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The nematode Spirocerca lupi (Rudolphi 1809) is
widely distributed, classically causing parasitic
nodules in the esophagus, aortic aneurysms and
spondylitis. Clinical signs of infection are regur-
gitation, vomiting, weight loss, coughing, dyspnea
and, rarely, sudden death. This retrospective study
(2007-2016) investigated the prevalence and treat-
ment outcome of Hungarian dogs with esophageal
spirocercosis presented at the Endoscope
Laboratory of the University of Veteri-
nary Medicine Budapest (ELUVMBP). The
change in the annual number of cases/upper

gastrointestinal endoscopies (UGIE) and cases/
total number of endoscopies (TNE, the entire case
load of ELUVMBP), and the efficacy of different
treatment methods were examined. In the time
period mentioned above, a total of 30 patients
referred for UGIE were diagnosed with spirocer-
cosis. The annual case numbers significantly
increased in comparison to both the number of
UGIEs (P=0.0085) and TNEs (P=0.0096). The
annual distribution of cases does not differ signifi-
cantly from an even distribution (P=0.1589). Our
study showed a significant increase in the number
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of cases with spirocercosis in Hungary between
2007 and 2016, and this this disease is prevalent
at all times of year.

Spirocercosis is caused by the worm Spirocerca lupi
(Chitwood 1934). The majority of case reports are
from South Africa (Lobetti 2000), Israel (Mazaki-
Toviet al. 2002, Aroch et al. 2015) and Greece (Mylo-
nakis et al. 2001), but the disease has been reported
in Hungary (Bokori 1956, Széll et al. 2001) as well.
The dogs are infected via ingestion of coprophagic
beetles, or their avian or small reptile predators.
The migrating larvae cause hemorrhages, endarte-
ritis, aortal stenosis, aneurysm or aortal rupture,
which result in vomiting, inappetence or even sud-
den death due to damage to the aorta. Connective
tissue nodules form at the final site of adult worms,
most commonly in the esophagus but occasionally
in the wall of the stomach as well. Because of these
nodules, the patients show signs of retching, vom-
iting, regurgitation, weight loss and aspiration.
Further symptoms include fever, labored breath-
ing, lethargy, melena, paraparesis, spondylitis of
the caudal thoracic vertebrae and hypertrophic
osteopathy. Due to larval migration, nodules or
granulomas can form in locations other than the
stomach and the esophagus (thoracic organs, intes-
tinal tract, urinary organs, connective tissue of the
skin) (Széll et al. 2001, Kassai 2011, Lobetti 2013).
Sarcoma can develop from the granulomas (Bai-
ley et al. 1963, Ranen et al. 2004). Salivary gland
necrosis has also been reported in association
with S. lupi infection (Schroeder and Berry 1998).
Esophagoscopy provides an opportunity to identify
the typical nodules caused by the parasite, whereas
a differentiation between granulomas and sarco-
mas can be achieved by histopathologic evaluation
of biopsy samples (Willard 2013). With endoscopy,
we can make the diagnosis before egg shedding
commences. In the literature the sensitivity of
esophagoscopy varies between 87.1 % (Aroch et al.

