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Hookwora infection has been one of the major cosmo-
politan digeases of mankind and his domesticated animals
especially in the warm, moist climates. This infection
outranks all other wora infections of man in its pro-
duction of human misery, debility and inefficiency in
the tropical world. GStoll (1962) estimated that 21
per cent of the world's population carry hookworms,
and therefore, on a conservative denographic sstimate
atleast 630 million pecple are infscted. 1In more
graphic terms, this infection load would cause & dlood
loss equivalent to that accomplished by the exsanguina~-
tion of 1,500,000 pecple daily., Intestinal nematodes
have been associated with man for atleast 10,000 years
(Pry and Moore, 1970) and their distribution is depen-
dent on human migration and movemsnt in recent and
remote historical tines (Hanter, 1967).

Important hookworass of man belong to ths fanily
of ancylostonidae. Hookworms that pambxtho pan are
mainly Apcrlcatoma ducdsnals (Dubini, 1843), Hecator
ansricapus (8tiles, 1902) and Ancylostoma Sevianicut
(locoss,; 1911). In gensral, the adult human hookwors
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measures: Male 5-10 mm and female 10-18 =mm. Ancylostoma
cezlanioun (Male 6.0 mm female 9.8 om in average) 1s
basically a canine hookwors infecting cats, dogs and
other carnivores. 1t was first 4iscovered by lLooss

in the year 1011 from & civet cat. Two yenrs latsr,
this species of hookworm was reported as a human para-
eite in prisoners (Lans, 1913). Since then there wers
many yeports of the presence of this parasite in cats,
dogs and nman from various parts of the world. (lLeiper,
10165 Chandler, 1926; Yoshida gt al, 19€8; Velasques
and Cabrera, 19€8; Areekul g% al., 1970a). For years,
A-sevianicum was considered a synonys of A.hrasilisnsc
by pany parasitologists. Blocca (1951) established
the validity of A.gevlapnicum dased on ths morphological
characteristics. ZThis was recognizad later on by
Yamagutd (1961)¢ and Rep: g% al. (1968). B8ince there
has been a Mgl;i.nfoouon rate of A.gevlanicum in dogs
and cats in soms oreas and also a high prevalence of
natural infection in man in various countries (Anten
and Zuidema, 19643 Velasques and Cadrera, 19683 Yoshida
At 8l 19685 1973; Ardekul gt aly 2970a; Chowdhury and
Bchad, 1972; Zuidema gt al, 1972), this species of
hookwors is nov thought to be medically Smportant and
a significant pathogen in man.



The 1ife cycle of all spocles of hookworms is
direct without the involvement of any intermediate host.
The adult worms are attached to the mucosa of the ssall
intestine. The female lays a large number of eggs
vhich are passed out with faeces. Under wvam, moist
and shady conditions the first stage larva develops
inside the egg. When the egg hatches, the larva comes
out and undergoes t#o moults, thus decoming a third
stage filariforn larva which forms the infective stage
for the host., Infection to man and other animals can
take place either by the ingestion of these infective
larvae vith contaninated food or water or by the infec~
tive larvae actively penetrating the naked ekin which
may ocome in contact with contaminated soil. |

The sxperinental infection of A«gevlanicun in man
(Areekul 2% gl, 1970b) and in dogs (Areekul gt al, 1976)
proved that the infective larvae grow directly in the
intestine without having any tissue migration., Bial-
larly, when the infective 1arva_'e of dog hookworm Angy-
lostona caninul wers given orally to the dogs, they
did not undertake  any lung journey but had a straight
forward developuent in the intestine. (TYokogawa and
0is0, 1025 a,b,0; Miva, 19285 Foster and Cross, 1934).
On the other hand, the studies on the development of



R.amozdcanus and A.duodensle in atnormal hosts like
rats, guinsa-pigs, hansters and rabbits have proved

that the lung migration is ssgential to camplou‘ the
development when infected either orally or percutane-
ocusly (Nakajima, 1831; Sasada, 1936; Satomi, 1938;
Kamioka, 1937; Nichols, 1966; S8oh, 10684 Sen et al,
1965; Bhopale st al, 1978).

It is known that hookworm burden causes welght
108s in infected persons. 1t affects the nutrition of
the host occasioned by anorcxias, intestinal blood loss
and mucosal damage. Somotimes hookworm infection causes
pharyngeal itahing, cough, urticaria, nausex, vonitting
and adbdonminal pain (Matsusaki, 1966) depending on the
worn load and dietary iron inteke, Symptons of anaemia
develop with lassitude, breathlessness, palpitations
and depression., Mucous mendbrane and skin become pallid,
face puffy and ankles swollen due to hypoproteinaemia.
In cortain cases haenoglobin values decrease upto 3-8
getf, MNarked miorooytosis and hypochromia are also
observed, The white cell count is usually normal
except for a nild eosinophilia.

