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a b s t r a c t

Echinococcosis is a major emerging zoonosis in central Asia. A study of the helminth fauna
of foxes from Naryn Oblast in central Kyrgyzstan was undertaken to investigate the abun-
dance of Echinococcus multilocularis in a district where a high prevalence of this parasite had
previously been detected in dogs. A total of 151 foxes (Vulpes vulpes) were investigated in
a necropsy study. Of these 96 (64%) were infected with E. multilocularis with a mean abun-
dance of 8669 parasites per fox. This indicates that red foxes are a major definitive host of
E. multilocularis in this country. This also demonstrates that the abundance and prevalence
of E. multilocularis in the natural definitive host are likely to be high in geographical regions
where there is a concomitant high prevalence in alternative definitive hosts such as dogs.
In addition Mesocestoides spp., Dipylidium caninum, Taenia spp., Toxocara canis, Toxascaris
leonina, Capillaria and Acanthocephala spp. were found in 99 (66%), 50 (33%), 48 (32%), 46
(30%), 9 (6%), 34 (23%) and 2 (1%) of foxes, respectively. The prevalence but not the abun-
dance of E. multilocularis decreased with age. The abundance of D. caninum also decreased
with age. The frequency distribution of E. multilocularis and Mesocestoides spp. followed

a zero-inflated negative binomial distribution, whilst all other helminths had a negative
binomial distribution. This demonstrates that the frequency distribution of positive counts
and not just the frequency of zeros in the data set can determine if a zero-inflated or non-
zero-inflated model is more appropriate. This is because the prevalences of E. multolocularis
and Mesocestoides spp. were the highest (and hence had fewest zero counts) yet the parasite

heless
distribution nevert

. Introduction
Please cite this article in press as: Ziadinov, I., et al., Frequen
helminths of foxes in Kyrgyzstan. Vet. Parasitol. (2010), doi:10.

Alveolar echinococcosis, caused by Echinococcus multi-
ocularis, is one of the most pathogenic parasite zoonoses.
. multilocularis is widely endemic in the northern hemi-
phere including much of Europe, Turkey and Russia with
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gave a better fit to the zero-inflated models.
© 2010 Elsevier B.V. All rights reserved.

central Asia in general and western China in particu-
lar representing major endemic areas (Bessonov, 1998;
Vuitton et al., 2003; Eckert and Deplazes, 2004; Craig, 2006;
Shaikenov, 2006). In some communities in China 5% or
more of the human population has alveolar echinococcosis
(AE) (Budke et al., 2004).

There have also been studies which describe a high
cy distribution of Echinococcus multilocularis and other
1016/j.vetpar.2010.04.006

prevalence of E. multilocularis in dogs and the transmission
dynamics of this parasite in dogs from both China (Budke
et al., 2005a) and Kyrgyzstan (Ziadinov et al., 2008). In con-
trast, to date, there are few data on the abundance of E.
multilocularis in foxes, the natural definitive hosts and no

dx.doi.org/10.1016/j.vetpar.2010.04.006
http://www.sciencedirect.com/science/journal/03044017
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Table 1
Age and sex distribution of foxes sampled.

Age (years) Number of male
foxes

Number of female
foxes

<1 26 34
1–2 14 15
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data analysing the frequency distribution of this parasite in
these hosts from these geographical regions. Such data are
important to assess the relative importance of foxes and/or
dogs in maintaining the transmission cycle. In addition
data can be used to better understand the epidemiology
of E. multilocularis in the natural cycle between foxes and
small mammals, the spill over to dogs and the transmis-
sion from either foxes or dogs to man. The role of the fox
rather than the dog in maintaining the cycle has impor-
tant consequences for control of this zoonotic parasite. If
dogs act as an aberrant definitive host, frequent treatments
of dogs may only marginally ameliorate the risk of AE in
humans as the cycle within wildlife remains undisturbed.
In contrast if dogs participate in the transmission cycle,
frequent treatment will decrease the infection pressure to
small mammals and should result in a greater reduction in
the risk of human AE over time (Budke et al., 2005b). Math-
ematical models describing the transmission dynamics of
Echinococcus spp. can also be used as a tool in developing
control programmes (Budke et al., 2005b) and quantitative
rather than purely qualitative data are of great benefit in
such model development.