2015) and 100 % (Mazaki-Tovi et al. 2002) (depend-
ing on the actual study) compared to the 14 %
(Lobetti 2000) and 80 % (Mazaki-Tovi et al. 2002)
sensitivity of fecal flotation, and the 53 % (Mazaki-
Tovi et al. 2002) sensitivity of thoracic radiography.
Diethyl-carbamazine treatment reduces clinical
signs and egg shedding, although it is not effective
against adult worms (Lobetti 2013). Ivermectin can
be used to treat spirocercosis according to several
publications, although recommendations regard-
ing the dose and time of treatment vary between
authors. Ivermectin injections (600 pg/kg s.c. twice
per week) combined with oral prednisone (0.25 mg/
kg q 12, then lowering the dose every two weeks)
cause regression of nodules in 5 out of 8 naturally
infected dogs (Mylonakis et al. 2004). Based on lit-
erature data, doramectin can be applied to treat
spirocercosis with good clinical efficacy (Lobetti
2013). There are multiple recommendations regard-
ing dose and time of treatment with doramectin
according to studies and the clinical experience of
the various authors: 400 pg/kg s.c. injection every
14 days 6x (Lavy et al. 2002), 500 pg/kg p.o. daily
for six weeks (Lobetti 2013). The toxicity of iver-
mectin and doramectin is breed-specific, mainly
occurring in collies and other English shepherd
dogs, although it has been reported in other breeds
as well. The toxicity depends on the mutation of
the MDR-1 A gene and the expression of protective
glycoprotein P (Lobetti 2013). Milbemycin oxime,
applied at 0.5 mg/kg for 28 days (Beugnet et al.
2016, Kok et al. 2010, 2011), or spot-ons contain-
ing a combination of imidacloprid and moxidectin
are both confirmed as being suitable for spirocer-
cosis prevention (Austin et al. 2013, Le Sueur et al.
2010). Although the esophageal granulomas caused
by Spirocerca lupi can be successfully treated with
doramectin, sarcomas require surgical and onco-
logical treatment (Willard 2013).

In our retrospective study, we examined the local
presence of spirocercosis in dogs arriving for esoph-
ageal and gastric endoscopy at the ELUVMBP
between January 1, 2007 and September 30, 2016.
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Fig. 1 Endoscopic appearance of a Spirocerca lupi-

induced granuloma of the esophagus in a dog

Fig. 2 Endoscopic appearance of a Spirocerca lupi-
induced fibrosarcoma of the esophagus in a dog

Materials and methods

Endoscopic diagnosis of canine spirocercosis
We used a Karl Storz 60914 PKS (Karl Storz Com-
pany, Germany) flexible video endoscope (9.7 mm
sheath, 140 cm length, 2.8 mm working channel
diameter) to conduct the endoscopic examinations.
All patients were examined under general anes-
thesia. The examination included esophagoscopy
and gastroscopy as well. The diagnosis was made
based on the characteristic endoscopic appearance
of the esophagus (Fig. 1) or the surgical and histo-
pathological evaluation of the mass causing the
obstruction (Fig. 2).

Data collection

Data for the study was provided by spirocercosis
diagnoses made at ELUVMBP between January 1,
2007 and September 30, 2016. The data needed for
our study was collected from the electronic register
of the Small Animal Clinic. Consultations with the
referring veterinarian or the owner were also con-
ducted for further data acquisition.

Statistical evaluation
Bar graphs were used to demonstrate case num-
bers. The annual case/UGIE and annual case /TGE

count were examined using linear regression fit-
ted by generalized least square estimation method,
assuming first degree autoregressive correlation
between the annual data. The Chi square test was
used to compare the distribution of case numbers.
P values were calculated using a Monte Carlo simu-
lation due to the low expected case numbers.

Results

Case numbers

Altogether 30 patients (arriving for endoscopic
examination between January 1, 2007 and Sep-
tember 30, 2016) were diagnosed with spirocerco-
sis. The yearly distribution of case numbers varied
between 0 and 8, with 2007 being the year with the
least (0) cases, whereas 2015 being the year with
the most diagnoses (8) (Fig. 3).

We evaluated the abundance of spirocercosis cases
during our statistical analysis in relation to the
amount of UGIEs and total (respiratory, gastroin-
testinal and urinary) endoscopies in the Endoscop-
ic Laboratory, which increased over the examined
time period. The case numbers significantly
increased compared to both the UGIEs (P=0.0085)
(Fig. 4) and the TGEs (P=0.0096) (F'ig. 5).
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Fig. 3 The annual incidence of spirocercosis
at the ELUVMBP between January 1, 2007 and
September 30, 2016

We also examined the monthly distribution of the
cases ( ) and if the treatment method (sur-
gical or conservative treatment) and the outcome
(remission or no remission) depended on the time
of endoscopic diagnosis (in which month the diag-
nosis was made). The monthly distribution of cases
with remission can be seen on

The yearly distribution of cases does not signifi-
cantly differ from uniform (P=0.1589), the same
is true for cases with conservative treatment

(P=0.1494) and remission (P=0.4678).

