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Abstract:

A study was designed to examine the role of immunity in the inhibited development of Obeliscoides
cuniculi. Rabbits, infected per os with 1-3 doses of third stage larvae (L3), inhibited larvae in
subsequent challenge infections at the 4th stage of development.

Massive infections in rabbits given 200,000-834,700 L3 resulted in almost complete worm inhibition.
In rabbits infected with 100,000 L3, 50-75% of the worms were inhibited at the 4th stage. Rabbits,
pre-infected with 75,000 L3, treated 10 days later with levamasole HCI and subsequently challenged
with 5,000 L3 harbored infections comprised of 18.3% 4th stage larvae (L4). All 5th stage worms (L5)
recovered from these infections were retarded in growth, whereas L5 recovered from controls were
normal. Egg production by worms in actively immunized rabbits was complete suppressed, and in
passively immunized rabbits patency did not occur until 6 days after serum transfers were terminated.

When inhibited L4 were transferred into previously unexposed rabbits, many developed to adults
(28-87%). However, significant numbers failed to develop beyond the 4th stage. Also, the sex ratio of
adult worms which developed from inhibited larvae following transfer shifted toward larger numbers of
females, and in actively immunized recipients the differences were further accentuated. Egg
production, by adult worms which developed from both inhibited and normal L4 after transfer, was
suppressed in actively immunized recipients; fewer eggs were produced by worms of the inhibited

type.

Two immunosuppressant drugs, 9-fluoroprednisolone (FP; corticosteroid) and cyclophosphamide (CY;
alkylating agent), were given to rabbits infected with 100,000 L3 to determine if larval development
would resume. When rabbits were treated with FP on days 0-28 there was an increase in the numbers of
adult worms. However, development did not resume after treatments on days 0-6. Significant numbers
of worms developed to adults when FP treatments were given days 9-15 or 20-26; also normal egg
production occurred in these worms. Non-treated inhibition control animals (100,000 L3) passed only
low number of eggs ( < 100) even though 25-42% of their worms were L5. Treatment of rabbits with
CY inhibited further development of larvae as only 13% of the worms progressed to the 5th stage, and
none were found that contained eggs.

Treatment of rabbits with FP (total dosage 9 mg/kg) produced rapid and sustained reductions in total
lymphocyte counts. There was also an early weight gain (3-5 days) and subsequent weight loss (5-12
days) following treatment. Treatments with CY (total dosage 90 mg/kg) did not significantly reduce
lymphocyte counts. However, a slight lymphocytosis which occurred in the inhibition controls was not
observed in the CY-treated animals. Antibody titers to sheep erythrocytes (SRBC) were highest in
FP-treated rabbits and animals with low-level infections (4,000 L3); inhibition controls (100,000 L3)
and CY-treated animals had comparable antibody titers. Antibody titers to O. cuniculi antigen (OCA)
and sheep erythrocytes (SRBC) on day 27 p.i. showed similar relationships between treatment groups,
however. anti-OCA titers were considerablv lower.



Gross pathological lesions after 27 days in rabbits with high-level O. cuniculi infections included the
presence of numerous petechial hemorrhages and folding and thickening of the gastric mucosa; only
the cardiac and fundic areas of the stomach were affected. Histopathological lesions included massive
epithelial hyperplasia, lymphocytic hyperplasia and nodule formation, lymphocyte and eosinophil
infiltration into the lamina propria and cryptitis in areas near embedded larvae. Other effects on rabbits
were weight loss and anorexia during the first 6-12 days p.i. Immunosuppressants did not appreciably
alter the formation of lesions.

The data indicate that host immunity plays an important role in inhibited development of O. cuniculi in
rabbits: (1) active immunization by repeated low-level (3,000 L3) and single high-level (100,000 L3)
infections resulted in inhibition of larvae at the 4th stage, (2)corticosteroid treatments increased the
number of worms that developed to the adult stage, (3) inhibition was larval dose dependent, and (4)
worms were damaged during inhibition in source rabbits such that some of the L4 were unable to
resume development when transferred to uninfected rabbits. Also many inhibited male L4 failed to
develop into adults, and this was further accentuated in actively immunized recipients.
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ABSTRACT

A study was designed to examine the role of immunity in the
inhibited development of Obeliscoides cuniculi. Rabbits, infected
per os with 1-3 doses of third stage larvae (L,), inhibited larvae in
subsequent challenge infections at the 4th staae of development.
Massive infections in rabbits given 200,000-834,700 L., resulted in
almost complete worm inhibition. In rabbits infected”with 100,000 L
75% of the worms were inhibited at the 4th stage. Rabbits, pre-infe
with 75,000 L., treated 10 days later with levamasole HC1 and sub-
sequently cha%]enged with 5,000 L3 harbored infections comprised of
18.3% 4th stage larvae (L,). Al11°5th stage worms (L.) recovered from
these infections were retérded in growth, whereas L."recovered from
controls were normal. Egg production by worms in aétive]y immunized
rabbits was complete suppressed, and in passively immunized rabbits

patency did not occur until 6 days after serum transfers were terminated.
: When inhibited L, were transferred into previously unexposed
rabbits, many deve1opéd to adults. (28-87%). However, significant
numbers failed to develop beyond the 4th stage. Also, the sex ratio
of adult worms which developed from inhibited Tarvae following transfer
shifted toward larger numbers of females, and in actively immunized
recipients the differences were further accentuated. Egg production,
by adult worms which developed from both inhibited and normal L, after -
transfer, was suppressed in actively immunized recipients: fewér eggs
were produced by worms of the inhibited type. :

Two immunosuppressant drugs, 9-fluoroprednisolone (FP; cortico-
steroid) and cyclophosphamide (CY; alkylating agent), were given to
rabbits infected with 100,000 L, to determine if Tarval development
would resume. When rabbits werg treated with FP on days 0-28 there
was an increase in the numbers of adult worms. However, development
did not resume after treatments on days 0-6. Significant numbers of
worms developed to adults when FP treatments were given days 9-15 or
20-26; also normal egg production occurred in these worms. Non-
treated inhibition control animals (100,000 L3) passed only low number
of eggs ( € 100) even though 25-42% of their worms were L.. Treatment
of vrabbits with CY inhibited further development of 1arvag as only 13%
of the worms progressed to the 5th stage, and none were found that
contained eggs.

Treatment of rabbits with FP (total dosage 9 mg/kg) produced
rapid and sustained reductions in total lymphocyte counts. There
was also an early weight gain (3-5 days) and subsequent weight Toss
(5-12 days) following treatment. Treatments with CY (total dosage
90 mg/kg) did not significantly reduce lymphocyte counts. However,
a slight lymphocytosis which occurred in the inhibition controls was
not observed in the CY-treated animals. Antibody titers to sheep
erythrocytes (SRBC) were highest in FP-treated rabbits and animals
with Tow-Tevel infections (4,000 L3); inhibition controls (100,000 L

» 50-
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and CY-treated an1ma15 had comparab]e antibody titers. Antibody
titers to 0, cuniculi antigen (OCA) and sheep erythrocytes (SRBC)

on day 27 p.i. showed similar relationships between treatment groups,
however, anti-OCA titers were considerably Tower.

Gross pathological lesions after 27 days in rabbits w1th high-
Tevel 0. cuniculi infections included the presence of numerous petechial
hemorrhages and folding and thickening of the gastric mucosa; only the
cardiac and fundic areas of the stomach were affected. -Histopathological
Tesions included massive epithelial hyperplasia, lymphocytic hyperplasia
and nodule formation, lymphocyte and eosinophil infiltration into the
lTamina propria and cryptitis in areas near embedded larvae. Other
effects on rabbits were weight loss and anorexia during the first 6-12
days p.i. Immunosuppressants did not appreciab]y alter the formation
of lesions.

The data indicate that host 1mmun1ty plays an important ro]e in
inhibited development of 0. cuniculi in rabbits: (1) active immunization
by repeated low-level (3,000 L,) and single high-level (100,000 L.,)
infections resulted in 1nh1b1t$on of Tarvae -at the 4th stage, (2) cor-
ticosteroid treatments increased the number of worms that developed to -
the adult stage, (3) inhibition was larval dose dependent, and (4) worms
were damaged during inhibition in source rabbits such that some of the
L, were unable to resume development when transferred to uninfected
" rabbits. Also many inhibited male L, failed to develop into adults,
and this was further accentuated in “actively immunized recipients.
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INTRODUCTION

Some parasites, after being indested by a suitable host, either
fail to mature or remain for an extended period of tine in.an early
stage of deve1opment before reaching maturity. The reasons these
parasites‘do not develop rormally are not fully understood. -In most
cases the mechanisms are complex and 1nvo1ve ejther extrinsic or
intrinsic factors. | |

Dormant.1arva1 parasites are cdﬁmon]y enoountered withfn tne.red1m
of parasitism Michel (1968) reported that 1mpa1red larval deve1opment
hds - been reported for over 30 he1m1nth sepec1es The common gastro-
intestinal nematodes of. domest1c cattle and sheep (Tr1chostrongy1o1dea
and Strongy]o1dea) cons1stent1y exhibit a high degree of arrested de-
ve]opment espec1a11y in older animals or during the cold seasons of
the year. During the early paras1t1c phase of their 11fe cyc]e many
of these nematodes enter a h1stotrop1c stage of deve]opment (Madsen,
.1962). At this stage the 1arvqe.m1grate into the mucosa and undergo 2
moﬂts-(eodyses). Larval deve]ophent is usua11y impaired during,tnis
process. | | ' “ |

Dormant larvae are important in the epizootioTogy_of several
nematode species. Spedding‘and Brown (1956) reported that a spring
rise inrworn'egg output.oommon1y occurred fn.confined sheep. -Increased
egg output was attributed fo.worms which were dormant througnout the

winter and.resumed development in the spring. Fieid, Brambe1ll and

Campbel1 (1960) reported increased egg production by'Haenonchus contortus
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in domestic sheep. Connan (1968a) and Gibbs (1968) stressed the.
importance of inhfbited larvae .in the spring rise ‘phenomenon, and Crofton
(1954) and Brunsdon (1966) pointed out that the spring increase in worm
egg output was a primary source of infection for young animals.

Dormant larvae are generally thought to resume deve]opment after
a bro]onged qUiescence. Mechanisms which may be responsbile for_re—
newed development of dormant larvae are: waning of host immunity
(Soulsbhy, 1957), changes in host diet (Connan, 1969) or seasonal
hormonal changes in the host (Dunsmore, 1965; Connan, 1968b; Bliz and
Gibbs, 1972b). McKenna (1974a) reported that H. contortus was expelled
from éheep within 10 weeks after inhibition occurred, and thus could
not contribute to spring rise. Blitz and Gibbs (1971a) produced patent
infections with H. contortus by transfer of inhibited Ly into the
abomasa of parasite-free, pregnant ewes; however, deve]opment,did'not |
occur until the time of parturiton. Also, Roberts and Keith (1963)

transplanted inhibited Oesophagostomum radiatum into uninfected calves,

and patent infecfions developed. Ih contrast, Herlich (1974) trans-

planted 4th stageA]afvae of Ostertagia ostertagi that Weré inhibited

in sheep into parasite-free calves and found that patent infections did
not develop. However, when.larvae weré grown to the 4th stage (not
inhibited) in calves and subsequently transferred to sheeb, patent in-
fections developed within 6 days. These data suggest that the 3rd and

4th ecdyses may be important fn the inhibitory process and that this
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process may be irreversible under certain circumstances.

Inhibited helminths are the etiological agents in certain disease
syndromes. These were discussed in detail by Martin, Thomas and Urquhart,
(1957), Anderson, Armour, Jarrett, Jennings% Ritchie and Urquhart (1965)

~and Armour (1970). .
Factors Contributing to Inhibited Development
of Nematodes

Michel (1968) reviewed some of the mechanisms of retarded‘1arya1'
development. These could be classified as:

A. - Environmental effects

Diet
Size of infective larval dose
Presence of adult worms

Host age resistance
Acquired immunity

Mmoo

Other reviews (Taylor and Michel, 1953; Madsen, 1962; Michel, 1969;
Armour, 1970; Jarrett and Urquhart, 1971, and Ogilvie and Jones, 1973)

contain similar evaluations of the processes invoived in inhibited larval

development.
A. Environmental effects

Large numbers of dormant.parasites are often obsékved in cattle
and sheep in the autumn or‘early winter. Anderson et al. g]965)
showed ﬁhat calves grazing on contaminated pastures during late autumn
acqﬁireq Qsieriagia.gszer;agi 1nfe§tions which were comprfsed pri-

marily of 4th stage larvae, whereas few L4 were found in animals.
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which grazed the same pastures for similar periods in the spring or
summer. They concluded that larval dormancy was precipitated by autumn

environmental factors which induced physiological changes in either the

-host or the infective Tarvae. Similar observations have been reported

for 0. ostertagi in calves (Armour, Jennings and Urquhart, 1969a; Reid

and Awrmour, 1972), Cooperia oncophora in calves (Herlich, 1965; Michel,

- Lancaster and Hong, 1970), Haemonchus contortus in sheep (Connan, 1971;

Brunsdon, 1973), C. curticei in sheep (Sofmervilie, 1960), Chabertia

ovina in sheep (Connan, 1974), Ostertagia spp. in sheep (Muller, 1968;

Reid and Armour, 1972, and Haemonchus contortus and 0. circumcincta

“in sheep (McKenna, 1973). These reports 1ndicéte that seasonal in-

hibition of 1ar9ae.1s common with many nematode parasites of. cattle-
and sheep. | ‘ | |

