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INTRODUCTION

An investigation of the eye worm, Thelazia califor-
reports of the worms in the eyes of dogs and other animals
throughout the state of California,., The worm had been
unknown prior te 1929, yet, in 1955, 26 years after its
discovery, it had been reported from 23 counties. It was
beginning to be recognized as & threat to the eyes of man
and other mammels throughout a large portion of the state
and it was suspected that the range of the parasite was
far broader than the rgports indicated. As early as six
years after the worm was first reported, Xofold and
wWilliems (1935), in considering the danger to dogs alone,
recognized the importance of the parasite from the veter-
inarian's stendpoint.

The 1life cycle, incidence, end distribution of the
worm hed not been determined. In short, ites blology was
unknown., Although it had been found in the eyes of man,
dog, cat, sheep, deer, coyote, and black bear, no one
knew what other animels might be susceptible to the
infestatlon.

In 1955, the College of Medical Evangelists at
Loma Linda, California, received a grant of money from

the mited States Public Health Service to finance studies

on the biology of the parasite. A research team under the

~directorship of Dr. Bdward D, Wagner, head of the Section
1




of Parasitology, began work on the problem in August of
that year.

This study is a part of that work and was designed
to: (1) provide & more detailed deseription of the worm
than any previously given, (2) gain pertinent informe-
tion regarding the behavior of Thelazia 1nfestq§ animals
in their usual enrivorment, (3) attemn througﬁ field
study to determine the extent of the reservoir and the
distribution of the parasite, and (%) determine through
a serles of transmission studles the type of 1life cycle

involved.
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REVIEY OF LITERATURE

The nematode, Thelezia californiensis (Spiruridea:

Thelaziidaee) is a varasite found in the conjunctival sac
of memmals in California. Parmelee et al. (1956) state
that 1t hae been reported from the eyes of a deer in the
ad jJoining state of Nevada and from a dog in Oregon, not
far from the California-Oregon border.

The speclies was established by Price (1930) from
nmaterial removed from the eves of dogs in two separate
areas in California, It had, however, come to the atten-
tion of Allerton (1929) the year before, who mistakenly
reported it as Thelazia cellipeeda Rsilliet and Henry,

(1910b) & speeies found in the Orient. Allerton's

meterial was from & mixed collie dog neer los Angeles,
Hyman (1951) states that the two genera, Thelazias

Bose, (1819), znd Oxysnirurs Drazeche in Stossich, 1897,

"are Imown as eve worms and ere,..peresites of domestic
animals and men," and are the only members of the family
Thelaziidae Rellliet, 1916, of any grest economic
importance.

Worms of the genus Oxyspirurs are parasitic under
the nictitating membrane of birds (Yorke and Meplestone,
1926). Oxyspirurs mensoni Cobbald, 1879, end Oxyspirurs
parvovum Sweet, 1910, are the only important members of

the apnecies. The 1life c¢yecle of the former wes eluecl~
dated by Pielding (1926-1928), who found the cockroach,
3
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Leucophaes suprinameusis, to be the intermediate host.

Within the genus Thelazis, the more important of
the two geners mentioned, are nine specles knovn to he
parasites in the eyes of domestic animals and man. The
genus was established by Bosc (1812) on the basis of a
brief unpublished description by Johannes Rhodes in 1818,
of material obtained from the eye of an ox in France.
Desmarets (1828) examined and described the worm, desipg-
nating the species Thelazius Rhodesil (sic.). Railliet
and Henry (19102) re-described the parasite, and in
conformity with present-day terminology, called 1t
dhelazla rhodesd.

Since the early revorts by Bosc (1819) and
Desmarets (1828}, T. rhodegi has been reported on four
continents. A summary of data by Xofoid et al. (1937)
indicates its nresence in TSurope, Asia, Africa, and the
United States. Other thelazios have been reported in
various parts of the world, Australis being the only
continent on which thev have not been found. Yorke and
Haplestone (1926) list eleven specles. Yofold end his
agsocintes (1923) mention a total of twenty three. Of
these, eight are parasitic in the eyes of domestic
animels and fifteen in wild enimals and birds. To the

former category has been added Thelazia buballs, found

in the eye of a broad winged havk in Georgla, and
described by Hwang and Wehr (1957).

Table 1 is & revised summary of the occurrence




TABLE 1

Cecurrence and distribution of Thelazia spp.
In men and domestlc animals.

Thelezle

gpecies

Host

Distribution

Authority

s
i

T. rhodesi Ox

Burope (France) Bose, 1819, ete.

Eeynt Rellliet and Henry,
1910
Rhodenia and
Nyeasgasland Oriffiths, 1922
Chine Feust, 1927
U. %.(California)fofa*d et al. 1937
Siberiat Krastin and Ivashkin,
(1046 )%
Rugsia® Klesgov (1049)%*
Horse Feat Indiea fmit and Noto-Soediro,
1930
(7) India Lingard, 1906
Buffelo Sumatra Raillliet and Henry,
1910
T. gulosa Ox Burope (France) Rallliet and Henry,
1910
Siberiaw Krastin and Ivashkin,
(1946) =
Russia# Klessov (1949)%
I. skrjzbini Ox Russia Erschow, 1928
Siberic#® Frestin end Ivashkin,
(1946) %
2o ;§§§zr Horse Burope Gurlt, 1831, ete.
malie Brazil Travossos, 1918
T. leesi Camel Indla Railliet and Henry,
1210
(?) Africa Edmonds and Welker,
1929
T. erschowl Swine  Russies Oserskaja, 1931
T. ¢alli- Dog India Reilliet and Henry,
paedsa 1910
China Fisher, 1919, ete.
Japan# This paper%
Man Chine Stuckey, 1917, ete.
India® Friedmann, (1951)%
T. buybslig®* Buffaloe India Ramenujechari and

Alwar# (1957)%

WMMW

% Not cited by RKofoid et al. (1937)



and distribution of Thelazla spp. in man and domestic
enimals as compiled by Xofold et 2l, (1937), with the
addition of data from four suthors vhose reports have
eppeared since that time. T. calllpaeds in Japan was
found in doge by R. Negata in 1956 and 1957 and sent

to the author for identificetion. The summory by Kofold
and hie coworkers is further revised to sult the require-
mentes of this peper by the omission of data concerning

T. californierslis, which will be considered separately.

Thelaziasis
Infestation by eye worms of the genus Thelazls 1s

referred to as thelaziasis. There 1s no definite agree~
ment among workers who have encountered the disease as to
the severity of symptomatology or the extent of asscclated
pathology. FKofold et al. (1937) state that extensive
scarification due to the active movement of the worms
probebly leade to total blindness. They state that in
cattle, more extensive pathological changes may follow
which lead to the complete destruction of the eye ball.
On the other hand, Price (193%1) astates that "ordinarily
the symptoms (in doge) are relatively mild and disappear
soon after removal of the worms." Faust (1928) notes
that in cases of recurrent infsstatie@, epacity of the
cornea develops to such an extent as "to reduce the...

vislon to a marked degree.’

It 18 difficult to determine Trom the literature
how many cases, proportionately;mgéaking, have been




[

7
found with the more serious pathological changes described
by Xofold and his coworkers. This is mede especlally true
by the fact that most of the reports deel with isolated
cases in humens and dogs vherein the infestetion was dis-
covered and treated before extensive damage was done,

In contrast to these reports of isolated cases,
however, mass infestations have been reported. ZKrastin
and Ivashiin (1946), in reference to the diseamse in cattle
in Siberia, nention "entire groups of animals showing
elinical symptoms of thelaziassis.” Xrastin (1949), also
in reference to the disease in HJiberila, mentions a "wide
distribution and damage done to cattle by bovine thela-
ziasis,” In a later publication (1950) he refers to a
“Thelazis infested ferm." Klessov (1949) states that
the disease, thelsziessls with conjunctivitis, in cattle
in Pussis lesds to "megstive productivity” (of milk?),
and thet the disesse may lead to blindness,

In Tnglend, Mitchell end Hughes (1953) report
that the disesse ig rether common in cows in that
country, especially emong Herfords. On one farm they
found twenty cows with keratitlc assoclated with
thelaziasis (spp. unknown).