The analysis of the frequency distribution of parasites
within hosts can give important clues to the ecology of
the parasite population and information regarding the epi-
demiology of transmission (Shaw et al., 1998). In addition
the use of general linear models utilising the appropri-
ate parasite distribution results in fewer statistical errors
than traditional ways of dealing with aggregation or other
departures from normality such as logarithmic transforma-
tion of the data (Wilson et al., 1996). The negative binomial
distribution has proved in the past to be a rigorous descrip-
tion of the frequency distributions of parasites in wildlife
(Shaw et al., 1998). However, recently zero-inflated models
have been suggested as an alternative that might improve
upon the use of the negative binomial distribution and has
been used to describe the distribution of helminth para-
sites of sheep (Denwood et al., 2008). Hence we wished to
explore which were the most appropriate frequency distri-
butions to describe populations of helminths in naturally
infected foxes.

Information about fox parasites in general from Kyr-
gyzstan is very limited. Previous studies date back
to the 1950s. Gagarin (1954) investigated 12 fox
intestines from south Kyrgyzstan and described the
presence of 9 helminths: Multiceps serialis (Taenia
serialis), Mesocestoides lineatus, Toxocara canis, Toxoas-
caris leonina, Numidica numidica (Nematoda, Ascaroidea,
Heterakidae—see Baylis and Daubney, 1926), Eucoleus
aerophilus (Capillaria aerophila), Uncinaria stenocephala,
Crenosoma vulpis and Physalopetra sibirica. Gagarin and
Iksanov (1954) also reported 2 of 36 foxes from the Issyk
Kyl region of Kyrgystan to be infected with Echinococcus
granulosus. In neighboring Uzbekistan a study conducted
in 1966 reported 29 helminth species of foxes including E.
granulosus but not E. multilocularis (Matchanov, 1968). Such
Please cite this article in press as: Ziadinov, I., et al., Frequen
helminths of foxes in Kyrgyzstan. Vet. Parasitol. (2010), doi:10.

E. granulosus-infected foxes (5 of a sample of 110) had bur-
dens ranging from 9 to 1550 parasites. Other studies from
Kazakhstan and from Uzbekistan have reported E. multiloc-
ularis prevalences of 8.6–26% in red foxes (Vulpes vulpes)
and 22–30% in corsacs (Vulpes corsac) (Shaikenov, 2006).
2–3 19 12
>3 17 14

Total 76 75

The present study was aimed to obtain an understand-
ing of the helminth fauna of foxes, the abundance of
infection with E. multilocularis and information regarding
the epidemiology and frequency distribution in the natu-
ral definitive host in Kyrgyzstan. The study was conducted
in the same geographical location in which E. multilocularis
had previously been detected in dogs at a prevalence of 18%
(Ziadinov et al., 2008).

2. Materials and methods

2.1. Study area

The Atbashy region with a population of approximately
48,000 in 21 villages stretches over an area of 19,000 km2

and is situated in Naryn Oblast in central Kyrgyzstan with
an altitude of between 2000 and 5500 m. The regional
centre is Atbashy with a population of 12,000. Livestock
farming is the main occupation.

2.2. Sample collection

From December 2006 to February 2007 red foxes (Vulpes
vulpes) were collected from 11 villages. The sample collec-
tion, during the winter hunting season, was not random
but consisted of the samples that hunters and landowners
supplied. The animals had either been shot or killed by the
dogs of hunters. All stomach and intestines were removed,
frozen immediately by placing in a freezer at −20 ◦C or
frozen outside in the environment. The lower jaw of each
fox was also collected. A total 151 of fox intestines were
collected and were transported frozen to the laboratory in
Bishkek. On arrival in Bishkek, all samples were first placed
at −80 ◦C for 1 week to ensure the death of all Echinococcus
eggs.

