as measured by the HI test (4 HAU) together
with, particularly, homogenisation of the titres within the flock.
This type of observation, combined with clinical and epidemiological elements, supports the diagnosis.
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• 3. USING SEROLOGY TO MONITOR VACCINATIONS  

3.1  Sample size

The main aim of using serological analysis to monitor vaccinations is to determine the average titre and the standard
deviation (or the coefficient of variation) of the population's titres.
In this case, the sample size must be adjusted depending on the homogeneity of the population's titres. 
If the population is extremely homogeneous, a limited number of samples (12 to 15) is sufficient to provide a rele-
vant value of the average of the population. However, if the titres within the population are very heterogeneous, and
vary greatly, the number of samples must be increased to obtain a relevant average.

The past history of the flock or of previously-performed serological analyses can, in principle, be used to evaluate this
homogeneity.
Under the conditions encountered in the field, the number of samples is a compromise between the statistically-cor-
rect value and the cost of the analysis.

The minimum size normally required for monitoring vaccinations is 18 to 20 blood samples. This figure must be
increased when the heterogeneity of the sample increases or is thought to be high.

3.2  Determining the vaccination date: applied to infectious bursal disease

One of the major problems associated with vaccinating against infectious bursal disease is that the live vaccine virus
is neutralised by maternal antibodies. This characteristic is so important with infectious bursal disease that vaccina-
tion cannot be given until these maternal antibodies have partially or totally disappeared. At the same time, it is hazar-
dous to wait too long since the birds may become infected by direct contact with the wild virus. The key is therefo-
re to vaccinate neither too early nor too late.

Various calculation techniques are used to determine the optimal vaccination date, which depends on :
- the ELISA infectious bursal disease titres for young chicks (1 to 3 days old),
- the type of vaccine used,
- the type of bird.

These techniques are described in the chapter on infectious bursal disease.
A few examples are presented here to illustrate the use of these calculation tables.

❜ FOR BROILER CHICKENS :

In practice, the ELISA-based assay of antibodies is carried out on blood samples (18 to 23 samples) taken from
day-old chicks. The average of the titres is then studied to determine the vaccination date.

For example :
- If the average titre is 3 000 ELISA at day one, table XXVIII suggests vaccination after 12 days. 
- If the average titre after 1 day is 4 500 ELISA, the recommended age at vaccination is 15 days.
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This vaccination date becomes more relevant
and accurate if the individual titres are homoge-
neous. The minimal and maximal titres obser-
ved, and particularly the coefficient of variation
(CV) are used to evaluate this homogeneity. 
The CV is the ratio of the standard deviation (∂)
to the mean (m) for the sample: 

The homogeneity of the individual titres to the mean of the CV is estimated based on the following guidelines
(Table XXIX) :
If the individual titres are slightly homoge-
neous or heterogeneous, it is advisable to give
2 successive vaccinations to cover the entire
population. For broiler chickens, the first vac-
cination is given 2 days before the date calcula-
ted from the mean, with the second vaccination
given 2 days later.
Thus for a mean titre of 4 500 ELISA and a CV
of 70 or 90 %, it is advisable to vaccinate once
when the birds are 13 days old (15 days – 2
days) and again at 17 days old.

Broiler chickens 
Average titre (ELISA) for samples taken Recommended age at vaccination 
from birds between 1 and 3 days old (days) IBD vaccine, Intermediate 

Plus type

1500 or <1500 9

1750 10

2000 10

2250 10

2500 11

2750 12

3000 12

3250 12

3500 13

3750 14

4000 14

4250 15

4500 15

4750 16

5000 16

5250 17

5500 17

5750 18

6000 18

6250 18

6500 19

6750 19

7000 and >7000 20

TABLE XXVIII : 
Summary of the recommended vaccination dates for standard
broiler chickens with Intermediate Plus vaccines, based on the

average titre when the chicks are between 1 and 3 days old
(modified KOUWENHOVEN's formula) (GARDIN 1994).

CV % = — x 100
m

C.V. values Individuals titres 

< 30 % Extremely homogeneous

30 to 50 % Homogeneous

50 to 80 % Slightly homogeneous

> 80% Homogeneous

TABLE XXIX: 
Guideline categories for interpreting the CV values.
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❜ FOR PULLETS INTENDED TO BECOME LAYERS OR BREEDERS :

For pullets intended to become layers or breeders, the reduction in maternal antibodies is slower, which results
in a much greater variation in the determination of the vaccination date. To resolve this problem, 2 successive
vaccinations are systematically recommended, 6 days apart.
The mean ELISA titre measured when the chicks are between 1 and 3 days old is used to determine a central vac-
cination date (CVD). To this CVD are deducted and added 3 days to obtain the two successive vaccinations dates.