Physiological changes in 1hfective larvae as a reﬁu]t of environ-
mental or seasonl effects aré’not understood. Blitz and Gibbs (1972b)
observed that ﬂ,'contortus became dormant in sheep when the infectivé
larvae were cultured to the 3rd stage in the 1aboratory.and subsequently
exposed t0 pasture ponditiOns for several weeks during Iate autumn. |
Certain strains of 0. ostertagi were shown to be hore prone to dormancy
than others. Armour, Jenning and Urquhart (1967; 1969)-demohstr§ted that
Taboratory cultures of.g, ostertagi whiéh were seédéd onto pastures
during the fall, did not become dormant in calves, whéreas larvae

acquired from the,natura11y contamfﬁated pastures did. Physiological




5

differences within the laboratory and field strains of larvae were not
defjned.' Storage of infective larvae at 4C for 3-8 weeks .also greatly.
enhanced the tendgncy for 0. ostertagia to become quiescent (Bruce and
Armour; 1974; Armour and Bruce, 1974; Michél, Lancaster and Hong, 1975).
A similar effect was observed with H. contortus after fﬁe Ly were '
‘stored at 5C.for 60 days (McKenna, 1974a,b). Rod-lfke, crysta]]ine
structures have been observed within the infestina] cells of 1nh1bited
H. contorus (Blitz and Gibbs, 1971b). Tﬁé significaﬁbe of these
crystals was-not knéwn, but they were not found in Worms which had
resumed development. The presence of such crystals in inhibited H.
cortortus was verified by McKenna (1974a,b).
B. Diet

An animal's nutritional status is important in its ability to resist
parasitism (Ackert and Béach, 1933; Rbss and Gordon, 1933; Hunter, 1953;
Kates and Wilson, 1955; Géiman; 1958; Brunddon, 1962a; Gibson, 1963;
Bawden, 1969). Several studies have éhown that resistance tb he]minth
infeétions is closely linked to an animal‘'s protein 1ntake (Baird,.Vegors,
Sell and Stewart, 19565 Wells, 1962, 1963). Sheep on high protein

rations exhibited greater resisfance to Oesophagostomum radiatum and

/

‘produced less intestinal mucin Dobson and Bawden (1974), Frick and
Ackert (1948) and Dobson (1967) demonstrated that mucin~was important
in resistance to'}ntestina1 he]minfhs. Vegors et al. (1956) further

" showed thétanima]s on low-protein diets harbored 1akger numbers of both
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immature and mature worms than those on a high-protein ration. A
similar observation in sheep infected with 0. columbianum was déscribed
by Dobson and Bawden (1974).. These obserVations indicated that the
host's diet‘probab1y does not have a direct effect on worm development.
This conclusion was also expressed by Connan (1969) concerning the '
effects of diet on the retardation of Ostertagia spp. in lambs. |

C. Size of infective larval dose

‘ Retarded Tlarval development associated with massive worm infections
"has been aftributed to competition between 1nd1§1dua1 parasifes (Tay]or
and Michel, 1953), however, immunological responses may also be involved.
Michel (1952a,b) observed that the coﬁrse of aﬁ'infection with

Triéhostrongyius retortaeformis in rabbits varied according to the size

of the infective larval dose. In some cases, massive infections re-
sulted in worm expulsion, while at other times, the larvae were inhibited

at the late L, stage. The inhibited T. retortaeformis were not rejected

immediately but were slowly eliminated as they matured. Martin et al.

(1957) reported that development of Graphidium strigosum in rabbits was

impaired in heavy infections. Infections initiated with 5,000'L3,

developed normaily, whéreas'most of the worms were retarded in infections -

with Cooperia pectinata and C. oncophora in calves indicated that these

species were inhibited in greater ~humbers as the larval dose increased.
Moreover, Mapes, Cdop and Angus (1973) demonstrated that the number of

inhibited N. battus in lambs was diréctly proportional to the number of
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infective larvae given: " The number of Ostertagia spp. which bécome
retardéd in sheep is also proportional to larval dose. Dunsmore (1960)
observed that in infections initiated with 1,000 L3, 2% of the worms
remained'at the 4th larval stage as compared to almost complete inhibi--
tion of iarvae,in infections with 100,000 L3. Also, the Tatter infec-
tions were characterized by long prepatent periods and small adult worms .
D. Presence of adult worms |

Larval deve]dpment may be coh;fb]]ed by-thé presence of édu]t worm
populations. Gibson (1953) found thét worm egés:(Trichbnema spb;)
" appeared in the feces Qf‘horses fo]]dwjng tréatment.with phenothiazine,
~even thbugh:they.were:not ré-eqused to infective 15r§ae. Dormant
larvae werelthogght,té resume development to replace the aduft worms
‘ which were remoyéd W1tﬁ anthe1mihtic. Dunsmore (1963) observed a simi]ar
situation in sheep that were infected with Ostertagia Spp. Fo]]oWing
treatment with phenothiaziné, the numbers of dormant 1érvae decreased
by a.ﬁ}oporfion approkimate]y equa1‘to the numbers of new adults.
Michel (1969, 1970, 1971) reviewed and.stresséd,the fmportance.of.'
adult worms in‘cqntroiling the development of 0. Ostertagia in calves.
However, suth a‘contrbl mechanism was dfscounteq bylAnderson et al.
'(1965) and later by Michel, Lancaster and-Hong (1973).'
E.. Host age resjstanée

It hés‘béen reCogn1zed for méhy yéafs that mature anima]é are

usually more resistant to parasitic infections than are the young.
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Herlich (1960) studied age resistance against nematéde infections in
cattle. Parasite-free calves (5-8% months old) and steers (18 months
0ld) were pastured in contaminated paddocks. Neéropsy results on
these animals showed that the calves had worm burdens comparable to
thosé of the steers, even though tﬁe steers consumed more forage.

More importantly, thé steers Weré less suséeptib]e than the-calves

to the debi]ftéting effects of parasitism. These reéuTts‘were'thought
to reflect a.certain degree of resistance in the older animals.

Gibson (1959) observed that development of_Nematodirus.spp. waé
often retarded in mature sheep and that the capacity to inhibit worm |
4deve1opment was acquired by lambs at approximately 2 months of age.
-in addition, Gibson and Everett’(1963) demonstrated a reduced fecundity
in adult N. battus harbored by oider sheep. Brunsdon (1962b>'ététed
" that reéistanée to Nematodirus spp. in sheep was characterized by 1)
Timited establishment df larVae, 2) increased length of prepatent
peribds, and 3) decreased eég production by adult worms. Age resis- -
tance to N. Qg§§g§_iﬁfections in sheep was further documented by Mapes
and Coop (1973) who demoﬁstrated‘that.the pékcentages of worms that
were inhibited after 5 inoculations with 60,000 L, were smaller in
3 month-o1d Tambs (]2.4 - 22.2%) than in 8 month-old animals (47.8 -.
72.3%). Gallie (1973) showed that deve]opment of N. battus was
similarly rétarded fn old versus young rabbits. These reports indicate

the age ' of the host can have a direct effect on‘paraéite development.
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Studies on H. contortus infections in sheep (Manton, Peacock,
Poyter, Silverman and Terry, 1962) showed that lambs (2-4 months o1d)
were nof resistant to a challenge with 15,000 L3. Furthermore,
Urquhart, Jarrett, Jennings, McIntyne and‘Muliigénf(1966) observed that
Tambs (5-week 01d) were not immunized against H. contortus using. either -
singie or repeated inoculations with irradiated larvae. This was
verified by Lopez and Urquhart (1968) who demonstrated that sheep under
6 months of age did not develop immunity to H. contortus after vaccina-‘
tion with irradiated larvae, whereas oidér animals readily deVe]oped
strong immunity osing'the'some Voccine. Recently, Knight and Rodgers'
(]974) observed fhoc sheep of different ages exhibited various degrees
of resistanée to prihary infections with H. contorcus; anima]s older
than 12 months con51stent1y harbored fewer worms than younger sheep.

Michel (1963) was able to inhibit the deve]opment of 0. ostertagi
in calves (96-272 days old) using repeated oral inoculations. In
contrast, Anderson et.ai. (1967) were .unsuccessful in inhibiting 0.
ostertagi-in163-day old calves by a similar method. Other wonkers
(Armour; Jennings and Urqunart, 1969b; Smith, 1974) have stated that
inhibition of 0. ostertagi in calves has nothing fo do with host
resistance. Similar opinions were expressed concerning inhibited
Ostértagia spp. and N. fiiicoi]is in sheep (Reid and Armour, 1972).

and H. contortus in sheep (Brunsdon, 1973).
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F. Acquired immunity
Several ekce]]ent review articles are available which discuss the

role of acquired immunity in parasite development (Urquhart, Jarrett

and Mulligan, 1962; Michel, 1968; Jarrett and Urquhart, 1971;‘0911er
Aand Jones, 1973). Because dormant parasites tend to accumulate in
anima]s during autumn and w{nter; regardless of the age of the hosf
and because inhibition often occurs in initial infections, many peop]e
believe that 1arva] inhibition cannot be re]ated to host immunity.
Such views were expressed in regard to inhibition of H. contortus in
sheep by Blitz and Gibbs (1971a) and Brﬁnsdon (1973), 0. ostertagi in

calves by Anderson et al., (1967) and Cooperia oncophora in calves by

Miché], Lancaster and Hong (1970). Smith (1974) further suggested

that host resistance had no effect on the development of 0. ostertagi, -

C. oncophora or N. helvetianus in calves éxperiencing multiple infections.

. There is substantial evidence that retarded devélopment of
nematodes in the host is enhanced by acquired immunity. Nemqtodirus
spp. elicit strong immune responses in sheep. Dona]d, Dineen, Turner
and Wagland (1964) demonstrated that N. spathiger infections were
' Fegu]ated about threshold levels in sheep according to the immune status
of the host. Immune responses were characterized by 1) elimination of
L3,-2) retarded development of L4, 3) reduced fecundity of adults.or
4) expulsion of adults. Inhibition of L4 was most pronouncéd after

. repeated infections.
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Retarded development of Oesophagostomum spp. occurs rather

consistently, Roberts, Elek and Keith (1962) showed that the immuné
response against 0. radiatum in caives occurred while the larvae were
in the histotropic stage. The immune responsé to 0. radiatum was shown
to be directed against 4th stage larvae by Keith and Bremner (1973),
who demonstrated thét.the L4 were hfgh]y effective for immunization

of calves.

Keith (1967) observed abnorma1'spicu1es in male Cooperia pectinata

obtained from immuné calves. In addition, the prepatent periods of
fhe Q, pectinata infections were twice as long iﬁ immune animals.
Sommerville (1960) demonstrated that immunity to C. curticei, a
similar pargsite jn sheep, was direcfed against the L4. .
The role of 1Mmun1ty in inhibitibn of Ostertagia spp. has
stimulated controversy amoné workers. Miche] (1963, 1970) described
the dynamics of 0. ostertagi infections in calves which were inoculated

daily with 1,500 L3. He reported that 1) worms were constant]y'béing

eliminated, 2) inhibition of larvae seemed to be correlated with the

size of the adult worm population, 3).adu1i worms were. stunted in growth, -

4) ovu]afion was suppressed in adult female worms or 5) the host became
resistant to the estabﬁishment of new larvae. Active immunization by
repeated infections, therefore, jnéreased the numbers of 1inhibited
larvae. Léter, Michel, Lancaster and Hong (1973) verified that acquired

immunity was important in the retardation of Q. ostértagi in calves.




12

Haemonchus placei is more susceptible to retardation in calves

than is H. contortus in sheep. Roberts (1957) showed that calves
developed a strong resistance to H. placei during an initial infection.
Resistant calves were found to harbor many more inhibited L4 following
a subsequent challenge infection than unexpésed calves. Iﬁ contrast,
Dineen and Wagland (1966a) observed fhat pre-exposed sheep showed no

' after 1

4
challenge with 3,000 H. contortus; although after a second challenge

appreciable increase in the propoktions of inhibited L

a small increase was evident. It is possible that the pre-exposing
doses of larvae used in the latter experiment (498-2,713 L3) were not
sufficient to elicit a strong resistance to challenge.

Repeated inoculations with infective larvae have been shown to
immunize sheep effectively against H. cohtortus. Dineen, Donald,
Wag]and and Offner (1965) .observed that 3,000 H. contortus, administered
at the rate of 100 L3/day for 30 days, yielded 1ﬁféctions comprised of
350-387 inhibited L4, whereas 3,000 L3 in a single inoculation resulted
in only 17-63 retarded larvae. In addition when-1arge'numbers'of
infective larvae are suﬁerimpdsed upon €xisting populations of H,
contortué, sheep'became”immuno]ogica]]y exhausted or "tolerant" (Dineen
and Wagland, 1966b). This is an important concept to consider.when
animals are repeatedly infected or when natural pasture.infections are
employed to evaluate the dynamics of worm popu]étions. Wagland and

Dineen (1967) further observed that animals became tolerant after onTy
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. 6 inoculations with 3?000 Lss however, resistance returned 4-8 weéks

]ater; As previously discussed, thejhistbtropit 1arvai stages of many

nematodes are highly immunogenic, and such is also thé case w%th H.

cdntortus in sheep (Christie, Brambell and Charleston, 1965; Bitakaramire,

1966; and Wagland and Dineen, 1967). | | |
ImmundsubpresSion has been used to study the role of immuﬁity in

the inhibited development of helminths. Dunsmore (1961) combined X-

-irradiation and cortigoneltreatments in sheep infected with Ostertagia

spp. and found that fewer larvae were inhibited in treated animdls -

(0.7-31.0%) tﬁan in untreated controls (28.2-71.4%). Michel and

Sinclair (1969) tested the effects of the corticosteriods B-méthazone

and prednisolone on inhibition of 0. ostertagi in calves but did not

find a reduction in the number of inhibited larvae. They did show?4

however, that worm egg production was gfeaf]y enhanced following

treatment. Similarly, Pfitchard, Donald aﬁd Hennessy (i974) féi]ed to

induce development of inhibited 0. ostertégi using the corticdsteroid

dexamethazone trimethylacetate. Soulsby (1966) observed increased

worm egg'counts in shéep fo]]oWihg treatment with ch]orambuc11? an

alkylating agent, aﬁd,suggested that -the ‘increased worm‘egg production

occurred after 1nh1b1ted‘1arvae had métured (also Soulsby and Owen,

1965). Other studies regarding the effects. of immunosuppression on worm"

'popUIatidns were,révjewed by Gibbs (1968). Such studies should be

interpreted carerT]y, however, as it has been demonstrated that the
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time at'whiqh-a'drug is admiﬁistered (relative to the time of antigenic
stimulation), dosage rate, and the type of immunosuppressant ﬁsed are
extremely important in the degree and type of suppression produced by
a‘drUQ (Gabrielson and Good, 1967:‘Lagfange, Mackaness and Mi]]er;'19?4;
Kerckhaert, 1974; and Kerckhéert, van den Berg, and Hofhius, 1974).
\ Work , heretoforé reported, indicates that many factors may be
dinvolved in the inhibition phenomenon. In the past some discrepancieé
have existed among wofkers using the same or similar host-parasite
. systeﬁs. It seems reasohab]e,thafvﬁematode species should vary in
théir susceptibility to or procfivity for retardedAdeve]opment. |
Vafiation’may also occur because immune responses in animals vary
according to the species and/or the degree of immunocompetence which
they possess.)-These faétors may account for much of the confusion

regarding the role of immunity in the inhibitory process.

