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The diagnosis of Echinococcus granulosus in dogs
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Abstract. The problem of diagnosing Echinococcus granulosus in dogs has still only been partially
resolved, even after the advent of biotechnology. The eggs of taeniid Cestoda are extremely similar, and
thus identification by microscopic examination of the faeces is risky and non-specific. For this reason,
Echinococcus granulosus was traditionally diagnosed in dogs ante mortem after an arecoline hydrobro-
mate purge. The faeces were examined macro and microscopically to establish if the adult tapeworm or
its proglottids were present. Although this method is 100% specific, it is bio-hazardous and time-con-
suming, requires trained personnel, and its sensitivity varies. In the 1990s copro-antigens were discov-
ered and characterised. These are released by the adult worm in the faeces. This made it possible to use
enzyme-linked immune-adsorbent assay (ELISA) for in vitam diagnosis of Echinococcus granulosus. In
recent years several PCR protocols have been published on the identification of Echinococcus granulo-
sus DNA from eggs or from adult parasites and new ways of diagnosing this cestode have been devel-

oped.
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The Gold Standard technique of Echinococcus
infection in the definitive host is the recovery of
adult parasites in the intestine after necropsy. The
best known method is described by Eckert et al.
(2001) as the “sedimentation and counting tech-
nique” (STC). This is based on examining the faeces
in the small intestine of the dogs with a microscope
and counting the number of adult parasites.
Although this method is 1009 sensitive and specif-
ic it is also time consuming and bio-hazardous and
can only be used on dead animals.

This paper reviews other alternative methods for
diagnosing echinococcosis in dogs. These may be
used for routine in vitam diagnosis, epidemiological
studies and disease control plans.

Before starting, it is important to remember that
these experiments involve a potential risk of infec-
tion for humans, so safety precautions should be
taken when handling this material. Eggs can be
deactivated by freezing at —80°C for at least 4-7
days or by heating to = 60°C for 5 min (Eckert et
al., 2001).

Classical methods
Arecoline purging

Ante mortem diagnosis of canine echinococcosis has
traditionally been performed by purging with areco-
line hydrobromate (Eckert et al., 2001). Arecoline is
a parasympathomimetic drug that when given to
dogs in tablet or liquid form at doses between 1.75-
3.5 mg/kg body weight, purges the entire intestinal
contents, increases intestinal peristaltic movements,
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and paralyses the tapeworms. These can then be col-
lected and identified.

This technique has been used in many control pro-
grams all over the world in recent decades. It has got
100% of specificity, however it has certain limita-
tions. For example, its sensitivity is limited since not
all dogs respond to the purge, and not all infected
dogs eliminate Echinococcus granulosus, it is also bio-
hazardous and time-consuming and must be adminis-
tered by trained personnel (Eckert et al., 2001). In sit-
uations where endemic rate of Echinococcus granulo-
sus in the dog population is low, the predictive value
of the test diminishes as the percentage of infected
dogs decreases (Schantz, 1973).

This is an unpleasant technique but is the only
quantitative technique that can be used on living
dogs and it continues to play an important role in
epidemiological studies. Most epidemiological data,
and the models developed from them, come from
the results of this method (Torgerson et al., 2003).

Macroscopic and microscopic examination

Adult parasites or proglottids can be recovered and
identified by macroscopic exam of faeces, but unless
purging is used the chances of finding the adult Ces-
toda are extremely inconsistent. In addition copro-
microscopic examination (sedimentation and flota-
tion technique) to detect Echinococcus granulosus
eggs is, unfortunately, not a useful method of diag-
nosing for this parasite.

Echinococcus granulosus eggs are morphological-
ly indistinguishable to those of other taeniid Cesto-
da, emission of eggs is variable and inconstant (and
naturally not present in the prepatent period).
Copro-microscopic examination may be used suc-
cessfully if it is combined with other more specific
techniques, such as PCR examination of DNA from
the isolated eggs.
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Detection of serum antibodies

Specific antibodies against oncosphere and proto-
scolex antigens can be readily detected in the serum
of infected dogs (Heath et al., 1985; Jenkins and
Rickard, 1985). This is not yet a practical method,
as it does not differentiate between current and pre-
vious infections and there are some problems relat-
ed to cross-reactivity or specificity of the test
(Gasser et al., 1994).