There have been fifteen caseg of thelazlasis
reported in humans. £ recent paper by lLee and Parmelee
(1958) summerizes twelve nreviously reported cases and
describers three new onea. 8ix cases have oceurred in

China, two in Xorea, one in Indla, and six in California,
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In most of the cases, the disease in humens has been
ngsocinted wlth only nmoderate symptoms and minimel patho-
logicel chengea, This 1s not always true, however. In
o case reported by Trimble (1917), the patient complained
of preat pain in the affected eye with excessive lacrima-~
tion. A marked ectropoin of the lower 1id had developed
68 & result of perelysls of the face muscles on that side.
Exemination revecled two worms of the specles T. callipaeda.
The pelin and lecrimation stopped with the removal of the
worme and a few weeks later the muscle tone in the pars-
lvzed ares had improved fifty per cent. Trimble volced
the oninion that the faelal parelyvels wes due to the
constent eve irritetion caused by the worms over & per-
iod of about three months.

Iittle has been sccompliched toward the determi~
netion of the life histories of most of the economically
important theleogias, Vorkers in the United Stetes and
Russia have conducted 1ife cycle studles with verying
decrees of success, Attempts by Faust (1928) to infest
verious gpecies of f1lth flies; the dog fly, Hippobosea
frencilloni; and the cockroach, Blatells germsnica, with

larvel forms of T. californiensis were unsuccessiul.

Kofold et 21, (1937) were egually unsuccessful in attempts
to infest cockroaches with the larval forms.

Workers In the U,3.35,.R. report more success, howe
ever, Krastin (1949) dectermined the life cycles of three

of the thelazlias in Siberia. He found the fly, Husca
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convexifrons (Dipters: IMuscidae) to be the intermediate

hoet of T, rhodesi. IlLeter (1950), he found Musca amice
to be the intermediate host of T. gulose and (1952) I.

riabini. Xlessov, (1951}, working in the Ukraine,
found Musca lsrviparas snd Musca asutumnalis to be inter-
mediate hosts of I. rhodesi in that reglon. He also
found that M, larvipara was capable of fulfilling the
function of intermediate host for I. gulgssa.

Work by Burnett et al. (1957), though not cone-

elusive, has cast susplcion upon Fennia canloulsris, the

lesser house fly, and a related species, Fannie benjamini,
es intermedliate hosts of I. californiensis.




THE PROBLEM OF THELAZIASIS IN CALIFORNIA

Evaluation of the problem of any parasitic di-
ease depends upon a broad knowledge of three basic
factors: (1) the nature of the disease ond its effects
upon the host; (2) the occurrence and distribution of
the parasite; and (3) a knowledge of 1ts life cycle.
Although there 1s still much that must be learned
concerning thelaziassis in California, information
gained during the last decede has materially ailded in
the apprroach to the problem of the disease in this
state,

Generally speaking, the effects of I. califor-
niensis upon the eye and its adnexa appear to be com-
narcble to the effects caused by related specles.
Again, however, as in the case of thelaziasels in other
countries, workers have placed varying degrees of
emphasis upon the severity of the disease. HMany of
the workers who have encountered the worm in California
have reported its effects as benign and temporary.
Price (1931) states that ordinarily the symptoms are
relatively mild and soon disappear after the worm is
removed. In general, this may be true in the case of
domestic animals and humans, in which the worns are
probably detected and removed before any great damage
has been done, Most of the publications of thelaziasls

in this country have, in fact, dealt with such cases,
10
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Reminiscent of the steotement by Klessov (1949)
regarding blindness in cattle, however, 1s a case encoun-
tered in = chow dog by iagner (1958) in which both eyes
were severely affected by keratitis and conjunctivitis,
Corneal ulcers in the left eye hod rendered it nermenently
sightless (Plate 1). The right eye was still partielly
functional. It is not known if the demage to the eves
was & sequela of thelaziaslis or a coinecidental condition
of unknown cause. However, in light of the fact that
Dougles (1938) also reportes o case resulting in blindness
In a dog, the first possibility camnot be completely
discounted,

Gyven In man the worm may effect serious patho-
loglceal changes. In a case reported by Lee and Parmelee
(1958) the eye had been so affected thet the upper and
lower tarsal conjunctive revealed a2 condition described
as marked follicular hyvertrovhy. The same report states
that in 2ll, six cases have been reported in man in
Californisa,

Somewhet comparaeble to the report of infested herds
of cattle 1n fngland by Mitchell and Hughes (1953) is an
account by Stewart (1940) of keratitis associated with
thelaziasis in three bands of sheep in Sonoma € ounty,
Califormla. He does not state how many of the sheep were
affected but the nature of the article suggests that the
infestatlon was general throughout the herds.

Members of the Californie Department of Fish and
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Game have shown some concern regerding the disease among
deer, Oberhansley (1940), Herman (1944}, and Dixon and
Herman (1945) have suggested thot thelezissis may be
respongible for numerous Inflemmatory and aupﬁurative‘
eye conditions observed in that znimal in certain regions.

The oceurrence ond distribution of the disease
throughout the state is wide spread. Uagner (19858)
hos expressed the opinlon that the occurrence is probably
quite common among deer. This opinion is based upon date
given him by persomnel of the Department of Fish and CGanme,
which indicates that 21 (887) of 24 deer examined in
Tulare County in 1948 were infested. Data from other
counties indlcate an infestation rate ranging from 2 per
cent to 70 per cent.

A survey by Parmelee et al., (1956) located the
parasite in forty of the fifty-six counties in California
and indlicates that 1t has been found in Washoe County,
Nevada, in a deer, and Josephine County, Oregon, in =
dog, Doth of these countles are adjacent to California.
The data given by Yagner implicates two countles not
reported by Parmelee and his assoclates, iork done
during this study located the dlsease in one more county,
making & total of 43 countles in which the parasite is
Imown to exist. The countles involved are listed in
Table 2 and are 1llustrated on Plate 2.

T. californiensis appears to affect a wider variety

of definitive hosts than have any of the other knowm



TABLE 2

Countles in Callifornia from which T, galiforniensis has
been reported.

Alemeda Lassen Orange Sierra
Butte Los Angeles  Plumes Slskiyou
Contra Costa  ladera Riverside Selano

Bl Dorado Morin 3an Bernardino Sonoma
Mresno Viariposa San Diego Stanislause
Glenn Hendocino San Francisco Sutter
Humboldt Hodoce San Joaculn Tehamna
Inyo Hono San Iuis Obispo Tuolumne
Kern Honterey Santa Barbara Tulare
Kingse Nepa Hente Crug Ventura

Lake Hevada Shaste

e

o
o

specles. By referring to Table 1 it mey be seen that T.
rhodesi has been found in the ox, horse, and buffalo; T.
gallipaeds in dog and man. The rest of the speclies indi-
coted on the table have been limited to one animal each.
I. californiensgis has been reported in ten memmalien
hogsts, as listed in Table 3.

TABLE 3
Definitive hosts of T, coliforniensis

Host Authority

¥en Kofold and Willlems (1935), etec.
Dog Allerton (1929), ete.
Coyote Herman (1949)
Cat (house cat) Douglas (1939)
Fox (commercial Burnett and Vagner (1968)
silver fox)
Black bear Hosford et al, (1942)
Sheep Stewert (1940)
Deer (mule deer) OCberhansley (1940)

(columbian black~ Herman (1944)

tailed deer)
Horse Parmelee et al. (1956)
Jack rabbit Jurnett and Wognen (1958)

P A Y
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DESCRIPTION OF THELAZIA CALIFORNIENSIS

PRICE, 1930

The following description of T, galiforniensis is

bagsed upon examinetion of 2% adult worms (10 females and
13 males) removed from the eves of a jJack rebbit neer
Bamning, California., Body meacsurements are given in

Table 4,

Deseription
Thelazis, (Plate 3). The worm, T. califor-

niensis, is creamy white, slender, and cylindrical, with
an ennulated cutlcle., The caudal extremity of both sexes
1s bPluntly attenuated, tepering from full body width to
the tip in a distance of 0.5 to 0.66 mm. The anterior
two~thirds of the worm tapers gradually to a hemispherical
cephalle cap which protects the cephalic extremity. The
cuticular armules begin at the posterior margin of the
cephalic cap and continue to the caudal tip. Thelr
posterio-lateral marging form acute angles, giving the
sides of the worm & serrcted appearance. The total
number of annular rings counted on the 23 specimena
ranges from 738 on 2 male 13.5 mm. long to 902 on a
female 22 mm. long. The average mumber of annular rings
per mm. per worm ranges Trom 41 to 51. The length of
each annular ring ls about 30 miecrons. At the exire-
mities the rings diminish to 15 microns or less.

