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Coprological methods for the diagnosis of
Anoplocephala perfoliata infection of the horse

RMC WILLIAMSON, I BEVERIDGE and RB GASSERa

Department of Veterinary Science, The University of Melbourne, 250 Princes Highway, Werribee, Victoria 3030

Objective To compare the sensitivities of three coprological
techniques for the diagnosis of Anoplocephala perfoliata
infection in horses and to assess the value of the methods for
diagnosis of horses at risk of clinical cestodiasis. 

Design Faecal samples were collected from necropsied
horses with or without A perfoliata infection and examined
using one sedimentation and two different flotation methods.
The coprological results were compared with worm counts
performed at necropsy of the horses and the degree of
mucosal damage. In addition, the efficiency of recovery of A
perfoliata eggs from faeces was tested.

Results The overall sensitivities of the methods ranged
from 22.5 to 37.5%, and the capacity of the methods to diag-
nose infection increased with the intensity of infection. A
simple flotation method achieved a better sensitivity (37.5%)
at all intensities of infection compared with the other two
methods (22.5 to 25%). That method was also more sensitive
in detecting eggs in ‘negative’ faecal samples spiked with
known numbers of A perfoliata eggs.

Conclusion The results indicated that, despite the low
sensitivities of present methods, faecal flotation is likely to be
of value in detecting horses at risk of clinical disease.
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S-method Sedimentation method
F1-method First flotation method
F2-method Second flotation method
epg Eggs per gram

Anoplocephala perfoliata is the most common tapeworm of
horses worldwide. Although there has been some investi-
gation into the use of immunological tests for the identi-

fication of horses infected with this parasite, diagnosis is usually
based on the examination of faeces for cestode eggs. A number
of studies have assessed several coprological methods for the
diagnosis of A perfoliata infection.1-7 However, the sensitivity of
the techniques for horses at risk of clinical disease has not been
assessed. Based on a recent study from Australia,8 there is
evidence that horses with large numbers of tapeworms may be
at greater risk of clinical disease as a consequence of extensive
mucosal damage. The ability of a diagnostic test to detect at-risk
horses requires a study of the relationship between intensity of
infection (that is number of tapeworms per horse),
pathogenicity and sensitivity (that is percentage of infected
horses determined to be test positive) of the diagnostic proce-
dure. The aims of this study were to determine the sensitivity of
three coprological (one sedimentation and two flotation)
methods for the detection of A perfoliata infection and to relate
the results with worm numbers and mucosal damage in each

infected horse, thus allowing an assessment to be made of their
diagnostic value in horses likely to be at risk of clinical disease. 

Materials and methods
Horses of different ages, types (Thoroughbred or Hack) and

physical conditions, and originating from different regions of
Victoria were obtained through a local knackery (Laverton,
Victoria). The gastrointestinal tracts of the horses were exam-
ined for the presence of A perfoliata, and the intensity of infec-
tion and the degree of mucosal damage were recorded.8 Faecal
samples were collected post mortem from the rectum of 40
horses infected with A perfoliata and from 15 uninfected horses. 

Sedimentation (S-) method 
Fifty grams of faeces (taken from several different faecal balls)

were mixed with about 100 mL of tap water and sieved through
a 2 mm mesh sieve, washed with 50 mL of water and pressed
with a spatula to recover as much of the water as possible. After
40 min, the supernatant was decanted until 50 mL remained.
The beaker was refilled to 200 mL with tap water and the
suspension allowed to stand. After 40 min, the supernatant was
decanted until 30 mL remained, and 1 mL thereof was exam-
ined (in about 200 µL aliquots) microscopically at 100 x
magnification. The remainder was used for the first faecal flota-
tion method. 

First flotation (F1-) method 
The volume of 20 mL of the sediment (above) was divided

between two 10 mL polypropylene test tubes and centrifuged at
1200 g for 4 min. The supernatant was decanted and the plug of
sediment suspended in saturated sucrose (475 g granulated
sugar in 350 mL water, specific gravity 1.28). After centrifuga-
tion at 1200 g for 4 min, 1 mL was aspirated from the top of
each tube with a Pasteur pipette (rimming the test tube), and
the samples combined in a separate tube and diluted with 8 mL
of tap water. The tube was inverted several times, then re-
centrifuged and the supernatant removed until 2 mL remained.
This sample was examined microscopically in about 40 µL
aliquots at 40 x magnification. 

