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Summary
It is likely that about 25% of Australian sheep flocks are lousy and up to 80% flocks are chemically
treated to ensure that they are protected from lice infestation. It takes several months before any sheep
show clinical signs of the infestation and the diagnosis of sub-clinical lice infestation is vital to any lice
eradication programs. CSIRO Animal Health (currently CSIRO Livestock Industries), NSW Agriculture
and the Woolmark Company have been working since 1996 towards the development of a test to
diagnose sub-clinical louse infestations at shearing. CSIRO produced a series of monoclonal antibodies
(MAbs) raised against various preparations containing antigens.  A laboratory test based on a capture
ELISA assay was developed. It was extremely sensitive with negligible background 'noise’, was specific
for sheep body lice; used a sample that was easily collected at shearing (which theoretically, was
representative of the whole mob) and it could be completed in less than 24 hours. A commercial partner
is currently working on the development of a prototype kit – Mark II, utilising new batches of purified
antibodies produced by both in vivo and in vitro methods. Australian Wool Innovation Limited (AWIL)
has invited the group to submit a second project application to progress the development of the test. The
new project has a strong commercial focus.
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The problem

It is likely that about 25% of Australian sheep flocks are lousy, however, it varies from district to district
and from state to state (Project Business Plan, ABARE Survey, October 1997). Avoidable infestations
may be the result of the introduction of lousy sheep, either deliberately or via strays, or the consequence
of inappropriate or ineffective insecticide treatment of lousy sheep. Sheep lice populations increase only
slowly and may take 2 years to become troublesome on insecticide-free animals. Similarly, lice
transmission from infested to 'clean' sheep is a slow process. Insecticide treatments affect the growth of
lice populations. Failure to eradicate lice by insecticide application to sheep in short wool does not
become obvious until 5-8 months later, when infestations on the worst affected sheep cause them to rub.
By this time the insecticide residues have declined below therapeutic levels. Clearly, it takes several
months before any sheep show clinical signs of the infestation, irrespective of whether sheep become
lousy as a result of ineffective insecticide treatment or as a result of introduced sheep. This is
unsatisfactory from the point of view of the infestation control and/or eradication. The diagnosis of sub-
clinical lice infestation is vital to any lice eradication programs that producers may instigate.

Presently, a large proportion of woolgrowers use insecticide application soon after shearing in case their
sheep have undetected lice, or to ensure that they are protected from lice infestation (up to 80% flocks
are treated; Project Business Plan, ABARE Survey, October 1997). Many would choose to save the cost
of treatment and, in doing so could reduce the insecticide residue content in their wool clip, if they were
confident that their sheep were free of lice.

CSIRO Animal Health (currently CSIRO Livestock Industries), NSW Agriculture and the Woolmark
Company have been working since 1996 towards the development of a test to diagnose sub-clinical louse
infestations at shearing. The aim is to involve a commercial partner in the development of an on-farm
diagnostic test capable of:
(i) detecting very light louse infestations carried by most sheep in a mob (mimicking the result of an

ineffective insecticide treatment some months earlier), and
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(ii) detecting infestations present at sub-clinical levels on only a small proportion of sheep within a
mob (mimicking the introduction of lousy sheep in the 6 months preceding shearing).

The project

Immunology and MAb production
CSIRO produced a series of monoclonal antibodies (MAbs) raised against various preparations
containing antigens extractable from lice infested wool or somatic antigens of sheep lice eggs, nymphs
and adults. MAbs raised against extractable antigens proved to be unsuitable due to their low sensitivity
and specificity.

Four groups of MAbs raised against somatic antigens, coded 108, 208, 305 and 402 were classed as IgG1
and detected different antigens in Western Blot analysis. The specificity of these MAbs was tested using
sheep blowfly (larvae and adults), other louse species (both biting and sucking) and psocid (nearest
related insect Order to lice). Sensitivity was assessed using a standard sheep louse homogenate. Each
MAb was sensitive but 305 was the most sensitive in a capture ELISA.

MAbs were produced by both in vivo (ascites in mice) and in vitro (tissue culture) methods. MAbs
produced by the in vivo method work well in capture ELISA. The suitability of in vitro produced MAbs
for capture ELISA is currently being evaluated.