For each fox basic information was collected from the
suppliers. This included location where the fox was killed,
sex of animal and approximate age (Table 1). Age was con-
firmed by dental analysis (see below).

2.3. Parasite recovery and identification

Parasites were recovered from the intestinal tract
using the sedimentation and counting technique (Deplazes
and Eckert, 1996; Hofer et al., 2000). All parasites were
cy distribution of Echinococcus multilocularis and other
1016/j.vetpar.2010.04.006

identified on morphological structure at the Laboratory
Parasitology of the Kyrgyz Medical Academy by light
microscopy. E. multilocularis was identified based on typi-
cal morphological structures, especially the location of the
genital pore. Where there were few worms, the whole

dx.doi.org/10.1016/j.vetpar.2010.04.006


ARTICLE IN PRESSG Model
VETPAR-5288; No. of Pages 7

I. Ziadinov et al. / Veterinary Parasitology xxx (2010) xxx–xxx 3

Table 2
Prevalence of intestinal helminths found in 151 Kyrgyz red foxes 2006–2007 (rural area of Naryn Oblast) (sedimentation and counting technique
of intestinal tracts).

Intestinal helminths Numbers positive (prevalence %) Prevalence 95%
confidence intervals (%)

Mesocestoides spp. 99 (65.6) 57.4–73.1
Dipylidium caninum 50 (33.1) 25.7–41.2
Taenia spp. 48 (31.7) 24.5–39.9
Echinococcus multilocularis 96 (63.6) 55.4–71.3
Toxocara canis 46 (30.4) 23.3–38.5
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Toxascaris leonina 9 (5.9)
Capillaria spp.a 34 (22.5)
Acanthocephala spp. 2 (1.3)

a Eggs detected by coproscopy of a rectal fecal sample.

ediment was counted. When worms were numerous, an
liquot was examined and the total count estimated from
he proportion of total sediment the aliquot represented. A
ample of 5 Taenia spp. was investigated for species iden-
ity by PCR/sequencing (Trachsel et al., 2007). Following
numeration all helminths were preserved in 70% ethanol.

sample of faeces from the rectum was also taken for
icroscopical identification of eggs.

.4. Dental analysis

Teeth were examined histologically to estimate the age
f foxes according to the method of Merkulov (1969). Ini-
ially, the teeth were decalcified with 10–12% nitric acid
or approximately 1.5 days followed by washing in water.
he teeth were dehydrated with 70% ethanol, dried at 22 ◦C,
ounted with colloid, sectioned and stained with haema-

oxylin.

.5. Statistical analyses

The data were entered onto an excel spreadsheet
nd imported into R (www.r-project.org). For analysis, a
umber of general linear models (GLM) or zero-inflated
eneralised Poisson models (ZIGP) were used. The mean
orm burden and 95% confidence intervals were calcu-

ated for age and gender of foxes and village of origin.
imilarly, for prevalence data, the proportion of foxes
nfected with each parasite for each age group, gender and
illage location together with the exact 95% binomial con-
dence intervals was calculated. The data were analysed
o explore any potential variations in parasite abundance
nd prevalence. For prevalence data, the family binomial
as analysed (i.e. logistic regression) whilst for abundance
odels negative binomial (GLM) and zero-inflated nega-

ive binomial models (ZIPG) were analysed. In each case,
backward selection model was used only retaining vari-

bles with a p < 0.2 at each step. Origin of fox (i.e. village)
as analysed as a random and fixed effect whilst gender

nd age of fox were analysed as fixed effects.
The statistical model for the best fit of parasite abun-
Please cite this article in press as: Ziadinov, I., et al., Frequen
helminths of foxes in Kyrgyzstan. Vet. Parasitol. (2010), doi:10.

ance was chosen initially on the likelihood ratio test. This
as confirmed by Monte Carlo methods with 1000 Monte
arlo samples generated of size 151 (the number of foxes)
f the same mean and constant of aggregation assuming
he simple model is correct (Ruegg et al., 2008). Confidence
2.8–11.0
16.0–30.0

0.2–4.7

intervals for the expected proportion infected for ranges of
worm intensities were calculated using Monte Carlo meth-
ods.

