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Abstract

Some morphological features of inhibited fourth stage (L4) and fourth moult
larvae (4M) of the bovine lungworm Dictyocaulus viviparus are described.
Inhibition was induced by maintaining the third stage larvae (L3) for 6 weeks at
48C. Inhibited fourth stage (L4) and fourth moult larvae (4M) were collected by
perfusion of the lungs of experimentally infected calves after necropsy at 15 and
68 days post infection (d.p.i.), respectively. Inhibited 4M, isolated at 68 d.p.i.,
were about ten times larger than inhibited L4 isolated at 15 d.p.i.

Introduction

It is well known that the inhibition of lungworm larvae
may be induced by cooling of the larvae for several weeks
at temperatures of about 4–78C (Gupta & Gibbs, 1970;
Pfeiffer & Supperer, 1980; Eysker et al., 1992). Within a
project dealing with the differences in gene expression
between inhibited and uninhibited larval stages of
Dictyocaulus viviparus, we isolated larval stages from the
lungs of two calves. Currently, there is only very limited
information about the morphology of parasitic lungworm
larvae in cattle available. Gupta & Gibbs (1976) described
some features of inhibited larvae isolated from naturally
or experimentally infected calves. The only report on the
morphology of uninhibited parasitic D. viviparus larvae
described some anatomical features such as the morphol-
ogy of the cephalic region and reproductive organs of
larvae, which were isolated from the lungs of experimen-
tally infected guinea pigs (Douvres & Lucker, 1958). The
morphology of uninhibited D. filaria larvae from sheep
was described in detail by Verster et al. (1971). Here we
present information on the morphology of inhibited
lungworm larvae isolated at different time intervals
after infection.

Materials and methods

First stage larvae (L1) were collected from the faeces of
experimentally infected calves and incubated in 20–30 ml
tap water in Erlenmeyer flasks (250 ml) at room tempera-
ture for at least 5 days, until development to the third
larval stage (L3) was completed. The D. viviparus strain
used in this study has been passaged at the Institute of
Parasitology in Hannover for about three years and was
isolated on a farm in the coastal region of lower Saxony.
Inhibited larvae were collected after incubation of 40,000
L3 for 6 weeks at 48C and infection of one calf with 10,000
L3 and another one with 30,000 L3 followed by perfusion
of the lungs (Eysker et al., 1990) at 15 d.p.i. and 68 d.p.i.,
respectively. The faeces of the latter calf were examined
for the shedding of larvae according to Baermann (1917).
Larvae from the lungs of another calf infected with 5000
uninhibited L3 were also collected. All larvae were
further processed for mRNA isolation directly after
being microphotographed.

Results and Discussion

In the present study, morphological differences of
inhibited lungworm larvae isolated at different intervals
post-infection are documented for the first time. Inhibi-
tion was induced by cooling L3 larvae for 6 weeks at 48C
prior to infection. After the infection of two calves with
inhibited larvae the lungs were perfused and larvae
collected at 15 d.p.i. and 68 d.p.i. Shedding of larvae was
recorded in the latter calf. At only one date 2 larvae per
gram of faeces were found.

At each date of collection, simultaneous microphotograph
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and length estimation of ten larvae each were performed
(table 1). All larvae isolated at 15 d.p.i. show genital
primordia, whereas larvae isolated at 68 d.p.i. show a
genital primordium and a sheath. However, a sheath is
absent from larvae isolated at 15 d.p.i. Thus we consider
the latter to be L4 stages. Males showed a bursa with
bursa rays and spicules (fig. 1). A female (fig. 2) shows

vulvar lips and a vulvar opening (fig. 3) located between
300 and 350 mm anterior to the posterior extremity (fig. 4).
However, the opening of the vulva is not yet extended
into the pars ejaculatrix or pars haustrix. In contrast,
uninhibited L4 stages of D. filaria do already show a
vulvar opening which extends to the pars ejaculatrix,
although in general the development of D. filaria is
slightly slower than that of D. viviparus (Verster et al.,
1971). This indicates the postponed development of
inhibited D. viviparus larvae.

