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STUDIES ON THE PREVALENCE AND THE TRANSMISSION OF

LUNG AND STOMACH NEMATODES OF THE

WILD BOAR (SUS SCROFA) IN FRANCE

J.-F. Humbert and C. Henry

Laboratoire de Zoologie et d’Ecologie Animale, Universit#{233} d’Orl#{233}ans, BP 6759,
45067 Orleans CEDEX 02, France

ABSTRACT: Five species of lung nematodes (Metastrongylus asymmetricus, M. confusus, M.
elongatus, M. pudendotectus, M. salnii) and two species of stomach nematodes (Ascarops stron-
gylina, Physocephalus sexalatus) were found in the wild boars (Sus scrofa) in France. Prevalence
of lung nematodes was 92% (no significant difference between closed reserve and open areas could

be demonstrated) and 97% for stomach nematodes. In both cases, intensity of infection was
significantly greater in young wild boars (age <1 yr) than in the older animals. The importance
of intermediate hosts in the transmission of these infections is emphasized by the increased
prevalences and intensities in certain high risk areas and during certain seasons.

Key words: Lung nematodes, Metastrongylus spp., Ascarops strongylina, Physocephalus sex-

ala t us, stomach nematodes, wild boar, Sus scrofa, prevalence, survey, transmission, intermediate
hosts.

INTRODUCTION

The helminth fauna of the wild boar

(Sus scrofa) in France consists of at least

of 14 species of nematodes (Humbert and

Ferte, 1986). Most of these species have a

wide distribution in Europe (Bernard and

Biesemans, 1978; Henne et al., 1978) and

their occurrence in the wild boar popu-

lation may be very important (Jansen, 1967;

Kutzer and Hinaid�’, 1971; Gadomska,

1981).

The present study deals with quantita-

tive data on heteroxenous parasites: lung

nematodes (intermediate hosts: earth-

worms) and stomach nematodes (inter-

mediate hosts: dung beetles). The aim of

this study was to (1) identify the different

species, (2) determine the prevalence and

the intensity of infection in the definitive

host, and (3) determine the prevalence and

the intensity of infection in the interme-

diate hosts of these helminths.

MATERIALS AND METHODS

Study area and data collection

From November 1984 to February 1986, 38

stomachs and 58 lungs of wild boar were col-
lected after shooting animals in the game re-
serve of Chambord (01#{176}30’E, 47#{176}35’N; altitude,

80 m). This game reserve occupies approxi-
mately 5,400 ha of deciduous forest, pine woods,

coppice and scrubs. Other lungs (n = 110) were

collected from boars in different open areas from

several regions in France (Fig. 1). Helminths
were recovered at necropsy, placed in 70% ethyl

alcohol and identified by previously defined

techniques (Humbert, 1988). Representative
specimens of the helminth species collected in
this study are deposited in the Museum National

d’Histoire Naturelle de Paris (Paris, France;

accession numbers NINHM 408-4 12 HC, N539).

Between October 1983 and May 1985, 2,380

dung beetles (A noplotrupes stercorosus and

Trypocopris vernalis), which act as intermedi-

ate hosts for the stomach nematodes (Alicata,

1935), were collected in Chambord and placed
in 70% ethyl alcohol. They were dissected and

the third-stage nematode larvae, encysted in the
body cavity of the beetles, were counted and
identified.

In 1986 and 1987, 250 earthworms (Lunibri-
cus spp., Aporrectodea sp., Allolobophora sp.)

which act as intermediate hosts for the lung-

worms (Hobmaier and Hobmaier, 1929a, b) were

collected in Chambord in two kinds of sample

areas (Humbert, 1988): (1) samples on swine

feeding centers in areas where food was given
to animals and the density of the intermediate
hosts (earthworms) was greater than in the rest
of the forest (Humbert, 1988), and (2) in areas

sampled at random within the forest. Earth-
worms were incised along their dorsal surface

and the anterior parts of the gastrointestinal tract
(oesophagus, crop, gizzard and first part of in-
testine) were removed. The tissues were pressed
between two glass slides and examined micro-

scopically. Larvae, when present, were readily
visible and these were counted and identified.
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that were examined: Metastrongylus con-

fusus, Metastrongylus salmi and Meta-

strongylus pudendotectus. Metastrongy-

lus elongatus, considered as the most

prevalent species in Europe (Jansen, 1964a;

Hollo, 1965; Kutzer and Hinaidy, 1971;

Baettig, 1986) and in certain areas of the

United States (Babero et al., 1959; Smith

et al., 1982), was found only in southern

88 98 France and in Bourgogne. A rare species,

Metastrongylus asymmetricus described

80 - in Japan by Noda (1973), was recovered

in Chambord.
98 33 The prevalence of metastrongylids in the
81 36 game reserve of Chambord was 91% (81 <

P< 97; 95% confidence limits). For the
92 74 sample collected in the other areas (open

areas), the prevalence was 88 ± 6% (95%

- confidence limits). The difference be-

35 tween these two localities was not signifi-

cant. In Table 1, the prevalence data ob-
tamed during the present study are

>13 compared with similar information from
wild boar in Europe and in the United

States. The results from these studies show

that the prevalence of these lung nema-

todes is greater in Europe (>80%) than in

the United States (<80%).