The patients originated from a total of 17 Hun-
garian cities. 10/30 (33.33 %) from Budapest, 2/30
(6.67 %) from Gyal, and 4/10 (13.33 %) from Kec-
skemét. The rest of the cases arrived from Bony-
had, Debrecen, Erd, Erdékertes, F6t, God, Godolls,
Gyuro, Kerepes, Kiskunhalas, Magléd, Siilysap,
Sz6d and Torokbalint (1 from each) (
county-based distribution, most cases originated
from Pest county (12/30, 40 %), followed by the
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Fig. 4 Changes in the ratio between the number of
dogs with spirocercosis and number of endoscopic cases
at the ELUVMBP during 2007-2016

capital, Budapest, and then Bacs-Kiskun county
(5/30, 16.67 %).

Conservative treatment was given in 19 out of
30 patients and 4 underwent surgical management.
We do not have data on 5 patients, and no treat-
ment was started in 2. 20 out of the 30 patients are
confirmed to be symptom-free; of these, 17 received
conservative treatment and 3 underwent surgery.
13 out of the 19 patients undergoing conservative
treatment received doramectin, 11 of these are
confirmed to be symptom-free, and we do not have
data from the other 2 (the owners did not return for
treatment). The 6 remaining patients undergoing
conservative treatment received imidacloprid/mox-
idectin, milbemycin oxime, ivermectin or a combi-
nation of these. 2 out of the 30 patients are known
to have been put down because of spirocercosis
(one a week after the surgery, because of relapse
of symptoms, the other without treatment), but we
have no data on further deaths.
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Fig. 5 Changes in the ratio between the number of
dogs with spirocercosis and the number of gastroscopic
cases at the ELUVMBP during 2007-2016

Based on our study, the increase in the frequency
of positive cases is clearly related to the spread of
spirocercosis in Hungary. We already had litera-
ture data about canine spirocercosis. The first case
description, from a clinical case load, originates
from 1956, from an approximately 10-year-old Puli
dog. The patient arrived at the Clinic of Internal
Medicine of the Veterinary University with a two-
week history of lethargy, reduced movement and
retching. The patient’s appetite had reduced to a
liquid diet. The diagnosis was based on the nec-
ropsy (“the 5 cm-long part of the esophagus imme-
diately before the diaphragm has a nodular surface
and is firm on palpation. The lumen of the esopha-
gus is narrowed and reduced in flexibility, can only
be penetrated by a probe with the diameter of a
pencil”) (Bokori 1956). Széll et al. (2001) described
two cases in 2001, one of them was diagnosed by
autopsy, the other by Sheather flotation. So far, no
study has been conducted with such a case load in
Hungary. Although the number of small animal
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Fig. 6 Monthly incidence of dogs with spirocercosis
during 2007-2016

specialists is constantly increasing, and diagnostic
methods—including the increasing popularity of
endoscopic examinations—are constantly improv-
ing, this is not leading to a significant increase in
case numbers. Since the number of patients arriv-
ing for gastroscopy and endoscopy at the Small Ani-
mal Clinic has increased constantly, this factor was
taken into account during the statistical evaluation
of the data. A similar increase has been reported in
Israel (Mazaki-Tovi et al. 2002, Aroch et al. 2015),
where urbanization, global warming, increased fre-
quency of animal travel and an increase in dung
beetle vectors were associated with the problem.
The distribution of diagnosed spirocercosis cases
has been even, but we did not see seasonality, sug-
gesting that this disease may be encountered at
any time of year. The treatment method and the
outcome of the disease did not depend on the time of
endoscopic diagnosis. This can be explained by the
long prepatent period of the parasite, the number
of chronic cases and climate change, due to which
the vector beetles are accessible for both dogs and
paratenic hosts for most of the year. Mazaki-Tovi
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Fig. 7 Monthly distribution of cured dogs during

et al. (2002) discovered a clear seasonality in their
study of the period between 1991 and 1999, as most
of their diagnoses were made in December to April
(cold months), explained by the biology of vectors
and the six-month pathogenesis. In a later study,
the same research team-by examining the spi-
rocercosis cases between 2004 and 2009 -found
that, similarly to our results, there is no visible
statistical difference in the monthly distribution of
cases. This leads to the conclusion that the disease
has become endemic in the examined area (Aroch
et al. 2015).