S 18
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TABLE 4

Heasurements of Thelazla californiensig#
(411 measurements in millimeters)s#

M2le Female

Length 11,2 - 14,5 19,0 == 22,0
Createst diecmeter 0.3%384 «- 0,53 0.397 ~- 0.53
Diameter at

first striation 0,081 -~ 0,105 0,093 -~ 0,108
RBuccal cansule--length 0,024 -- 0,030 0.030 -- 0,036
Buceal cansule--dizmeter 0,030 -- 0,039 0,030 -- 0,042
Esophagus-~length 0.50 == 0,57 0.54 -- 0,646
Esophagus~-dianeter 0.051 -- 0,072 0,0%1 ~- 0,07%
Znus from posterlor end 0,105 -« 0,15 0,111 == 0,15
Left splecule~~length 1,47 == 2,45
Left spicule-~diameter 0,006 -- 0,009
Right snlcule--length 0.16 -~ 0,204
Rirght spilcule~--diameter 0,018 -- 0,036
Vulva from anterior end - 0.875 -~ 1.1

# Ten females and 13 moles examined,
## These measurements were made with the worm intact.
Messurements requiring dissection are given in the text.

Cephalic structures (Plate 3, fig. 1, 2). The

cephalic can which covers the head has two cireles of

papillase, an inner circle of six paplllae that surrounds

the buccal capsule, and an outer circle of eight. The

paplillae of the inner cilrcle are situated as Tollows:

two laterally, two subdorsally, and two subventrally.

These structures arise in the anterior margin of the

somatic wall beneath the cephallc cap and extend cephalad

to the point where the latter structure Joins the bucecal

capsule, Viewed en face, they appear as rays whose

inner ends impinge slightly upon the outer margin of the

buccal cepsule, and whose outer ends fan out and merge

with the surrounding structures wvhich constitute the
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PLATE 3

Anetomy of Thelazis califormiensis

Figures 1, 3, and 6 were made with the 2id of &

camere luclda., Figure 2 is a composite.

1 « « Cephalic structures, lateral view.

3%

+ « Cephalic structures, en face view.

« o s o o o« Hsophago-intestinal valve.

£ W
.
.
.
.

e« » o » Anterior end of female.

(%1

e » o« s o s » Posterior end of female.

6and 7 . 4+« +« « «» Posterior end of male.

A, amphld; A‘, enus; BC, buccal capsule; EZL, eso=-
phageal lumen; ES, esophagus; G, gut; GN, guber-

naculum; IP, internal papillae; L3, left spicule;
NR, nerve ring; 0, ovary; 0J, ovejector or larve-
Jector; OF, outer papillae; PCA, pnost snal papll-
lae; PRA, pre anal paplllae; RS, right spicule;

U, uterus; UB, uterine bifurcation; V, wvulvsa.
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most anterior portion of the body wall. The ocuter, or

external circle of elght naired nanillee lies even with
the posterior end of the buccal capsule. Iach pair lies
caudad to one of the subdorsal or subventral members of
the inner circle. Two amphide, one on either side of

the cephalic cep, lie cauded to the lateral papilleae

of the intermel ring approxinately at the level of the
external ring., This description of the cephalic struc-
tures is much the seme as the description by Price (1931),

Alimentery canal (Plate 3, fig. 1~-5). The buceal

capsule is o cup~shaped cevity whose length 1s usually o
few microns greater than its depth and whose base is
narrower then its lipless oral aperture by about one
third. It appears to be continuous with, though consid-
erably thicker than, the cephalie cap, in which it is
centrally located, and opens pnosteriorly into the tri-
redlate lumen of the esophagus,

The esophagus 18 ¢ thick-walled, muscular tube,
having its terminusg in the anterior end of the straight,
tubular gut. The intestino-esophagesl valve is simple,
without bulb or diverticulum. The gut, whose anterlor
end compares in size to the dlameter of the esophagus,
gradually doubles in dlamebter as it progresses caudad.
At the coudal tip 1t tovers abruptly to Join the
ventrally located anus.

Seproductive system, femele (Plate 3, fig. 4, 5).

L. californiensis is viviparous. The vulva, vhich is
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glightly prominent, is situsted caudad to the posterior
terminus of the esophagus and is followed by 2 cylindrical
larveJector about 1 mm. in length and ebout 100 miecrons in
dlameter,

The uterus lies caudad to the larvejector as a
single tube about 50 microns in dilemeter for a distance
of about 1 mm,, at which point it bifurcates into two
limbs of identiczl construction and function. These limbs,
about 50 microns in diameter at the point of bifurcation,
expand in less than 1 mm, to 115 miecrons. Their total
length is about 1.% times the length of the worm. Thelr
course is generally parallel to the long axls of the
worm's body. Thelr extreme length 1ls mede possible by
three reversals of direction and three convoluted folds
at their most posterior position.

With the last convolution, sbout 0.6 mm. from the
caudal tip, the limbs of the uterus turn cephalad for
about 0.5 mm., abruptly lose caliber to 50 microns and
join the seminal receptacles. These organs are fron
1.75 to 2 mm, long and about 30 microns in dlameter at
their junction with the overian ducts with which they
are continuous. The latter organs are about 5 mm. long
and, &t their distel ends, Join the tubular ovaries which
ere 4 to S mm. long. These paired tubules taper gradually
to 2bout 20 microns, then expand slightly, forming ter-

minel bulbs spproximately 30 microns in dlameter.
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Reproductive system, mele (Plate 3, fig. 6, 7).

The male copulatory organ consists of two splcules of
unequal slze, the right being the broader of the two,
but the left being 10 to 15 times longer than the right.

A gubernaculum, as described in T. californiensis by

Luckner (19%50), is present, The single, tubular testis
originates in the anterior guarter of the body and termi-
nates about 2 mm. from the anus, Continuing caudad from
the testis to the cloaca is the duct which makes up the
ejaculatory system., In the unsectioned worm it cannot
be differentiated into seminal vesicle and vas deferens.

For a dlstance of about 1 mm. the posterior end
of the male is recurved ventrally to form a hook which
is bent glightly to one side, On the ventral surface
of the curved portion are eight to ten nalrs of papil-
lee. Three pairs are postansl end the remaining & to
7 palrs are preanal. In addition to the paired preanal
vanillae, 12 of the 13 males examined had one additional
unpeired papilla on the left. The remeining male, which
had but 5 peired preasnal peplllse, had 2 unpaired ones
on the left., The left paspillae appear to be more
prominent then the ones on the right. Price (1931)
states that there asre 6 to 7 palrs of preznal papillae,
whereas Kofold et al. (1937) state that there are 5 to
7 pairs. They do not mention any unpaired ones,

To confirm the finding of the odd number of pre-

anal papillae, two males were taken at random from each



of Tive vials of vreserved specimens received from veter-

inariens from various parts of the state, and the paplllse
exemined. The papillse on three of the worms (one from
each of three vials) could not be satisfactorily counted.
The other worms from these vials, however, had one unpaired
preanal papillae each, From the remaining two vials, only
one worm was clearly without the unpalred menmber.