No significant differences in mean in-

tensity of lung nematodes between Cham-

bord and the open areas could be dem-

onstrated. The mean intensity was 167 ±

57 (95% confidence limits) nematodes per

animal.

The distribution of parasites in the pop-

ulation of wild boar fits the negative bi-

nomial distribution reasonably well (pa-

rameters of the model: �t = 126.3; k =

0.5493; agreement with the model ac-

cepted at the 95% probability level). For

Anderson (1986) this negative binomial

distribution has proved to be a good em-

pirical model of observed patterns in hel-

minth distribution patterns. This distri-

bution of number of nematodes per wild

boar is shown in Figure 2; 15% of the wild

boar had 50% of all nematodes. The most

heavily infected animals were usually the

young. The number of helminths was sig-

nificantly greater in young wild bears (age
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TABLE 1. Comparison of prevalences of lung and
stomach nematodes in Europe and in the United States.

Lung Stomach

tiematodes nematodes

France

Ilumbert and Henr�
(present study)

Netherlands

Jansen (1964a, b)

Switzerland

Baettig (1986)

East Germany

Henne et al. (1978)

Tscherner et al. (1984)

Poland

(;adoriiska (1981)

United States

Babero et al. (1959)
Henry and Conley (1970)

Riddle and Forrester (1972)

Coombs and Springer (1974)

Smith et al. (1982)

Pence et al. (1988)

Prevalence expressed as a #{182}7.

Data analysis

In all cases, the confidence limits of the mean
or of proportions were used because they are
easier to interpret; these limits define the upper
and lower values of a range within which the
true population mean or proportion lies at the
level of 5% risk for infection. The estimate of k
was obtained by the maximum-likelihood meth-

od (Elliott, 1977) and Chi-square test (goodness-

of-fit) was used for agreement with the negative
binomial. The method of calculation of proba-
bility for becoming infected was as follows: Let

s be the prevalence of nematode larvae in in-
termediate host; therefore, the probability for
becoming infected when eating one interme-
diate host is s and for becoming non-infected is
1 - s; when eating successively two interme-

diate hosts, the probability for becoming non-
infected is (1 - �)2, etc.; therefore, after eating
successively n intermediate hosts, the probabil-
ity for becoming infected is 1 - (1 -

RESULTS AND DISCUSSION

Five species of lung nematodes were

found in the bronchi and bronchioles of

wild boars from all collection sites (Fig. 1).

Three of these were found in all the lungs
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M. pudendotectus

M. salirti

H. confusus

H. pudendotectus

H. salmi

H. confusus

H. asynvnetricus

M. pudendotectus

�

FIGURE 1. Distribution of metastrongylid lung nematodes in some regions of France.

<1 yr) than in older hosts (Chi-square test,

P < 0.001; Table 2).

The prevalence of infection of lung

nematode larvae in earthworms varied

greatly according to the study area. On

feeding centers, the prevalence of meta-

strongylid larvae was 91 ± 2% (95% con-

fidence limits; n = 143). Parasited earth-

worms were not collected in the forest

(random sampling). Thus, feeding centers

constituted areas at higher risk for para-

sitism by the host because of infected in-

termediate hosts at these sites.

The mean intensity of larvae in earth-

worms was 23 ± 4 and the distribution of

larvae in earthworm communities fit rea-

sonably well the negative binomial distri-

bution (parameters of the model: �s = 20.8;

k = 0.8023; agreement with the model ac-

cepted at the 95% probability level). Based

TABLE 2. Intensities of stomach and lung nematodes of wild boar in France.

Age Stomach nematodes Lung nematodes

<1 year or � <50 kg or 9 < 45 kg minimum 20 minimum 10

maximum 218

mean 120.6 ± 55.2*

maximum 1,600

mean 245.1 ± 104.1*

>1 year or � >50 kg or 9 >45 kg minimum 2 minimum 3

maximum 107

mean 22.12 ± 15.0*

maximum 446
mean 83.46 ± 375*

* 0.95 co nfidence lim its: mean ± 1. 96 SE.
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FIGURE 2. Distribution graphs of the 9,519 lung

- - nematodes (Metastrongylus spp.) among 75 wild boars

* *1 indicating relative (cumulative) frequencies (A) and
cc 4 ci absolute frequencies (B).
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C

on this, wild boar could have become in-

fected (P > 0.99) after eating as few as
two earthworms on the feeding centers.