Second flotation (F2-) method
Five grams of faeces were mixed with 50 mL of tap water and

sieved through a 2 mm mesh sieve, washing and pressing the
faeces with a spatula. After having been allowed to stand for 40
min, the supernatant was decanted until 2 mL remained. The
sediment was mixed with 8 mL of saturated sucrose solution
(specific gravity 1.28) in a 10 mL polypropylene tube and the
sample mixed well before centrifugation at 1200 g for 4 min.
The top 1 mL of supernatant was aspirated with a Pasteur
pipette (rimming the tube), transferred to a fresh tube and
diluted with 9 mL of tap water. The tube was inverted several
times and re-centrifuged. The supernatant was then removed,aCorresponding author
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obtain a lower limit to the confidence interval of at least 90%,
faecal samples from 45 uninfected horses would need to test
negative.

Discussion
The sensitivity of the F2-method (37.5%) was considerably

lower than the 61% sensitivity attained by Proudman and
Edwards.6 The centrifugation technique of Beroza et al5

achieved a sensitivity of 50%. However, that technique was vali-
dated on a sample of only six infected horses. Beroza et al4 also
achieved a higher sensitivity using a flotation technique with
saturated sucrose, detecting tapeworm eggs in 8 of 18 faecal
samples (44%). Other studies which have obtained higher
sensitivities than the current study are those of Slocombe1 (40%
from 10 samples) and French et al7 (40% of 6 samples).
However, the sample sizes in the last three studies were insuffi-
cient to establish the value of the techniques. The three methods
evaluated in this study achieved a higher sensitivity than those
used by Slocombe1 and Lyons et al.2,3

The lack of information regarding the intensities of infection
in previous studies makes comparison of the results difficult. A
large proportion of horses harbouring many tapeworms would
be expected to maximise the sensitivity of any test performed.
Both the current study and that of Proudman and Edwards,6

the faecal plug resuspended in 500 µL tap water and examined
microscopically in about 250 µL aliquots at 40 x magnification.

‘Spiking’ of faeces with known numbers of eggs
A specimen of A perfoliata was crushed and sieved through a

2 mm mesh sieve to isolate eggs, which were then allowed to
stand in a 10 mL test tube. After 30 min the supernatant was
decanted until 2 mL remained. The number of eggs per mL was
calculated. Faecal samples from horses without A perfoliata
infection (determined by necropsy) were then spiked with
known numbers of eggs: 200, 100, 20, 10, 2 and 1 epg. The
spiked samples were then examined using the three diagnostic
methods. For each sample, three counts were performed and the
mean value determined. The number of epg and percentage of
eggs recovered were recorded. 

Statistical analysis
The relationship between the sensitivity and the category of

intensity of infection was analysed using Fisher’s exact test.9

Pearson’s correlation coefficient was used to estimate the rela-
tionship between log10 intensity of infection and number of
eggs found. A probability of < 0.05 was considered significant.
Confidence intervals for sensitivity, specificity and correlation
coefficient were calculated.9

Results
The samples from horses examined at necropsy and found to

be infected with A perfoliata (Table 1) showed that the F2-
method was superior in overall sensitivity (37.5%) at all intensi-
ties of infection compared with the other two methods (22.5 to
25%). The F2-method was also more sensitive in detecting eggs
in faeces of horses without A perfoliata infection after the
samples had been spiked with known numbers of eggs (Table
2). The F2-method detected eggs in all spiked samples, while
the other two methods failed to identify samples containing
small numbers of eggs. Eggs were not detected in samples
containing 10 epg (S-method) and 1 epg (F1-method). A larger
number of eggs was consistently recovered from the spiked
samples using the F2-method. All three methods showed a
significant increase in the percentage of eggs recovered from
faeces with decreasing numbers of eggs introduced (Table 2).

There was an association between intensity of infection and
sensitivity when evaluated by Fisher’s exact test (Table 1). The
F2-method achieved the highest sensitivity, despite its weaker
association with intensity of infection. There was an increase in
sensitivity of the test at greater intensities of infection (Figure
1). Horses were sequentially excluded from the sample based on
(the category of ) intensity of infection, beginning with the
lowest intensities, and the sensitivity of the test calculated based
on the remaining horses.