The embryo (Plates 4, 6, fig., 1-3). ©n utero, the }

embryos of this viviparous worm mey be seen occuping the
anterior half of the uterus and the larvejector. They
lie in 2 colled position, resembling three spirals of a
coiled spring whose two end spirals lie against the middle
gpiral. Each embryo ls within a transparent sheath which
is colled in such & manner that it assumes an ovoid shape.
Upon ejection from the femzle, the embryo extends itselfl
into a typical arched position, and the sheath adjusts
itself into a banans-ghaped envelop, slightly longer than
1ts occupant and about 35 microns in dlameter at its
central point.

The embryos at the time of maximum development in
the femele are filiform, 130 to 170 microns in length and
8.8 to 9 microne in dlameter. In thelr relaxed state they
agsumne an arched position with the last ten microns of the
caudal end reflexed sharply. The cephallie end is slightly
bulged to form & somewhat spherical head which 1s erowned
with a circle of highly refractile hook-like structures,

The ensheathed embryo is annulated but has no

clearly defined internel structures.
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METHOD OF EXAMIRATION

For the genersl desceription of I. californiensis,

male and female, the overall length was determined by
the use of a dissecting mieroscope and a millinmeter
scale. DBefore examination, the male regulred speclal
nreparation in order teo straighten the recurved portion
of the nogterior end, This procedure is best accomplished
by using & freshly obtalned, unfixed worm. The technique
used 1le as follows. The worm 18 placed on a2 microslide
in physlological saline under a 22 by 40 mm. cover glass
(thickness 2), then a sccond cover glass of the same
dimensions ies pushed under the irst cover glass until
its inner edge lies close to, and parallel with, the
dorsun of the worm. (Due to the hooked portion of the
tail, the male inveriebly lies on one side.) By placing
& ten gram balance weight on the top cover glass, on
the side supported by the second glass, the arrangement
is made feirly steble. 4 third cover glas 1s now slid
under the opposite side of the first one, in such a
manner thet the worm is confined in the enclosure formed
by the microslide and the three cover glasses., Iy care-
fully menipuleting the second and third cover glasses,
the worm may be forced into a perfectly straight positlon,
between them.

The recurved portion of the worm 1is best straight-
ened by sliding the third cover glass into position in

28
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guch a manner that one corner 1s hooked by this portion

f the
of the worm 88 410 mass slides dlagonally into position.

By pleeing an additional ten or twenty grams of welght on
the top cover glass, the worm is not able to change 1ts
position, even though 1t be extremely active. By placing
the entire assembly in a Fetri dish with a filter paper
saturated with 707 alcohol in the bottom, the worm dies
in o few hours, the recurved portion remaining straight
enough for careful exsminstlon.

Active worms of elther sex can be confined for
measurement and examinatlion by this method, and by
omitting the alcohol treatment, they can be kept allve.

Two methods were used in examining the cephalle
gtructures. The first method consists of simple exam-
ination of the worm under the compound miecroscope.
Structures are best observed in fresh unfixed malerlial,
By orienting the worm as straight as possible, parallel
to the long axls of the slide, then wetting with 0.85%
saline and covering with a cover glass, 1t 1s easlly
rolled for examination on &ll gsides. Rolling 1ls accom=-
plished by sliding the cover slip carefully with the
fingers or the eraser end of a pencil while viewlng
through the microscope.

By this method, the buccal capsule mey be examined
to advantage. By viewing the organ from every side with-
out interruption, it may be seen to be a cup-shaped

capsule whose sides are continuous and of unchanging
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shape and structure through 360 degrees. It may be seen
that there are neither "plates,” as described by Faust

(1928) in T. callipoeds, nor (in harmony with Chitwood

and Chitwood, 1950), any form of labia.,

Although the method described above makes it pos-
gible to see the cephslic papillee, it is not possible
to determine thelr anstomicel relationshin to each other
or to other structures, except to see that they are
approxinately even with the posterior end of the buccal
capsule,

in order to determine more completely the cephalile
gtructures, the cephalic extremity may be carefully dis-
sected off, oriented with the buccal capsule up, and
megnified 100x. The method of dissection is crude but
gimple. The worm 18 placed on & nicroglide and dampened
with saline. Then, under the dissecting microscope,
using 40 magnifications, the worm ig cut through with a
small, sharn knife at the posterior margin of the cephalic
cep. A myringotome {eardrum lancet) is excellent for this
purpose. The free cephalic tip is then removed to & fresh
slide on which has been placed a small drop of glycerine
Jelly, and viewed en face under the compound microscope.

The male structures mey be examined without beneflt
of dlssection. THowever, by extending the recurved pos-
terior tir and rolling the worm as described above, the
relative positions and comparative sizes of the organs

degeribed are not too diffleult to determine.
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Deacrintion of the vulva, larvejector, anﬁeriar
nert of the uterus, and the direction and course of the
uterine limbs may be accomplished by examinetion of the
mdissected worm under the microscope. However, in
order to examine and measure the limbs of the uterus
and the more distasl parts of the reproductive systen,
dissection 18 necessary. This is accomplished under
the dissecting microscope.

A gmell lateral inecision 1ls made in the worm,
anterior of the vulva, Just large enough to free the
lerve Jector from the vaglna., Wext, the nosterior tip
of the worm 1s completely severed Jjust cauded of the
moet posterior nortion of the ovarles. By holding the
caphelid end of the worm againest the slide with a teas-
ing needle snd, at the same time, exerting gentle pres-
gsure with the smooth back of the nmyringotome, steriing
at the noint of the first incision and gliding the
instrunent cavdad, the entire system of tubules may be
expressed into the galine at the open nosterior end of
the worm. By careful menipulation, these filimentous
orgens may be extended, covered with 2 cover glass, and
examined,

The nerve ring, esophagus, gut, and anus are
identified without dlssection:

These methods of examination are not adequate to

identify elther the excretory system or nervous systen,



FIELD STUDIES

Preliminary studies

In order to obtain a first-hand pnicture of thela-
ziasis and factors related to 1its transmission, it was
necessary to locate a number of infested animals and to
conduct several fleld studles and experiments.

Through the cooperation of several veterinariens,
a nunmber of dogs were located which were known to have |
been repeatedly infested, Some of the areas in which
these doge live lie near enough to this institution to
be ideal for field study. One of the dogs, an English
shepherd, living in Waterman Canyon, in the mountains
near San Bernardino, was infested 14 times between July,
1955, and the end of 1957. One hundred forty four worms
were removed from its eyes during that period. The
largest number of worms removed from its eyes at any
one time was 26 end the smallest number wes 3. Another
dog in the same areac, o chow, was infested six times
during the same period. The total number of worms
removed from this dog is unknown, but between 62 and 70
were removed at one time. Another English shepherd
living st Crestline, a few miles from wWaterman Canyon
and deeper into the mountains, was found to be infested
three times between June, 1955, and June, 1956, with a
total of 93 worms. The greatest number removed from

this dog at one time was 65 eand the smallest number was

32
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10. A mongrel dog living in Sen Dimas Canyon, about 30

miles west of San Bernardino, was found to have 51 worms
in ite eyes. This dog was examined but once.

Except for transient conacities observed in one
eye of the dog at Crestline, a varying degrees of conjunc-
tivitis in all four of the dogs, no detectable pathological
chenges occurred as & result of these infestations, At the
time that 6% worms were removed from the dog at Crestline,
narrov, cloudy, blulsh lines were visible across the sclera
and cornea of the affected eve. These lines were scroll-
like, forming a net-like pattern across the eye ball.
Thirty days after the removal of the worms, the eye ap-~
peared to have recovered its normal sparkle snd luster,
and every visible trace of the opacities had disappeared.

No such marking of the eye ball has been noticed
in the eye of any other animal during this study., It is
common, however, to find the infestation sssoclated with
mild to moderate conjunctivitis, Infested dogs indicate
sannoyance in various ways., One dog owner learned that
signe of photophobia displayed by the animal (lying with
~ the head in 2 dark closet) indiceted infestation. Another
owner reported that when infested, his dog would rub its
eyes agoinst the cushlons of the dsvenport. Other infested
doge were seen to rub thelr eyes with their paws.

By guestioning the owners, it was learned that the
four doge mentioned above lived continually in the vieinity

of their homes, without traveling to other areas. The non-
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itinerant habits of the animale suggest that within the

areas 1In which they lived is a source of infestation.