In this study, the inhibited female and male L4 stages
isolated at 15 d.p.i. demonstrated genital primordia. This
is in contrast to the observations of uninhibited D.
viviparus L4 isolated from guinea pigs (Douvres &
Lucker, 1958). In the present study, the vulvar opening
was present in the L4 stages but it was only recorded in L5
stages of uninhibited larvae isolated from the guinea pigs.
Whereas in uninhibited male larvae from the lungs of

Fig. 1. Inhibited male fourth stage larva of Dictyocaulus viviparus isolated 15
days post infection showing spicules (arrowed). Scale bar = 100 mm.

Fig. 2. Inhibited female fourth stage larva of Dictyocaulus viviparus isolated 15
days post infection. Scale bar = 100 mm

Table 1. Length (mm) of inhibited L4 and fourth moult (4M) stage
larvae of Dictyocaulus viviparus.

Develop- Days post
Range, ðx̄Þ

mental stage infection Male Female

L4 15 800–893, (845) 786–1080, (906,8)
4M 68 8620–10850, (9710,3) 8333
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guinea pigs the spicules were first found in the L5 stage
(Douvres & Lucker, 1958), here they appeared in all male
larval stages. These differences in the morphology of D.
viviparus larvae from the lungs of guinea pigs on the one
hand and from lungs of calves on the other hand suggest
that larval development is slightly different in the
biological host (bovines) and abortive hosts (guinea
pigs) as also discussed by Gupta & Gibbs (1976).

The larvae isolated at 68 d.p.i. were about ten times
larger than those isolated at 15 d.p.i. All larvae isolated at
68 d.p.i. showed well developed genital primordia as well
as a sheath. Among the ten larvae examined only one
developed into a female. The males again possessed a
bursa, bursa rays and spicules (fig. 5). The bursa of one
male L5 isolated of the lungs of a calf infected with
uninhibited L3 at 15 d.p.i. is shown in fig. 6.

According to the nomenclature used by Verster et al.
(1971) the larvae isolated at 68 d.p.i. are 4M stages. These

data suggest that inhibited larvae in the lungs of the cattle
grow in size either continuously or at the end of the
inhibition period, and during this process a change from
L4 to 4M occurs. These results are in part different from
the data reported by Inderbitzin (1976) and Pfeiffer (1976).
These authors described the finding of inhibited L5 after
infection with larvae which had been kept at 48C for 8
weeks (Inderbitzin, 1976) or 78C for 3 weeks (Pfeiffer,
1976). Larvae were isolated at 15, 35 and 60 d.p.i.
(Inderbitzin, 1976) or at 35 d.p.i. (Pfeiffer, 1976). Both
authors classified only those larvae as inhibited stages
that were smaller than 5 mm and at the same time showed
a genital primordium. They classified these stages as
preadult L5 stages. No information about the occurrence
of L4 or 4M stages was given in the above mentioned
studies.

Gupta & Gibbs (1976) described the morphology
of inhibited larvae isolated from experimentally and

Fig. 3. Vulvar primordium (arrowed) of inhibited female fourth stage larva of
Dictyocaulus viviparus isolated at 15 days post infection. Scale bar = 100 mm.

Fig. 4. Posterior end of inhibited female fourth stage larva of Dictyocaulus
viviparus isolated at 15 days post infection. Scale bar = 100 mm.
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naturally infected calves. The age of the inhibited larvae
was not clearly defined, however, it was stated that the
calves were held at least four weeks under parasite-free
conditions before larvae were isolated. The inhibited
larvae ranged in length from 0.9 to 2.7 mm and that the
genital systems of all larvae were well developed to a
similar extent. As in the present study, the data of Gupta
& Gibbs (1976) indicate that during inhibition the larvae
undergo a postponed development during which they
grow in size and that inhibition of D. viviparus occurs at
the L4 and 4M stage as well as and not only at the L5
stage. This is also in accordance with other parasitic
nematodes such as Ostertagia ostertagi (Armour et al.,
1969) and Haemonchus contortus (Blitz & Gibbs 1972),

where inhibition already occurs at the fourth larval stage.
Since these data are based only on a limited number of
worms, further investigations on the morphology of
inhibited stages of D. viviparus are necessary.
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Scale bar = 100 mm.
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Pfeiffer, H. (1976) Zur verzögerten Entwicklung des
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