The detection of serum antibodies using parasite
antigens in ELISA has been considered unsuitable for
reliable diagnosis of intestinal Echinococcus spp.
infections because there is a poor co-relationship

between the presence of specific antibodies and the

worms (Eckert et al., 2001). The development of
diagnostic methods based on the detection of faecal
copro-antigens has superseded this diagnostic method.
Indeed a comparison of copro-diagnosis and serology
detection found that identifying copro-antigens was
2.5 times more sensitive than antibody detection
(Walters and Craig, 1992; Craig et al., 1995).

New techniques

Copro-antigens detection

An alternative to arecoline testing, based on a faecal
antigen-detection antibody sandwich enzyme-linked
immunosorbent assay (ELISA), has been developed
recently. This has shown particular promise, as
copro-antigens can be detected shortly after infec-
tion (10-14 days) and their level declines rapidly
following expulsion of the worms (within 3-4 days)
(Malgor et al., 1997). '

The test is based on a parasite-specific layer of
captured IgG antibodies which retains antigens

from faecal supernatants. Copro-antigen detection.

ELISA tests have been developed that uses poly-
clonal antibodies to Echinococcus granulosus excre-
tory/secretory (ES) antigens. Post mortem examina-
tion of naturally infected dogs showed 56% sensi-
tivity and 96% specificity (Deplazes et al., 1992).

Allan et al. (1992), using antiserum to somatic
antigens in copro-antigen detection, found this was
88% sensitive in naturally infected dogs. False neg-
ative results in these studies have been attributed to
low worm burden. Indeed, when the results were
compared with those of post mortem examination,
overall sensitivity was 63% but this increased to
92% in dogs with more than 100 worms (Deplazes
et al., 1992).

Copro-antigens can be detected prior to the
release of the eggs by Echinococcus worms, and
therefore are not related to egg antigens (Deplazes
et al., 1992; Sakashita et al., 1995). Positive ELISA
results were obtained during the prepatent period in
dogs as early as 5 days post infection (Deplazes et
al., 1992; Sakashita et al.,, 1995; Nonaka et al.,
1996). This has the advantage of being able to
detect prepatent infections.

ELISA copro-tests can also detect heat-stable anti-

gens. They have been used in a number of studies in
the Middle East, Wales, Southern and Eastern
Europe, and South America (Deplazes et al., 1992;
Sakashita et al., 1995; Eckert et al., 2001). The high
sensitivity of monoclonal antibodies (MADb) to para-
site specific antigens could increase the reliability of
copro-antigen detection. Some sandwich ELISA sys-
tems have been evaluated for their ability to detect
E. granulosus copro-antigens. These used a mono-
clonal antibody produced against somatic extract of
E. multilocularis (Sakai et al., 1995; Malgor et al.,
1997). Although the test was very sensitive (100%)
in naturally and experimentally infected animals,
there were also cases of cross-reactivity with Taenia
hydatigena (Malgor et al., 1997).

Recently the first MAbs for E. granulosus copro-
antigen detection were produced: two IgM murine
monoclonal antibodies (MAbs), EgCl1 and EgCs3,
against the excretory/secretory (E/S) products of E.
granulosus adult worms (Casaravilla et al., 2004). A
copro-antigen capture ELISA was developed using a
rabbit polyclonal antibody against E/S products
from adult tapeworms as catching antibodies, and
each of the MAbs as detecting antibody. The assays
detected 7 out of 8 (EgC1), and 8 out of 8 (EgC3)
experimentally infected dogs (worm numbers rang-
ing from 61 to 57,500), and none (n=38) of the neg-
ative control samples. Faecal samples from 2 dogs
experimentally infected with E. multilocularis were
not recognised by the EgC1 assay. This suggests that
this is a potential species-specific diagnostic tool for
discriminating E. granulosus and E. multilocularis
infections (Casaravilla et al., 2004). These advances
made in applying MAbs in ELISA tests for copro-
antigen detection suggest that this may be an inter-
esting research line in order to develop new and
more sensitive kits for diagnosing echinococcosis in
dogs.

