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NERVOUS TISSUE LESIONS CAUSED 
BY ELAPHOSTRONGYLOSIS IN WILD SWEDISH 

MOOSE 

By 
Margareta Steen and Claes Rehbinder 

STEEN, MARGARETA and CLAES REHBINDER: Nervous tissue 
lesions caused by elaphostrongylosis in wild Swedish moose. Acta vet. 
scand. 1986, 27, 32,6-342. - During the first 5 months of 1985, 35 
moose were obtained for neoropsy at the NationaJ Veterina1ry Institute, 
Upps1ala, Sweden. 17 ( 49 % ) of these cases were found to be infected 
with Elaphostrongylus sp. The nematodes were found in the epidural 
space of the spinal cord and brain, around and in the sciatic ne1rves 
and in muscle fasciae. Predilection sites appeared to be near cauda 
equina and the fasciae of the thoracic, gracilis and sartorius muscles. 

Most of the infected animals were calves. Both sexes were equally 
represented. Pathological changes found were characterized by focal 
haemorrhages and oedema. The changes were present in the muscle 
fasciae and in the leptomeninges of the brain and spinal co11d,. Beside 
infiUrates of mainly lymphocytes and plasma cells, aduU nematodes, 
larvae and eggs we·re observed. 

Cases with mild glios,is in the cerebrum and degenerative changes 
of peripheral nerve roots affecting the epi- and perineurium were also 
found. In one case the inflammatory changes reached the endoneurium 
of a sciatic nerve bundle and in another case into a ganglion. 

Inflammatory reactions against the parasite were mainly directed 
towards eggs. In loose colllnective tissue clos·e to nerve tissue in the 
central nervous system lairvae were found close to eggs and remains 
of e,ggs indicating that e,ggs may hatch at this site. 

This investigation shows that natural infections1 with Elaphe>
strongylus sp. occur in wild moose and may produce pathological 
changes in large peripheral nerves. and in the central nervous sys.tern. 

moose; elaphostrongylus; nematode; nervous1 
lesion. 

In April 1984 a 10-month-old moose calf found dead, was 
submitted for necropsy at the N ationall Veterinary Institute, 
Uppsala, Sweden. At necropsy llie calf was emooiated and several 
Elaphostrongylus sp. were found in the epidurail space of the 
spinal cord but also in muscle fasciae. 
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During the fiirst five months of 1985 moose f:rom several 
loca!li1ties in the middle and northel'ln parts of Sweden were re
ported deiad, their totail number 200. Mosrt of the dead 
animals were found withi!n a few rather limited aireias. In addi
tion most of the dead animals were calves. 

MATERIAL AND METHODS 
During winter and spring 1985 carcasses of 35 moose were 

obtai1Ued. The materi·al compr.iJsed both sexes and different age 
gvoups (Table 1). 

At necropsy the brain was removed aind the spinal cord was 
expo·sed along its whole ·length and ,removed. The sciatic nerves 
were dissected free a:nd the muscle-bundles of the whole body 
were macroscopicaMy examiined. 

MacroscoipicaLly affected areas of the bra!iin, spinal cord, 
sciatic nerves and muscle fasciae were fixed in 10 % formalin 
after being examined for the presence of parasites.. 

After fixation tissues were embedded in paraffin, sectioned 
4 µm and stained with haematoxylin eosin and v. Gieson. 

For measuning aiduU nematodes were pilaiced in sailliine on 
glass slides and mounted Uinder cover-sliips ringed by vaseJrine. 
6 females and 2 males were measurnd. 

Larvae from faeces and lungs were collected from 11 animails. 
They were mvestigated by means of Ba:erman;n technique. The 
laTVae found were kept in water at 4 °C and s:tudied after they 
had been immobi!lized by milld heat and mounted under cove:r
s,lli:ps ringed by vaselline. 

RESULTS 
The necropsied moose represented both sexes, 11 males and 

24 females. The nutritional state varied: 26 animals were ema
ciated, 1 was in a poor nutritiiona!l state, while 8 appeared to be 
iin normall nutritionall state (Table 1). 

In 2 cases the necropsy was entirely negative. Emaciation 
without any signs of underlyii:ng disease was found in 1 case. 

Ln 17 ( 49 % ) of the 35 animals necropsiied the only patho
logical changes found were due to elaphostrongylosis, defined to 
the finding of adult nematodes; out of these moose, 1 was, in nor
mal and 1 in moderate nutritional state while 15 animals were 
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emaciated. For the remaining animals the cause of death could 
he related to other diseases or traumata. 

It is notable that in the group of moose iinfected with Elapho
strongylus sp. emaciation and low age were overrepresented 
(Table 2). 