A correlation between log10 intensity of infection and epg
detected by the F2-method was demonstrated by Pearson’s
correlation coefficient (r = 0.374, P = 0.017). The small number
of samples resulted in a wide confidence interval (95% confi-
dence interval 0.01 to 0.61). A slightly weaker correlation was
demonstrated with the F1-method (r = 0.337, P = 0.033, 95%
confidence interval 0.03 to 0.59).

Faecal samples from 15 horses without A perfoliata infection
were tested by the three methods. As anticipated, all samples
gave negative results (specificity 100%). However, the relatively
small numbers of negative samples examined gave a large confi-
dence interval (95% confidence interval 65.6% to 100%). To

Table 1. Sensitivity of three faecal flotation techniques used to recover
eggs from the faeces of horses with different intensities of
Anoplocephala perfoliata infection.

Intensity of infectiona Sensitivity (%)
(No. of horses) 

S-method F1-method F2-method

1-9 (18) 5.6 0 16.7

10-39 (10) 20 30 40

40+ (12) 50 58.3 66.7

Total (40) 22.5 25 37.5

Fisher’s exact test
(Sensitivity versus

intensity of infection)

P value 0.01 0.0004 0.02

aIncludes both adult and juvenile stages of A perfoliata

Table 2. Eggs recovered from faecal samples spiked with Anoplocephala
perfoliata eggs.

Eggs per gram No. of eggs per gram recovered
introduced (Percentage of those introduced)a

S-method F1-method F2-method

200 12 (6) 3.9 (2) 31.9 (15.9)

100 3 (3) 1.9 (1.9) 10.2 (10.2)

20 2.4 (12) 0.7 (3.3) 1.2 (6)

10 0 0.2 (2.4) 2.2 (22)

2 0.6 (30.3) 0.18 (9.1) 1 (50)

1 0.6 (62.5) 0 0.6 (60)

0 0 0 0

aThree counts were performed for each sample.
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the only two to investigate an association between sensitivity
and intensity of infection, have demonstrated that the two char-
acteristics increase concurrently. Almost half of the horses exam-
ined in the present study harboured fewer that 10 tapeworms,
exerting a significant effect on the overall sensitivity of the test.

The cause for the low sensitivity of the methods to detect A
perfoliata infection may be due to a retention of eggs in the
proglottides. Eggs are liberated when the proglottis degenerates,
which may not occur for some time after the faeces have been
passed. The release of proglottides into faeces may also be
sporadic,5,10 particularly at low intensities of infection,11 further
contributing to the low sensitivity. Another factor which may
have contributed to the low sensitivity in this study is the five
horses (12.5% of the sample) whose tapeworm burden
consisted entirely of juvenile worms. These worms were small in
size and had no gravid proglottides. It is assumed that at the
time of autopsy the horses had been infected for less than the
prepatent period (6 to 10 weeks), and therefore it is unlikely
that the worms were shedding proglottides into faeces.

A problem which may have contributed to the low sensitivity
of the S-method is the difficulty of detecting eggs in a sample
laden with debris. The eggs are often entangled in debris and
the greater density of the faecal sample required examination at
a higher magnification (100 x rather than 40 x), which is more
time-consuming and often precludes accurate examination of
the sample. The major difference between the F1- and F2-
methods was the greater number of manipulations in the F1-
method (including sedimentation). This could be a significant
source for egg loss and may have contributed to the low sensi-
tivity of the F1-method.

Spiking of faecal samples with eggs allows more reliable evalu-
ation of the tests because it eliminates the inaccuracies which
arise from the retention of eggs in proglottides. In a previous
study involving spiking of faecal samples,5 two concentrations
of introduced eggs were used (183 and 91 epg). The recovery of
10% of eggs by the centrifugation method used in that study
was inferior to that of the F2-method but more sensitive than

the other two techniques when similar numbers of eggs were
introduced (Table 2). However, the recovery of 1% of eggs
achieved by the flotation method5 was exceeded by all tech-
niques in the present study. The increased sensitivity of faecal
flotation tests at higher intensities of infection was demon-
strated by the fact that the three tests in the current study
detected eggs in samples with larger numbers of epg. Beroza et
al5 did not report any difference in percentage recovery between
the two intensities of infection. The increase in the number of
epg recovered from faeces with the lower numbers of eggs intro-
duced is difficult to explain.