+1+

Two species of stomach nematodes were
#{176}� �, observed in wild boars: Ascarops stron-

� * gylina and Physocephalus sexalatus. These
species are observed commonly in Europe

9 (Jansen, 1964b; Kutzer and Hinaidy, 1971)

5 � �. cc and in the United States (Smith et al., 1982)
C �

Prevalence of these stomach nematodes
was very high: 97% (P > 84; 95% confi-

dence limits). Only a 6-yr-old male was

not infected. Comparison with similar in-

formation from wild boars in Europe and

in the United States (Table 1) shows that,

� -� �2 � -� like the lung nematodes the prevalence of
stomach nematodes is usually greater in

� L � Europe than in the United States.

� - The mean intensity was 52 ± 24 stom-

ach nematodes per animal. The intensity
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May Jun ‘ Jul 1 Aug ‘ Sip ‘ Oct ‘ May 1

1984 1985

FIGuRE 3. Annual changes in the prevalence of stomach nematodes (P) in the intermediate host Anop-

lotrupes stercorosus (horizontal bars, mean infection rate; vertical bars, 95% confidence limits; d, beetles on
dung; f, beetles on fungi).

was significantly greater in young wild

boars (age <1 yr) than in the older animals

(Fisher exact probability test: P = 0.003;

Table 2).

Two species of beetle intermediate hosts,

A. stercorosus and T. vernalis (Table 3),

were observed feeding on wild boar dung,

fecal pellets and fungi (Henry et al., 1986).

Anoplotrupes stercorosus occurred main-

ly from May to October, but many indi-

viduals hibernated and became active in

late winter or early spring, depending on

climatic factors. The prevalence of stom-

ach nematode larvae in the beetles varied

greatly, according to the period of the year

(Fig. 3). The seasonal pattern of infection

was as follows: (1) similar values were ob-

served in early spring and the previous

autumn (after and before hibernation); (2)

increasing values occurred in June and July

(maximum: 89% in 1983; 86% in 1984);

and (3) the lowest values were noted in

late August, due to the appearance of a

new generation of adult beetles; the newly

emerged beetles became slowly infected

in September and October but many in-

dividuals, feeding mostly on fungi, were

significantly less infected. Summer consti-

tuted the season of highest risk for the in-

termediate host to be parasited.

The number of encysted larvae per in-

termediate host was counted in 400 beetles

between June and October 1983; the dis-

tribution of larvae was generally conta-

gious and counts fit reasonably well the

negative binomial in July (parameters of

the model: �z = 43.07, k = 0.4073; agree-

ment with the model accepted at the 95%

probability level). Consequently, the wild

boar could have become infected (P >

0.99) after eating only six beetles in May

and June, three in July and August and 10

in October. Infection could have occurred

even though wild boars only accidentally

ingested dung beetles.

CONCLUSIONS

Studies in France and Poland (Jezierski,

1977; Dardaillon, 1984) on wild boar pop-

ulations have shown a high mortality rate

among yearlings. This high mortality rate

could be related to parasitism (Wetzel and

Rieck, 1966; Henry and Conley, 1970;

Fraczak, 1974; Smith et al., 1982). Our

results agree with these studies. Pulmonary

pathology associated with metastrongylid

infections and despoiler action caused by

stomach nematodes could be an important

factor in the mortality of the young wild

boar. Differences in the intensity of these
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nematodes in young (age <1 yr) and older

animals may be explained by an acquired

immunity in older animals as a result of

repeated exposure to infection (Humbert,

1988).

Studies on the transmission of these

nematodes show that: (1) intensity of lung

nematode infection depends on the fre-

quenting, by the wild boars, of areas at

high risk for acquiring the infection at

feeding centers, and (2) intensity of stom-

ach nematode infection by ingestion of

beetles depends on the seasonal variations

in prevalence of larvae in these beetles.

Thus, there is a site and seasonal depen-

dance, respectively, in the transmission of

these species.

In comparison with the hypothesis pro-

posed by Crofton (1971), the negative bi-

nomial distribution of parasites in wild boar

populations can arise (1) as the result of

infection decreasing the chances of further

infection (existence of an acquired im-

munity), (2) as the result of infective stages

not being randomly distributed (existence

of areas and season at high parasitic risk),

and (3) as the result of a series of exposures

to infection in which each exposure is ran-

dom but the chances of infection differ at

each exposure.
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