Gross pathology 
In each of the :iinfestated 17 animals, 1-30 adult Elapho

strongyilus sp. were found. Adult nematodes were found in the 
central nervous system of 16 animals. In 11 of the examilned 
moose, however, nematodes were found mainly on the fasci1ae 
between muscle bundles. Predmection sites appeaired to be the 
fasci.ae of the superfidal thoradc muscles and fasciae between 
the and sartorius muscles. The findings were usually 
associated with haemorrhages and oedema wHh a diameter of 
1-2 cm. 

In the central nervous system most of the nematodes were 
found in the epidural space of the spinal cord laying maiinly 
close to the Fil um terminale (Fig. 1). Jin one case a single aduU 
Elaphostrongylus sp. was found the subdural space between 
the cerebrum and the cerebe:Mum. 

Histology 
N e r v o u s t i s s u e. In the central nervous system inflam

matory changes were regularly seen. Several case1s showed focal 
in,flammatory processes :in the leptomenim.ge1s of the brain (Fiig. 
2). They were usuaJlly milld, characterized by infiltration of 
lymphocytes, plasmaceUs and macrophages. The macrophages 
often contained ye:Llowish de:t11itus masses re,sembling hemos
iiderin. In one anima'1 an adu1t parasilte was found in the sub
durail space of the cerebrum. It was surrounded by a mi\ld 
infiltration of lymphocytes. Foci of mild gliosi1s of the cerebrum 
were present in 6 cases. 

Furthermore, in 14 cases the leptomenilnges of the spinal 
cord revealed focal inflammatory processes with marked infil:tra
tions of lymphocytes, and macrophages containinig 
detritus. Present were ai1so tiree yellowish granular detritus 
masses, oedema and haemorrhages. 

The changes iJn the me:niinge•s sometimes ex
tended to the roots of the sprinal nerves. In some areas mi[d 
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Figure 1. Adult Elaphostrnngylus sp. in the epidural space of the 
spinal cord close to a spinal nerve root (arrows). Note the haemor

rhage. 

F i g u re 2. Inflammatory chang·es reaching the root of a spinal 
nerve (S). HE x 35. 
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Fi g u re 3. Egg granuloma. The grainuloma is surrounded by a thin . 
capsule of loose connective tissue. In the center eggs are present in · 
vacuoles lined by a thin lamina and surrounded by mononuclear and 

epithelioid cells. HE X 560 . 

\,,,, . •., . . . 
Figure 4. Hatched larvae (arrows) close to an egg (E) granu

loma. HE x 240. 



• 
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Figure 5. Cross section of a:n adult Elaphositrongylus sp. clooe to 
a nerve bundle. The inflammatory response is' low. HE x 240 . 

,. • • 

.. 
F i g u re 6. Diffuse infiltration of mononuclear cells extending into 
nerve .tissue. The infi1tration affects the peri- aind endoneurium. 
Eggs are seen in the loose connective tissue between the nerve bundles, 

HE x 240. 
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degenerative changes with iinfilltration of lymphocytes were 
noticed (Fig. 3). In the area of Filum terminaile, granuioma for
mations around eggs of Elaphostrongylus sp. were frequently 
found. The granulomas had a thin capsule of loose connective 
tiissue. In the center of the granulomas, eggs, which were laying 
in alumps, were present vacuoles lined by a thin lamina and 
surrounded by infiltrates of mainly lymphocytes, plasmaceLls 
and epithelioid cells (Fig. 4). In some granulomas hatched larvae 
and remains of eggs were detected (Fig. 5). 

Also in the loose connective tissue between nerve bundles in 
the roots of spinal nerves, adults, larvae and eggs of Elapho
strongyius sp., and grnnuLomas were observed. The location was 
mainly Close to the roots of the sciatiic nerves. 

The inflammatory response towards adults and larvae of 
Elaphostrongylus sp. was usually none or mild (Figs. 5 and 6), 
whereas iinflammatory reactions towards eggs were pronounced 
(Fig. 4). 

Diffuse infiltration of the mononuclear cells was in some 
cases found to extend into nerve tissue affecting the epi-, pe1i
and endoneurium (Fig. 7). Similar changes were also found in 
one ganglion (Fig. 8). 

Some of the lesions close to eggs and larvae gave the im
pressiion of a tunnel or track Lined Wlith inflammatory cells, 
bl.eedin.gs and detritus masses. 

F a s c i a e. In the fasciae, areas with a marked infiltration 
of lymphocytes, plasmacells and macrophag,es were regular 
findings. In these areas haemorrhages and numerous dilated 
capillaries were seen, but also granular, yellowish, hemosiderin
like detritus masses. The latter were to a large extent present in 
macrophages, but also layiing free. Larvae and eggs of Elapho
s1trongylus sp. and tunnel-formatiions were sometimes found. 
Adu'lt.s were not infrequentily found in these areas. 

Parasitology 
E 1 a p h o s t r on g y 1 u s s p. The description of the adult 

nematode is based on a study of 2 male and 6 female specimens. 