Inhibited Development of Obeliscoides -cuniculi

The bipnomﬁcs and development of O. cunicﬁ]i were described by
'A]iéata'(1932) frdmhinfections‘in guinea-pigs. ‘The 3rdiecdysis wés
found to occur between 3 and 5 days post-larval-inoculation. Fourth
stage females ﬁeasured 2.3 mm by day 5 and-fhé!genital structures were -
beginning.to'take.form.. Fourth stage males:measuréd 4.3-4.8 mm and
possessed a prominant tail spjkeL By day 12 many 5th stage larvae and

adults were present. Sollod, Hayes and SouTsby (1968) described the
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development of 0. cuniculi in rabbits.  They reported that 3rd ecdysis
occurred at approximately 72 hr post-larval-inoculation, By day;TO-

some larvae were in the 5th larval stage, but 93% were still in the 4th

stage. -The asynchronous development of thé larvae. could not be explained,

but it was postulated that many of the L4 were retarded? Samuel (1970)
observed retarded'g, cunicu]i‘within‘the gastric mucosa of rabbits up
. to 225 days post-larval-inoculation. | |

. Retarded development of 0. cuniculi may result from several factors.
Russe11 Baker and Raizes (1966) showed that the number of 1nh1bited
Ly depended'oh‘the size of the larval dose. 1In rabbits 1nfected with
2,500 and 25,000 L3/kg of body'weight 6.0% and 70. é% of the worms,
.respectiveiy, were inhibited Also, prepatent periods were 1engthened
and worm egg production was reduced in- worms in the high- 1eve1

infections.

Obeliscoides cuniculi also becomes_dormant in rabbits if the

infective larvae are stored under cold conditions for a prolonged period

(Fernando, Sfockdaie and Ashton, 1971; Stockdale, Fernando and Lee, 1970).

When L, were stored at 15 C for 28 days and then cooled to 5 C and Teft
fér an additional 5 days, 42% of the worms became retarded at the 4tﬁ .
stage (hutchinson, Lee and Fernando, 1972). The‘physioiogicai éhanges-
which occurred in these Tarvae were not defined, nor was any reason
given for all the Tarvaé not becoming dorhant.

Studies have not been done to determine whether development of 0.

cuniculi is altered by an immunological process. This Study_was
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designed to determine whether host immunity is a‘factor in the inhibition
of development of Q; cuniculi in domestic rabbits. Such baraméters as
single repeated infectioﬁs, high-level infections, passive immunizatjons‘
and immuno§uppression of the host were evaluated as to their effects on
worm development. The results of the present study show that the |
immunological status and the degree of antigenic stimulation in rabbits
directly influenced the development of Q. cuniculi such that large
numbers. of worms became inhibited at thé 4th Tarval étage. It is
" therefore concluded that host immunity plays a significant role in

imparing the deve]dpment of 0. cuniculi in rabbits.




MATERIALS AND METHODS
Rabbits

Domésfic rabbits (Oryctolagus cuniculus L.) wére obtainéd from 3

Tocal rabbit‘producers. -Seyéral'breéds were used depending dn their
availability. Californian, New Zealand White and Pé]omino breed§

were used in controlled tESté, while Champagne d'Argent and some cross- -
bred rabbits were used as source aniha1s. Ahtibiotics were occasionally
administered to rabbits with diarrhea or respiratory infections. Test
animals were usually allowed to aéc]imate for at least 2 weeks and were
fed medicated Peavey pelleted ration (Peavey Co., Minneapolis;, Minnesota)

ad Tibitum.
Helminth Cultures -

The 0Obeliscoides cunicali strain used in this'study was originally

isolated from a cottontail rabbit (Sylvilagus floridanus mearnsi)

collected in Ohio in 1959 and was maintained»ﬁn 1ab6ratory rabbits that
were routinely infected with 3,000-5,000 thfrd‘stage»1arvae (L3). The
strain was usually passaged every 3-5 months. Infective larvae were
cu]fured from the'féces of infected source rabbits. To prevent
aesiccation, feces were collected in trays cqﬁtaining damp wood
shévings covered with paper towels. Feca]lpé1]ets were first softened
by'soaking-in tap water for 2-3 hr, aftef which peat moss was added

(approx. 2/3 peat‘mdss and 1/3 fece;) and mixed with an electric mixer.
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This material was then placed in 10-inch plastic piettes (Pq11y—f1ex
Products, Chicago, I11.) and incubated at ambient temperature (approx.
.25 C) for 7-10 days. Larvae were recovered from the cultures by the
standard Baermann technique (Baermann? 1917). Baermannization.was
done through 1 layer of cellulose tissue (Kimwipe, Kimberly-Clark) -
supported by a 60-mesh screen in an 8-inch polyethylene funnel. .The
larvae were washed severa]_timés and.either used ihmédiately in fests
or stored at 4 C until sufficient larvae were available for specific
experiments. Some larvae were stored at =20 C to be used in the

prepération of worm antigen.
Inoculations with Infective Larvae

The inocula were Prepared from an aqueous sgspension‘of L3 by’
counting the number of active larvae in an aliquot. Volumes of the
'suspension containing the appropriate numberiof Tarvae wére then
inoculated into rabbits by gavage using a size 6 Bard catheter (Bard
woven venous cannu]a,'C. R. Bard Inc., Murray Hi]12 N. J.) which was
covered with a fight—fitting piece of Tyéon tubing (U. S. Stoneware,

Akron, Ohio) as a stomach tube.
Fecal Examinations

Feécal egg counts were determined using either a modified McMaster

technique or a Lane flotation pfocedure, In the McMaster technique,
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5 gm of rabbit feces and 150 ml water were b]ended for 2 min. Thirty ml
of the mixture Were collected in a graduated test tube and sedimented
in a centrifuge at 1,500 g for'3 min. The supérnate was poured off,
and the sediment was resuspended in saturated NaCl solution to a volume
of 15 ml. After mixing, a portion of the suspension was examined {n |
a McMaster chamber. Both grids of the éhambe}.wefe scanned at 60 X
magnification on a compound microscope. The worm eggs were couﬁted and
the totals were multiplied by a correction factor (50) to obtain the
number of eggs per gram of feces (EPG).
For Lane flotations, 5 gm of.feces were macekatéd in 150 m1 of

:wafer as described above. Dup]icéte 15 ml aliquots were"cQ11ected in
15 ml calibrated test tubes and sedimented at 1,500 g for 3 min. The
supernate was removed and replaced with saturated NaCl so1dtiqn.' The
sedimented material was resuspended and addition NaCl so]ution_wasu
added until a mehisc&s formed at the top of the tube."A cover slip

Was placed on the top of each test tube after which they WEre
centrifuged at 700 g for 2 min. A cover slip was removed from each
sample, placed on a microécope slide and examined under low-
magnification using a compound Mfcrbscopef A1l eggs were counted, and

"a correction factor (2) wds used to obtain the EPG count.
Nécropsies

A1l rabbits were euthanatized with Beuthanasia Special (H. C.

Burns Pharmaceuticals, Oakland, Calif.) administéred via an ear véin,
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Each rabbit was,immediately opened and the stoﬁach removed. -The
stomach contents wefe rinsed into a container and fbfﬁa1in was added .
(5-10% final concentration) to fix-the worms. In some cases a 1 cﬁz
piece of stomach tissue was removed from the dorsal asbect of the
fundus in the area directly across from the cardiac sphincter. These
. tissue specimens were storédvin 10% phosphate buffered formalin for
subsequent histological examinations.

The remaining stomach tissue was digested for 8 hr at 37 C wftﬁ
agitation in 200 m1 of a solution containing 1 gm of pepsin (1:10,000,
Difco)/300 m1 of 0.1 normal HCT. Both.the stomach contents and the
digested material were rinsed on a ZOd-ﬁesh sieve, and the remaining
" material was stofed in 10% formalin for later worm counts.

.The numbers of 4th stage larvae ahd 5th stage worms were counted

in aliquots of both thé stomach .contents anﬂ the'ffssue digests. The .
"size of the aliqdots depended on the number of worms ih'the‘samp1é but
usually ranged from 1/20 fo 1/2 the tota]nmater{al. Occasionajly it
was necessary to examine all the material to obtain an accurate worm
count.” Male L |

4
instead of a bursa and females L4 by their size and the presence of

were distinguished by the presehce of a tail spike

rudimentary reproductive organs (Fig. 21).
Helminth Transfers

Larval 0. cuniculi for usé in transfer experiments were collected

from infected source rabbits by placing stomach tissue into an "8"
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diameter gTass funnel filled with warm (37-40 C) physio]pgica] saline
solution (PSS). When sufficient L4 had migrated from the tissue
(1/2-1 hr) they were counted and admfnisfered per os to recipient

rabbits.
Helminth Measurements

‘Worms'wére qunted on microscope slides and images oflthé w&rmé
were projectéd onto a white background using a Bausch and Lomb
Microprojector. Measurements were made byAbending‘a piéée,bf small-
diameter cétheter,tubihg along the conformation of the'projected image.
The actual length was calculated using a conversion factor obtained fﬁom'

the projected image of a 1 mm stage micrometer.
- Anthelmintics

~Two anthe1mint1cs? thiabendazole (TBZ)'and levamisole HC1 (LHC),
were tested for their efficacy against the 1mmature‘1arvae.of 0.
cuniculi in rabb{ts. The OmhizéTe formu1ation of TBZ (Merck, Shérp,
énd Dohme, Rahway, N. J.) was adhinistered at a dosage rate of 500
mg/kg.. The LHC (American Cyanamid; Princeton, N. J.) was dissolved in
water and administered to rabbits at the rate of 70 mg/kg. Both drugs .

were administered via gavage.
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Immunosuppressant Drugs

Two drugs were used fof 1mmunoéuppression of rabbits. These
included the corticosteroid 9-fluoroprednisolene (Predef 2X; Upjohn Co.,
Kalamazoo,.Mich.) and the a]ky]at1ng agent cyc1ophospham1de (Cytox1n,
Mead—Johnson, Evansv111e, Ind.). Both drugs were adm1n1stered intra-
muscularly at the dosage'described_ﬁn protocols of the respective

experiments.
Histopathology

Tissues were fixed in 10% phosphate bufferéd formalin, paraffin
embedded, thin sectioned, and stained with.a hematoxylin-eosin (H & E).
. The t1ssue sections were examined using a compound microscope for the

presence of lesions or embedded parasites.

\

Hematology

Packed red blood cell volumes, total Teukocyte counts and white
blood cell -differentials were measured using standard hemato]ogica1
techniques. The number of 1ymphocytes/mm3 of blood was calculated from

concurrent tofa] WBC counts and WBC oifferentia1 counts.
Antigens

Obeliscoides cuniculi antigen.(OCA) was prepared from a pool of

third stage larvae using a lipid-extraction tecnhique. Following 4
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washings in tap water the larvae were rinsed 4 times in cold absolute
ethyl alcohol and extracted in the same solution for 1 1/2 hr at 4 C.
The Tatter step was tﬁen repeated using diethyl ether. The Tarvae were
removed from the ether, placed oh'a watch glass and alTowed to desiccate
at 4 C for 12 hr. The dry preparation was weighed (168 mg), placed in _
a mdrtar with glass fragments, and gfound into a powder. Thé powdered
preparation was rehydrated with 10 ml of PBS (ph 7;4) énd sonicated 3
times (2 min at an intensity of 73.5 w/cmz) using a Biosonik III
Sohicator (Bronwill Scientific, Rochester, N. Y.). . The antigen was then

eluted in PBS at 4 C for 22 hr. After subsequent cehtkffugation the

supernate containing the solub}e antigen was stored in ampoules at -20 C.