PCR protocols

It would be useful to develop more specific tech-
niques in cases where the presence of the parasite in
the dog population is relatively low (Christofi et al.,
2002), as well as for discriminating between dogs
with Echinococcus and those with other taeniid
infections. Several PCR tests were developed for
detecting E. granulosus-specific DNA (Cabrera et
al., 2002; Abbasi et al., 2003; Dinkel et al., 2004;
Stefanic et al., 2004).

Two different protocols could be used for isolat-
ing the DNA: one extracts DNA from the total
amount of faeces, and the second isolates and con-
centrates first taeniid eggs by combining sequential
sieving with flotation solutions (Mathis et al.,
1996). This second protocol seems to be most use-
ful because: faeces could contain substances that
inhibit DNA amplification, only a limited amount of
material can be processed in DNA extraction, and
laborious purification of the DNA is often indis-
pensable (Stefanic et al., 2004).

DNA is obtained by alkaline treatment (to lyse the
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eggs), neutralisation, proteinase K digestion and
DNA purification using organo-solvent extractions
and/or DNA adsorbing matrices or, more recently,
by the use of commercially available kits designed
for DNA isolation from faeces (Abbasi et al., 2003;
Stefanic et al., 2004). The available protocols men-
tioned above for detecting E. granulosus are all
designed to detect G1 E. granulosus (Sheep strain).
The protocol evaluated by Dinkel et al. (2004)
describe primers that detect strains G5 (Cattle
strain), G6 (Camel strain) and G7 (Pig strain), with
the additional possibility of strain typing by means
of a second PCR.

. Only the protocols of Abbasi et al. (2003) and
Stefanic et al. (2004) were tested on faecal or envi-
ronmental material, while Cabrera’s et al. (2002)
had a sensitivity limit of at least 100 eggs per gram
of faeces when applied to infected dogs (Abbasi et
al., 2003).

The PCR test used by Abbasi et al. (2003) found
100% sensitivity and specificity using DNA samples
extracted from 0.3 ml of faeces from 34 infected
and 18 non-infected 'dogs, and found positive results
even when the sample contained only two E. granu-
losus eggs.

Conclusions

Although PCR is a very sensitive technique for
detecting parasite-specific DNA from a very small
number of eggs, it is not quantitative and is not suit-
able for large scale screening of samples. So, at the
moment the method of choice for in vitam diagno-
sis of E. granulosus in large populations of dogs
should be the detection of copro-antigens. This is
highly sensitive, fast and cheap.

Detection of E. granulosus by ELISA has a very
high negative predictive value. However positive
prediction using this method becomes poor when
the prevalence of the parasite in dogs is very low
(Christofi et al., 2002). In this epidemiological situ-
ation, copro-antigen positive dogs could be screened
with a PCR-based technique to distinguish between
true and false positive results. In the future, it may
be possible to diagnosis copro-antigens using highly
specific MAbs for the through ELISA test. This
could be used for large scale screening in control
programs and epidemiological studies.

Acknowledgements

The authors would like to thank Mr M.S. Nieddu for his precious
contribute in our work. This work was supported by grant Final-
ized Sanitary Search IZS Sardinia, Prot. n. DGRSVE/CRS/
RF-2003/90 and with MIUR, PRIN 2003, Prot. 2003070410_001.

References

Abbasi |, Branzburg A, Campos-Ponce M, Abdel Hafez SK,
Raoul F, Craig PS, Hamburger J (2003). Copro-diagnosis of
Echinococcus granulosus infection in dogs by amplification
of a newly identified repeated DNA sequence. Am J Trop
Med Hyg 69: 324-30.