The experimental infection of A.geylsanicum larvae
to human volunteers by cutaneous exposure had shown the
same symptoms of urticaria, bulbous lesion, cough ete.
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as sesn in other hookworm infections of man (Wijers
and Sait, 1066; Areekul et al, 1970b)., Arsekul gt al,
(1975) studied in detall the pathogenicity of A.CEvla~
nicus infection in experimentaily infected dogs. They
'repcrt;ed & high hookwora egg load and heavy blood loss
in cutaneously infected dogs vhen compared to those
infected orally.

it is known that all types of antibodies are formed
against hookwora infection in man (Banwsll and Schad,
1678). 1B antibody is prominently increased and can
be detected in the sorum (Grove ot al, 1974)« 8kin
testis for hookworn as a disgnostic tool have been proved
insensitive (Ball gt al, 19713 Villarojos gt al, 1978).
ianune response to hookworm infections with reference
to circuiating antibodies in humans has been aided dy
the appiication of various immunological techniques
1ike agar gel-diffusion, indirect haemagglutination and
complenent fixation (Sawada gt al, 19643 Ball and Bart-
lett, 1969; So0d gk al, 1972), imounofivorescence (Kaul
and Mshajan, 1977), BLISA (Ogiivie g%t al, 1978)and coun~
terinxunoelectrophoresis (Bhopale gt pl, 198l1).

In view of the widespread distridution and severe
pathogenicity, the saportance of developing s laboratory
adapted human hookwors strain has long been recognized.



A succossful experimental infection of A.gcaviaonicus
now considered as a human parasitic hookwors, was
attempted for the first time in golden hamsters (Maso-
srigstus auratus) by Hay and Bhopale (1972). Various
studies including host-parasite relationship and
chemotherapy were sade by Hay at al. (1978). They
infected the hamsters orally with A.ceylanicuy snfec~
tive larvae obtained after coproeﬁlwi'o_ aothods of
stool samples collected from the infected dogs and
found that the larvae had a straight forward develop~
ment in the intestine (Bay gt ady 1972).

Considering the significanceof this hookvorm ss
s human parasite, it was thought worthwhile to study
the immunological response in hansters in vhich
A-gexianicun larvas develop compietely and behave
sinilarly as in the natural host.

The present study was &ined at the slucidation
of bumoral immunity to A.gaviapiculm infection in golden
hansters (Memgoricetua auratus). With this objective,
particular emphasis was laid to understand the answers
to the following queries in this experinental model.

1+ 20 study the host-parasite interactions vith
refersnce to body weight, vorns joad, hamgiom
level and differential leukocyts count.



-8

3.

de

Be

To denonstrate the antibodies in the serum of -
Ae-govianicug infected hamsters at various intervals
of infection poricd.

To study wvhether serun passive immunization has
any protective role against the challenge infec~

tion of j.gevianicum.

To study whether ultraviolet (UV) irradiated
larvae play any role ia inducing ismunity enough
to resist a challenge infection of A.gozlanicum.

Svaluation of the UV-irradiated laorvae as a
vaccine in hamstor model.
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Lazyal xisration and dsvelopnsns

Barlier 1t vas belioved that migration of A.Qaninus
isrvae through lungs was essential for further develop-
ment in normal host dog (Miyagaws, 1913; Shiral, 1086
Hakajima, 1931). MNiwva (1988) observed that when
A-SaDAGiE larvae wers given orally to dogs, they duniocm
Anvaded the intestinal wall and reached the mb-nmnéu.
then returned to the intestinal lumsn and developed to
the adult stage. ZThis view was supported by Xokogawa
and Odso (1928); Foster and Cross (1934) and Matsusski
(1999), Natsusaki (1960), after inteasive investigutions
on the 1ife oycle of A.ganinus in dogs concluded that
oo aigraticn had occurred outside the intestine of the
host.

in experisental infeotion of A.QaniDUR lervae in
1aboratory animal rat, Scott (1928) demonstrated that the
larvae 414 not reach maturity and they were expelled
periodically from the intestine and hsnce he tarmed rat
&8 an abnorzal host for A.caDiOuUNe The migration route
of A-gucdagals and §.ausricsnus in rat was studied by
numerous other workers (Naksjima, 1931; Yemazeki, 1935
Sasada, 1996 Satomi, 1938; Hasebs, 1943) Yanal, 1943
and Matsusaki, 1951) and they found that some of the



inoculated larvee bored through the intestinal wall
nigrated via liver, heart, lungs, trachea and pharynx

to the muscles, and some of them were sxpelled out from
the host systen. In rabbits, the orally infected
AoSADLDNG larvae were found to invade the wall of stomach,
Antestine, liver and lungs and according to Kemioka

(1840) 1t indicated a partial development of the larvae.