Intermediate hogt studies were conducted in these areas,

Intermediate host studies

Lxperiments (to be discussed later) in which the
ensheathed enbryos expressed from gravid female eye worms
falled to develop in the eyes of rabblts in which they
were placed, led to the conclusion that these fresh larval
forms are non-infective to the definitive host., This con=-
cluslon was not based upon the negative results of a few
experiments alone, however. It will be recalled that
Kofoid et al. (1937) failed in similar experiments, and
thet Krestin (1949, 1980, and 1952) and Klessov (1949 gnd
1951) found that thelazias in the U,3.3.R. require inter-
mediate hosts (muscid flies). In the light of these
fects, attention was directed toward the study of flies
in the three endemic areas already discussed,

Lerge numbers of Fannlias cenicularis, the common
house fly, were found in the VWaterman Canyon area during
the summer monthis., It was noted that these flies dis-
played a marked avidity for the eyes of dogs. The dog
with the highest reinfestation record displayed a remark-
able tolerance for them, allowing them to move about on
the margin of the eye 1ids and even enter the eyes,

Many of the flies appeared to be ingeeting lacrymal

secretions,
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During the months of September and Cctober, swerms

of Fannia benjamini, flies often found in mountainous

regicns, appeared in the Ben Dimas Canyon erea. These

flies, like the F. canlcularis, display an affinity for

the eyes of mammals.

Flies of both specles were caught and taken to the
laboratory for culture and speclal study. An effort was
made to determine if Fennle specles were present in every

area studled.

Feservolr host stulles

In order to determine which wlld snimals might act
a8 reservoir hosts, two speclal studies were conducted.
In November, 1955, with the cooperation of the California
Pepartment of Fish and CGame, the research team assigned
to the study of Thelazla examined 129 mule deer, Udo-

colleus hemionus sub spp., in Mono County. The deer were

k1lled by deer hunters during z speclsl hunting season
and examined at checkout statlons establlished by the
Fish and Came Department. Seven of the 129 deer examined
were infested.

The following year, agein through the cooperation
of the Fish and Ceame Department, a number of wild snimals
were examined. These animals were: 154 jJack rabbits,

Lepus californicus; 53 bob eate, Lynx rufus; 52 coyotes,

Canis latrans; 12 gray foxes, Urocyon ginereosrgenteus;

10 cottontall raobbits, Silvilagus audobonl; € ground
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gqulrrels, Citellus beecheyi; 5 raccoons, Frocyon lotor;

3 skunks, Mephitus menhitus; 2 badgers, Taxidea taxus;

and 1 oppossum, Didelohus virginiana., Of the above listed

enimela, eight covotes and seven jack rabbits were infested.

Table 5 is a list of areas In which T, californlensis wes
found in wild enimals, with a list of animals examined in
each area and the number of each found infested. For
purposes of comparison, in areas where more then one
enimal species was found infested, the ratio of infesta-~
tions in these animals i1s shown. Since jJjack rabbits and
coyotes are the only combination of infested animals found
in any of the areas, these are the only animals which can
be compared. Infested jJack rebbits from two aress where
no coyotes were examined obviously cannot enter into the
comparison.

Although the number of bob cats and foxes examined
in the Bamning Canyon area constitutes a fair sampling,
noe one of these animals was found to be infested. The
raccoon z2lso apparently escaped the infestation in the
same area, The ground sgulrrel, skunk, and oppossum,
although free of the parasite, were too few in number to
be significant.

The datae summarized in Table 5 appear to indicate
e marked suscentibility to thelaziasis by the Jack rabbit
and the covote. The comparative date regarding these two
animals, though meager, coupled with the fact that the

Jeek rabbits were more heavily infested than the coyotes,



TABLE &

Arees in which wild snimals were found infested
with T. californiensis

Humber Fumber Per Cent

Area Animal ixemined Infested Infestea 2tlos¥
Colville Mule deer 30 2 Hel
Fales Mot
Springs Mule deer T0 3 4,3
Tom's
Place Mule deer 20 2 10.0
Cajon
Canyon Jack rabbit 24 2 8.7
Lone
Pine Jack rabbit 14 i Tol
Barming  Jack rabbit 4 2 £0.0 1.5/1%
Canyon Coyote 6 2 33.3 t
Tiob oat 22 0 O
Grey fox 10 0 0
Rancoon 5 C 0
Skunk 2 0 ]
Cooasgum 1 0 e
Scuirrel #% 3 o} 0
Angze Jack rabbit 6 2 A543 2.6/1%
Coyote 39 5 12.8 e
Bob ecat 15 8] 0
Fox 2 0 0
Skunk 1 0 0
- Bguirrel e 1 0 0
Barton Jaek rabblt 1 o 0
Flatse Coyote 2 1 5C.0
Squlrrel #% 1 0 0

# Ratlo of infested Jack r&bbiis to infested coyotes.

## Cound sculrrel.

suggeat that the former is the more suscentible of the two.
A totel of 57 worma was found in the four infested rabbits,
en average of 14.2 worms per sanimeal, wheress in the eight
infested coyotes, a total of only 17 worms was found, an

average of 2.1, One of the rabbits had 30 worms and another
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hed 28. In contrast to these figures, the largest number

found in any of the covotes wag five. The worms found in
one of the rabblts were larger than any previously reported,
gsome of the females measuring 22 mm, in lengsth. The long-
est renorted by Price (19%1) in his descrintion of the
snecles was 17 mm, Hermen {(1044), however, found females
18.8 mm, long,

In three areas where a comparison of animals can
be made, -4 (36.37) of 11 Jack rebbits and 8 (17.07) of
47 coyotes were nositive, on agerecate ratio of 2.1/1.

The data sumnarized in Teble & do not account for

2ll of the wild animals examined., Animals from areas

wvhere the evye worm wes not found are not included,

Date tabulated during these studles support the
sugeestion made by Hosford et al. (1942) that infestations
are cssociated with "hilly or mountainous areas which are
more or less covered with brush," Table 6 is a tebulation
of the physical characteristics of aress studied. It also
indicates whether or not I, benjeminl and infested animels
were found, indiceting their presence or absence by use of
the plus (+) or minue (~) signs, respectively. Presence
or absence of streems and potential fly breeding nlaces
are indicated by the same signs. The nature of the ter-
rein and the amount of shade offered by trees or large
bughes are indicated by use of = numerzl scele of O to 4,

The scale applied to the terrsin as follows: O=plateau

or flat valley floor; i1=rolling hills; 2=hilly country




with valleys and nlateaus; 3J=mountainous country with

canyons and plateaus; “=mountalinous country with steep
ridges and deep canyons. It applies to the amount of
shade 28 follows: O=nc shade or only that zmount of-
fered by sage brush or small shrube; 1=25% or less of
the ground shaded by trees or large bushes; C=over 25%
but not over 507 of the ground shaded by trees or large
bushes; 3=over 507 but not over 75¥ of the ground shaded
by trees or large bushes. Elevation is glven in feet
gbove sea~level, The term "breeding pleces” applies to
any Sovosit of debrls or rotiing ve setation large enough
to provide & possible br@eding place for flies. Those

ereas are shown on the map, Plate B,

TABLE 6

Physical charecteriatics of areas studled. Indenmlcity of
the areas for I. coliforpniensis and Fannias species.