Allan JC, Craig PS, Garcia-Noval J, Mencos F, Liu D, Weng Y,
Wen H, Zhou P, Stringer R Rogan M, Zeyhle E (1992).
Copro-antigen for the detection for immunodiagnosis of
Echinococcosis and taeniasis in dogs and humans. Para-
sitology 104: 347-355.

Cabrera M, Canova S, Rosenzvit M, Guarneva E (2002). Iden-
tification of Echinococcus granulosus eggs. Diagn Microbiol
Inf Dis 44: 29-34.

Casaravilla C, Malgor R, Rossi A, Sakai H, Nonaka N, Kamiya
M, Carmona C (2004). Production and characterization of
monoclonal antibodies against excretory/secretory products
of adult Echinococcus granulosus, and their application to
copro-antigen detection. Parasitol Int (in press).

Christofi G, Deplazes P, Christofi N, Tanner |, Economides P,
Eckert J (2002). Screening of dogs for Echinococcus granu-
losus copro-antigen in a low endemic situation in Cyprus. Vet
Parasitol 104: 299-306.

Craig PS, Gasser RB, Parada L, Cabrera P, Parietti S, Borgues
O, Accuttis A, Agulla J, Snowden K, Paolillo E (1995). Diag-
nosis of canine echinococcosis: Comparison of copro-anti-
gen and serum antibodies tests with arecoline purgation in
Uruguay. Vet Parasitol 65: 293-301.

Deplazes P, Gottstein B, Eckert J, Jenkins DJ, Ewald D,
Jimenez-Palacios S (1992). Detection of Echinococcus
copro-antigens by enzyme-linked immunoabsorbent assay in
dogs, dingoes and foxes. Parasitol Res 78: 303-308.

Dinkel A, Njoroge EM, Zimmermann A, Wélz M, Zeyhle E,
Elmahdi IE, Mackenstedt U, Romig T (2004). A PCR system
for identification of Echinococcus species and genotypes,
with reference to the epidemiological situation in eastern
Africa. Int J Parasitol 34(5): 645-653.

Eckert J, Gemmell MA, Meslin FX, Pawlowski ZS (2001).
WHO/OIE Manual on Echinococcosis in Humans and Ani-
mals: a Public Health Problem of Global Concern. World
Health Organization, Paris, France, 265 pp.

Gasser RB, Parada L, Acuna A, Burges C, Laurenson MK, Gul-
land FM, Reichel MP, Paolillo E (1994). Immunological
assessment of exposure to Echinococcus granulosus in a
rural dog population in Uruguay. Acta Trop 58(3-4): 179-185.

Heath DD, Lawrence BS, Glennie A, Twaalfhavon H (1985). The
use of excretory and secretory antigens of the scolex of Tae-
nia ovis for the serodiagnosis of infection in dogs. J Parasitol
71: 192-199,

Jenkins DJ, Rickard MD (1985). Specific antibody responses to
Taenia hydatigena, Taenia pisiformis and Echinococcus
granulosus infections in dogs. Aust Vet J 62: 72-78.

Mathis A, Deplazes P, Eckert J (1996). An improved test sys-
tem for PCR-based specific detection of Echinococcus mul-
tilocularis eggs. J Helminthol 70: 219-222.

Malgor R, Nonaka N, Basmadiian |, Sakai H, Cardmbula B, Oku
Y, Carmona C, Kamiya M (1997). Copro-antigen detection in
dogs experimentally and naturally infected with Echinococcus
granulosus by a monoclonal antibody-based enzyme-linked
immunosorbent assay. Int J Parasitol 27(12): 1605-1612.

Nonaka N, lida M, Yagi K, Ito T, Ooi HK, Oku Y, Kamiya M (1996).
Time course of copro-antigen excretion in Echinococcus
multilocularis infections in foxes and an alternative definitive
host, golden hamster. Int J Parasitol 26: 1271-1278.

