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MORPHOLOGY OF THE LARVAL STAGES OF

Elaeophora schneideri IN THE INTERMEDIATE AND
DEFINITIVE HOSTS WITH SOME OBSERVATIONS ON THEIR
PATHOGENESIS IN ABNORMAL DEFINITIVE HOSTS*

CHARLES P. HIBLER and CAROL J. METZGER, Wild Animal Disease Center
Colorado State University, Fort Collins, 80521, USA.

Abstract: Morphology of the larval stages of Elaeophora schneideri from the horse fly
and the normal definitive host (Odocoileus hemionus) are described. Development
of larvae in the horsefly begins in the fat bodies, but larvae enter the haemocoele
early in the first-stage of development and remain in the haemocoele until they are
third-stage (infective) and then migrate to the head and mouth parts. Infective
larvae in the definitive host begin development in the leptomeningeal arteries and are
immature adults in 2 weeks. At 3.5-4 weeks they migrate into the carotid arteries
and grow to sexual maturity about 4.5 months later. In abnormal definitive hosts
(Cervus canadensis or Ovis aries) larvae remain in the leptomeningeal arteries for
5 weeks or longer initiating the clinical manifestations of elaeophorosis.

MATERIALS AND METHODS

Larval E. schneideri dissected from
horse flies were preserved in 10% forma-
lin, alcohol-formalin-acetic acid, or 70%
ethanol with 5% glycerin added (v/v).
They were cleared for study with gly-
cerin or lacto-phenol. Illustrations were
made with the aid of a camera-lucida.

Larval and immature adult E. schnei-
deri were collected from a number of ex-
perimentally infected domestic sheep,
mule deer and elk calves. Some of these
animals were examined at 12, 24, 48
and 72 hours post-infection; others were
examined from 1 to 5 weeks post-
infection.

Previous experience with postmortem
examinations of animals naturally infec-
ted with larval E. schneideri indicates
that the parasites concentrate primarily

INTRODUCTION

When horse flies were incriminated as
intermediate hosts of Elacophora schnei-
deri Wehr and Dikmans, 1935, larval
collections were initiated to describe the
morphology of developmental stages in
the arthropod. Concurrently, experimen-
tal infections were initiated to study and
describe the pathogenesis and pathology
of the disease in elk calves, mule deer
and domestic sheep.”® In most of these
experiments, additional animals were in-
cluded to determine how infective larvae
reached the circulatory system, when they
arrived in the cephalic arterial system,
the length of time required for growth
and development in the definitive host,
where growth and development occurred,

the time and stage of development when
they returned to the carotid arteries, and
to acquire specimens for morphologic

in the cephalic arterial system." Blood
obtained from the carotid arteries and
jugular vein was hemolyzed using a solu-

description of development. tion containing 2% saponin and 2%

* This research was supported by the New Mexico Department of Game and Fish and NIH Grant
6 ROI EY00474-06.
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sodium citrate. Four volumes of this
solution were added to one volume of
blood. After hemolysis occurred, the
solution was allowed to stand overnight,
decanted, and the sediment examined for
parasites. The maceration technique was
employed for the examination of tissues
in the head region. Finely chopped tis-
sues were soaked in physiological saline
for at least 6 hours, the tissues strained
off, and the liquid examined for parasites.
Tissues examined using this technique
were: facial skin, especially about the
site of inoculation; ears; muzzle: tongue;
and all lymph nodes in the head region.
Meninges were stripped from the brain
and these, as well as the anterior pituitary
gland (with the cerebral retia attached)
were examined similarly, but after soak-
ing for 6 hours they were then digested
using the pepsin-hydrochloric acid tech-
nique. This was done in an effort to
obtain a more accurate record of the
number of larvae in these blood vessels.
Eyes were removed, preserved in 10%
formalin and examined histologically for
parasites. The entire skull was cut into
4-8 pieces and soaked in physiological
saline. Parasites collected from these tis-
sues were preserved and cleared for study
in the same manner as those from horse
flies.