Tie- lature Amount “ye lannis breed-
Area va- of of Streams benj - ing
tion Terraln Shade worms mini vlaces
e by . vt e, oot oS o rvsmpmisinrivssioed
Anze L0001 =2 1-2 4 4 4 +
_ 4500 :
Borning 5500w 1.5 Twd) + + + +
Cenyon. AQOC .
Barton 5000~ 2«4  1-3 + “ + +
ats 7200 "
Bir Bear 6700  1-% 1-2 + + * +
Lake
Big 4000 0 s} + - ® *
Fine
Ga jon 000 0-2 Tep + ¥ *
ﬁ&nggn
Cedar 3400 0O-3 0=3 " + + T4
Springs : :
Col~- over  1=3 1«3 4 + * +

ville 5000




TAEL}‘: 6 (COn' t;'o )

fle~ Nature Amount fye rannia Dreed-
Aren va=- of of Streons hen ja- ing
tion Terrsin Shade worms mini Places
Crest- 4800 3 2udy + + + +
line ; :
Felea over #* i + + b *
Hot T0O00
Sorines
Tleno FE00 O=1 T2 - - - -
lone 3T00 O=1 O=-2 4 “+ s +
Lytle 3000  2-4 Dendy + + + +
Creoek . :
M, FE00~ 14 1=3 4 - #* +
ans 4000 ;
Calk ?200; =4 1=3% + + + +
Glenn L7700
den 1450 o Dy + * + +
Dimas
Canvon : G
Summit 3300~ O=3 Ow? + - 4 +
Vallev 2800 :
Tom's gger 13 Q-2 + + - 4
Place 00
Vaterman 3000  1-3 25 + + + *
Canven

# Not investigated,
#% Tentetively identified.
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EXPERIMENTAL
Definitive host experinments

During the early part of the work on the life
history of I. californiensis several attempts were made
to infest laboratory rabbits with enshenthed embryos of
the parasite, but in no case was the exveriment success-
ful., Adult worms pleced in the eyes of rabbits survived
for about s year, but diminished in number in spite of
the fact that freshly deposited embryos could be found
in the lacrymel secretlons as long as gravid females
were present, Larval forms instilled intoc the conjunc-
tival sacs of rabblts which were proven to be susceptible
to the parasite feiled to survive. Xofold et al. (1937)
reported negative resulis in similar experiments on dogs.

These indications that the larval forms extruded |
from the female are non-infective, supplemented with the
knowledge that muscid flies have been found to be inter-
medlste hosts of related thelaziss in the U.S5.3.R., indi-

cated s need for intermediate host experiments.

Intermediate host experiments

Experiment 1. Before suspicion had fallen on any

particuler fly as the intermedliate host, an effort weas
made through a number of experiments to determine if
Musco domestica might be involved in this capacity. A stock

colony of this fly was obtained from the Department of
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Entomology at the Unlverslty of California Citrus Ixperi-

ment ﬁtation, at Riverside, California, and maintalined for
these experiments.

An effort wee made to infest these laboratory reared
Tlies with ensheathed embryos of the eye worm by the method
of Rentdorff (1953) as follows: ten flies were suspended
by their necke in small v-shaped notches cut in the edge of
a 3 x5 file card. larvae of the worm, freshly procured
by rupturing a2 gravid femele, were placed in physilologlecal
saline in sufficlent numbers to average 20 larvae per drop.
One drop of the larve-saline mixture was placed on & round
cover glass of 12 mm. dlameter which was placed on the file
card in such a position that the preparation was in contact
with the fly's proboscis, All ten of the flles were fed in
this manner., All ate avidly.

One fly was sacrificed five minutes after feeding,
the body carefully dissected and examined under the com-
nound microscope, using 100x magnification, Eleven larveae
were found in the head which was not dissected but crughed
uder & cover glass, Three flies were examined after 24
hours but no larvae were found in sny part of the alimentary
canel or body cavities. Three more flies were examined
after 48 hours and the remainder after 72 hours, All of
these flies were examined in the same mammer as the flrst
but no larvae were found in any of thenm.

Experiment 2. Twelve !, domestlca were placed 1in a

smell cage end allowed to eat from a % cc, pH beaker con~
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teining 1 ce. of human blood mixed with T. galiforniensis
larvae, The larvae numbered 22 per drop. The flles were
fed canned milk and z sucrose syrup solution dally until
death occurred. As soon as possible after they diled, they
were carefully dissected and examined. The first fly dled
on the 13th day and the last one on the 30th day. All

were negative.

Experiment 3. Twenty four M. domestica were placed

under individusl inverted Petrl dishes, Hach was fed 1
drop of the above larva~blood suspension as described
above. The feeding was accomplished by placing one drop
of suspended larveae on o cover glass and sliding it under
the edge of the inverted Petri dish, The flles survived
from 24 hours to 17 days. Hxamination after careful
dissection revealed no larvae in any of them.

Experiment 4. In this experiment a speclal fly-
feeding cage was used, It was made from a round card-
board food container of one gellon capacity, one end of
which was repleced by nylon netting with about 25 meshes
per inch, A sleeve of muslin was attached to the other
end as & flyproof means of access to the inside.

Twenty five flies were placed in the feeding cage.
They were the progeny of a wild strain of Fannias canicu~
laris caught in one of the endemle areas and successfully
reared in the laboratory by & co-investigator. The flies
were 48 hours old vhen used in this experiment. They had

been fed on dextrose solution for 36 hours and then starved
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for 12 hours, OSmall drops of 2 heavy suspension of
Thelazla larvee In a physlological-dextrose solution were
placed on the upturned mesh cover of the feeding carton
containing the flles. TFeeding participation by the fliles
wes good, The flies were fed dextrose solution for 24
hours and agein starved for another 24 hours after which
they were again fed larvae in the same mammer as before.
Again Teeding particlpation was good.

Five days after the second feeding, three flies

died., All were males and were found to be negative, Ten

days after the second feeding, all of the remaining flies

were examined., Examination was accomplished by crushing

each Tly under & cover glass in selline and examining
mieroscoplically., All were negative except one. One
motile larva (Plate 6, Tig. 4), apparently that of a
nemetode, was found among the extruded viscera of the fly.
In general outline it compared Tavorably with larvae

forced from the larvelector of T. callfornliensis females,

It was 331.5 microns long and 13.25 mierons in dlameter;
about twice as long and sglightly under twice the dia-
meter of the fresh larvae, It tapered sbruptly to a

point at the nosterior end., Just behind the cephalic

end 1t tapered cgulekly to about 7 microns., The extreme
cephalic end flared slightly, glving the head & "riveted
over" anpearance., Unlike the fresh lervae, its motions
were active and vigorous. About one third of the anterior

end of the worm flexed constently in 2ll directions and
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the mouth parts adhered occasionally to the cover glass,
at which times 2 strong expansion znd contraction of the
bucecal cavity could be seen. Internal structures were
poorly defined.

Zxperiment 5. Twenty four F. canicularis, agaln

the leboretory strain, were fed T. californiensis larvae,
this time using a modification of the technique used in
Experiment 4, The flies were individually confined in
5 ec. pH beakers covered with the nylon mesh previously
described. The larvae suspension was prepared in 0.85¢
saline sweetened with honey (one drop of honey to 5 cec.
of ssline)}, and placed on the nylon mesh, one drop per
fly. The flies, attrected by the honey, ate avidly., By
observing through a dissecting microscope, using 40 magni-
fications, the larvae could be seen as smell refractile
bodles paassing into the meati of the flies' proboscises,
The flies were fed sgain the following dey, again
using the pH beskers and s honey-sweetened suspension of
larvee, The method of feeding was different, however.
The larva suspension was sucked into a dropred made of
*-~inch glass tubing about four inches long. The delivery
end of the dropper had been drawn out to about the cali-
ber of a 26 gauge hypodermic needle for a distance of
one inch, The other end was egulpped with a medicine-
dropper bulb. By applying pressure to the bulb by means
of 2 small screw clamp while holding the dropper with
the large end up, the suspension was foreed into the tip,

just to the open end of the lumen.: After several minutes
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PLATE 6

Larval forms of T. californiensis.

« 2 o« ¢ » lngheathed embryo en uteri.
ingheathed embryo, efter larvaposition.
« « Anterior end of ensheathed embryo.
e v o+« » loarve found in Exporiment 4.
e o » » » Lerva found in Experiment 5.
« s » + & Larvae found hh Experiment 6.

s ¢ & ¢« « larve found in Experiment 7.
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the larvae settled, causlng a heavy suspension in the
tapered part of the dropper and an almost continuous
procession in the finely constricted portion.