Sheep red blood cells (SRBC) for use as antigen were collected in
Alsever's solution and stored at 4 C. A 5%:suspension of waéhed SRBC
in PSS.was prepared just prior to,use.' Each rabbit received 5 ml via

an ear-vein.
Antisera

Antisera against 0. cuniculi ‘were obtained from rabbits which
préviousiy had been inoculated with 100,000-200,000 L3. Serum was
coI]ected 5-10 weeks post-]arva1-inocu1étion (p.j.). Sera that reacted
with OCA in gel diffusion tests were 1ncofporated in a pooled anti-OCA
anti-serum which was used for passive immunization of‘rabbits énd as a

control serum in serological tests.
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Sera from test rabbits were sjmi1ar]y processed and examined
separgte]y for antibody tifers against OCA or SRBC. Normal rabbit
serum (NRS)'was collected from non-infected rabbits for use in serological

tests and passive immunization experiments.
Serological Tests

Antibody titers against OCA and SRBC were determfned by
immunodiffusion, indirect hemagQ]utination, aﬁd hemo]ysin tests.
 A. Immunodiffusion test |
| The immunodiffusion test was patterned after a method described . -
by Cahpbe]T.(1970). Agar gel was prepared by miking 1 gm of.agarose
(SeaKem, Marine Coi]oids, Inc., Springfield, N. J.) with 94 ml of
PBS (pH 7.4) and 5'&1 of borate buffer. Afté% heating the mixture
to dissolve the'agérose} T ml of 1% merthi&]ate in PSS was added as
a preservative. The agar was then stored in 10 ml aliquots at 4 C.
Just pfior to usée the agar was meited by heating and poured into formvar
. (1% formvar in carbon tetrachloride) coated. glass petri dishes to a
depth of 3 mm. After the agar soiidif?ed, wells (3 mm in diameter and
1-2 mm apart) were cut in the gel. Antisera were added to the outer
w§i1s, and antigen was placed in the center well. The agér plates were
then placed in a humidity chamber for.12-18 hr, after which. they were

examined for the presence of_précipitin Tines.
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B. Indirect hemagglutination (IHA) test:

fhe THA test, used to determine-OCA aﬁtibody titers, was patterned
after a microtiter method described by Herbert (1973). Antigen coated
horse red blood cells (HRBC) were prepared by mixing 2 ml of 0.1%
chromic chloride in.PSS and 5 ml of OCA solution (0.37 mi OCA diluted
to 5 ml in PSS) with 1 ml of a 50% 'suspension of washeq HRBC fn PSS. .
Following absorption fbf 1 hr at 25 C the erythrocytes were washed 6
times in PSS. .

The IHA teéts were ddne 1n'V—we11>Microt1ter Plates (Cooke
Laboratory Products, Alexandria, Va.). Serial 2~fo1d‘dilutiqhs of
0.025 ml of heét-inéctivated serum were prepared in 0.025 ml of PSS
after which 0.025 ml of a 1% suspension of the OCA-coated HRBC was
added to each well. Each test‘a1so‘1nc1u&ed HRBC, NRS, PSS and anti—OCA»l
contro]é. The p1ate§ were covered with cellophane fape, agitated and
left at 25 C for 2-3 hr. Anti-OCA titers were determined by examination
of the plates for agg]ﬁtination of cei]s. '
C. Hemo]ysin (HL) test

The'HL test was used tb deterhine antibody titers to SRBC;_ Serial -
2-fold dilutions of heat-inactivated serum were made as described above
using PBS 1n'p1ace of PSS. Afterwards, 0.025 ml of a 0.5% suspension
of SRBS in PSS and 0.01 ml of guinea-pig complement (1:10 dilution %n
PSS) weré added to each well. Thé plates were then covéred with ce11ophaﬁe

tape, agitated and incubated at 37 C for 1 hr. Antibody titers were




26
determined by examination of the plates for hemolysis of the erythrocytes.

~ These tests also included PBS, NRS and complement controis.
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RESULTS

Repeated Infections with 0be1iscoidés’cuhjcu1i

The bbjective of this experiment was to determine whether repeated ‘

exposures to low-level infections with 0. cuniculi would enable rabbits
to.resist development of‘subsequent challenge infections. For this |
purpose 5 groups of rabbits (3.4 kg mean wt), eacﬁ consist%ng of 1
Ca11fofnian, 1 New Zea]and.White, and 2 animals ef unknown breed, were
pre—infecfed by inocu1et1ng them with 3,000 L3~at‘2-week intervals
accerding‘to the schedule in Table 1. Fo]]bwing bre—infections, alil
20 rabbits were treated twice (days 42 and 49) with TBZ at a dosege
rate of 500 mg/kg, and sUbseeuent1y challenged (day 68) with 3,000 L3.'
‘Packed red blood cell volumes (hematocrits), white blood cell (WBC)
differentia] counts, and weight changes Were determined at week]y or
biweekly intervals. On day-94, all animals were neeropsied, and .feces
were ¢611ected aha examined for"he1minth eggs using the Lane flotation
method. | |

One }abbit in group 5 died before fhe end ofvfhe experiment. '
Necropéy data and mean eggs per grah-(EPG) at day 26 post-challenge
- (day 94) for the remeiﬁihg animals are listed in Table 1. ‘Group 1
animals (controls) héfbored the 1argest-eumber of worms (§'587) of
which 12.8% were fourth stage larvae (L4). In contrast, the animals
in the 4 pre-infected: groups (II-V) contained fewer worms (§'245-411)

of which 19.3%-56.5% were jnhibited.at the 4th larval stage.




TaBLE 1. DEVELOPMENT oF OBRELISCOIDES CUNICULI IN PREVIOUSLY INFECTED (PRE-
INFECTED) RABBITS FOLLOWING A CHALLENGEA WITH 3, 000 INFECTED LARVAE,

NUMBER Day : : ‘
" GrROUP OF OF ' ‘MEAN WORM COUNT PER CENT Mean. EPG
RABBITS PRE-INFECTION (S.E.M)DE L Lq COUNT®
[ ContRoL 587 (x 49.6) 128 908
oy 0 258 (59,9 . 46.4 498
III' 4 ' 0, 14, 28 341-(i161}3) . ,‘ 19,3 | 525
IV o | 14,. 28 411 (2173.8) 52,3 403

y 3 8 WS @D 565 353

8¢

ARABBITS CHALLENGED DAY 68,

BRABBITS PRE-INFECTED WITH 3,000 L3 PER DOSE.

CSTANDARD ERROR OF THE MEAN., |

PEGG COUNTS DAY 26 POST-CHALLENGE (DAY 94 OF EXPERIMENT).
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Mean weight changes associated with repeated low-level (3,000 L3) infections
with Obeliscoides cuniculi in rabbits.
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Pre-inféctions, therefore, produced conditions in these rabbits
under whicﬁ both establishment and development of worms in‘cha11enge
infections wefe impaired. Although an F-test showed that the variation
between treatment means was not significént,'the data suggest that
inhibitipn of Tarval deve]obment was enhanced in the previously infected
animals. Mean EPG counts 26 déys'after challenge were almost fwicé as |
high in control rabbits. This further indicates that the worms in
breginfected animals did not develop nofma]]y. It is. also pogsible that
immune reéponses initiated by previous infections in rabbits may haQe
reduced the fecundify of worms in the challienge infections.

Pdtho1ogica1 changes in rabbits with repeated low-level 1ﬁfect16ns _
were only minor. Mean weight changes (Fig. 1) indicated that the
bre-infected rabbits gained weight at a rate comparable to the controls.
Hematological values for rabbits with single or repeated.]owJIevei
infections are provided in the Appendix.' Changeé were not significant

in either the packed red cell volumes or WBC differential counts.

High-level Infections with Obeliscoides cuniculi

The purpose of this experiment was to determine the effect of
massive infections with 0. cuniculi in rabbits. Eight New Zealand White
(12—14 weeks b]d) were allocated into 4 groups consiéting of 2 animals
each. Group I rabbits served as uninfected controls, while those in
groups II, III and IV were inoculated orally with 200,000, 400,000 and

834,700 L3 respective1y (Table 2). Sera were co11ected_at‘BTWeek1y
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intervals énd tested for antibody'égainst 0. cuniculi antigen (OCA)
using a gel diffusion test. Fecal samp]és were collected dai]y'(day
14-80) and examined by the Lane flotation procedure. Pretreatment
fecal examinations were negative for helminth ova. Animals in groups
IT and III were nécropsied on day 80, while those in groups I and IV
were used in ofher tests. | | |

One fabbit (Iv-a) showed periodic symptoms of diarrhea and
anorexia throughout the test. Anorexia-was observed in all the
infeéted énima]s from abproximate]y day 3 to day 9 p.i. Only 1
rabbit in each of the 1nfected groups became patent. Rabbit IV-a
became'patent day 47, whereas rabbits II-a and 111-a began to pass
worm eggs on days 61 and 63, respectively. 1In all cases the worm‘egg
counts were low and egg output ceaged after 3-10 days. The pro]onged
prepatent periods (47-63 days) 1ndic§te that the worms did not develop
normally. '

The mean weight chénges in rabbits wjth high-level 0. éunicu11.
infections (Fig. 2) showed a weight Toss up to day 10, but thereafter
weight increased at a rate comparab]é to the unihfected controls.

At day 59, the infected animals had not gained.as ﬁUCh weight as' the
controls; groups III, II and IV weighed an average of 200, 420 and
630 gm less, respective]y:

' At necropsy, group II rabbits harbored a mean of 38,850 worms °
and group III, 22,286. These wefe predominaht]y 4th stage larvae |

(L4), with only a few 5th stage worms (L5) present. These data




TABLE 2. DEVELOPMENT OF OBELISCOIDES CUNICULI IN RABBITS WITH HIGH-LEVEL

INFECTIONS,

MEAN WORM COUNTE

NumBER LARVAE DAY
Group? ADMINISTERED PATENT - (S.E.MHC
I ‘NonE - NDP )
I T o - 63 38,850 (¢ 3,250)
I - 400,000 61 22,286 (£21,413
v | 834,700 47 |

N

ATwo AMINALS PER GROUP.

BRaBBITS 1IN GROUPS II AND III WERE NECROPSIED ON. DAY 80 P,I.

. CSTANDARD ERROR OF THE MEAN.
- DNoT ponE; ' '
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Figure 2. Mean weight changes associated with high-level Obeliscoides cuniculi infections

in rabbits
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indicate that massive infections with 0. cuniculi resulted in almost
total retardatfon of the Tarvae at the 4th stage of development.

Gross patho]ogica1 lesions found in the gastric mucosa included
numerous hétechia]lhemorrhages and a thickened, rdugh, whitisﬁ
epithelium.” Only the fundic and cardiac fegiohs of‘the stomach
were affected. .

ATl rabbits in groups IT and III deve1oped sufficient antibody
titers by day 80 p.1i. to‘give a positive gel diffusion test. Serum
from rabbit IV-b produced the most prominent precipitﬁn lines, whereas
rabbit IV-a did not devé]op a measurable antibody response. This may

explain the early patency (day 47) observed in the latter animal.

Elimination of Immature Obeliscoides cuniculi with Anthelmintics

. In order to use high-level infections of 0. cuniculi as. a means
of actively immunizing rabbits, a méthod df expelling large numbers
of worms had to be devised. An initial attempt to expel inhibited
0. éunicu]i from rabbits in group IV of the previous experiment failed.
These animals wére given 834,700 L3-and after approximately 5 months
p.i. were treated with TBZ at a dosage fate of 500 mg/kg. At necropéy
there were still 30;060-50,000 L4 pkesgnt. A study was then designed
to teét the efficacy of LHC against immature 0. cuniculi larvae.
For this test, 8 Californian rabbits (10-12 Weeks ofd) were
allocated to 4 groups'each conéjsfing 6f 2 animals, which were

inoculated per os with 100,000 L5. Beginning day 8 p.i., rabbits in

s ™" T ™




TaBLE 3.  EFFicacy oF LEVAMISOLE HCL (LHC) AGAINST IMMATURE OBELISCOIDES

CUNICULI IN -RABBITS.

A

 Group® TREATMENT® NECESZSIED MEAN- NUMBER PER CENT
(70 me/ke LHO) (Pi1:). Ly 'REDUCTION
[ CONTROL 16 10;614 ——-
no 1 pose 10 3 99,9
‘III 2 DposEs 14 15 99.8
v 3 poses 16 3 9.9

ARABBITS WERE INOCULATED WITH 100,000 INFECTIVE LARVAE 8 DAYS BEFORE TREATMENT.

BTwo ANIMALS PER GROUP. .

CANTHELMINTIC WAS ADMINISTERED BY GAVAGE AT 2-DAY INTERVALS,
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groupsII, IIT and IV were given either 1, 2 or 3 doses of LHC at a-
rate of 70 mg/kg, resbective]y. ‘A 2-day fnterva1 was allowed between
doses when more -than 1 treatment was given. Group I raBbits served
as untreated controls. A1l treated rabbits were necropsied 2 days
after fhey received their Tast dose of anthelmintic, and the controls
were ﬁécropsied on day 16.

At necropsy the c6ntro1 group harbored a mean of 10,614 L4 as
compared to 3-15 L4 in the treated groups (Table 3). Therefpre, LHC ~
wés > 99.8% effective in removing the immature worms fn ail 3.groubs,
Toxic effects were not noticeable in the treated'anima1s, even after

repeated treatments.

Trarisfer of Inhibited Obeliscoides -cuiniculi to Normal Rabbits

Experiment A:

Two experiments were designed to determine whether inhibited L4

could resume development when transferred to previously uninfected
(norma1j rabbits. In experiment A, 5 rabbits were inoculated with 4,000
L3 and served as sources of normal L4. Normal 4th sfagé larvae were
removed from the rabbits on day 5 p.i. Inhibited L, were obtained from
a rabbit which had been infected with 5,000 L3'and subsequently

3§ the inhibited L4 were
harvested day 14 p.i. Four Californian rabbits (14-16. weeks old) were

challenged (5 months latér) with 200,000 L

inoculated per os with 500 inhibited Lys while 4 others received 500

normal L,. Fecal samples were examined by the Lané flotation procedure
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on day 18 p.i. ATl rabbits were necropsied on day 33 post-larval-
transfer. One hundred adult male and 100 adult female worms from each

group were measured, and the resu]ts'aﬁa1yzed,using the Student's

T-fest. The remaining data were analyzed using an F-test.

Table 4 contains the necropsy results (day 33 post-larval-transfer)

for experiment A as well as EPG counts for feces collected .on day 18
post-larval-transfér. Approximately 50% of both the inhibited and
normal 4th stage larvae that weré transferred to the recipient rabbits
were recovered at nécropsy. Of these 87.6% of the inhibited'and'9é.2%
of the normal 1arvae_déve10ped to adulthood. However, the 12.4% of the
inhibited L4 trahsfers which remained in the 4th'deve1opmenta1 stage
represented a statistically significant number (P<.005). These data
'suggesf that some of the inhibited larvae Were,damaged during inhibition
and were not. capable of further deve]ppment;

An aha]ysis of the adult worm sex ratios (F-test) showed a
Eigﬁificant shift in the 1'nh1'b1'ted‘L4 recipients 036.0255 to higher
numbers of female worms. Evidently male worms were more adverse]y
affected dukiﬁg inhibitory process than females. Fecal examinations
showed that worms which developed from anmé] L4 produced siight]y
higher EPG counts. Measurements of 100 adult males and 100 adult females
from each group showed that the worms were hot significantiy different
in total Tength. Inﬁibited males measufed 9.70(ip.5; S.E.M.), normal
males 9.58(+0.6) mm, inhibited females i3.47(j}12) mm,‘énd horm§1'

females 13.86(+0.9) mm.