M ale. Length 290 and 330 mm. Width 0.190 and 0.240 mm. 
Spicuilae short and stout. In one the spiiCltlae were of equal length, 
0.175 mm. In the other unequal 0.160 resp. 0.180 mm. Bursa high 
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developed, entire, 0.180 mm wide. Dorsal ray with a stout base, 
bifurcated into two, nearly parallel, branches. 

Fe m a 1 e. Length 550-630 mm. Width 0.250--0.260 mm. 
Excretory pore 0.580-0.620 mm from anterior end. Vulva 0.190 
mm and anus 0.050 mm from posterior end. Female tail tip 
bluntly conical. Provagina absent. 

First-stage 1 a r v a e. Dorsal spine present. 

FoUowing dla:ssification keys by either Anderson (1978) or 
by Yamaguti (1961) the nematode is defined to the genus Ela
phositrongyl us. 

DISCUSSION 
In 1930 a nematode aibout 5 cm long was observed in the 

fasciae beneath the M. latis,simus dors1i of a Scottish deer (Cervus 
elaphus L.) by Miller (1931). The nematode wais g1i,ven the name 
Elaphostrongylus cervi1 by Cameron ( 1931). Later two more 
species have been described, Elaphostrongylus panUcola( Liubi
mov 1945) from red deer in Asia (Cervus elaphus sibi,ricus) and 
Elaphostrongylus rangiferi (Mitskevich 1958) from reindeer 
(Rangifer ta:randus tarandus L.). 

The taxonomical position of these nematodes is, however, not 
CJlarified. Kutzer & Pros[ (1975) stated Elaphostrongylus panti
cola to be synonymous with Elaphostrongylus cervi. They also 
considered Elaphostrongylus rangiferi to be synonymous with 
Elaphos:trongylus cervi. Pryadko & Boev (1971) considered Ela
phostrongylus cervi, Elaphostrongylus panticola and Elapho
s:trongylus rangiiferi to be subspecies. The diividing into species 
of the genus Elaphostrongylus has apparently been more related 
to the different cervidae hosts than to differences lin the morpho
logy. This division into species has been questioned (Lankester 
& Northcott 1979). It the present :i!nvestigatlion the identity of 
Elaphostrongylus is so far not taxonomically clarified. 

Elaphostrongylus spp. have been described in various cervidae 
of the world, as red deer (Cervus. elaphus L.) (Cameron 1931, 
Kutzer & Porsl 1975, Mason et al. 1976, Borg 1979, Helle 1980, 
Watson 1983), wapiti (Cervus elaphus canadensis) (Mason 
1976), reindeer (Rangi:fer tarandus tarandus L.) (Roneus & 
Nordkvist 1962, Nordkvist et al. 1962, Bakken & Sparboe 1973, 
Kummeneje 1974), faHow deer (Dama dama L.) (Sugar 1978), 
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roe deer (Capreolus capreolus L.) (Nilsson 1971, Borg 1975, 
Kutzer & Pros[ 1975, Sugar 1978) and moose (Alces alces L.) 

(Nilsson 1971, Borg 1975, Holt 1982, Halvorsen & Wissler 1983, 
Roneus et al. 1984). 

In some reports Elaphostrongylus cervii is considered rather 
apat:ogen causing onily mi:nor lesions (Mason 1976, Sutherland 
1976, Pros[ & Kutzer 1980). 

In Austrian red deer, despite the occurrence of Elapho
strongylus cervii in the subdural and subarachnoidal space, Prosl 
& Kutzer (1980) did not find any histopathofogical lesions. The 
only lesions found were connected wi:th larvae of Elaphostrongy
lus. cervi in the lungs. 

Sutherland (1976) described gross a:nd histopathofogical 
lesions in the connective ti:ssues, lymph nodes and lungs. These 
Lesions varied, from mild infi:Ura:tions. of eosirn.ophils to granu
lomas with a central necrosis. In the lungs larvae were observed 
to produce a diffuse interstitial pneumonia, consolidation and 
focal emphysema. Lesions :i!n the central nervous system were 
not observed. 

Clinical disease and pathologj,cal lesions in connection with 
Elaphostrongylus sp. infections, however, have been reported by 
several authors. 

Schwangart (1940) found Elaphostrongylus nematodes in 
the brain and spinal cord of a paralysed red deer. 

Lankest er (1977) reported of an experimental infection in 
moose with larvae of Elaphostrongylus cervi obtained from cari
bou. Neurological signs with pronounced weakness affecting the 
hindlimbs were seen. At necropsy adult Elaphostrongylus nema
todes were found associated with the brain aind spinal cord. 
Lankester states that the tissue damage caused by the parasites 
in the central nervous system was undoubtedly responsible, at 
least in part, for the pronounced neurological signs exhibited. 