fhe migratory behaviocur of A.caninum larvae in mtqo
was extensively studied by Yogo (1941), Bagata (1964),
Nichols (1966), Soh (1968), Kono and Bawada (1961) and
Bansrjes gt al (1970 a,d). Nichols (1956) stated that
the migration of the larvae took place through the lungs
and got accumulated in the muscles where they remained
actively motile for ono year. Soh (1988) studied in
detall the nigratory behaviour and longevity of the
larvas of A.ganinuc, A.duodonads and H.aaaricanua in
relation to different methods of inoculation (by mouth,
stomach and skin) in mice, Kono and Sawada (1961) also
studied the migration of A.gcaninup larvas in mice after
oral infection and found that msigration took place
through the small intestine, liver, lungs, pharynx snd
£inally ¢o the musculaturs vhere they gradually destroysd.
Buopale and Johri (1975 w, 1978 a) studied tho migration
and distridution of A.ganinum larvae in the tissues of
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Swiss albino mice infected orally with different
doses of larvae. Migration of the larvae to the
muscles particularly of the head and neck and thorax
took place on the £irst day and it was proportional
to the dose level. The distribution of the larvae
| was predominant in th- central nervous systes of
mouse given single dou of A.nm ltmnl infection
but was reduced on zepeated infections (Bhapno and
Johri, 1978 b).

The route of nigration of hookworm larvae after
percutensous infection in abnormal hosts was studied
By many workers. Sasada (1936) reported thet when
the larvae of A.ducdanals and A.SaRSRGR wore put on
the surface of the abdominal skin of :nu; uice and
guines pigs, most of the larvac invaded the ekin and
pemained viable in the muscles for € months or wors.
A fow of them migrated through the peritoiun cavity
peaching the spieen, 1liver, stomach and mesentery.
Bichols (1986) reported that these larvaé caused
posumonitis in mice, the severity and duration depen-
aing dirsctly upon the dose of inoculum, Hiller (1970)
shoved that mice harbouring larvae in thoir tissues
wvers found to be suitable transport hotu as thege
larvae subsequently matured within the mmz hosts,
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Several attempts wers mads to establish the human
hookworn H.auericanus and A.dupdonals in the laboratory
anizals. A partial development of &.m in
guinea pigs was achieved by Schwarts and Alicata (1934).
Nigration and development of human and canine hookworms
were studlied by Satonmi (1938). According to them the
larvae after oral infection migrated via liver, heart,
lungs, trachsa and pharynx to the lungs., 8oh (1968)
and Arora gt al (1976) reported the development of
hunan hoockworz upto the fourth stage in albino mice.
Sen and his co-workers (19673 1970; 1872 1973) succee-
ded in developing N.amaricanusg in hanstors with the
help of cortisone. 3Ihe complete devalopmsnt of both
B.agoricania and A.ducdenals was made possible in pups
upto tho adult stage by Yoshida gt al (1960), Tanabe
(1062) and Bagehana and Yoshida (1965). Bhopale gt al
(1977) studied the migration and complete development
of H.apsricanus in infant rabbits by cutaneous infection
of [l.americanus infective larvas of human origin and
succossfully established the infection in this host
upto six goenerations. fhe third stage larvae after
penstration of the skin migrated to liver and lungs
within 7 days and the 4th stage larvae and preadult
worns were recovered from the intestine after 3-4 weeks.
The adult worns persisted in the intestine for a longer



perdod of 150 days or more, Shopale and Nenon (1979)
infected neonatal rabbits with 3000-5000 infective
larvae of A.duodenalg by buccal pouch roite and develop-
ing larwae recovered from the lungs and liver and the
adult worms from the intestine were carefully identified,
The adult worms reached the oviposition stage within

6 weeks and the vores persisted in the inteatine for

7 weeks.

there are a few reports on the attempta of
A-gcoydantcun. infection in experimental hosts, Zhe
experimental infection of dogs with different doses of
A-gazlanicun by oral and percutaneous toil'cue were
studied by Rop at Al (1966) and Areekul gt al (1976)
and they found that the mean prepatent poricds were
found to be 12 and 11 days by cutaneous snd oral routes
of infection respsctively. These exporimental infec-
tions only provided information regummaﬁpathogenzcity
of f.gerianicun in dog. Bay of AL (1972) reported
for the first time the complete development of A.gevls-
nloun. of canine origin in the laboratory anical,
hamster. The orally infected hamsters were necropsied
at various intervals from 1g hours to 17 days. At
necropsy, the lungs, liver, trachea, oescphagus, stomach
and intestine were exanined for the presence of larvae
and/or sdult woras. It was confirmed from the results
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that the larvae did not migrate £o any organs or tissuss
during development but completed the life cycle entirely
in the lumen of the gastrointestinal tract vhere they
developed to the 4th stage by 4th day, immature adult
by 7th day and adult stage by 13th day. Faertile oggs
appoared in the fasces from the 17th day onwards.