TABLE 4., DEVELOPMENT OF INHIBITED AND NORMAL U4TH STAGE LARVAE (Lj),
oF OBELISCOIDES CUNICULI AFTER TRANSFER TO NORMAL RABBITS.

LARVAE MEAN WORM COUNT - WorM sex RATIO MeaN EPG counT

TRANSFERRED . PER .CENT RECOVERED PER CENT ADULTS  (MALE:FEMALE) DAY 18

INnzBITED® 45,3 37.6 - 1:1.61 600
(500 Ly)

NormALC 55.8 98,2 S L0l 900
(500 Ly) (P<.009° (P <.025

AFOUR RABBITS PER GROUP.

B - .
OBTAINED FROM L, =DAY INFECTION WITH 200,000 Ls.
COBTAINED FROM 5-DAY INFECTION WITH 4,000 Lz,
DF-TEST FOR ANALYSIS OF VARIANCE.
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Experiment‘B:

Experiment B differed from Alin that‘recipient animals were
included which were pre-infected with 0. cuniculi prior to transfer of
the inhibited and normal L4. Seventeen rabbits (14-16 weeks old) were
allocated to 3 experimental groupsl Groups I and II contained subgroups
of 4 pfe—infected (A) and 3 normal (B) rabbits (Table 5); each subgroup:
was comprised of 2 New Zealand Whites and either 1 or 2vPa]om1no rabbits.
"Group III was made up of 3 Néw Zealand Whites which served as pre-

- infection controls. Rabbits in Group III and subgroups I-A qnd IT-A

were pre-infected using oral inoculations with 75,000 L A1l rabbits

3"
(groups I-I1II) were treated 7 days after pfe—infection with 1 dose of
LHC af é raté of 70 mg/kg. Ten days later, the 4th stage larvae were
trapsferred to all recipient rabbits. The L4 for transfer were obtained.
as in eXperimént A excebt that the inhibited L4 were obtained. from a
rabbit oniy 8 days after inoculation with 200,000 Ly
produce both the inhibited and. hormal L4_qame from. the same 1arv§1 pod].

The L3 used to

Group I rabbits were inoéu]ated with 400 inhibited L4 each, and group

IT animals received 325 normal L4 each. Group:III rabbits did not -
‘receive a transfer of larvae. Necrobsiéé were done 26 days gfter larval
transfer. Fecal samples, cdl]ected days 14-26 post-Téfval—transfér;

were examined by a modified'MéMaster technique. Data were compared using

an F-test for analysis of variance.




The combined data of subgréups A&B (Tab]é 5) showed significant
differences in the numbers of inhibited (28.5%) versus normal (64.6%) L4<
wﬁich became established in recipient rabbits following transfer.

A significantly smaller percentage of the inhibited larvae developed
to édu]ts, of which females were more numerous than males. These data
indicate the larvae involved in a high-level infection for only 8 dayé
were substantially altered in their abi11ty to develop. properly, and it
appears that the males were more affected than females. |

Worm populations were further altered in pre-infected recipients.
Approximately 5% more Worms were‘preséht in the pre-infected rabbits
of both transfer groups. This increase canndt be'attributed to residual
worms from pre-infections, as only 17 worms were found in the pre-
invection controls. Larger numbers of inhibited larvae developed to
.the adult stage in pre-infected récipiénts (34.3%) than in ndrma] _
recipients (18.2%). In contrast, all of the normal L4 developed fo
maturity in normal recipients. The male—to—femd1e ratid of adult worms
which-déve]oped'ffom inhibited L4 in pre—infecfed recipients was 1:8.3
as compared to 1:3.3 in the normal recipient rabbits. A shift in sex
ratios was not observed in animals which received nofmé] L4. Therefore,
active immunization of rabbits altered worm development with . respect to
1) the percentages of wornis wﬁich were recovered at necropsy, 2) the
percentage of worms which remained in the L4 stage and 3) the number of

male worms which developed to maturity. Although some of the retarded




TaBLE 5, DEVELOPMENT OF INHIBITED (I—Lq)A AND NORMAL_(N—Lq)B UTH sTAGE
| LARVAE OF OBELISCOIDES CUNICULI AFTER TRANSFER TO PREVIOUSLY
INFECTED (PRE-INFECTED)® OR UNEXPOSED (NORMAL) RABBITS:

PER CENT PER CENT " ADULT WORM SEX
RECIPIENT - RECOVERED ____ADULTS RATIO (MALE:FEMALE)
RABBITS. -y N-Ly I-Ly N—LL}° 1=l N-Ly
PRE-INFECTED 30,6 65.5 .3 91,2 1:8.3 1:1.2
(4 RABBITS) : : '
NoRMAL 5.7 60.5 18.2  100.0 1:3.3 1:1.2 "
- (3 RABBITS) - .
COMBINED DATA 28,5 64,6 28.1° 984 L4 1:1.2"
(7 RABBITS) | : ' .
STATISTICALLY (P <.001) - (P €.001) (P<.0D)
SIGNIFICANT -

A Iqu_OBTAINED FROM 8-DAY‘INFECTIONS.WITH 200,000 L3; 400 LARVAE TRANSFERRED,

BN-Lq_OBTAINED FROM 5-DAY INFECTIONS WITH 4,000 L3: 325 LARVAE TRANSFERRED

CRABBITS PRE-INFECTED WITH 75,000 Lz AND DEWORMED WITH LEVAMIsoL HCL.
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Figure 3. Mean egg production by Obeliscoides cuniculi following transfer of inhibited
and normal 4th stage larvae (Lg) to previously infected or normal rabbits.
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larvae were impaired'{n their ability to resume deVefopmeht fo]]owihg
tran;fer to norma] rabbiﬁs, many L4 did develop to maturity indicating
that short term inhibition was not completely irreversible.

Differences also were found in worm egg production fo]]owfng
transfer of inhibited and normal L4‘(Fig. 3). Most recipient animals
developed patent infections before day 14 post-larval-transfer. Patency
normally occurs about day 18 when infections are initiated w%th 3rd
stage larvae. In general, EPG counts were lower in rabbits which
received the.inhibited‘L4. Also egg counts were lowest in the pre-
infected recipients/wiﬁhin both groups. These data suggest that adult
worms which developed from the inhibiﬁed L, were not as prolific as
those from the normal L49'and that active]y.immunized animals'furiher
suppreésed\egg production by adult worms. |

Effects of Pre-infections and Pasﬁive Immunizations
in Rabbits on Development of Obeliscoides cuniculi

‘The purpose of th%s experiment was to ascertain whether active
immunization via exposure to pre-infections or passive-transfers of
immune serum in rabbits would alter the development of 0. cuniculi.
Fifteen New Zealand White rabbits (12-16 weeks 61d) were allocated to"

5 groups of 3 animals. Rabbit§ in groubs I and I1I Were bre-infécted -
with 75,000 Ly per os. Ten days later, rabbits in all gfoups were
treated with LHC af a rate of 70 mg/kg. Fifteen days after anthelmintic

treatmenf, rabbits in groups I, III, IV and V were challenged with
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5,000 L3; whereas animals in group II were not challenged and served
as pre-infected controls. At challenge, animals in group III were
injected (intraperitoneally) with 12 m1 of pooled rabbit antf-OCA serum.
Similar injections were continued at 2-day. intervals for a total of 9
injections (108 m1). Group IV rabbits received a similar regimen of =~
NRS and served as norma]iserum controis, whereas animals in group V did
not receive treatments after cha]]enge and served as patency controls. |
Fecal samp]eé were collected days 14-24 and were examined by the modified
McMaster method. ATl animals were necropsied 26 days post-challenge.

Although the pgé-infected'anima1s (group I) harbored the 1arge§t
number of worms, there was no evidence that this was due to }esidual
infection persisting other treatment (Table 6). Immune serum recipients
(group III) did not have increased worm counts. Because worm counts in
both of the immunized groups were High]y variable ft is possible that
'1nd1v1dua1 rabbits did not respond to the 1hfections to the same degree. -
Pre-infected animals (g?oup.;) harbored the highest percentages of
inhibited L4. In addition, the 5th stagé wbrms in the pre-infected 
animals were either stunted in growth or infertile. .Pre-infectidns in
‘rabbits therefore resulted in abnormal development of the young adult
worms (L5) and enhanced inhibition of the 4th stage 1arvae, whereas
anti-0CA serum did neithef.'

The pre-infection controls (not challenged) did not pass helmfnth
eggs during the test. Patent infections developed in the NRSicontro1s

and the patency controls by days 17 and 18, respectively. In both cases




TaBLE 6. DEVELOPMENT OF OBELISCOIDES CUNICULI IN PRE-INFECTED

AND PASSIVELY IMMUNIZED RABBITS.

A

'MEAN WORM COUNTC

ConDITION
Group® TREATMENT . (S.E.M)D PER CENT * OF ADULT WORMS
1 PRE-INFECTED 701'(i248,2) 18.3 STUNTEDioR_INEERTILE
I ANTHELMINTIC CONTROL - 6 (£ 2.8 -—== ———m e
I .IMMUNE SERUM o 505 (¢318.2).- 0.4 NORMAL
IV NomwaL seruw U502 27.D) 0.0 NownaL
0.1 - NormAL

V. PATENGY CONTROL o 594 (£112.0)

ARABBITS PRE-INFECTED WITH 75,000 L3 AND - DEWORMED
CHALLENGE WITH 5.000 Lz,

BTHREE RABBIT GROUPS, R
CRABBITS NECROPSIED 26 DAYS POST-CHALLENGE.
DSTANDARD ERROR OF THE MEAN..

WITH LEVAMISOLE HC1 PRIOR TO

S
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worm egg production increased normally (Fig. 4). The pre-infected

.anima1s (group I) passed only a few wdkm eggs after a slightly prolonged -
patency. This further supports the observation that mény of these worms
were either stunted dr infertile. Worm egg production was suppressed in
" the passively. immunized rabbits until day 23 after which EPG counts
increased normally. :Immune serum evidently obviated worm egg production
' uhtil'the arount of passively transferred antibody fell below critical
levels. Thereforé, rabbits possibly prgduéé 2 types of response to 0.
.cunicu]i: ~one wﬁich.may or may not be antibody:dependent and results

in larval 1hhib1tion, and another which is antibody'dependenf and causes
suppression of worh egg production.

~ The Developnient of Obeliscoides tuniculi in Rabbits
Treated with the Corticosteroid 9-f1uoropredniso1one

.Experihent A:-

Two experiments were designed to examine the effects of 9-f1uoro--
prednisolene (FP) treatments in rabbits on tHe development of concurrent
infections with 0. cuniculi. In experiment A, 8 rabbits (12-14 weeks
old) were separated-into 2 groups. Each group consisted of 2 New Zealand
Whites and 2 Californians. On day 6, all rabbits were inoculated per os
with 100;000 L3. Anima}s in the tréatment‘group were‘given 1njgctiqhs
'(ihtra-mﬁsculér) with’FP at dosage rated of 2 mg/kg/day (déys 0-6) and
0.5 mg/kg af 2-day intervals thereafter (days 8-28). Feca1'egg counts

- were determined days 17-40.using the Laneff1otation technique. Total
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WBC counts were determined on days‘19 and 42. A1l rabbits were
necropsied on day 42. '

Two of the FP-treated rabbits died during the initial ﬁhase of the
test,ahd 1 control animal was sacrificed for a worm burden comparisbn;
The necropsy data‘for'the.remaining rabbits are 1isted in Table 7. The
FP-treated rabbits harbored s]ight}y larger number 0% worms than édﬁtro1s.A
In the control animals, 49.5% of the Q, cunicu]i.bresent at ﬁecropsy'had
developed to the Ly stage, but only 3.5% were late Ly (fully mature)Jl
Comparable data for the’Fijreatéd group were 57.5% and 20.9%, respect-
ively. Thereforé,-substantia11y more worms attained maturity 1ﬁ the
FP-treated aﬁima]s. However, the egqg pountvdata revealed fhat worm égg
production was impaired in animais of both groups. None of the coﬁtro]s-
became patéﬁt, aﬁd the FP-treated an{mals passed only small numbers of
eggs (8-72 mean EPG) for a short perfod (déys 30-36). The reason egg
production‘was suppresséd even though large numbers of adult worms were
present is not understood. '

| Mean NBC.counts 1n'tﬁe FP-treated rabbits were considerably Tower
than in fhe'contro1s; éounts,on days. 19 and 42 were 5,138 and 5,075
Ee11s/mm3 of blood, respectively, in FP-treated animals and 9,979 and
8,100 cells/mm3 in.controls. In addition, FP produced early weight
losses.(Fig. 5) in the treated rabbits (days'4-12) after which they
began to gain weight‘s1ow1y.. By day 29.thé FP-treated rabbits wéighed

an average of 892 gm less than the controls.