During the time frame of the study, more than two-
thirds of the Hungarian Spirocerca lupi cases were
diagnosed in Budapest and surrounding (73.3 %).
After this area, Bacs-Kiskun county seemed the
most infected. In our study we did not look at
patient referral customs in the different counties,

Spirocerca lupi
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Fig. 8 The geographic distribution in Hungary of the dogs diagnosed with spirocercosis during 2007-2016
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or how the prevalence of the disease relates to the
total number of endoscopic referrals per city. These
aspects require further research. In the previ-
ous study in Israel, spirocercosis was present in
greater numbers in urban dogs (Mazaki-Tovi et al.
2002). However, this difference between urban
and rural environments could not be detected in
later research (Aroch et al. 2015). In South Africa
and Kenya, the disease was more prevalent in the
countryside, mainly in stray dogs (Fitzsimmons
1960, Brodey et al. 1977, Evans 1983). Literature
data suggest-the distribution of immediate and
paratenic hosts as the biggest factor affecting the
occurrence of the disease (Lobetti 2000), and the
presence of these species in Hungary should there-
fore be investigated in future research.

Due to the retrospective nature of our study, and
our clinic being a referral clinic, our data regard-
ing treatment is incomplete, although we attempt-
ed to collect data from all 30 patients. Based on
our clinical practice, if the granuloma caused by
spirocercosis did not cause an obstruction in the
esophagus, we always recommended conserva-
tive treatment. Until the middle of the examined
time period, this included imidacloprid/moxidec-
tin-containing spot-on products, milbemycin oxi-
me-containing tablets, ivermectin injection, or a
combination of the above. In the last four years,
from 2013, based on the standard international
recommendations (Lobetti 2013), our recommend-
ed therapy was modified to doramectin injections.
The owners were informed about the risks of the
product’s off-label use, and examination of MDR1-
gene mutation was recommended along with trial
therapy. Some literature resources claim disophe-
nol to be the only confirmed adulticide drug, but it
does not affect juvenile worms and is not available
on the market (Lobetti 2013). Other sources claim
that macrocyclic lactones are an effective treat-
ment for benign esophageal alterations caused by
Spirocerca lupi (Berry 2000, Lavy et al. 2002, Kelly
et al. 2008, Lobetti 2012, Austin et al. 2013), while
effective prevention is possible with avermectins,

milbemycin and moxidectin (Lavy et al. 2003,
Kelly et al. 2008, Kok et al. 2010, 2011, Le Sueur
et al. 2010, Nolan et al. 2012). In our experience,
doramectin-treated patients become symptom-
free, but use of the drug is greatly hindered by
off-label application and the risk of complications.
There is no registered drug for the treatment of
canine spirocercosis on the Hungarian market, but
Advocate® spot-on (Bayer, Germany), containing
a combination of imidacloprid and moxidectin, is
registered for prevention of spirocercosis in dogs.
Based on literature data, it is 100 % effective in
preventing Spirocerca lupi-induced esophageal
granulomas in dogs. In experimentally infected
dogs it was also effective against adult Spirocerca
lupi forms in 98.5 % of cases, without the patients
showing adverse effects, when applied weekly for
19 weeks (Austin et al. 2013). The efficacy of Advo-
cate spot-on should therefore also be examined in
a clinical case load.

Based on our research, we can clearly show a
significant increase in spirocercosis diagnoses
among patients arriving for gastroscopy at ELU-
VMBP between January 1, 2007 and Septem-
ber 30, 2016 and this disease is prevalent at any
time of year. Historically, and in our experience,
doramectin has been shown to be effective in the
treatment of spirocercosis, but since licensed treat-
ment options are now available, a combination of
moxidectin/imidacloprid should be used. In addi-
tion, preventative measures should be considered
in high-risk situations.
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