Ray st al (1975) developed this parasite in nice under
the influence of corticosteroid. According to Areekul
at al (1075) the experimental Asgeylanicum infection to
rhesus oonkeys by oral route showed that they were not
susceptible to this species of hockworm. In other hosts,
particularly laboratory animals, an attempt was made

by Bhopale gk sl (1978)who reported a partial develop-
ment of A.goylanicup in neonatal and young mice, rats,
and guinea pigs. However, no develcpment was noted in
infant and young rabbits.

During a study on the development of other hook-
worns, Horris (1871) reported that the infective larvae

of A-hragilisnss and A.tubseforme after oral infections
in mice had a pulnonary migration and were prisarily
linited to the somatic musculature.

Eathogonsals .

the association detween anaesia and infection of
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man with abdoninal worms was roported appréximately

3500 years ago. It has been proved that intestinal
hacmorrhage is the primary pathogenic mechanism in the
induction of hookworm anaemis as reported by Roche gt al
(1967), Foy gt al (1988), Clark gt al’(1961); OdAlles
2% al (1964) ané Miller gt al (1066 a). There was
consideradle controversy and deficiency in the knowledge
concerning the pathogenesis of hookworn infection 4in
man because of the absence of suitable expsrimental
primate host for the hookworms that infect man., However,
in aninoals particularly in hookworn aisgase of dogs,
there io aumple information on this aspect of host
parasite relationship. HMiller (1966 a) in his studles
vith Ancvlgstoms caninum infection 4n pups reported that
the haemorrhagic dlood loss had comasnced on the 8th

day aftor infection and that the pups suffered from
severe dysentery psssing fluid faeces laden with

mucous and blood. Infections of this @Mlty often
proved lethal which was related to the age and body
weight of the pups (Miller, 1068 d). According to
Miller (1966 a), An pups heavily infected with A.gcaninus,
the aicrohaematoorit figures wsre reduced by half with
corresponding reductions in haemoglobin and plasea
protein levels. Hoche and Martines-Torres (1960)



and later Arsekul et al (1976) reported that j.ganinug
infection caused a blood loss of 0.037-0.12 ml/worm’
in dogs. Miller (1966 b) stated that anasmia was not
observed to be a consequence of infection in pups and
kittens with g.pragilionse or unsiuaria atsnocosphala
infections but hypoproteinaenia of 10-186 was recorded

in dogs and cats as a consaquence of A.Dhrazilienss
infection.,

Many investigators (Rokthe gt al 1957; Foy st al,
10683 Cilles gt al:, 19643 Areekul gt al 1970 ¢) have
gtudied the daily blood 10ss caused by other hookworus,
Abcyloatona ducdensls (0.14-0.40 ml/worm) and H.aneri-
gagug (0.01-0.09 ml/wora) in men.

~ Miller vhile working on experimental infection of
A-Qucdenale in young chirmpanzees found that they were
highly susceptidle to this infection. The daily dlocd
1088 recorded in these infected chimpanzees was E-9 ml
betveen 21 and 28 days and 14-24 ml. per day by 33 days.
Similar experiments in pups, subject to intestinal’
haenmorrhage associated with j.ganjinum infections,
suggested that infant chicpanzses were mors sensitive
to haszorrhagic ansemia (Miller, 1968).

During natural infection of A-sexlapioun in man,
Anten and Zuidena (1964) reported a heavy infection
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rate in patients with decreased hasnwoglodin values of
8.9 and 11.3 gms % vith an average blood loss of 3.8
and 8.9 ml respectively.

Bxperimental infection of A.cevlanicua to human
voluntesrs by cutansous and oral routes was gttampm
successfully dy Maplestone (1533); Hayden and Bearup
(1963), Wijers and emit (1966), Areekul gt al (1870 b)
and Ygshids gt al (1971). They observed nodularity,
urticaris, 4ry cough and eosinophilia 4n the experi-
aentally infected volunteers. They also notsd that
the prepatent periods of A.geylanicum in infected
husan volunteers wers longer as compared to those of
A. gsylantcum infected dogs.

In experimentally A.geylanicum infected dogs ,
Rep (1066) and Areckul gt al (1976) reported a consi-
derable blood loss during the prepatent period of
infection. The mean bilood loss measured dy Areekul
et al (1975) was found to be 0.33 ml/worn  /day
end 0.38 ml/worm /d4ay in dogs infected by cutaneous
and oral routes respsctively.

Areckul at al (1975) also attempted an expsrimental
infection in Rhesus monkeys (Hacaca pulatta) with
filagiforn larvae of A.geylanicus by oral, cutansous
and suboutanecus routes. However, ths infeotion
caused no blood loss in monkeys dut the cosﬁwphu



count showed & considaradle increass.