TABLE 7. DEVELOPMENT OF OBELISCOIDES CUNICULI IN RABBITS WITH HIGH-LEVELA
INFECTIONS AND TREATED WITH THE CORTICOSTEROID 9-FLUOROPREDNISOLONE

(FP),
,NUMBER' o | |
GrouP OF . MEAN WORM COUNTB PER_CENT PER CENT
. RABBITS - . (S.E.MAC P AT Lg
FP-TREATED 2 7,382 (x2013) 57.5 209
(DAYS 0-28) , 3
CowtROLs 3 6,911 (2110) 495 3.5

67

AINFECTIONS INITIATED WITH AN ORAL INocULATION oF 100,000 L3,
BNECROPSIES PERFORMED 42 DAYS POST-LARVAL-INOCULATION.
CSTANDARD ERROR OF THE MEAN,

" DEaRLY AND LATE. 5TH STAGE WORMS (LATE - FULLY MATURE).
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Ngcropéy examinations on the FP-treated rabbits tﬁat died on days
5 and 9 revealed numerous petechial hemorrhages within the mucosa_of
the fundic and cardiap regions of the stohachs, and 10,848 and 14,170
4th staée larvae were recovered f}dm these 2 animals. The control rabbit _'
sacrificed on day 9 had similar petechial hemprrhéges and harbored.
8,364 L4. _ - s
Experiment B:

Because FP treatment in rabbits resulted in increased numbers of
mature 0. cuniculi, a second test was designed to determine the effects
of FP on worm development when administered to rabbits at 2 different
time intervals. In experiment B, 15 rabbits (12-14 weeks old) were
a11ocaféd to"3 groups (Table 8). Each group consfsted of 3 New iealand
thfes and 2 Ca]iforniahs. An additional groﬁp consisting 6f 2
Ca1ifornians (6'month§ o1d)‘were uged‘aﬁ patency.controlsr Oh day O,
animals in groups I, II and III were inocﬂ]ated pér os with 100;000 L

3

and ‘those in group IV, with 3,000 L The rébbits in group I (FP-0)

3
were'given FP injections (i.m.) on days 0-6.at the dosage rates of

2 mg/kg/day for 2 days and 1 mg/kg/day'for an additional 5 days. A
similar régimén of FP was administered to animals in group II (FP—20)
on days 20-26. Rabbits in groups III (1nh%b1tion cpntro1s) and 1V
(Patency cohtro1s) did not receive FP injections. Weight changes and

WBC counts were determined regu]ér]y throughout the test for animals in

'groubs I, IT and III. Fecal samples were collected on days 14-38 and
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examined using a modified McMaster technique. Serum samples were
co]]ectéd at 6-day intervals and examined for antibodies against OCA
using the gel diffusion test. The‘anjma1s in groups I, II and fII were
necropsied on day 42. | _ '

Neérobsies were not performed on 2 FP-0 rabbits that died'(l on
day 6 and one on day 7), and fhe rabbits in group IV were‘not sacrificed
at the end of the test. Necropsy data for the remaining animals are
found in Téb1e 8. Rabbits in both FP-treated groups harbored an average’
of apprdkimately 3,000 more worms than the inhibition controls. The

percentages of worms which did not develop beyond the 4th stage were

68.0% (FP-0), 28.5% (FP-20) and 58.1% (inhibition confro]s), Thus, FP - .

treatments adminiéteked days 20-26 pfoduced a significant reduction in
inhibited larvae, whereas treatments on days 0-6 did not. In addition,

only 12.2% of‘the FP-0 worms and 29.6% of the inhibition control worms

progressed to the laté 5th stage as compared to 50.1% of those from the

FP-20 group. 'These data indicate that fhe FP treatments given dayé
20-26 a11owéd inhibited L4 to resUme_deVe1opment. It was not clear why
FP treatments adminfstered days 0-6 resulted in an enhancément of worm
inhibition. However, it is known that immunosuppressants héQe varied
effects on immune responses in animals depending on thg time the drug
‘1s administered relative to an antigenié sfimu]us. A .

| Rabbits in the patency control grpup began to pass hé]hinth eggs -
.on day 19, followed by a normal rise in mean EPG counts to a peak of = -

3,300 (Fig. 6). 1In contrast, the other groups exhibited prolonged

—a T




53
prepatent periods. The FP-0 and inhibition control groups started
passing eggs'on days 35 and 37, respectively, and the mean EPG counts

remained below 100 in both cases. Yet,eggs first appeared in the feces

of rabbits in the FP-20 group only 6 days after FP treatients were begun

:(day 26); and-the mean EPG counts rose to a peak of 780. The:egg count
.data corre]ate well w1th the necropsy resu]ts wh1ch showed that many
adult worms were present in the FP-20 groups.
Treatment of rabbits with FP resulted in significant changes in

WBC counts (Fig. 7). The FP-0 group showed an immediate drop, and counts
remained at Tow levels throughout the tesf., Both the FP-20 and ‘ |
1nhibitfon controls exhibited markedly depressed counts on day 6
followed by an iﬁmediate rise to an elevated 1eve1; The WBC drop hay
reflect a period in:which ]ymphoéytes were migrating td the gastric
mucosa; while the rise probably coincided with hobi]ization of cells
from 1ymphoid tissueé. The WBC counts 1n the FP-20 animals also dropped
-rapidly afte?_treatment began (day 20) but did not remain as low as ‘in
the. FP-0 group. .

- Treatments with FP produced a specific weight change pattérn (Fig;
8) which was characterized by an immediate and extensive 1nqrease in
weight followed by a'ﬁrecipitous drop. Ddring the period of initial
weight increa;e, the rabbits engorged themselves with foodslafter whicﬁ'
they stopped eating for a period of 6-9 days. Once the rabbits again
started eating they gained weight at a sohewhat normal rate but never

dchjeved the weight of the untreated animals. The latter observations
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' TABLE 8. DEVELOPMENT OF ORELISCOIDES CUNICULL IN RABBITS WITH HIGH-LEVEL
' INFECTIONS AND TREATED WITH THE CORTICOSTEROID 9-FLUOROPREDNISOLONE
(FP)
| NUMBER | o ‘
GRrouP OF TREATMENT Mean worM COUNT®  PER CENT  PER CENT
| RABBITS - (SLEMDC Ly ADULTS
1 3 FP-TREATED? 8,969 (£2067) - 68.0 12.2
o (Day 0-6) .
Il 5 FP-TREATED, 8,326 (£1612) 28,5 © 50,1
- (Day 20-26) - | _ ,
I 5 INHIBITION CONTROL 5,513 (% 751) 58,1 ©29.6

~-AINFECTIONS INITIATED WITH 100,000 L3.-
BNECROPSIES 42 DAYS POST-LARVAL-INOCULATION.
CSTANDARD ERROR OF THE MEAN.

DTwo 1NJECTIONS (I.M.,) AT A RATE OF 2 MG/KG/DAY FOLLOWED BY 5 INJECTIONS AT
1 MG/KG/DAY : :

12
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(FP).
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are probably indicative of the hormonal effects of the cbrticorstéroid
on glucose metabolism.
Serum antibodies against OCA were detected in only 2 rabbits during

the 42-day observation period. One rabbit in the FP-20 group was positive

on days 11 and 17 but antibody was not detected after FP treatments began.

Also, 1 rabbit in fhe inhibition.con£r01 group was positive on day 17.
The gel diffusion test'probab1y was not sensitive enough to detect Tow

concentrations of antibody.

Development of Obeliscoides cuniculi in Rabbits Treated With
‘Cyclophosphamide or 9-fluoroprednisolone

This test was designed to study the devé]opment of 0. cuniculi in

rabbits given immunosuppressive drugs with different biological activities.

Three Palomino and 2 New Zealand White rabbits (approximately 6 months old) .

were allocated to each of 4 experimental groups (Tab]e-Q). On day 0, all
rabbits in groups I, II and IIT were inoculated with 100,000 Ly, and
rébbits in group IV with 4;000 L31 Total WBC counts were done at 2-day
intervals. Serum (3-5 ml blood) was collected and WBC differential

_ counts were determined every 6 days. On‘déy 9, a]i rabbits wefe injected
with 5 ml of a 5% suspension of SRBC as a test antigen. Rabbits in-group

I were given a regimen of FP (2 days at 2 mg/kg and 5 days at 1 mg/kg)

on days 9-15. A regimen of CY (2 days at 20 mg/kg and 5 days at 10 mg/kg) -

and was given days 9-15 to animals in group II. Grdup II1 rabbits served
'as'inhibition controls and Grdup 1V as patency controls. A1l rabbits

were weighed daily during the time of dfug‘treatment and on alternate
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‘days thereafter. Fecal egg counts were measured on'days 14-26 using the
modified McMaster technique. A11 rabbits were necropsied on day 27.
~ Serum ant1body titers against SRBC were measured via a hemo]ys1n test,
and ant1body aga1nst OCA was detected by indirect hemagg1ut1nat1on
Stomach tissues were examined histologically for 1esions.

One rabbit in each group died early in the test. Necropsy data
for the remaining 16 animais.are listed in Table 9. The FP-treated
rabbits harEOred a mean of 14,562 worms, of which 61.7%>were.inh1b1ted
' L4. One FP-treated rabbit did not have a sustained reduction in numbers
of pefiphera1 blood 1ymphocytes.after treafment as did the other animals
in the group, nér was 1t§ wofm burden comparable (16,340 worms; 83.2%
1nhib1ted). Comparab]e data for groups II, III and IV were710,785,:
85.2%3 8,978, 75.6%zand 416, 47.8% respectively. A Duncan's multiple
range analysis showed that the percentage of inhibited larvae in FP- |
treated rabbité and patency control animals were stétistica11y similar.. .
Likéwise, the percentages of retarded worms in the CY-treated group wefe
similar to those of the inhibition controls. These data indicate that FP
treatments given days 9-15 allowed a large number of L4 larvae to resume
development. Conversely, CY treatments days 9-15 prevented development
of L4 to mature adults. The data suggest that CY may havelenhanced the
inhibitory process. This conclusion is substantiated by the small
numbers of L. stages found in the CY-treated animals. Therefore, FP
and CY appeared to have opposite effects on the ability of rabbits to

retard deveiopment of 0. cuniculi. Furthermore, the effects of CY
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administered days 9-15 were similar to the effects of FP given days
'0-6 in the previous test. |

Egg production by O. cunicu]iffn immunosuppressed rabbits is shown
in Fig. 9. Egg production was not observed ih the CY-treated rabbits
(Fig. 9). _A]éo very few helminth eggs were pagsed by the inhibition
controls. Pafency contro]s.deve1o§ed patent infections on day 18 and
EPG counts increased horma]]y. Egg output in the FP-treated grodp also
showed a normal rapid increase, but pétency was delayed until day 22
(7 days after FP treatments begén). These data indicate that FP
treatments in rabbits allowed development of retarded Tarvae to késume;
whereas an opposite effect occurred in the CY-treated ahimais.

_ Changes in the numbers of-rabbit'periphera1'biood 1ymbh0cytes
(PBL) are shown in Fig. 10. 'Treatment with FP produced the greatest
}eduction in the numbers of PBL. The reduction occurred within 6-days
after treatment began and persisted to the end of the test. Treatment

with CY did ﬁot signiffpantiy dépress'FBL‘countss'howeyer,'it did prevent :
the lymphocytosis that was observed 1n_the'inhib1tion controls at
approximately day 16. These results show that FP had a sigﬁificant]y
greater effect on Tymphocyte populations jn the peripheral blood than did
CY! These data é]so.suggest that some 1ymphoid ce]] type may mediate

the suppression of worm development.
| Figure 11 shows that FP wés more‘effective in suppressin§ tota]
Teukocyte counts than was CY. A drop in WBC counts occurked 16 the FP. |

group 2 days after treatment began. Reductions in total Teukocyte
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counts were not as great as the reduction in numbers of lymphocytes.
This suggests that other cell-types were mobilized as the circulating
_1ymphocyte§ numbers were dép]eted, The WBC differentials indicated
that the greatest increase in leukocyte numbers occurred in the
neutrophil pobu]ations; eosinophilia was not eyident in the peripheré]

blood. | |

Both drugs produced weigﬁt Tosses in rabbits (Fig. 12). Treatment

with FP causéd an initial weight incréase followed by a rapid drop. This
pétterh was also described in the previbus éxberiment. Treafments with.
- CY cauéed a rapid weight loss wiﬁhdut an 1hit{a1 increase. Thus; the
effects of.CY‘on rabbits aré'differentfthan fhoSg of FP. Animals in

the 2-contro1 groups gained at a fairly cbnstant rate throughout_the
test. Even-though CY did not reduce thé numbers:circulating 1ymphocytes,
the depressed weight gains in the recipient rabbits indicate that the
drug produced an adverse physiological effect.

~ The.results of the hemolysin tests to detect antibodies against
SRBC are shoWn in Fig. 13. Six days after SRBC Were administered‘(day
15), all rabbits which wéfe infected with 100,000 L3 had similar mean
anti-SRBC antibody titers. However, those rabbits which were inoculated
with oh]y 4,000 L3 had cdnsiderab]y higher antibody titers against SRBC.
~Thus, the massive‘horm infectionslmay have suppressed the antibody
response to SRBC. These .findings again suggest that FP and CY had

different effects-on»the'immune systems in these rabbits.
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A coﬁpafison of'the antibody titers against OCA and SRBC on day

27 is shown in Fig. 14. " In both cases the CY—treafed animals had the
lowest titers and the FP-treated animals, the highest, while the
inhibition controls had suppressed titers to both antigens.' Even
though the differences in anti-OCA titers were not statistically .
significant (F-test) :and differences in the anti-SRBC titers were
significant at onjy the P .10 level, the re]afive simi]aritiesAin
titers to both antigens suggést that CY and FP exertéd opposite effects
on both antibody levels and worm development.

| ‘The grosé quho1ogica1 lesions in the stomachs of these animals
~ were similar to those previously described. The histological Tesions
(Figs. 14-20) within the fundic and cardiac regions of the dastric
mucosa were characterized by focai lymphoid hyperplasia in the base of
the mucosa and 1ymphocytic'1nfi1tration into the lamina propria. There
was mild eosinophilic infiltration throughout the mucosa but especially
in areas associated with parasitic larvae or lymphoid follicles. Some
1ymphoid cells infiltrated through the muscularis mucosa jnto the
submucosa. The mucosa was thrown 1ntb folds as a fesu]t of ‘epithelial
. hyperplasia. Occasionally a mf]d cryptitis was associated with the
presence of nematode larvae. Lesions in the FP and CY treated animals
were similar to those in the inhibition controls but in genefa] there
was less lymphocytic pro]fferation in the treated rabbits. However,

considerable variation occurred within the immunosuppressed groups, and
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in some anfma1s the lesions were almost as severe as in the inﬁibition
controls. Lesions associated with low-level infections (patency
éontrd]s) were not sevefe‘and conﬁisted of mild lymphocytic hyperplasia

and only Timited epithelial hyperplasia.