While obgerving through o dlssecting microscope,
the dropper, held steady in e test tube clamp attached to
o ring stand, wos adjusted downward until 1t almost touched
the nyion mesh cover of the piH besker containing the fly.
Attracted by the honey, the Ily reached through the mesh
with its proboseils and appeared to suck at the lumen of
the dropper. Lervae could be seen progressing downward
in the fine glass tip and diseppearing into the fly's
proboscis.

After feeﬁing, the flies were trensferred to one
of the larger enclosures made of food cartons. Unfor-
tunately, during the night all but seven of the flies
dled and became so badly dehydrated that they were
ungulted for examination. The survivors were fed
dextrose and milk dally for 14 deys, then crushed and
examined as in Experiment 4, Cne nematode larve was
found (Plate 6, fig. 5), measuring 138 microns long
and 9 microns in dlameter, about the size of larvae
freshly obtained from the female worm., Newly obtained
larvae aversge 150 microns long and are about 9 mlicrons
in diameter. In the single larve found, neither motility
nor evidence of intermal organlizetlon was observed.

Gxperiment 6. The flies used in this experiment,

as well as the next one, were wild Fennia benjamini



caught in the San Dimas area. Thirty one of these flies,

freshly caught, were crushed and examined as in Ixperiment

L, Two of thenm were found to have larvee in their abdo-

ninnl contents. These larvae resembled nenatode jJjuveniles

and in many respects resembled the lervae found in the
laboratory in Experiment 4, but were less active. Two
larvae were Tound in one of the flies., These appeared
to be identical in every respect (Plate 6, fim. 6},
measuring 300 microns long and 25 nmicrons wide for most
of the body length., They tapered more abruptly post-
eriorly, and more gradually anteriorly than the one
degcribed in Experiment 4, but both disnlayed the same
"riveted over"” appearance at the anterior end. Again,
no internal structure could be defined. The single
larva found in the second fly in this experiment ap-
peared somevhat different from those previously found
(Plate G, fig. 7). It was 275 microns long and 38
micerons Iin dlameter at the greatest width near the post~
erior end. Ffrom the point of greatest width, 30 microns
from the posterior terminus, the body topered greduslly

to a dlameter of 15 mlcrons at a point 15 mierons caudad

to the typlcally flared cephalic end, which was 20 microns

in dieneter. Internal structures were more definable then

in eny larva previously seen. A sesment of a long, straight

tubular structure about 3 nmierons in dlameter was seen

extending lengthwlse through the posterior two thirds of

the body. A second tubular structure, colled and following
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an Indefinite course was also seen, The lerva periodically
contracted energetlcally to the dimensions described and
then, during a period of slow side-to-side activity of
the anterior cquarter, it gradually relaxed to somewhat
longer and narrover dimensions.

Zxperiment 7. Thirty of the wild F. benjamini
from the San Dimas area were crushed and examined under
cover glasses, then transferred to 0.857 saline in a 5 cc.
pH beaker, where they were flnely diced with a smell
scissors., The mass was then filtered through one thick-
ness of surgical geuze into a 15 mm. centrifuge tube,
after vhich enough sallne was poured through the gauze
to wesh 1t well., After centrifuging, the sediment was
examined. Cne larval nematode was found (Flate €, fig.
8). Tis larve did not resemble any of those found in
previous experiments except for the flared cephalic end,
Its length wes 93 microns, The width at the first
guarter was 21 nicrons, 18& microns at the middle, and
27 microns st the third quarter. o defineble structures
were obgerved except falnt lateral striations at the
anterior end.

The resultes of the above experiments were referred

to in part by Burnett et al. {1957).



DISCUSSION AND CONCLUSICNS

During this study about %0 infested animals have
been examined, including the dogs end other animals dis-
cussed in this paper, as well as a few not mentioned. In
none of these cases dld permanent damage appear to bé
Inflicted upon the eye or its adnexa., Iowever, it will
be recalled that other workers have repcrted more serious
findings, Fauet (1928) and Kofold et al, (1937) consider
the worm capable of causing reduced vision and even
blindness. HMore important are the findings by Douglas
(1938) and Vegner (1958) of blindness in dogs suffering
wlth thelazlesis, and the revort by Lee and Parmelee
(1958) of serious demage to the eye of 2 human.

Although thelazlasis associoted with marked or
permenent damage to the eye 1a not common, the cases

mentloned above establish the worm T. californiensis as

an important parssite.

At lest report, ten enimal svecies have been
Imown to harbor the infestation. No information is
available to establish the area of distribution, Iix-
cept for the isolated reports of one infestation in
Cregon and another in Nevada (both in counties adjacent
to California), the worm does not appear to range to the
north or east of this state.

There are no Imown published reports of the worms'

occurrence to the south of California in Mexico (Lower

53
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California). However, 1t was reported by Priedmenn (1951)
in 2 human in San Dlego County, near the Mexican border.
Ryckman (1958) has reported that the topography,
fauma, and florsa typlczl of the southern part of Californis
extend southward into Lower Califormiz between 160 and 200
miles, end that there i1s an abundance of flies including
Fanmmis spp. in the north central portion of the peninsula,
Residents of that part of Mexleo have stated that the wild
sections of the reglon mentioned by Ryckman sre well pop-
ulated with deer, coyotes, and jJack rabbits. The multi-
nlizity of dogs An the nonulated areecs is on observed fact.
In short, the northern nart of Lower Californiec is well
vopulated with the memmals found most often infested with

T. californiensis, flies sre present which are suspected

of being the intermediate host of the parasite, and the
terrain and flora compare to those in endemic arens in
this state. There 1s s great likelihood that thelaziasis
is present In enimals in lower California,.

The relative vosition of various snincls 28 reser-

volr hosts of I. californiensis is cuestionable. The full

value of the data furnished by ¥Wagner (1058) in recard to
the incidence of thelaziasie in deer i1s not known. If the
deer examined in various countles in Californls were selec-
ted at random, the indicztion 1s that the incidence of in-
festation in that animal is extremely high., It is routine,
however, for members of the Denertment of Fish and Genme,

from whom %agner obtained his data, to collect animals with
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obvious or suspected defects for examination. A report by
Cherhansley (1940) indicates that deer with "sore cyes"
were being studied., Dixon and Herman (1944) state that
a deer examined by them "was collected because observa-
tlon showed the right eye to be partislly shut.,” Iixami-
natlon revealed the presence of eye worms in both eyes.

The fow coges of thelazlasls found among nmule deer
in lMono Counbty during this study furnish no dependable
information concerming incldence of infestation In that
ares, bubt do supply valuable information concerning
dlstribution. Host of the deer exanlned had been dead
at least 12 hours, with the probabllity that the worms
in some cages had been lost, The logs of worms la made
more prohable by the fact that most of the deer had
been dregged from the places where they were kllled to

tie nearest road. As o resudt of dragging the deer

o

through the dirt, the eves were often mutlleted and
filled with dust and gravel. It lg of laterest to note
that one of the two infested deer Jound at Colville was

examlned at the spot where 1t had just fallen after

The nositlon of coyotes as natursl reservolr hosts
of the paresite in certaln areas is falrly well indlcated
v the fact that 177 of a fair sempling of these animsls
were Infested. The position of the jJack rabblit, however,
is nmore controversial, thile the ratio of infested Jack

rabbits over infested covotes is 2.1/1, the number of



56

rabblis examined wog unfortunately small, However, the
comparative date cammot be wholly discounted; the ratio
supmests that the Jaeck rabbit nlavs a relatively important
role as the natural reservoir., Furthermore, the jsck
rabbit 1s undoubtedly more numerous than the covote, and
nossibly more so than the deer, esnecislly in the southern
part of the state. The large number and great size of the
worms found in one of the rabbita suggest that this animal
iz o more ontimal host than the other snimals studied., The
idea that the worms atlein thelr greatest size in the opti-
mal host 1s subseribed 4o by Eofoid and Williems (1935),
and Hosford et el. (1942),

The role played by the Jack rabbit may be still
further emphosized. In the last three arecs listed in
Teble 5, more thon four times as meny covotes were exam-~
ined then jJack rabblits. Yet the number of infested coy-
otes was only twice the number of infersted rabbits,