Serclogy

Serological tests for the dlagnosis of hookworms
have besen attempted by many investigators. Stumbderg
(1930) obtained positive precipitin and complement
fixation reactions with sera of rabbits immunised with
extracts of A.ganinug larvae but he was unable to obtain
positive results with sera from the hookwors infected
dogs. Otto (1940) demonstrated precipitates|around
the infective larvae of A.ganinup when incubated in
the ionunised sera of dogs. Sisilar results wers
obtained by Otto (1942) with human hookworn (N.americanug)
larvae when incubated in the sera from patients, consi-
dered to de immune., 3helden and Groover (1948) also
demonstrated Sarle's procipitates in the sera of child-
ren with light infections dut they were unable to
obtain positive results with sera of children who were
heavily infected with hookworms. Desowits (1862)
falled to detect antidbody in the sera of H.anoricanug
infected children by gel-diffusion test, He further
applied the same technique to study the utucl; of
adult A.caninus with antisera produced in guinoa pigs
against A.coginum larval antigen. fThe results revealed



that the agar gel diffusion test indioated greater
gntigenic relationship detween identical stages of 4iff-
erent species of hookworm (larves of ﬁ-m and
A-ganinum) than detwesn the different atages of the same
species of hookworm (Larvae and adults/of A.ganioug).

Procipitin test, indirect haemagglutination comple~
ment fixation and skin test wers employed successfully
by Sawads gt al (19564) ueing adult j.ganinun sntigen
for the izcunodiagnosis of hookwors mvocﬂon in dogs
and hookwornm patients. Soulsdy and Gilies (1966) used
human larvel hookworm antigen and demonstrated the
production of haecmagglutinating antibodies in children
infected with hockworas aftor a lapse oi‘ tvo yoars.
Bimilarly, Ball and Bartlett (1960) failed to detect
haemagglutinating antibodies in patients' sera using
larval antigen from human source until the infection
had occurred for a considerable time. ZThey also stated
that N.apericaous larvae gave rise to imnediate type
00 antibody response which was demonstrated by fluore-
scent antibody technique, complensnt fixation test and
Fraugnits Kustner reaction. Detection of haomaggluti-
nating antidodies long time after the occurrence of in-
f‘at:.on in pationts were roported iater by Schad g% al
(1976)» Kaul and Kahajan (1977) used fluorescent



antidbody test for the ssrodiagnosis of hookworm infeo-
tion in patients. However, the positive resction was
not related to the uWAtY of infection as determined
by vorms load,

It was reported by some investigators that the hook-
woras astimulate their hosts to produce IgE antibodies.
Kojima gt al (1072) observed that a low degree of
infection could stimulate the production of IgB anti-
bodies. According to Ogilvie and Worms (1076) the
values of serun IgE inoreased in hookworm patients
20 to 30 times more than the normal values. The most
sensitive test ELISA and Redlo-Allergo-Sorbent Technique
(RASZ) wers employed by Ogiivie gt al (1978) for the
detection of IgB antibodies in self-infected H.americanus
volunteers.

Ihe passive cutaneous ansphylaxis (PCA) test vas
employed by Grove gt al (1974) for the detection of
serum antidodies and found the reaction positive within
four weeks post infection and the antidbody titre reached
the aaximum after three months. The PCA antibodies were
no longer detectable after one year.

>

Ancther Smmunodiagnostic test L.e. counterimmuno-
electrophoresis (CIEP) was attempted by Ehopale gt al



time that dogs could develop resistance to reinfection
vith A.gaploum. This was followed by & nusber of reports
on acquired resistance in dogs to reinfection with A.gand-
pua (Sarles, 1929; MoCoy, 19313 Foster, 19355 Otto and
Kerr, 18393 Otto, 1941). The literaturs was extensively
reviewsd by Cort and Otto (1940) and later by Otto (1948)
who demonstrated the establishment of resistance by

the reduction in mordidity and/or mortality of s challenge
infection and by ths reduction ip worm count fron
challenge dose and output of eggs from rosistant dogs.
Krupp (1961) studied tho effects of crowding and super-
infection on the egg production of A.ganinug in dogs.

Resistancs to reinfections with homologous hook-
worns in abnorsal hosts 1like rats and mice wasg reported
by many workers. Kerr (1835) studied the resistance
in mice to repsated infections of A.ganifum larvae at
weekly intervals but failed to stinulate any obvious
resistance, Yogo (1841) studied the effects of infection
of A.Caninum larvae in aice with intervals of 10 days.
The larvae wers found to disappear éariier from the
intestine and the liver in repeatedly mroctcd anicals
with reduced rate of sigration to these organs. HNagata
(1966) yeported the development of resistancs in mice,
vhen repeatedly infected with A.caninus ilsrvae porcuta-
necusly. Kono and Sswvada (1961) reported that repeated
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(1981) for the detection of antibodies in hookwora
infections in wvarious host systems iike radbits experi-
mentally infected with H.anmepicenug and A.ganinup
infected mice and also hockworm patients. The test
showed in general a linited application for the sero-
diagnosis of hookworm infection.