Sampling - looking for a needle in a haystack
Two sampling procedures were considered for use in the lab (ELISA) and “on farm” (commercial kit)
tests. Initial investigations focussed on searching for louse proteins in wool washings. The “locks” were
considered the wool line most likely to contain lice. Sample preparation entailed homogenisation of
relatively large amounts of wool. This required specialised equipment and was technically difficult.
There were also opportunities for cross-contamination of samples when locks were collected from
beneath the skirting table during shearing.

An alternative to wool that is available at shearing is the waxy debris that accumulates on the cutters and
comb used with shearing handpieces. During shearing the handpiece is run over the entire wool-bearing
surface of all sheep in a mob. Although several shearers may be involved the potential exists to 'sample'
all sheep by collecting the comb and cutter debris from each shearing handpiece. This approach was
considered the best way of collecting samples and has been used since early 1999. Other advantages are
that the sample has already been partly macerated by the shearing action of the cutting blades and is quite
stable when stored frozen.

For testing, the comb and cutter debris samples are  homogenised in phosphate buffered saline containing
2% detergent. After centrifugation the supernatant is suitable for use in the laboratory assay.

The laboratory test
An “indirect sandwich” capture Enzyme Linked Immuno-sorbent Assay (capture ELISA) was developed
based on the MAbs raised to louse antigens.

For the development of the capture ELISA sterile louse homogenate was injected into rabbits in order to
elicit anti-louse antibodies for use in Step 2 of the ELISA. However, rather than maintain large numbers
of rabbits (so that large volumes of serum could be harvested) this work was repeated using goats.
Produced serum was of appropriate quality and was used in future assay development.

In the capture ELISA MAbs are bonded to the plastic surface in the wells of an ELISA plate. The test
sample, which may or may not contain louse antigens (protein) is then suspended in buffer and added to
the wells.  The louse proteins, if present, are captured by the MAbs. The second antibody raised to louse
homogenate in the goat is then added. It too binds to the louse proteins. An “off the shelf” enzyme-linked
anti-goat antibody causes a substrate to change colour when it too, is added to the wells. Washing steps
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in between the various additions remove non-binding reagents so that the addition of the colour change
substrate only elicits a colour change if louse protein was present in the original sample.

A great deal of work went into the development of the capture ELISA. Considerable refinement
improved sensitivity and eliminated much of the 'background' non-specific binding. Critical factors found
to have a large impact on the performance of the ELISA were:
- incubation times and temperatures for the various steps,
- the choice of plate “blocking agent”,
- the brand of ELISA plate,
- the use of detergents etc.

At the end of the exhaustive development phase the capture ELISA was technically straightforward. It
was extremely sensitive with negligible background 'noise’, was specific for sheep body lice; used a
sample that was easily collected at shearing (which theoretically, was representative of the whole mob)
and it could be completed in less than 24 hours.

Laboratory trials used homogenised comb and cutter debris from lice negative flocks and from lice
negative flocks, which had been “spiked” with louse homogenate. Results of serial dilution experiments
indicated the limit of detection of the laboratory ELISA to be 1/500th louse per mL of sample.

In real life, however, detection of louse proteins in the ELISA will rely on two events happening:
(i) the shearing action of the handpiece blades contacting lice during shearing; and,
(ii) entrapment of the louse protein in the waxy debris that accumulates in the hollow backs of the

cutters and on the comb(s).

A controlled field trial
To investigate this further a trial was conducted at EMAI with 150 lice-free sheep carrying 11 months
wool growth. Adult lice were removed by suction from donor sheep for “seeding” onto the lice-free
recipient sheep. Five groups, each of 30 sheep were used. Each sheep in these groups was infested with
100, 50, 25, 10 or 0 (negative control) lice. Each group of 30 sheep was further divided into 3 sub-groups
of 10 sheep. The groups of lice were placed together on the left mid-side of the sheep. A month later,
beginning with the controls and proceeding in order of increasing level of infestation, the sheep were
shorn in their sub-groups. Clean combs and cutters were used for each sub-group. At the completion of
shearing the debris from the combs and cutters were scraped into labelled containers. With such small
group sizes very little sample was retrieved, however, there was enough to conduct standard ELISAs for
each sub-group (N=10). The remaining material for each 3 sub-groups was then pooled to form a group
sample (N=30).

Results indicated that only 1 sub-group in the 10, 25 and 50 lice/sheep mobs would have been diagnosed
positive for lice whereas 2 of the 3 sub-groups in the 100 lice/sheep group would have been correctly
identified. We were encouraged by the ELISA results for the “pooled” group samples, as each was
recognisably positive for lice compared to the controls.