Sakai H, Malgor R, Basmadiian |, Gallardo R, Carmona C, Sato
H, Oku Y (1995). Kamiya M. An enzyme-linked immunosor-
bent assay (ELISA) for the detection of Echinococcus gran-
ulosus copro-antigens in dogs. Jpn J Parasitol 44: 453-61.

Sakashita M, Sakai H, Kohno H, Ooi Y, Oku Y, Yagi K, Ito M,
Kamiya M (1995). Detection of Echinococcus multilocularis
copro-antigens in experimentally infected dogs using murine
monoclonal antibody against adult worms. Jpn J Parasitol
44: 413-420.

Schantz P (1973). Guia para el empleo de bromhidrato de



412 A. Varcasia et al. - The diagnosis of Echinococcus granulosus in dogs

arecolina en € diagnéstico de la infeccién por Echinococ-

. cus granulosus. Bol Chilen Parasitol 28: 81-90.

Stefanic S, Shaikenov BS, Block S, Deplazes P, Dinkel A, Torg-
erson PR, Mathis A (2004). PCR for detection of patent infec-
tions of Echinococcus granulosus (‘sheep strain’) in natural-
ly infected dogs. Parasitol Res 92(4): 347-351.

Torgerson PR, Shaikenov BS, Rysmukhambetova AT, Abdy-
bekova AM, Usenbayev AE, Baitursinov KK (2003). Model-
ling the transmission dynamics of Echinococcus granulosus
in rural Kazakhstan. Parasitology 126 (5): 417-424.

Walters TM, Craig PS (1992). Diagnosis of Echinococcus gran-
ulosus infection in dogs. Vet Record 131: 39-40.



	Pagina 1 
	Pagina 2 
	Pagina 3 
	Pagina 4 
	Pagina 5 
	Pagina 6 
	Pagina 7 
	Pagina 8 
	Pagina 9 
	Pagina 10 
	Pagina 11 
	Pagina 12 
	Pagina 13 
	Pagina 14 
	Pagina 15 
	Pagina 16 
	Pagina 17 
	Pagina 18 
	Pagina 19 
	Pagina 22 
	Pagina 23 
	Pagina 24 
	Pagina 25 
	Pagina 26 
	Pagina 27 
	Pagina 28 
	Pagina 29 
	Pagina 30 
	Pagina 31 
	Pagina 32 
	Pagina 33 
	Pagina 34 
	Pagina 35 
	Pagina 36 
	Pagina 37 
	Pagina 38 
	Pagina 39 
	Pagina 40 
	Pagina 41 
	Pagina 42 
	Pagina 43 
	Pagina 44 
	Pagina 45 
	Pagina 46 
	Pagina 47 
	Pagina 48 
	Pagina 49 
	Pagina 50 
	Pagina 51 
	Pagina 52 
	Pagina 53 
	Pagina 54 
	Pagina 55 
	Pagina 56 
	Pagina 57 
	Pagina 58 
	Pagina 59 
	Pagina 60 
	Pagina 61 
	Pagina 62 
	Pagina 63 
	Pagina 64 
	Pagina 65 
	Pagina 66 
	Pagina 67 
	Pagina 68 
	Pagina 69 
	Pagina 70 
	Pagina 71 
	Pagina 72 
	Pagina 73 
	Pagina 74 
	Pagina 75 
	Pagina 76 
	Pagina 77 
	Pagina 78 
	Pagina 81 
	Pagina 82 
	Pagina 84 
	Pagina 85 
	Pagina 88 
	Pagina 89 
	Pagina 91 
	Pagina 92 
	Pagina 93 
	Pagina 94 
	Pagina 95 
	Pagina 96 
	Pagina 97 
	Pagina 98 
	Pagina 99 
	Pagina 100 
	Pagina 101 
	Pagina 102 
	Pagina 103 
	Pagina 104 
	Pagina 105 
	Pagina 106 
	Copertina.pdf
	Pagina 1 