Several attempts were nade to investigate the
hypersensitivity reaction to hoockworm antigen (8tumberg
and Rodriques - Molina, 1031; Noda, 195835 Yamanaka,
1960). Hutardo and Layrisse (1968) used successfully
the third stage J.americanus larval antigen for intra-
dermal tost. Ball gt al (1971) and subpequently
Villarejos gk al (1976) reported that ghin test for
hookworm was not reliable as an epidemiclogical diagnos-~
tic tool.

Asquired dxaunity

There i3 no substantial evidence that protective
acquired immunity cccurs in san but in the animal fleld
particularly in hookworm disease of dogs, a woalth of
information is availadle. Aquisition of resistance 6
subsequent Anfections with the homologous parasite
A-Saninus wvas confirmed in dogs earlier by Iﬂpesm '
intections. Herzrick (1928) demonstrated for the first



infections with A.capninus induced immunity in mice.
According to Bhopals and Johri (1978s), vhen the mice
vere infected with single and repeated doses of A.ganinum
larvas a considerable reduction in larval count had
ocourred in various organs and suscular regions of the
imnunised mice. The expulsion of the larvae fron the
gastrointestinal tract at an early period resulted in a
podr 1m aigration to various organs and suscle
regions, 7The larval recovery from the central nervous
system of inounised mice given repeated doses of A.gcani-
aun lsrvac, was negligible (Bhopale and Johrli, 1978b).

in hookworm infection of man and animals, serum
protein changes are indicated by an increase in the
globulin fraction (especially gamma glodbulin) accompanied
by & normal or relative decreass in aldbumin component
{Kinugasa, 196¢; Hori, 1987; Ishisaka, 1060). In dog
ancylostoniasis, increase tn the bon}hlobu.un and
decrease in albumin (Kau. 1086 a,d) md increase in
alphs-2-globulin (Tomoda, 1963) was reported. Bhopale
and Johri (19768 b) 4in a study of serua protein pattern
of mice during infection with single and repeated
doses of A.caninup larvae observed significant increase
in Jeglobulins and decrease in albumin in accordance
with the increasing single dose levels dut nbt dependent
on repeated dose levels.



Eaanive lrmunigation

Thers are a fev reports on the attexpt of passive
transfer of inmunity by serum to the host(s) against
A-ganinup infection. Kersr (1835) attempted successfully
to passively transfer resistance through serua from
repoatedly Anfected mice to fresh (uninfected) mice.
Otto (1940) showed partial successf in passive protec-
tion of some dogs against A.ganinug larval infection.
Miller (1967) passively transferred successfully the
innunity of pups that had been double vacoinated with
40 Kr-X-itradiated larvae of A.ganinun te uméopub).o
pups using serum and lymphold celis upmtol)!v or a
combination of bdoth,

During the experimental studies with A.ganinug in
abnormsl host mice, Vardhani and Johri (1978) demonstrated
that the sensitiged lymph node cells and poritoneal
sxudate cells fron A.caninue infected donor mice wers
responsidble for larval expulsion from the recipients.
Transfer of thymus, dohe marrow or lymphoid célls showed
high protectivity in pacipients as confirmed by Kolhe
2% al (1979) during their studies with j.gcaninum in mice.

Astilve lsmunisass

Many have attempted the use of antigonically potent
materials like excretions and sscretions snd somatic
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antigens of the parasites for the stimulation of protec-
tive imnunity apainst helminthic infections. In hookworas,
Thorson (1066) succeeded in stimulating protective
dmsmunity in pups against A.ganinum infection by using
ossophageal extract of adult A.caninus es & source of
antigen, although natural infection induced a rather

high inmunity.

dain gt gl (1979) vhile vorking with human hookwors
A-Quodensle noticed that exerstory-secretory antigens
from the third stage larvas when injected subcutaneously
to mice in single, doudble and triple doses at weekly
intervals, no larval recovery could be mads from the
ignunised mice although one &mmunised mouse was found
harbouring a fevw larvae.

In purine hookworm studies attempts were nmade
suocessfully to develop protective iumunity using adult
worm extract by Chandler (1988, 1936), Watt (1843),
thorsen (1951, 1983), and Poulain gt a) (1976). Murray
2% al (1979) reported & 90§ reduction in worm burden

in rats agsinst Rlppostrongylus brasiliensis infection
by using an extract antigen from adult worns.