Several authors have associated intensity of infection with
probability of clinical disease.1,10-14 The studies of Pearson et
al15 and Fogarty et al16 have further shown that intensity of
infection has a significant effect on the severity of lesions
produced on the gut wall. Thus, the correlation between inten-
sity of infection and sensitivity of a diagnostic test is important.
The significantly higher probability of a test identifying horses
most at risk of clinical disease makes it considerably more valu-
able to the clinician than the overall sensitivity would indicate.
Proudman and Edwards6 also demonstrated an increase in
sensitivity at higher intensities of infection (an increase from
61% overall to 92% when horses with fewer than 20 tapeworms
were eliminated from the analysis). The authors were, however,
unable to relate the finding to pathogenicity as the damage
caused by the tapeworms was not assessed in that study.

The correlation found in this study between intensity of
infection and epg recovered using the F2-method is of value
because it gives an indication of intensity of infection and thus
of the potential for clinical disease. The only other study in
which such a relationship had been investigated is that of
Proudman and Edwards,6 in which a correlation between these
factors could not be shown.

This study has demonstrated that a correlation exists between
intensity of infection, pathogenicity and the sensitivity of the
F2-method. Although the overall sensitivity of the method was
relatively low, its reliability at intensities of infection which may
predispose to clinical disease was significantly higher. The corre-
lation identified between intensity of infection and epg detected
gives an indication of the significance of the number of epg
recovered in a test sample. While a high egg count is a reliable
indication of a horse at possible risk of intestinal lesions, a small
number of eggs counted does not preclude the possibility that
the horse is harbouring a large number of tapeworms.
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Vaccinating against  bovine babesiosis 

This article is one of the series ‘Milestones in parasitology’. It tells the story of circumstances and events that lead to
the development of improved living vaccines for protecting cattle against babesiosis. The methods described have

saved the cattle industries in Australia hundreds of millions of dollars.
The authors’ abstract reads: ‘Between 1959 and 1996, research was performed to change a vaccine against

babesiosis in Australia and to improve it as actual or threatened untoward field responses became apparent. The most
significant change occurred in 1964 with the traditionally used carriers of Babesia being replaced as vaccine donors by
acutely infected splenectomised calves. This ensured the infectivity of the vaccine and was fortuitously associated with
a reduction in the virulence of Babesia bovis in vaccine. Since then, more than 27 million doses of highly infective
vaccine have been supplied from the laboratory at Wacol near Brisbane. This vaccine reduced serious losses from
babesiosis in vaccinated cattle in Australia to very low levels and has now gained acceptance worldwide. Research to
ensure the continuing effectiveness of the vaccine has proved to be essential.’

The work was done in Queensland by the laboratory and field staff of the Queensland Department of Primary
Industries. The laboratory work was done first at the Animal Research Institute, Yeerongpilly, and later at a new facility,
the Tick Fever Research Centre at Wacol.

The article gains special value, because the work described was initiated and directed throughout by the senior
author Dr LL Callow.

The fortuitous reduction in the virulence of B bovis in the vaccine mentioned in the abstract (quoted above) is
described in the article: ‘It became evident that the B bovis for vaccine was indeed of reduced virulence, this becoming
significant after the strain was serially passaged in splenectomised calves more than 8 times. The full account of how
the effect – originally a serendipitous occurrence – could be produced and possible mechanisms was not published
until much later.’

The paper mentions the work of CJ Pound who, in Queensland in the 1890s, established the basic technique of
collecting infective blood from clinically recovered cattle and inoculating this into susceptible stock to produce immu-
nising reactions. However, an astonishing omission is that the paper makes no mention of the work of John Legg (Aust
Vet J 1939;15:46-53) who showed that in addition to B bigemina, the much more dangerous agent now known as B
bovis was also present in Australia.

The article by Callow et al will be compulsory reading for all people concerned with bovine babesiosis in Australia or
overseas.

Callow LL, Dalgliesh RJ, de Vos AJ. Development of effective living vaccines against bovine babesiosis – the longest field trial Int J
Parasitol 1997;27:747-767.
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