For example, if a mean ELISA titre of 5000 is
measured for day-old pullets, the CVD is 
20 days. The recommended vaccination 
dates, according to the table, will be 17 days 
(20 – 3 days) and 23 days (20 + 3 days) for an
intermediate Plus vaccine.

3.3  Serology for monitoring breeders or layers

Serology is applied to layer or breeder hens for several reasons :
• to check that the bird has been immunised as a result of receiving live and inactivated vaccines during the

rearing period.
• to check the protection conferred to the chicks.

The serological monitoring of the vaccination of
layers or breeders is carried out classically by taking
a blood sample after 10, 18, 24, 40 to 42 and 60 to
70 weeks.

Sampling at these dates paints a serological picture
of the key moments in the life of the bird and of the
vaccination programme (Figure 26) :  
➞ 10-14 weeks : Checking the quality of the 

vaccinations with live attenuated vaccines,
➞ 18 weeks : Determining the baseline titres

when injecting with the oily inactivated
vaccine,

➞ 24 weeks : Checking the immunisation 
provided by the oily inactivated vaccine,

➞ 40 - 45 weeks : Checking the stability of the
titres and the quality of the vaccine protection,

Level of antibodies  CVD 1st vaccination 2nd vaccination
on day one (ELISA) 

8000 25 22 d 28 d

7500 24 21 d 27 d

7000 24 21d 27 d

6500 23 20 d 26 d

6000 22 19 d 25 d

5500 21 18 d 24 d

5000 20 17 d 23 d

4500 19 16 d 22 d

4000 18 15 d 21 d

3500 17 14 d 20 d

3000 15 12 d 18 d 

2500 13 10 d 16 d

2000 12 9 d 15 d

TABLE XXX : 
Recommended vaccination age for pullets intended to become
layers or breeders based on the mean ELISA titre at day one 

and on the calculated central vaccination date.  (GARDIN, 1994).

Titre

Monitoring
primer

Monitoring 
booster

Monitoring
at mid-lay

Monitoring at the
end of laying

Figure 26 : Optimal blood sampling dates for the serological monitoring of
vaccination in layers or breeders (Alv : attenuated live vaccine ; Oiv : Oily

inactivated vaccine).

Time

(60 w)(40 - 45 w)(24 w)(18 w)(10 - 14 w)

{

Alv Oiv
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Figure 28 : Average IBD ELISA titres for 19 flocks of breeder hens 
during lay after vaccination with live attenuated vaccines, 

and then after 18 weeks with the injection of an oily inactivated vaccine
(ROSSIGNEUX, 1991).

➞ 60 – 70 weeks : Checking the titres at the end of laying.
A series of samples taken during these periods are used to check the quality of the vaccination programme set
up as well as how well it is performed under field conditions.

❜ Both for infectious bronchitis and Newcastle disease, the main aim of the serological 
analysis is to form an objective assessment of the immunisation conferred by inactivated 
vaccine (Figure 27).

When the serological IB titres during laying are
much lower than the expected levels, the vacci-
ne administration technique should be checked
(both for live and inactivated vaccines).
It is also possible that a viral passage of IB may
have occurred when the birds were between 10
and 18 weeks old. In fact, viral passages of late-
onset infectious bronchitis (after 10 weeks old)
interfere very strongly with the immunisation
conferred by inactivated vaccine. The serologi-
cal titres are clearly affected with significantly
reduced average values.  

❜ For infectious bursal disease, serological analysis during lay for breeders is used to 
evaluate indirectly the antibodies passed on to the progeny.

It is difficult (but not impossible) to calculate
reliably the levels of antibodies passed on to the
chicks directly based on the antibody levels
determined for the breeders. However, if the
breeders had been vaccinated correctly with
live attenuated vaccines and then with an inac-
tivated vaccine before the start of lay, high and
homogeneous maternal levels provide a guaran-
tee of good transmission to the chicks. These
maternal antibodies protect the chick at the
start of its life. Their homogeneity in particular
is a prerequisite for accurate prediction of the
vaccination date.

The titres of infectious bursal disease antibodies
are generally fairly stable during lay in breeders
vaccinated with a high-quality inactivated 
vaccine when they are 18 weeks old (Figure 28)

Figure 27 : A graph of the typical vaccine response against infectious bron-
chitis as measured using the ELISA test in layers after an IB vaccination

(H120 vaccine after 4 and 10 weeks old and oily inactivated vaccine after
18 weeks) (ROSSIGNEUX, 1992).
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