Btudies with other nematode parasites where the
use of killed antigen or their metadolites for immuni-
sation wvore employed and resulted in a significant
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levsl of protection inciude Irichinella spiralia (MoCoy,
19385} Cqumpbol, 1988 Denham, 1967; Despomuier and Huller,

1069; Larsh gt gl 1970; Desponmier gt al, 1977)y Zricho-

atrongviua golubriforals (Silverman gt al, 1962y Denham,
1969; Rothwell and Love, 10743 Rothwell, w?a); Bido-
caulus yiviparous (Jarrett gt al, 1960; Silverman 8% al,
1062) s Hagmonchus contortus (Silverman and mﬂauon,
19605 Ozercl and Silverman, 1970j Scott gt al, 1071)g
Qeaophagoatonum Xadistum (Keith end Bremssr, 1973);
Bomatoapireidas qubius (Yen Zandt, 19624 emm, 1870}y
Irichiuris purda (Wakelin and 8elby, 19734 hnhm and
Wakelin, 1977); Asgakie EuMR.(Lejkina, 1963; Soulsby
1957 and 1963; Khodes et al, 1965y Stronberg and Soulsbdy,
1977) and Litomoscides gaxfndd (Macdenald and Scott,
1953). These results were obdtained in a v!.d:!e range of
laboratory and domestic animal hosts m«:luam cattle,
shoep, pigs, dogs, rabbits, cotton rats, rate, guinca
pigs and nmice. Techasoponmani and Sirisinha (1980)
injected the rats and mice with the axcrstory and
secretory products con,acted' 40 Yitrg from tho adult
famale worss of Angiostrongvius mmu; along with
Freund's complete and incomplete adjuvants separately.
Thess animals were found protected sgainst a lethal
chalicnge infsction of the third stage larvae.
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The only method of attenuation mea proved effee-
tive in reducing infectivity and pathogenicity without
Anterfering their ifmmuncgenicity was $o exposs the larvae
to ionizing radiation. FHadiations of many different
wavelengths have been shown to bring about radical
changes in a vwide range of living organisms and tissues,
These changes are often associated with interference
in normal physiological processes snd at high doses,
with cytological damage and death. Ultraviolet rays,
xZ-rays and ganma rays are widely used to attenuats the
infactive atages of parasites which then serve as live
vaccines. _ The irradiation woeskens the infective stages
80 that they do not complete their 1life cycle in the
fiost but they releass antigens which stinulate protec-
tive fmmunity. The first evidence of ionising radiation
in hookworms was reported by Dovw gt al (1969, 1961).
They attanuated Uncinaria gstenocsphals larvas with
40 kr X-rays and vaccinated pups by adnmlnistering the
irradiated larvae orally in single and doudble vacoina-
tion schedules. Miller (1064, 19685, a,b,¢, 1966 ¢,
1971) reported that subcutancous vaccination of 40 k»
i-frradiated larvae of j.ganinum_gave 974 protection
0 pups ageinst challenge infection and ui'u Bathod
of waccination proved more seffective than oral admini-
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stration of irradiated larvas. Recently Vinayak gt al
{1881) were succesaful in developing an X~irradiated
A-caninua larval vaccine to protect pups against

A-saninun snfection.

Protective immunity in dogs by means of irradiated
£.80inun larvas attenuated by ultraviolet rays was
studied by Vieira and Hombert (1974). Vieira (1879)
reported that the metopatrsated larvae conferred a
highly satisfactory resistance to the pathogenic
effects of A.ganioum infection in dogs ghm xpusund
in terss of haematological, clinical and coprological
changos.

Buccessful attempts were made by sewveral workers
from the beginning of this century to study the effect
of ultraviolet (UV) rays on the infective stages of
many nematodes and also the effect of UV-irradiated
larvae on the exporimental hosts (Stevens, 1009
Nolf, 1932y Wright and McAllister, 1934; Shalimov,
1036; Jones gt gk, 1940; Spindler, 1940; Hollsender
&% al, 1940; Jonss and Hollaender, 1942, 1944). Much
of the earilier work was done with Irichinella spiralis.
Stowens (1942) cbserved that exposure to ultraviolet
radiation prevented the normal dsvelopment of Z.apiralis
larvas and that the female worms developed after small



doses of irradistion were found sterile. Xeeling (1960)
attenuated the infective larvae of J.bhrasiliensis with
varjous doses of UV-rays which completely inhibited
their development to the adult stage. XKatiyar gt gl
(1968) in their study with N.bracilisnsig, reported that
the suboutencous injection of uitra violet irradisted
larvae gave complete protection to rats sgainst E.hrasi-

disnsis infection.

in other helminths particularly tremstodes, ultra-
vioclet Airradiation was successfully attempted, Standen
and Puller (1963) demonstrated that cercariae of fchisto-
SOGA DaDEoR) oxposed to UV-rays failed to reach maturity
in the mouse, However, the cercarise wers able to pente-
trate the skin and carry out the early stages of develop-
ment during the tissue phase of migration. Chandour
and Wedbe (1976) reported the damaging effect of S.mansoni
and S.hacoatobium efter exposure to UV-irradiation for
a shorg while. The alracidia when exposed to UV-rays for
60 secs. were too damaged to penetratd the intermediate
host snail as reported by Prah and Javes (1977).

The offect of X-rays and ganna rays from & variety
of sourcos has aiready been tried in many halminthic
infections. The eariler works were carried out on the
encysted larvae of I.aniralia by Tyzzer and HoneiJ (1916),
Schwarts (1821), Semrad (1937), Levin and Bvans (1940,
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1942), Evans gt al (1941) and Alicata and Burr (1949).
Gemberg and Gould (1953) reported that the infective
larvas of L.apiralis exposed to various doses of Cow
irradiation produced protection in rats agsinst the
challenge dose of infection.