In 1979 Borg descrlibed a case of paralysed hindquarters in 
a red deer calf from a zoo in Sweden. The postmortal examina
tion revealed the presence of ElaphostrongyJus cervi in the 
reg)on of the cerebellum. 

Watson (1983) ,reported on clinical si1gns Le. exercise in
tolerance, blindness, hindlimb incoordination and occas1ional 
nervous disorder 1 7 red deer infected with larvae of Elapho
strongyl us cervi. He also noticed dinical disease associated with 
verminous pneumoillia and a severe pulmonary haemorrhage. 
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F i g u re 9. Map of Sweden. The locations of findings of moose 
infected with E1aphostrongylus sp. are indicated. 

In reindeer Elaphostrongylus rangiferi is well known to cause 
morbidity as weH as mortality characterized by central and ped
pheral nervous lesions and pneumonia (Roneus & Nordkvist 
1962, Bakken & Sparboe 1973, Kummeneje 1974). 

The parasites are established in large parts of different rein
deer populations, sometimes giving rise to a considerable mor
tality but sometimes obviously not resulti'ng in an increas,ed 
morbidity or mortality. In reindeer mostly calves are c1inically 
affected although most adults are infected (Nordkvist et al. 
1962, Bakken & Sparboe 1973, Kummeneje 1974). 

Also in our material young animals seem to be moore prone 
to suffer from Elaphostrongylus infections (Table 2). 



Elaphostrongylosis in wild moose 339 

In the present investiigation lesiions were found similar to 
those described by Lankester (1977). 

Inffammatory lesions were found to be more frequently con
nected with the presence of eggs than with larvae or adult nema
todes. The e1ggs also produced multiple granulomas, with larg.e 
amounts of mononuclear and epi:theloid cells, in the lepto
meninges and in loose connective tissue between nerve bundles. 

Larvae were often found in dose connection with eggs. Some
times eggs, remains of eggs and larvae were found within the 
same granulomas. This indicates that eggs of this particular 
species of Elaphostrongylus do hatch in loose connective tissue 
as reported by Vsevolodov & Pryadko (1964) and Barus & 
Blazek (1973). 

The finding of hemosiderin-like granulae in this investiga
tion ciorre1spond to reports on red deer infected with Elapho
stroingylus cervi (Dykova' 1969). Probably these detritus masses 
are the excrements of the nematode. 

It is indicated, from the lesions found and the preponderance 
of emaciation among the infested animals, that neurological 
disorder due to elaphostronglyolsis could be the cause of ema
ciation and death of moose. 

The present investigation and earlier observations (Roneus 
et al. 1984, Nilsson in manus.cript) indicate that Elaphostrongy
lus sp. is widely distriibuted in Swedish moose population (Fig. 
10). However, the observatfons are stilll few and the infection 
rate is thus yet unknown. 
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SAMMANFA TINING 
Nervvavnadsskador orsakade av elaphostrongylos hos viltlevande alg 

i Sverige. 
Under de 5 fi:irsta mfmaderna 1985 inkom 35 algar till Stateins 

V eiterinarmedicinska Anstalt, Uppslllla, fi:ir obduktion. Hos 17 av dessa 
( 49 % ) pavisades infektion med Elaphostrongylus sp. 

Nematoderna patraffades epiduralt pa ryggmarg och hjarna, runt 
och i ischiadicusnerver samt vid muskelfascier. Predilektionsstallen 
var i anslutning till cauda equina samt intill fascier fi:ir pectoral-, 
gracilis- och sartoriemusklerna. Av de infekte.rade djuren utgjordes 
huvuddelen av kalvar. Bada konen va:r likvardigt representerade. De 
patofogiska fynden karaktedserades av fokala blOdningar och odem. 
Forandringarna fi:irelag i muskelfascier samt i hjarnans och rygg
margens leptomeninger. De histologiska fyniden utgjordes av infiltrat 
med huvudsakligen lymfocyter och plasmaceller, samt adulta nema
toder, larve•r och agg. Degenerativa fOrandringar, som nadde in till 
epi- och perineurium, pavisades i perifera nervers rotter. I ett fall 
nadde den inflammatoriska process.en in i ischiiadicusnervens endo
neurium och i e!Jt annat fall in i ett ganglion. Dessrutom sags fall med 
mild glios i storhjarnan. Det inflammatoriska svaret gentemot para
siten var framst riktat mot aggen. I lucker bindvav intill nervvav
nad i centrala nervsysrtemet pavis.ades larver i anslutning till agg och 
rester av klackta agg, vilket indikerar aitt ligrg kliickes dar. 

Denna undersokning visar att naturliga infektioner med 
strongylus sp. fOrekommer hos vi1d alg och kan fOrorsaka patoloigiska 
fi:irandringar i stora perifera nerver och centra1a nervsystemet. 

(Received April 10, 1986). 
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