3. Results

In total, we identified 9 helminth species (Table 2).
Adults of 8 species were found in the gastrointestinal
tract, whilst Capillaria spp. eggs were recovered from
the fox faeces. PCR/sequencing demonstrated the pres-
ence of T. hydatigena (one parasite) and T. polyacantha
(4 parasites) with 99–100% sequence homology (acces-
sion no. for T. polyacantha DQ408419.1, for T. hydatigena
AB031352.1, FJ608745.1, GQ228819.1). The prevalences
and abundances of helminths recovered are given in
Tables 2 and 4. E. multilocularis was found in 96 (63.6%)
of the foxes. Infected animals had between 1 and 182,400
adults and the mean abundance was 8668 parasites per fox.

There was no significant variation of either prevalence
or abundance of E. multilocularis with fox gender. A com-
parison of mixed models with village of origin as a random
effect and comparing it with models with village as a fixed
effect and models without this variable in the model sug-
gested that the village of origin of fox had no significant
effect on either prevalence or abundance. The results of the
analysis suggested that prevalence varied with age only.
The regression coefficient in the logistic model was −0.22
(±SE 0.11) (p = 0.042) per year which is 0.82 (CIs 0.65–0.99)
when converted to odds ratio. Analysis of E. multilocularis
abundance using a negative binomial GLM failed to demon-
strate any relationship with age, sex or origin of foxes.
Further analysis using a zero-inflated model confirmed
both the lack of association of abundance with age, but con-
firmed the association of the zero counts (increasing) with
age and hence consistent with an age-related decrease in
prevalence (Table 3).

The abundance of Dipylidium also decreased with age
and had a statistical association with the presence of E.
multilocularis and the absence of Toxascaris (Table 3). No
other significant associations were found. Parasite abun-
dances gave a better fit to a zero-inflated negative binomial
cy distribution of Echinococcus multilocularis and other
1016/j.vetpar.2010.04.006

model then the negative binomial model for E. multilocu-
laris and Mesocestoides. For other helminths the negative
binomial model was the best model description. Only two
foxes were infected with Acanthocephala so no meaningful
analysis could be undertaken with this parasite. Capillaria

dx.doi.org/10.1016/j.vetpar.2010.04.006
http://www.r-project.org/
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Table 3
GLM models—significant associations with prevalence or abundance of parasites in foxes.

Parasite Model Fit Significant parameters Value and 95% CIs Parameter type p-Value

E. multilocularis Binomial GLM (logistic) Age 0.82 (0.65–0.99) Odds ratio 0.043
E. multilocularis Zero-inflated negative binomial GLM Age (zero-inflated) 1.28 (1.01–1.62) Odds ratio 0.042

k 0.26 (0.19–0.37)
Dipylidium caninum Negative binomial GLM Age 0.57 (0.37–0.81) Incidence rate ratio <0.0001

Presence of E. multilocularis 3.81 (1.35–10.16) Incidence rate ratio 0.008
Presence of T. leonina 0.13 (0.02–0.80) Incidence rate ratio 0.028
k 0.13 (0.08–0.17)

Incidence rate ratio. This is the parameter in a negative binomial generalised linear model. For a continuous variable such as age it is the proportional
change in parasite count for each year. Thus, for each 1 year increase in age the abundance of D. caninum parasites decreases by 57%. For a binomial variable
such as presence of E. multilocularis it is the ratio of D. caninum parasite counts between those foxes infected with E. multilocularis and those non-infected.

Table 4
Abundance and frequency distributions of intestinal helminths in Kyrgyz foxes.