-~

~TaBLE 9. DEVELOPMENT OF OBELISCDiDES_CUﬂICULI IN RABBITS TREATED®

WITH 9-FLUOROPREDNISOLONE (FP) oR cycLopHosPHAMIDE (CY),

L NUMBER "7, N .

Group® . OF INFECTIVE  MEAN WORM COUNT®  PER CENT

g LARVAE - CSEMDP Ly

FP-TReaTep (Davs 9-15) 100,000 14,562 (+1996) 6.7
CY-tReaTeD (avs 9-15) 100,000 10,785 (s1565) - . 87.2%

[NwiBITION covRoL 100,000 . 8,978 (£1254) . 75.6%

"'PATENCY CONfROL ': o000 416 (& 33) - -~47.8Y )

v9

ff.ARABBITs GIVEN A TOTAL OF: 9 MG/KG OF FP AND CY TREATED 90 MG/KG Y,
BFouR RABBIT GROUPS. ) S
: CNECROPSIES DAY 27 POST- LARVAL-INOCULATION

- DSTANDARD ERROR OF THE MEAN.,

,;'XYMULTIPLE RANGE DESIGNATIONS T0 DENOTE DIFFERENCES IN TREATMENT MEANS
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Figure 11. Mean white blood cell (WBC) counts in peripheral blood of rabbits
infected with Obeliscoides cuniculi and treated with 9-fluoropred-
nisolone (FP) or cyslophosphamide (CY).
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Figure 14. A comparison antibody titers against Obeliscoides cuniculi
antigen (OCA) and sheep red blood cells (SRBC) in immuno-
suppressed rabbits. Sera collected day 27 post-larval-
inoculation (18 days after SRBC injections): (A) infected
with 100,000 0.c. and treated with cyclophosphamide;

(B) infected with 100,000 0.c; (C) infected with 4,000
0.c.; and (D) infected with 700,000 0.c. and treated with

9-fluoroprednisolone.




Figure 15. Gastric mucosa from uninfected (normal) rabbit. H & E
stain, x 40.
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Figure 16. Epithelial (E) lymphocytic (L) hyperplasia in the gastric
mucosa of a rabbit after a 27-day infection with 100,000
Obeliscoides cuniculi. H & E stain, x 40.




Figure 17. Area of lymphocytic hyperplasia in the gastric mucosa where
lymphocytes have infiltrated the muscularis mucosa and into
the submucosa of a rabbit infected with 100,000 Obeliscoides
cuniculi. H & E stain, x 64.

Figure 18. Lymphocytic hyperplasia (L), cryptitis (C) embedded nematode
larvae (N), and lymphocytic infiltration in the gastric
mucosa of a rabbit infected with 100,000 Obeliscoides
cuniculi. H & E stain, x 100.
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Figure 19. Embedded nematode larvae (N), cryptitis (C) and eosinophils
(E0) in the gastric mucosa of a rabbit infected with
100,000 Obeliscoides cuniculi. H&E stain, x 375.

Figure 20. Epithelial hyperplasia (E) of the gastric mucosa in a rabbit
during an infection with 100,000 Obeliscoides cuniculi.

H&E stain, x 100.
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Figure 21. Normal adults (A; x 10) and inhibited 4th stage larvae
(B; x 40) of Obeliscoides cuniculi from rabbits 27 days
after inoculation with 4,000 L3 and 100,000 L3, respectively.




DISCUSSION

”Rabbits which were repeatedly inoculated with 3,000 L3 developed
the capacity to retard the development of 0. cuniculi. This was de- -
monstrated by the presence of 1qrgé numbers of inhibited 4th stage -
~ Tarvae in rabbits which were pre—infécted and dewormed prior to re-
ceiving a challenge dose of infective third stage ]akvae'(Tab1e 1). |
“Enhanced inhibition éssociagéd wifh repeated infections was also re--

ported for Nematodirus spathiger in sheep (Dona1d et a]f, 1964),

Haemonéhus contortus in sheep (Dineen et al., 1965),_0esophagostomum

radiatum in sheep (Roberts et al., 1962), Ostertagié ostertagi in
calves (Michel, 1963; Michel et al., 1973) and H. placei in calves
‘(Roberts, 1957). In each case the. larvae were inhibited at the 4th
larval stage. Thére is much evidence that the 4th stage 1arvaé of
-nematodes are highly 1mmunogenicV(Sommervi]1é, 1960; Christie et al.,
1964; Bitakarmire, 19663 Wagland and Dineen, 1967; Keith, 1967; Keith |
and Bremnér;.1973; Michei et a].,-1973)._ Soulsby, Sommervi]]é and
Stewérd (1959) and Si1verman, Poynter and Pbdger (1962) demonstrated
that immunogenicity is related to éxéretion of exsheathiné |

- fluid by worﬁé while molting. Sollod et al. (1966) showed that 0.
cuniculi larvae molt twice while embedded in the gastric mucosa; once
at 72 hr and again at 5-10 days post-inodﬁ]ation. This molting
process Tikely elicits an immune response in rabbits which inhibits

development of wornis.
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Development of Obe11sco1des cun1cu]1 was almost comp]ete]y in-

hibited during initial 1nfect1ons with 200 000-834, 700 infective 1arvae
(Table 2). Thesé results fit a pattern demonstrated by Russell et al.
(1966) in which the percentages of ‘inhibited 0. cuniculi in rabbits in-
creased wifh the size of the.infective larval doses. In the present
study infections initiated w1th 100, 000 L3 were compr1sed of 50-75% in-
hibited Tarvae (Tables 7, 8 and 9). Therefore, dose dependent in-

hibition in the 0. cuniculi-rabbit system is rather consistent.

Trichostrongy]us retortaeformis (Michel, 1952a) and Graphidium strigosum -

(Martin et al., 1957) are also inhibited in rabbits in proportion to the
size of the infective 1arvai dose. The degree of inhibition possibly

is re]atee to the amount of ‘antigenic stimulus the rabbit receives.
Dose response curves (Davis, etla]; 1973) indicate that an optiha] amount
of antigenie stimulus is'necessary to elicit maximum antibody production.
It would be difficult to measure the amount of antigenic stimulus a
rabBit receives %rom nematode-1arvee which are embedded in the mucosaf
1ining ef the gastrointestinal tract. HOWever,_small numbers of larvae
probably do not elicit a sufficient immune response to inhibit worm
deVelopmenf,»un]ess the animal is repeated]y'ihfected. in contrast,
massive 1hfectjohs broduce a high’degree'of antigenic‘stihu]us, thus

the enima] would deve]op a strong immune response. Such a re]ationsﬁip
.could explain why almost complete inhibition occurs in high-level in-

fections with Q,.euniculi.
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PreVious.reports‘(Gibson, 1953; Reid, Armour, Jennings’s Kirkpatrick,
and Urquhart, 1968; Armour; 1970) -have indicated that dormant larvae are
not susceptible to certain anthelmintics. It was “found in this study
that immature 0. cuﬁicu]i were not eliminated from rabbits by 2 treat-

ments with thiabendazole (500 mg/kg). Obeliscoides cuniculi may be

atypical in this respect as Armour, Bairden and Reid (1975) reported

that thiabendazole (55-75 mg/kg) was effective against_dofmant Ostertagia
spp. in sheep. Levamisole HC1 was tested against inhibited 0. cuniculi
in the present study and was found to be highly efficacious at the rate.
of 70 mg/kg (Table 3).. McKenna-(1974b) demonstrated that‘]evamiso1e

was effective against inhibited Haemonchus contortus -in sheep at a rate

of only 8 mg/kg. Further investigation is therefore necessary to determine
if Tower dosagé rates of 1evami§o]e HC1.woqu be'effective against Q, -
cuniculi. These reports indicate that inhibfted 1ar§ae of nematodes
aré not invulnerable to anthelmintics as previously suggested (Armdur,‘
1970). : | | |

The time of the 4th ecdysis and the emérgence of 0. cuniculi .
from the gastric mucosa haVe,not been definitely established in rabbits.
Sollod et al. (1968) thought that the molt to the 5th stage occurred
8-10 days p.1., however, 41% of the worms were sti]llin the 4th 1arva1‘
stage on.day 14. These déta ind%cgte-that the infective larvae used
in thei? tests were inhibited, fhus'thesé figures do not represent

normal molting periods. A subseduent report (Sollod and Allen, 1971)
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indjcated that most worms in similar infections (1,000 L3) hee developed
to the th stége and had migrated to the surface of the mucosa by day 8.
In the present study normal 4th stage larvae for uee in transfer -
experiments cdu]d not be.oetained from source. rabbits after 8 daye p.i.
but were easily recovered oh day 5. Therefore, the molt to the 5th
~ stage and emergence from the gastr1c mucosa must occur between days
5 and 8 of infection. When the 1arvae remain in the tissues for more
than 8 days they probab]y do so as a result of 1nh1b1tory factors
whether intrinsic or extrinsic in nature.

The quest1on as to whether 1arvae resume deve]opment following
retardat1on has not been answered for most nematode spec1es In this
study, 1nh1b1ted 4th stage larvae were obta1ned frqm source animals with
high-Tevel infections (200,000 L;) and transferred to eifherAno}mal or -
pre-infected (active]y immunized) fabbits. In experiment A, 87.6%_
(Table 4) of the inhibited larvae developed to maturity fo]]oWing
frahsfer'to normal rabbits as compared to only 18.2% (Table 5) in
“experiment B. The differences fn results suggest thatlthe extent to
which 4th stage'larvae are affected during the inhibitory process
~ varies from rabbit to rabbit. Thus, failure to mature was a result of
damege incurred under 5nhfbfting conditions in the source rabbits.

Under the conditions of this study, Targe numbers of 0. cuniculi

were able to resume deve]opment after transfer to other rabbits.

S1m11ar observat1ons have been reported for 1nh1b1ted Oesophagostomum
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radiatum in calves (Roberts et al., 1963) and inhibited Haemonchus.
contorus in ewes (Blitz and Gibbs, 1977a). In contrast, Ostertagia
ostertagi which were inhibited in sheep and transferreq to calves did
ndt resume development (Her]ich; 1974).

Following transfer to normal rabbits, inhibited male Lg did not.
deve]op_tO'maturity as reédi]y as normal ﬁé]e Lg (Tabies 4 and 5). Iﬁ
experiment B, the male to female ration was 1:3.3 for inhibited L4 and
1:1.2 for normal L4 transfers (Table 5). Possible exp}anations for the
reduced numbers of males are: 1) fewer males were transferred to the
recipient animals or 2) some of the inhibited males failed to resume
Qeve1opment after transfer. The latter explanation is mqst 1ikely as
further reductions in the numbers pf males occurred in the pre-infected
recipients (1:8.3). The fnhibited L4, transferred to both the pre-
infected aﬁd the normal rabbits, came from the same-1arva1 pool and
shou]d'have produced similar adult worm ratios,. Changes in sex ratios
were not evident in pre-infected rabbits Which féceived-ﬁorma1 L4.. Thus,
the damage to male Worms occurred during the initial inhibitory process
in the source rabbit and was potent{ated by some factor in the actively
immunized recipient. Why male worms failed to resume deve]opmént‘after
transfer is not understood. Either they remained ddrmant following
transfef or were eliminated from the reéipient animals via unknown
‘mechanisms. The latter results were unique in that no such immun-

ologically medicated effect has been described in the development of

larvae of other nematode species.
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In high-level infections (200,000-834,000 Ly), almost a1l worms
" became inhibited, and they remained within the mucosa for periods of
3 months and ]ongér; Normally about 50-75% of the worms iﬁ infections
initiated with 100,000 L3.were retarded at the 4th larval stage
(Tables 7, 8, 9). Russell et al.. (1966) showed that graded doseS'of
1arvae~(2,500 L3/k§-25,000 L3/kg) resﬁlted 1n corréspondiﬁg 1ncreases
in the percentages of worms which bgcéme inhibited. Samuel (1970)'
.Yeported that 0. cuniculi were ?dund in rabbits‘up to 225 days post-
'1arva1 1nocu1at1on in a 1ow-1eve1 1nfect1on (3 000 L ) Thus , tHe
size of the 1nfect1ve larval dose does not determ1ne the Tength of
time larvae remain inhibited, but only the number which become inhibited.
The latter observation further indicated tﬁat crbwdihg of worms
. (Taylor and Micﬁe] 1952) does not account for all 1afva1 inhibition.
" In one experiment in the present study (Tab]e 9), 47.8% of the worms
in the patency contro] group (4,000 L ) were 1nh1b1ted In this case,
larval 1nh1b1t1on may have been related to the age of the rabbits
, (§.months). Compare these data With thoée‘hITab1e 6 where patency
control animals (5,000 L3) which were 12-16 weeks old did not contain
'inhibited Ly- |

Active Tmmunizétion of rabbits resulted in 2 changes 1n'the.'
developmental pattern of 0. cuniculi. First, 1nhib1tf0n of L4 was
augmented (Table 6). -Almost all .adult worms recovered from the pre-

infected animals were stunted in growth, and adult females contained
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few if any eggs. These data indicated that a host immune resbonse‘

“directly inhibited worm development. Second, egg production was slightly

reduced in adult worms which developed from inhibited and normal L4 ih
actively immunized rabbits (Fig.'4)u Similar observations have been

described in Nematodirus spathiger infections in sheep (Donaid et al.,

1964) and 0. ostertagi in calves (Michel, 1963; 1970). Alsogabnormal

spicule development occurs in male Cooperia pectinata in immune calves

(Keith, 1967).