RESULTS

Over the last 5 years, numerous larvae
of E. schneideri have been collected from
naturally infected species of Tabanus and
Hybomitra, but the majority came from
Hybomitra laticornis (Hine), the pre-
dominant species in the Gila Forest, New
Mexico.” Since these larval stages came
from naturally infected horse flies, no
information is available on the time re-
quired for development of the microfil-
aria to the third-stage (infective) larva
(L:). Moreover, and despite the large
numbers of larvae examined, none were
found in the act of molting; therefore,
any statements about “first” (L.) or
“second” (L.) stages must be considered
somewhat subjective.
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Development in the intermediate host

The earliest developmental stages in
the horse fly were found in the fat bodies
lining the abdomen. Larval stages found
here had already developed into an L,
and the representative larva illustrated
(Fig. 1) was 240 ym long and 36 ym in
diameter. The muscular esophagus, glan-
dular esophagus and intestine were all
recognizable. Only three rectal cells were
evident in most larvae at this stage in
growth, but in some later larvae four
cells could be recognized. As in all
filarioid larvae, an anal plug of cuticle
sealed the rectum.

The larva grows and develops within
the fat bodies until it reaches a length of
350-400 xm and a width of 35-40 um.
It then leaves the fat bodies and all
subsequent development occurs in the
haemocoele. The larva illustrated in fig-
ure 2 differs significantly from the larva
in figure 1, in that the glandular esopha-
gus, muscular esophagus and intestine are
much more distinct. In most specimens
the anal plug protruded. As with the
previous larva, only three rectal cells
were evident.

Subsequent growth and development
of an L, in the haemocele is manifest
primarily by an increase in length. The
larva illustrated in figure 3 is 525 um
long and 40 um in diameter, but internal
development is not appreciably different
from the larva in figure 2. This larva is
presumed to be an L, as yet, but shortly
thereafter some significant changes occur
internally, suggesting that a molt from L,
to L. has occurred.

Growth and development of a larva
presumed to be an L. is marked by many
significant changes. Intestinal cells lose
their distinct boundaries and become
syncytial-like in appearance (fig. 4).
When this occurs a fourth rectal cell can
be clearly seen between the three rectal
cells observed earlier and the intestine
(fig. 5). Of more importance, the early
female genital primordium can be seen
in well-preserved specimens (fig. 4). In
a few specimens, the early male genital
primordium could be distinguished (fig.
10). The larva illustrated in figures 4 and
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FIGURES 1-7. Elaeophora schneideri. 1. L, from fat bodies. 2. L, from haemocoele. 3. Late
L. 4. Anterior extremity of early L,. 5. Posterior extremity of early L,. 6. Anterior extremity
of late L,. 7. Posterior extremity of late L,. Abbreviations: Ap, anal plug; Ec, excretory cell;
Fgp, female genital primordium; Ges, glandular esophagus; Int, intestine; Mes, muscular eso-

phagus; Nr, nerve ring; Rc, rectal cell.
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S, and presumed to be an early L., mea-
sured 1.75 by 0.048 mm.

Further growth and development of
the L. is manifest primarily by a marked
increase in the length of the glandular
esophagus. There is also some growth of
the female genital primordium, but no
marked changes are evident in the male
genital primordium. The larva illustrated
in figures 6 and 7 is considered to be a
mature L. and measured 3.75 by 0.058
mm.

The L. molts to an L, while in the
haemocoele and after a period of growth
and further maturation the L. migrates
into the head and mouthparts. An L, is
easily recognizable because the anal plug
is lost, Pertinent measurements for the
infective L, are given in Table 1.

The anterior and posterior extremity
of a typical female infective L; is illus-
trated in figures 8 and 9. The male and
female genital primordia are illustrated
in figures 11 and 12. The infective L,
has two characteristic morphologic fea-
tures for identification. The first and
most important are the three protuber-
ances on the caudal extremity (fig. 9).

Adult E. schneideri also have these pro-
tuberances. The second is the cephalic
papillae (fig. 13). L, have the same
number and arrangement of papillae as
an adult.®

Development in the definitive host

Observations on development within
the definitive hosts must be considered
somewhat subjective because of the limi-
ted number of animals available for ex-
perimental infections, postmortem mi-
gration of parasites, and possible aber-
rant migration or development of para-
sites in abnormal definitive hosts,

Data obtained from mule deer and
domestic sheep indicate that infective
larvae remain in the dermis for 6 to 12
hours and then are carried to the heart,
presumably by way of the venous circu-
lation, where they make the usual circuit
through the lungs and enter the arterial
circulation. By some means presently
unknown most of the larvae enter the
common carotid arteries and are distri-
buted in the cephalic arterial system. The

TABLE 1. Measurements of third-stage (infective) larvae of Elacophora schneideri from horse-

flies. All values are given in microns. The average is given first, the range is in parenthesis.