Parasite Mean abundance (95% CIs)a k Proportion
zero-inflateda

Probability distribution

Echinococcus multilocularis 8669 (5442–15041) 0.099 (0.078–0.12) Negative binomial
12842 (8728–18872) 0.26 (0.20–0.35) 0.32 (0.24–0.42) Zero-inflated negative binomial

Dipylidium caninum 5.40 (3.28–9.00) 0.10 (0.07–0.13) Negative binomial
Taenia spp.b 1.36 (0.94–2.04) 0.19 (0.11–0.27) Negative binomial
Toxascaris leonina 0.72 (0.30–2.30) 0.03 (0.012–0.042) Negative binomial
Toxocara canis 2.01 (1.33–2.76) 0.30 (0.18–0.50) Negative binomial
Mesocestoides sp. 22.38 (16.47–30.40) 0.27 (0.21–0.34) Negative binomial

32.13 (25.42–40.60) 0.75 (0.52–1.07) 0.30 (0.22–0.39) Zero-inflated negative binomial

o-inflat

the indi
a For zero-inflated models, the mean abundance is given for the non-zer
this figure by 1-proportion zero-inflated.

b Taenia spp. represented at least two species and the distributions of
had their species identity confirmed.

spp. eggs were found in the faeces of foxes, but no intestinal
specimens were detected.

Analysis demonstrated that the distribution of E. mul-
tilocularis in foxes had a zero-inflated negative binomial
distribution (p = 0.00006, likelihood ratio test, p = 0.001
by Monte Carlo methods) (Table 4, Fig. 1). Likewise the
abundance of Mesocestoides was zero-inflated (p = 0.00003,
likelihood ratio test, p = 0.001 by Monte Carlo methods)
with all other parasite abundances consistent with the neg-
ative binomial distribution (Table 4).

4. Discussion

Helminths of foxes in Kyrgyzstan have been seldom
studied. Gagarin and Iksanov (1954) claim to have found
2 of 36 foxes infected with E. granulosus but no criteria was
given for confirming the species identity and is possible
that these were E. multilocularis. In addition E. multiloc-
ularis infection of the livers of a number of specimens of
Microtus gregalis (the narrow headed vole which is native
to central Asia, China, Mongolia and Russia) were found in
the Bishkek region by Gagarin et al., 1957). E. multilocularis
was also reported from M. gregalis and Ellobius talpinus (the
northern mole vole with a range from central Asia to the
Ukraine) by Tokobaev (1959) in Kyrgyzstan. This indicates
that the parasite was known to be present in Kyrgyzstan
over half a century ago. The prevalence we found in foxes
Please cite this article in press as: Ziadinov, I., et al., Frequen
helminths of foxes in Kyrgyzstan. Vet. Parasitol. (2010), doi:10.

of 63.6% (CIs 55.4–71.3%) was similar to that described in
Zurich, Switzerland, by Hofer et al. (2000). The study of
110 foxes in Bukhara district in Uzbekistan (Matchanov,
1968) described 1 trematode species, 13 cestode species,
13 nematode species and 2 acanthocephala species. This
ed proportion. The overall population abundance is calculated by dividing

vidual species could not be calculated as only a sub-sample of parasites

is a considerably greater diversity of helminth fauna than
the present study where we found evidence for, at least 5
cestode species, just 3 nematode species, 1 acanthocephala
and no trematode species. This may be due to substantial
differences in the climate (such as markedly lower temper-
atures) from central Kyrgyzstan (over 2000 m above sea
level) compared to the Bukhara district in Uzbekistan (c
200 m above sea level). Of interest though is the fact that
E. granulosus was recovered from 5 foxes in the Uzbek-
istan study. Unfortunately, like the Gagarin and Iksanov
(1954) study, Matchanov (1968) did not report the meth-
ods used to isolate the parasites from fox intestines or the
criteria used to identify E. granulosus. Mesocestoides spp.
was observed at comparable prevalence to those described
in the Uzbekistan study and to a study in Spain (Gortazar
et al., 1998). T. canis is a common helminth of foxes with
prevalences frequently reported of between 40 and 80%
(for example: Reperant et al., 2007; Smith et al., 2003;
Overgaauw and Van Knapen, 2000; Richards et al., 1995)
and our observations indicate this parasite is also common
in Kyrgyz foxes. Toxascaris, Dipylidium and Capillaria spp.
were also found. Toxocara was found in 30% of foxes and we
found no variation with age or sex of fox. However, this may
be because the foxes in the present study were at least 6–9
months old as the study was conducted in winter. In a Swiss
study, juvenile foxes sampled in spring or summer had
higher Toxocara abundances compared to juveniles sam-
cy distribution of Echinococcus multilocularis and other
1016/j.vetpar.2010.04.006