Tracks and signas left by the two animals indicated that
Jeelr rebblts were present in the three aress in much
larger numbers then were the covotes. Furthermore,
Tarmers end other local residents in 211 of the areas
studlied stated that the rabbit ponulation 2t the time
vag radically denleted. In some areas where but one or
two Jack rebbits were found in a dey, reslidents stated
that from 30 to €0 might be killled in e day during an
average yvear. These figures, if dependabls, add further
evidence that the Jock rabbit gtend high on the list of

reservelir hosts.
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The beb cat and the gray fox eppeer to have escaped
the parcsite, even thourh they have been found living in
endemic ereas, The fecet thet no infeated beb cote were
found ameng the 37 exemined (in areas where other infested
enimals were Tound) sugpests thet these enimels elther
heve 2 relatively hich immunity to the perasite or that
thelr habits render them less vulnerable to contact with
the intermediste hoest. This sugpgestion is less applicable
to the gray fox since it was exemined in the some areas in
coneidercbly smeller numbers., The infested eilver fox
renorted for the first time by DBurnett and Vagrer (1958)
cormot be considered Iin evolueting the stetus of the wild
foi, gince the hebit of the former is iInfluenced hy its
men-nade environment. However, this can serve apg e lead
to experinmentel methods.

The other enimele renorted are rot represented in
large enough numbers te be significent,

The dog, though often found infested with thela-
zlanis, occuples a questlioneble position on the list of
susceptible animals. Toaford et al. (1942) believe the
dog to be an accidental host., They base this opinion
upon thelr obaervetions thot the worme reported in doge
are smaller then those secured from sheep and deer,

They state that it is a well mown fact thet resistance
on the part of the host 1o certaln nematode parasites
resulta in dwarfing of the worm. The relationship of

worm size to hest snecles hes been noted during this



gtudy, especlally in regerd to the jack rebbit, as pre~
vicusly mentioned,

Thelazia

Tﬁ

1ig has been previocusly reported in men
end other mermals not included in the study (Table 3).
The nosition of men, undoubtedly, iec minor, ir terms of
lmportence as a raturel reserveir host., This nay zlso be
gald of sheep and horses, since, if commonly infested, it
geems loglceal to conclude that they would be reported more
often.

The blaeck besr, reported only once {Hcafcrﬁ, et al.

1042), 1s so rarely disturbed in this state by man, that

ite relationship to I. californiensie canmot be even

speculated unon.
Information concerning the intermediate host of

the »

'C’

ragsite 1s meager. That certeln muscid flles have

been found to fulfill that function in the life cycles

of related snecles of Thelazlis in the U.S5,.5.R. indicates
gtrongly thet flles of the seme foamily may function

similarly in the 1life cyele of T, caoliforniensis. The

experiments conducted with flies during thiz work, though
not conclusive, Implicate certain Fammis snecies.
Althourh ensheathed embryos of the worm were fed

to F. canicularis with the resultant growth of the larva

o

within the 1y, thls fly apnears to be exonerated as e
natural Intermediate host in that it flourishes equally
well in both endemic =nd non-endemic aoreas, wilth & longer

seasonal occurrence in many of the latter. % 18 found

in both high end low regions.



59

‘annie benjamini, on the otlher hand, has been

obgerved during this study only in hilly and mountainous

regions which are meist and well shaded, It 1s probebly

colncidence that I. californiensis was also found only
In areas of the same description. It was observed that
if one ol the three cherascteristice, high elevation,
ghade, or molstwre, wae lacking, . benjamini was not
found, and that such regions, though well populated
with aninals Xnown to be susceptible to thelagiasis,
sppeured to be Iree of the parasite. These observatlions,
plus the affinity of the Ily for the eyes of animals,
together with the finding of nematode larvae in several
{lles of this speciles caught in endemlic areas, suggest
thet ¥F. benjaminl is the natural intermediate host for

i. colifornliensis.



SUMMARY

Mine snecies of Thelazle, known ag eye worms, are

pareaitic in the cyves of mermala. have

been reported on every continent but Australia.

T. californiengis, firat rerorted In this country

s

in the eves of dors In Celifornls, has »reviously been

&

renorted in eight mammelian snecies Including man, dog,
horse, sheep, deer, coyotle, and black bear.

Te effect of thelaniasis (infestation by Thela-
zin snp,) may lead to serious psthological changes in
the eye, Blindness has been known 4o follow in cows

o

%

and doga,

Tfteen cases of thelaziagis in humsns have been
reported, asix of which are in Californla. Two czaes
{ome in Chino, the other in Californin) were assoclated

with marked nathologmleal changes in the adnexe of the

al

oy
by

Tected ove.
Terd infestations have been renorted 1in catile

in Rwgsla and Yngland, and in sheen in the Unilted States,

Renorte indlcate that the infestatlion iz unlmown
1n the United States oubside of Callforniz excent for
one cage each in Nevada and Cregon.

A detalled description of the viviporous narssite
and 1ts onsheathed embryo 1s glven.

During observations of infested dogs in endemle
areas, 1t was noted that the flies, F. canicularis and
60
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F. benjominl revealed an avidity for lacrvmel secretions,
Fxperiments conducted on these flies indicate the »robo-
bility thet the latter is the irtermedicte host of the
narasite.

The exneriments conducted on flies were of two
types, TIn the first evperiments, ensheathed embrvos of
the vivinarous female eye worms were fed to laborctory
reared F. canjcularis., Suvbsequent examination of the
flles revecled Thelazia in a few of them. The second
type of experiment congisted of exanining wild flies
caught ir an endemic aree, During these exeminztions,
nematode larvae resembling those found in the lebor-
story infested flies were found within the bodies of
F. benjamini.

During 2n extensive reservoir host survev, infest-
ations were found in dops, silver fox, deer, coyotes,
end Jeck rabblts. Evidence indicates that the incidence
of Infestation in the latter three ies hirh, TFurther
evidence Iindicates that the jack rabbit meyvy be the
optimal host,

During the reservolr host suvrvey, cttention was
given to the physlcal cheracteristics of the srecs inves-
tizated, It was noted thet endemic areas invarisbly were
in mountainous or hilly regions which were well supplied
with shade and molsture. 1In most of these aress, Fannia
benjemini wes found,

The Jjack rebbits and silver fox were first reported

by Burnett and Vagner (1958).
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ABSTRACT

The purpose of thies work was to determine the
extent snd effects of infestation of the eye worm of
mammele, Thelegie californiensis, end to elucidate
through experimentation or observation the mode of
tranamlission.

A survey of lltercture revealed that thelaziessis
{infestation by
pathologleal changes in the eye and its sdnexa, some-
times resulting in blindness. It wes found that reports
of thelezissis in the United States were (with two
exceptions) of cases in Californie. It was further

30l lonsis has been reported in e
wider verdety of hosts than has eny of the other
thelazlias,. The hoste were found to include meny wild
animels, most of the domestic animals, and men, From
Pussien literature i1t was learned that muscld flies
were the intermediate hoste of the thelsziass found in

io species) may cause serious

that country,

A detalled desmeription of the viviparous worm
(male sand femele) and the larve is given.

One phage of the work is concerned with observing
the conduct of museld flies in the vicinity of infested
dops in aress endemic for the eye worm. The flles, Fapnis

mind, were cobserved to menifest

i1
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field observations strongly sugmests that the latter is
the intermediate host of the puresite,

A second phage of the work is concerned with reserw
voir host studles, Animels found involved were dops,
domestie silver fox, deer, covotes, and jJjack rabbits.
Infermation grined during this phese of the work sugpests
that the jJeck rebbit mey be the optimal host, and that
during vears when these snimels sre plentiful, they may
conatitute a2 large portion of the reservolr, During
this part of the study 1t wes lesarned thet the endemie
sreas are in mountainous or hilly regions which sre amply
sheded and supplied with molsture.

On the basis of these studles 1t was concluded
thet thelaziasis is 2 serious infestation, endengering

the sight of the hoat, that it has infested a wider
variety of animels then has any other member of the
gonus, and that trensmission is probably through the
1y, E. benlemini.
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