Sample variation
During the development work it was noticed that ELISA absorbance results for samples from different
'lice free' mobs varied. Clearly, the sensitivity of the test would be limited by this variability as, at some
point, a threshold absorbance value that would reliably discriminate between lousy and clean samples,
needed to be set. We addressed this issue by collecting large quantities of comb and cutter debris during
annual shearing at New South Wales properties known to be free of lice. A “pooled” lice negative sample
was also 'spiked' (0.5 lice/mL of sample) as a positive control. The intention here was to determine the
appropriate dilution on the ELISA plate to keep the positive control reading in the linear part of the
absorbance curve, thereby maximising accuracy and as a check of the reproducibility of the ELISA.

Commercial development
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While the ELISA development work at EMAI was under way, CSIRO was searching for potential
commercial partners to transfer the ELISA technology to a diagnostic kit for “on-farm” use. AGEN
Biomedical produces several diagnostic kits based on antigen capture (the basis of the ELISA test). Each
of these kits is produced in a rapid immunochromatography test (ICT) format (largely commercialised
under the WITNESSTM brand). AGEN indicated their interest in the project primarily if the technology
could be transferred to the ICT system.

AGEN produced a prototype kit  (Mark I) in which antibody coated gold particles bind to lice antigen if
present, and migrate down a nitrocellulose membrane. The antigen-antibody-gold conjugate then binds to
an immobilised polyclonal antibody on the membrane and a coloured line develops through the
accumulation of coloured gold particles. AGEN also tried reversing the orientation of the antibodies such
that the polyclonal antibody was on the gold and the monoclonal antibodies were on the membrane.
Incubation times, sample concentration and sample buffers were varied in an effort to improve
performance. Unfortunately, neither approach succeeded. In a prototype kit Mark I lice-negative and -
positive samples could not be discriminated. These first attempts were very ambitious. It would have
been remarkable if the elaborate ELISA performance could be immediately transferred to the ICT
system. AGEN is currently working on the development of a prototype kit – Mark II, utilising new
batches of purified MAbs and PAbs produced by both in vivo and in vitro methods.

Where to from here?
The future of a simple on-farm diagnostic kit to detect sheep lice in comb and cutter debris remains
unknown, as the commitment of a commercial partner is not yet established. However, encouraged by the
sensitivity of the ELISA against real life samples, Australian Wool Innovations Limited has invited the
group to submit a second project application to progress the development of the test. The new project has
a strong commercial focus. As such there is a “'decision milestone” at 6 months requesting AGEN to
declare its commitment to the project or withdraw, leaving the way open to alternative companies. A
new, alternative company would be sought appropriately from Australia or overseas. The principal aims
of the project are:
1. To facilitate the commercial development of a simple diagnostic test that could be conducted in the

shearing shed by the producer.
2. To run the ”in-shed” test in parallel with the ELISA using a large number of field samples. These

samples will be collected from properties chosen because of certainty regarding the lice status of
their flocks.

3. To conduct another controlled experiment at EMAI to estimate the sensitivity of the “in-shed” test
relative to the ELISA. This would be done in 2 ways:
- by infesting all sheep in a mob with a low number of lice (to mimic a control failure)
- by infesting 10 % of the sheep in a mob (to mimic the introduction of lousy sheep into a 'lice-

free' mob).
If no ”in-shed” test is produced, despite realistic attempts to attract a new commercial partner, the project
has a fourth aim:
4. To run a pilot program of a laboratory-based diagnostic service. This program would be used to

determine costs, likely turnaround times and growers' acceptance.

Constraints

Technical: There have been difficulties with in vitro production of the MAbs. This production system is
favoured over ascites production in mice (in vivo method) for ethical reasons. However, there are issues
with contamination and yield that must be overcome before guarantees can be made regarding reliability
of supply of high quality, consistent MAbs.

Commercial: Presently, AGEN is the only Australian company with any interest in commercial
involvement with the project (AGEN was selected from a group of six companies approached by
CSIRO). However, their interest is likely to be conditional upon utilising their ICT technology. AGEN
may not be capable or prepared to conduct all the development needed to transform the ELISA to a



Proceedings of the FLICS Conference, Launceston, June 2001

345

diagnostic kit. Withdrawal of AGEN would mean searching for another commercial partner, probably
outside Australia.
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