pled in the winter (Reperant et al., 2007). Furthermore,
worm burdens and prevalence were lower than in other
studies (e.g. Ireland—Roddie et al., 2008). The Irish study
also failed to demonstrate any relationship with age and
worm burden. However a Danish study, which detected

dx.doi.org/10.1016/j.vetpar.2010.04.006
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ig. 1. Goodness of fit of the observed intestinal worm burden of Echinococ
egative binomial distribution (top) and the negative binomial distributio

similar prevalence to the Irish study, did detect higher
arasite burdens in younger foxes compared to old foxes
nd a bias towards male foxes (Saeed and Kapel, 2006). We
etected a sex bias with just one group of parasites: Taenia
pp. The interpretation of this is uncertain as there were at
east 2 species of Taenia, with very different means of trans-

ission found in these foxes. T. hydatigena is a common
arasite of dogs and the intermediate hosts are usually farm
ngulates such as sheep. Thus, foxes are possibly infected
hrough scavenging the carcasses of sheep. T. polyacantha is
common parasite of foxes which are infected by predation
n small mammals such as rodents. Resources were only
vailable to confirm the species identity of a small num-
er of worms and hence it was not possible to analyse the
atterns of Taenia infection at the species level.

The implications of the high prevalence of E. multilocu-
aris in foxes as a public health issue are difficult to assess.
learly, with such high abundances, there is the possibil-

ty for widespread contamination of the environment with
orm eggs and potential transmission to humans. How-

ver, in Europe, where the prevalence and abundance in
oxes is also very high, the numbers of human AE cases
re quite low. Nevertheless, fox populations in Europe are
Please cite this article in press as: Ziadinov, I., et al., Frequen
helminths of foxes in Kyrgyzstan. Vet. Parasitol. (2010), doi:10.

ncreasing and invading urban areas (Deplazes et al., 2004).
n Switzerland, this has been associated with an increase in
he numbers of human AE cases diagnosed (Schweiger et
l., 2007). Evidently, with the high Echinococcus biomass
n foxes, the small mammal population in the area must
ilocularis to the expected worm burden (±95% CIs) given the zero-inflated
om).

also be infected to maintain the cycle, and this is the
subject of ongoing studies. In China, dog contact is an estab-
lished risk factor for human AE (Craig, 2006) and thus dogs
must be seen as another potential conduit to the human
population. Studies indicate that dogs have similar E. mul-
tilocularis prevalences in China (estimated 20% with 95% CIs
13–33%—Budke et al., 2005c) to those of dogs in the present
study area (estimated 18% with 95% CIs 12–30%—Ziadinov
et al., 2008). However, there is a paucity of quantitative
information regarding E. multilocularis infection of foxes
from China, despite the natural cycle being the likely source
of the spill over into dog populations. This present study
gives abundance, prevalences and frequency distributions
of fox infection in an area where there is concomitantly
a high prevalence in dogs. Such a downstream affect of
high dog prevalences may present a risk to public health
in Kyrgyzstan in addition to China. Presently, the extent
of human AE in central Kyrgyzstan has not been reported
although this is the subject of ongoing investigations and
likewise the risk factors for human AE are not yet known
in Kyrgyzstan. Nevertheless, cystic echinococcosis which
requires transmission through dogs, has increased substan-
tially in Kyrgyzstan since the collapse of the Soviet Union
cy distribution of Echinococcus multilocularis and other
1016/j.vetpar.2010.04.006

(Torgerson et al., 2003, 2006). Depending on the transmis-
sion pathways to humans, preventive programs such as
control of wild canids and prophylactic anthelmintic treat-
ment of dogs, and health education could ameliorate the
risk of AE.