Worm egg counts were influenced through reduction in the total
number of mature worms and-by suppression of egg production i adujt
worms. Passive 1mmﬁniza£ions of-rabbits with immune serum did not

inhibit development of worms (Tab]e'6) but did suppress.egg'production

(Fig. 4). These data indicate that antibodies suppressed egd‘production

7h'mature worms. Antibody-mediated suppression of egg production has

not been reported for Q, cuniculi. Howevér, reduced egg production in

" second infections have been demonstrated many ‘times with other nematode

species (Michel, 1969). worTey'(1963) demonstrafed that 0. cuniculi

produced higher worm egg counts in rabbits infected with 1,000 L3 than

with 10,000 L3. The latter observation coﬁ1d represent either antibody-
suppressed egg productiﬁn or réstficted deVe]opment of worms.

In summarizing the results of aqtive ahd passive immunizations,
it 1s_ev1dént that inhibition of worm devé1opment and suppression

of egg production in adult worms are under separate control mechanisms.
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Egg p}oductiqn was suppressed with hyperimmune serum and is therefore
antibody dependent. Aiso, following tran§fer of inhibited and normal-
L4, egg counts were Tower in acti?é]y imﬁunized rébbits than in norma]

animals {Fig. 3), even though combarab]e numbers of adult worms were :

. present in both types of recipients (Table 5). Egg production was

Towest in worms which were transferred to the pfe-infected rabbits,
and in both cases these wrabbits harbored large numbers of g&u]t worms
(Table 5). Larval inhibition may of may not involve humqral antibody
becausé worm inhibition was not aughented wfth immune serum. |

Cyclophosphamide treatments in rabbits d{d npt.bromote worm de- -
velopment. Instead it resulted in an incfease jn¢the percentages of
inhibited L4; and few of fhe 5th étagé worms were normal (3.5%). Thus,
CY seemed to enhance the inhibitory process. Immunosupbreééive agents
have not altered ihhfbitdry processes’ in some host-parésite'éysfems'
(Michel, 1969; Blitz and Gibbs, 1972a; Pritchard et al., 1974). How-
ever, Dunsmore (1961) was successful in céusing Ostertagia spp. in
sheep to develop following combined corticosteroid and_X;irradiatibn
treatments. Also, Sollod and Allen (i971) reported that cyclophosphamide:
treatments in rabbits sdppreSsed antibody resbdnse to 0. cuniculi | “
antigen and coné]bumen, and hroduEed a concomitant increase in worm
burdens and maturation of 0. cuniculi. .

1t has been demonstrated that cyélophosphamide is effective in

inhibiting antibody production to SRBC in mice ‘at dosage rates of
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200-300 mg/kg. When the drug was given to mice before sensitization with

‘sheep eryfhrocytes the result was an enhanced DTH or ce11-med1ated immune
response (Lagrange Mackaness and Miller, 1974; Kerckhaert, 1974;
Kerckhaerf et al., 1974). The dosage rate used in the present study

was cons1derab1y 1ower (90 mg/kg tota])sand ant1body production was not
significantly suppressed. However, Askenase, Hayden and'Gershon (1975)
demonstrated that CY treatments of 20Img/k§ enhanced DTH responses to
SRBC in mice, even though it did pot abrogate antibody production. If

CY has.similar effects in rabbits, inhibifionfof 0. cuniculi may have

- been controlled by cell-mediated immune mechanisms.

Immunosuppression of rabbits with FP provided strong evidence.that
development of: 0. cuniculi was under 1mmuhoiogica1 control. In 3
separate experiments (Table 7, 8 and 9), FP tpeatment of rabbifs with higp—
1eve1‘infections (jO0,000 L3) with 0. cuniculi resulted in an increased
number of adult worms. The effects produced by FP varied'according to
the time the drug was administered. Treatments given to rabbits on days
9-15'and 20-26 p.i. resulted in signiffcant1y 1arger numbers of adult
worms ; patency occurred on days 22 (Fig. 9) and 26 (Fig. 6), respect1ve1y
Also worm egg counts “increased at a steady rate. Treatments given days
0-6 did not alter worm development (Table 8), whereas proTonged ad-
ministration of corticosteroid for 28 days (Table 7) resulted in
development of slightly larger numbers of worms.

The pathology of 0. cuniculi infections, initidted with 100,000 L3,
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‘has been described-(Russei] et al., 1970)." Gross lesions included
petechfallhemorfhages and folding ahd_thickening of the gastric mucosa.
Russell et al. suggeéted that this process was‘céUsed by mucosal edemal‘
In the presént study;histoiogicaW.examinafion‘of stoméchhtissue at 27
days'p.i. revealed thaf the folding of the mucosé was caused by
epithé]ial'hypekp]asia (Figs.16, 20) and only mild mucosal edéma:was
bresent. Aiso, by day 27 p.i., mucous;cell hyperplasia was not'evident._
Russell found that the-1atter condition began early (24 hr) and sub-
sided by day 22. Other histological lesions séen in rabbi%s-in-the
preSént study included 1ymphocytic hyperplasia, Tymphocytic aﬁd
eosinophilic 1ﬁfi1fration into the Tamina propria énd in the vicinity
of embedded parasites (Figs. 17-25).' In somé'areas lymphocytic cells

were observed to infiltrate through the muscularis mucosa into submucosa.

" Similar lesions also occurred toa:limited extent in rabbits with. Tow-.

level 0. cuniculi infections (Samuel, 1970).

The effect of FP in rabbits points to the possibility that larval

Jinhibition is related to cell-mediated immunity. Results shown in FTg.ilO

indicated that FP significantly reduced the numbers of circulating

- lymphocytes in rabbits. In vitro transformation‘ofirabbit peripheral

blood Tymphocytes with T-cell mitogens (PHA and Con A) indicate that
most peripheral b]ood'1ymphocytes in rabbits are T-cells (Sei] and

Sheppard, 1973). If so, FP may have selectively reduced the T-cell

populations (the Tymphocytes involved in DTH reactions) in these rabbits.
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Many studies have shown that T—ce11seare susceptible to corticosteroids
(Davis et al., 1973; Fauci, 1975; Fauci and Dale, 19743 Yu, C]ements,'
Paulus, Peter, Levy and Barnett, 1974). |

Animals differ in their sens1t1v1ty to cort1costero1ds . THe'
hamster, mouse, rat and rabb1t are cort1costero1d sensitive species,
wherea$ ferret, monkey, guinea-pig and man:are resistant. Sub-
popu]atiohs of lymphocytes in sensitive species vary in susceptfbi11ty
to corticesterbids. Claman (1972) reported that bone marrow derived
1ymphocytes (B cells) are most susceptfb]é during the precursor stage
or prior to being act1vated by ant1gen when in lymphoid compartments
other than the bone marrow. Thymus drived 1ymphocytes (T-cells) in
the thymus cortex are suseeptible‘but not thqse-in the medu1Ta, ATso;
'-f-cells are sensiti&e during blast transformation by mitogens but not -
when activated by antigen.' Therefore, antfbody proeucing ce11s, B-
1ymphocytes or plasma ce]ls,are not effected by cortiocosteroids. Also,
antigen activateq T-cells are not destroyed.by corticosteroids, however,
in sohe cases, their effector mechanisms may be sensitive.

The fact that actiVated B-cells are not-effected by corticosteroids .
wod]d explain why antibody titers against OCA and SRBC wefe not sup-
pressed (Figs. 13 and 14). Yet the mass destkuction of T- ce115 could
have produced a def1c1t in T-cells necessary for the regu1at1on of
the worm populations. The.enhanced ant1body titers aga1nst sheep

erythrocytes (Fig. 13) also suggest a selective effect by FP on the
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T-cell popu]atiqns in rabbits. The FP treated animals Héd hiéher
antibody 1eVe15 to SRBC than fhé inhibition contro]sl Taniguchi and
Tada (1974) showed that se]ect1ve dep]et1on of T- 11 compartments in
R rabbits using ant1thymocyte serum or adu]t -thymectomy resu]ted in.
e]evated anti-DNP ant1body titers.
The resu]ts of this study only. infer an 1nv01vement of T-cells in

the regulation of development of 0. cuniculi in rabbits. It has been

shown that T-Tymphocytes are involved in the regu]atfoh of several other

' he1mﬁnth parasites (Targetf, 19735 Kelly, 1973; Ogilvie and Jones, 1973).

Recent studies using'congenita11y athymié mice showed that resisfance

to the mousé pinworms Aspicularis tetraptera and Syﬁhacia'obve1ata

(Jaédbéoh.and Reed, 1974a) and the rat heligmosomid NibpostrdngyTué

brasiliensis (Jacobson and Reed, 1974b) was  thymus-cell depéndeht.

These reports provide evidence that T—ée]]s function:in the regu]éfion
of several unrelated helminth systems. fherefore; T-cells could be
involved.in the regulation of other parasites as well.

The cohc1usion from this stUﬁy is that host immunity plays an
important role in inhibited development of 0. cun1cu11 -fhe data
show that (1) active immunization of rabbits by s1ng1e or repeated low- ,
level (3,000 L3) or single high-level (75,000 L3) 1nfect1ons resu1ted
in. 1nh1b1t1on of Tlarvae at the 4th stage, (2) 9- f]uoropredn1so]one
treatment 1ncreased the numbers of worms whwch,deve1opedvto.the adult

lstagé, (3) the amount of inhibition-varied-with'larva1—dosé, and
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(4) worms were damaged during inhibition (especially males) such that’
not all inhibited L4 were able to resume development when transferred into

uninfected rabbits.
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APPENDIX




Mean percent packed ‘red blood cell volumes in rabbits given single and repeated infectiqns
with Obeliscoides cuniculi. "

a

Day

of Group .
test I ()b II (2) III (4) 1v_(3) vV _(2)
14 43.3 46.3 " 42.8 42.5 41.3
28 40.0 44,0 42.5 43.3 45.5
42 41.5 6.0 42.5 41.8 43.0
49 40.8 45.8 42.5 44.3 43.3
68 42.0 44.8 43.5 43.5 13.3
75. 41.8 44;3 42.0 42.3 42.7
82l '40.5 42.3. o 40.5 41.3 41.3
94 140.3 ns 37.8 38.0 41.7

aTnfections with' 3,000 infective larvae.

.PNumber of inoculations.

Lot




Ll

Medn percent'lymphocytes from white blood cell differential counts on rabbits given single
and reported infections® with Obeliscoides cuniculi. ’

" Day .

of - : j Group -

test - I (1) IT (2) . IIT (4) . IV _(3) .V (2)
28 . 61.8 68.5 593 en3 71.5°
a2 69.8 74.0 : . 77.3 80.0 82.7
49 67.3 83,0 | 73.0 79.8 - - 83.7
68 ' 783 | 78.8 .. gzs - 10 ; 7900
75 74.5 e 80.8 73.5 | 74.7
82 _._. 73.0 73.5 - 72,5 ': 82.0 73.7
94, _ 68.3 . 86.0  83.3 | - 88.3 89.7

8Infections with 3,000 infective larvae.

bNumber of inoculations.

201



. Mean percent monocytes from white blood cell dlfferentlal counts on rabbits glven 51ngle

and repeated 1nfectlonsa w1th Obeliscoides cuniculi.

Day ) .

of. : ‘ Group .

test - I ()b ' IT (2) . IIT (4) IV (3) TV (2)

28 . 3.8 . 6.0 6.0 - 5.0 5.5

42 - 1.8 . 3.0 _ 1.8 T 2.0 0.3

49 ©2.3 1.5 1.0 1.5 2.0

68 : 1.5 2.0 - 1.3 1.0 T 1.0 =
. o : : )

75 0.5 0.8 0.0 - 1.0 0.0

82 . 1.5 : 2.8 2.5 - 0.8 2.0

94 - 1.3 . 1.8 1.5 1.3 3.0

8Infections with 3,000 infective larvae.

byumber of inoculations.




Mean percent neutrophils from white blood cell differential counts on rabbits given 'single

and -repeated infections® with Obeliscoides cuniculi.

Day

of ‘Groqp /
Test - I (1)b. II (2) IIT (4) v _(3) vV _(2)
28" 30.8 123.0 30.5 16.8 19.0
a2 26.3 :19.0- 16.3 13.0 7.0
49  26.5 14.3 21.5 12.0 12.0
68 17.3 16.8 21.3 15.0 18.3
75 22.3 18.8 13.8 20.0 21.0
82 ’ 22.3 19.8 19.3 12.5° 19.3
94 - 28.5 10.3 12.8 5.0

11.0

'aInfections with 3,000 infective larvae.

bNumbe; of inoculations.

. v0l




Mean percent eosinophils from white blood cell differential counts on rabbits given single

and repeated infections® with Obeliscoides cuniculi.

Day
of : Group ‘
test I (1)b . II (2) III (4) IV .(3) V_(2)
28 1.3 0.5 1.3 4.3 1.0
42 § 0.0 2.0 1.3 1.0 3.0
49 1.1 0.5 0.5 1.5 1.0
68 0.3 1.5 0.5 1.5 0.0
5 ' 1.3 - 2.0 3.0 2.0 3.0
82 1.3 | 1.0 1.0 2.8 3.0
1.0 1.0 0.7

94 0.8 . 0.8

aInfectionS'with 3,000 infective larvaé;

bNumber of inoculations.

GolL




Mean percent basophils from white blood cell differential counts on rabblts given single
and repeated infections2 with Obeliscoides cuniculi.

Day

of " “Group :

test I ()b O IT (2) IIT (4) Iv_(3) : vl (2)
28 . 2.5 2.0 . 3.0 6.8 3.3,
42 ‘ 2.3 2.0 . 3.5 4.3 3.0

- 49 : 3.0° 0.8 40 5.0 | 1.3

68 | 2.8 0.3 . 3.5 4.5 3.7

75 1.8 2.3 | 2.5 3.3 1.7
82 2.3 3.3 . 4.8 2.0 2.3

94 1.3 . 1.5 . 1.5 1.0 1.0

901

Infections with 3,000 infective larvae.

b . .
Number of inoculations.
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