Female

Male
Length 4446 (3296-5032)
Width 44.7 (36.7-55)

Nerve Ring*
Esophagus

125 (110-128.5)

4451 (3848-5032)
49.6 (40-56.9)
122 (110-128.5)

Muscular length

Muscular width

Glandular length

Glandular width
Excretory Pore*
Genital Primordium*
Anus**

273.6 (220-313)

21.4 (18.4-25.7)
1943.4 (1407.8-2146)
21.4 (18.4-23.9)
197.6 (179.8-201.9)
2285 (1924-2516)
55.6 (51.4-62.4)

270.8 (238.6-293.6)
22.5 (18.4-31)

1902.7 (1645-2092.8)
22.5 (18.4-23.9)
195.3 (165.2-201.9)
323.4 (293.6-348.7)
54 (47.7-62.4)

* Measurements from Anterior end of body

** Measurements from Posterior end of body
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FIGURES 8-14. Elaeophora schneideri. 8. Anterior extremity of infective L;. 9. Posterior extremity
of infective L;. 10. Male genital primordium in L. 11. Male genital primordium in L;. 12. Fe-
male genital primordium in L;. 13. En face view and ventro-lateral view of L;. 14. Female
genital primordium in late L;. Abbreviations: Am, amphid; Mgp, male genital primordium;
P, papilla.
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FIGURES 15-18. Elaeophora schneideri. 15. Early L, female reproductive system. 16. Early L,
male reproductive system. 1.7 L, spicule development. 18. Early Ls spicule development. Ab-
breviation: Sp, spicule.
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great majority then enter cerebral arter-
ies, but some have been recovered from
branch arteries throughout the entire
cephalic arterial system; here they com-
mence development from the infective
stage to an adult.

As in the horse fly, no molts were ob-
served in developmental stages collected
from the definitive hosts. When the
infective larva is introduced it measures
an average of 4.45 by 0.048 mm. Subse-
quent growth is manifest by a rapid in-
crease in length and development of the
reproductive system. Development of the
female reproductive system apparently
begins as soon as larvae are introduced
(figs. 14 and 15), but no significant
changes are observed in males for about
1 week, when the primordium begins to
grow (fig. 16) and the spicules begin to
develop (figs. 17 and 18).

Development from the infective stage
to the immature adult requires 14 days.
Immature adult females are easily recog-
nizable because they have lost the cuticu-
lar lining to the vagina; males introduced
at the same time are assumed to be adults
if the spicules are completely developed.
Females are 11 to 13 mm long and 0.13
to 0.15 in diameter. Males are 10 to 13
mm long and 0.11 to 0.14 in diameter.
Both sexes are minute replicas of the
mature parasite, internally and externally.
Since the adult has been described, the
reader is referred to that information.®

In mule deer, the parasite apparently
migrates into the larger arteries as it
develops from the infective larva to an
adult., Infective larvae occur in lepto-
meningeal arteries, but immature adults
are usually found in cerebral arteries. In
this host, immature adults migrate into
the internal maxillary and common caro-
tid arteries at 3.5 to 4 weeks. The para-
sites measure 18 to 20 mm in length and
0.15 to 0.18 mm in diameter when they
return to the carotid arteries. In elk and
sheep, however, developing parasites fre-
quently occupy the smaller branch arter-
ies supplying the brain for 5 weeks or
longer and reach a length of 30 to 40
mm. Death of these hosts is often caused
by rupture of cerebral retial arteries when
the parasite attempts to cross this mesh-
work and enter the carotid arteries.
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In mule deer E. schneideri become
sexually mature and begin producing
microfilariae as early as mid-November,
making the pre-patent period 5.5 months;
however, microfilariae are difficult to
demonstrate by biopsy before mid-
December or early January.