dx.doi.org/10.1016/j.vetpar.2010.04.006
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A significant decrease in prevalence of infection in rela-
tion to age for E. multilocularis was detected in this sample
of foxes, but no changes in mean abundance. The reasons
for this may be associated with age-related behaviour of
foxes or possibly immunity to reinfection. This does con-
trast somewhat with studies in Switzerland where there
was a significant decrease with age in parasite abundance
but not prevalence (Hofer et al., 2000). Different analyti-
cal techniques were used with the Swiss study using the
Mann–Whitney test to compare parasite abundances in
contrast to the GLM techniques in the present study. Non-
parametric tests such as the Mann–Whitney would be
expected to be less powerful and hence significance would
be likely if GLM or ZIGP techniques were used on the same
data set. Nevertheless, the choice of analytical technique
can affect the frequency of statistical errors and hence the
interpretation of results (Wilson and Grenfell, 1997).

All parasite species recovered from the foxes’ intestines
had a highly overdispersed distribution similar to previ-
ous reports (e.g. Saeed et al., 2006 from Danish foxes). This
was most marked with E. multilocularis and Mesocestoides
spp. where a zero-inflated negative binomial distribution
gave the best description of the abundance data. Such a
distribution allows zero counts to arise from two distinct
mechanisms: a binary process generating either a positive
or zero count and a count process (including the possi-
bility of a zero count). This may arise if the animals are
exposed (generating the count process) or non-exposed
(zero count). When parasites are able to develop follow-
ing exposure it results in a non-zero count or a zero count
if they do not develop. Other ways in which such processes
may arise could depend on the method of diagnosis. Thus,
the animal may have a zero count arising in two ways:
the animal may have zero parasites in the intestine, or
is infected but the diagnostic test gave a false negative
result. As the data were based on necropsy, the latter pro-
cess is unlikely in the present report. We have shown that
a zero-inflated negative binomial model provides a supe-
rior description of the distribution or E. multilocularis and
Mesocestoides abundance data than a negative binomial
model alone. Similar zero-inflated models have been used
frequently in the ecological literature where datasets with
many zeros are commonplace (reviewed by Martin et al.,
2005). In parasitology, there is a paucity of studies using
zero-inflated models as an aid to describe patterns of infec-
tion. Examples include Denwood et al. (2008), Nødtvedt
et al. (2002) and Walker et al. (2009). In the present
study, only 2 of the 6 parasite species analysed had abun-
dance data consistent with the zero-inflated model rather
than the standard negative binomial model. Our studies
on multi-parasitism in foxes clearly demonstrate that the
zero-inflated distribution, whilst a useful additional tool,
is not ubiquitous for parasite abundance data and indeed
for many studies the negative binomial model will suffice.
It is also important to consider our results which suggest
that the negative binomial without zero inflation was a
Please cite this article in press as: Ziadinov, I., et al., Frequen
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better description of the distribution of Dipylidium, Toxo-
cara and Toxascaris spp. These had lower prevalences and
hence more zeros than E. multilocularis and Mesocestoides
which were better described by the zero-inflated model.
These two parasites with the zero-inflated data had higher
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mean abundances than the parasites with a negative bino-
mial distribution and hence the magnitude of the positive
counts also influences the choice of the best fitting model.
This gives further evidence that zero inflation is not nec-
essarily required when there are many zeros in the data.
Taenia spp. also had a negative binomial distribution, but
the interpretation of this is a challenge as there are at least
2 species with distinct intermediate host biology in this
composite sample of parasites.

Our statistical analysis indicated that the likelihood
ratio test performed satisfactorily for model selection with
the present data. However, the p values indicate that the
likelihood ratio test is less conservative than Monte Carlo
simulation. For zero-inflated models other tests such as the
Vuong test (Vuong, 1989) have been used for model selec-
tion (e.g. Tiwari et al., 2009) and for theoretical reasons such
approaches may be more appropriate than the likelihood
ratio test for this type of data. The Monte Carlo simulations
we used to confirm model fit make no asymptotic assump-
tions and hence should be robust. Ruegg et al. (2008) used
such Monte Carlo methods to explore the fit of compet-
ing models based on binomial data and demonstrated that
sometimes likelihood ratio tests may not select the most
appropriate model with other types of data.
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