DISCUSSION

A number of studies have been pub-
lished on the development of filarioid
nematodes in their intermediate hosts,*5"
and a few are available on development
in the definitive host. The intent of
this article was to provide information on
the morphology, site of development and
time required for development as an aid
in identification of E. schneideri rather
than enter into an exhaustive discussion
on comparative morphology of filarioid
nematodes. If the reader is interested, the
articles referenced should be consulted.

The most important stages for identi-
fication of E. schneideri are the L, from
either intermediate or definitive hosts,
and immature adults from the definitive
hosts. L, have the three protuberances on
the caudal extremity while the immature
adults are minute replicas of the sexually
mature specimens.

The mule deer is considered to be the
normal definitive host for E. schneideri
while domestic sheep, elk, and moose are
considered to be abnormal definitive
hosts.**** Consequently, our observa-
tions on development within the defini-
tive host were based on the behavior of
E. schneideri in the mule deer. As pointed
out earlier, a limited number of animals
were available and some caution must
be exercised in interpretation. A com-
parison of the behaviour of E. schneideri
in mule deer with domestic sheep and
elk calves reveals that in mule deer the
larval stages migrate into larger arteries
as they grow, while in domestic sheep
and elk they remain in the smaller arter-
ies for a longer period of time, effectively
inhibiting flow of blood. In an abnormal
host this is the first critical period after
infection with E. schneideri and clinical
signs of blindness, deafness and circling
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develop in 7 to 14 days. Animals fre-
quently become comatose and die within
24 hours after signs of elaeophorosis de-
velop.

The second critical period after infec-
tion of an elk or a sheep is when the
immature adults traverse the cerebral
retia to take up residence in the common
carotid or internal maxillary arteries. In
the mule deer, immature adults traverse
the cerebral retia at 3.5 to 4 weeks post-
infection, while in sheep and elk passage
is delayed by at least a week and often
longer. The parasite grows considerably
during this time and a frequent conse-
quence is rupture of a cerebral rete
artery, resulting in sudden death from
cerebral hemorrhage.

On occasion sheep and elk have died
7 to 8 weeks post-infection, a time inter-
val sufficient for all parasites to be in
the carotid arteries. At postmortem ex-
amination the findings invariably are
thrombosis of cerebral arteries with at
least one parasite proximal to the throm-
bus. Our interpretation, based on the
absence of any organization of the throm-
bus, is that these parasites have entered
the carotid arteries and then returned to
the cerebral arteries a week or two later.

If an elk calf or yearling survives these
first two critical periods, the third critical
period is during the interval when para-
sites are growing in the carotid arteries.
They are 30 to 40 mm in length when
they arrive, and over the next 5 months
develop to sexually mature adults. If
considerable numbers are present in elk,
and this is not unusual, growth mechani-
cally interferes with blood flow; more-
over, thrombosis develops and the lumina
of the carotid arteries become almost
obliterated by intimal proliferation and
subsequent fibrosis.' This type of re-
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sponse is seldom seen in mule deer or
domestic sheep and when it does occur
the response is minimal. Additionally, elk
apparently have no resistance to excessive
numbers of E. schneideri, which un-
doubtedly compounds this problem.

If elk survive these critical periods, the
parasites die about the time they become
sexually mature, but some may live long
enough to produce microfilariae for a
short period of time. Present evidence
from three experimentally infected ani-
mals and over 150 hunter-killed animals
indicates that if elk survive the initial
infection they develop an immunity to
reinfection.

In elk, developmental stages of E.
schneideri have been found in nearly
every artery large enough to accommo-
date them if infections with 50 or more
occur, but the great majority enter bran-
ches of the cephalic arterial system. Un-
doubtedly, even in light infections, many
arteries other than the cephalic arterial
system are occupied but with fewer num-
bers the parasites are difficult to find.
With a few exceptions, developmental
stages of E. schneideri recovered from
domestic sheep and mule deer have been
found in the leptomeningeal arteries. As
with elk, they no doubt occur elsewhere
because it is not unusual to find domestic
sheep with digital arteries occupied by
adult parasites. On one occasion, con-
siderable numbers of adults were re-
covered from the femoral arteries of a
naturally infected mule deer; moreover,
some of the 87 parasites found in an
experimentally infected deer may have
migrated to such sites as the brachial
arteries following death; but they could
also have developed in the branches of
these arteries and established in the
brachial arteries as adults.®
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