In the veterinary field, Jarrett gt gl (1969)
vere the plonser workers in the successful us¢ of
X~irradiated larvae for the immunization of Balves
sgainst the cattie lung worm-Rictvocaulus viviparous.
Subsequently Sckolic gt Al (1966) developed an X-irradia-
ted larval vaccine against the sheap, lungworm-Dictvo-
oaulus £ilaria. Urquhart gt al (1966) demonstrated a
high degree of protection against Hagmonchus gontortus
in sheop when these were immunised with X~irradiated
larvae of H.gontortug. Similarly, Gregg and Dineen
(1978) reported that irradisted larvae of I.golubriforais
were highly Otficti;t imzunogens in sheep. Ansari and
8ingh(1978) stated that vacaination of laxbs with 20 to
80 kr gamma-irradisted infective larvae of Geigeria
pachyscsliia stimulated the development of resistance to
subsequent challenge infection as indicated by signifi-
cant decrease in wors burdam.

In filariasis, Wong at al (1969) succeeded in deve-
loping significant resistance to filarial infection in
monkeys after iuzmunising them with X-irrsdiated larvae
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of Brugis pahangl. Later in the year 1974, they succe-
ssfully isaunised dogs using X-irradiated Brugia pabangd
larvae. Recently, Bao and his co-workers (1980) reported
that ths infective larvac of rodent filaris L.carinii
vhen exposed to gamma rays at 38-40 kr confhrred high
degree of protection on albino rats againgt filarial
infection.

the method of attenuation dy radiation was studied
sxperinentally by many investigators for immunisation
against cestods parasites. Upquhart gt sl (1963) stated
that radiation attenuated eggs and oneoaphorn verse
shown to indsce protection against cestode infection.
This was confirmed later by Wickerhauser gt al (1971)
againgt cestode infection of Zaenia m and zm
hxdatigens in the intermediate host. Mowgesijan gt al
(1968) dexonstrated that dogs were protected against a

challenge infection of Zchingcocous mm].g,n by iomuni-
sation vith brood capsules exposed to X-irradiation.

In trematodes, cercarias and gchigtosoxulae were
successfully attenuated with gamma rays and X~rays and
irmunigation of experimental anicals with spuch attenuated
larvas had produced various degress of resistance to
subsequent challenge (normal) cercarias. Taylor gt al
(1976) during their experiments with §chistosoma matheel
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had shown that imnunisation of sheep with gatma irradia-
ted cercarias or schistosobulse of §.gatheel induced a
high degree and duration of resistance against normal
S.pathes) cercarial challenge infection. Sinmilarly,
Hussein and Bushara (1976) imnunised sheep with irradia-
ted §.hovig cercariae but Taylor gt al (1979) observed
that irradiated §.h0Vis sohistoscomulee gave better
protection to sheep against §.hovis infection. Many
investigators had inmmuniged mice with ganma irrediated
&.pangond and found tremendous protection against
infection (Vilells gt al, 18613 Radke and Sudan, 19634
Ferlowagora-Ssunbvics and Oliver, 1063; Perlowvagora~
Szundwies, 1964; Erickson and Caldwell, 1868). REigh
levels of resistance were obtained in thnha monkeys
sfter vaccination with irradiated §.japonicun cercariae
(Sadun gt al, 196¢; Hsil gt al, 1968) dbut not in chimpan~
sees (listiy, 1970).
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Healthy male hansters of 46~-80 gns body weight
wers obtained from the Haffkine Bio-Pharmaceutical
Corporation Ltd. fhey wvare kept in groups of ten in
metallic cages (40 x 27 x 24 cms), and woro faed vith
pelist food and water g4 iibitus.

Ancyiostons gerianicun strain, obtained from
Ciba-Geigy Hesearch Centre, Bombay, was maintsined in
ths laboratory of Haffkine Institute by scrisl passage
in bansters.

Sulture Secholous

Presh infective third stage larvae ware obtained
fron the faecal samples of experinentally infected
hansters by petridish culture msthod of Sen gt gl (19€8).
Faecal sanple containing hookwors oggs was made into a
paste with water and then thoroughly mixed with steri-
1ized sand in 133 proportion. The mixture was trans-
ferred to a clean petridish with two layers of zoist
gilter paper. The petridish was placed in a bigger
petridish containing culture water (2 gms. HaClj O.1 ml
HCL in 1000 ml distilled water adjusted to pH 5.0).

The whole apparatus was kept in dark for 6-10 days



when m0st of the third stage larvae had migrated into
the culturs iatcr.

Zhe larvae collected from the culture water were
washed several times in normal soline, Proum this larval
suspension 0.1 ml volume was pipotted out on glass slides
and the larvae were counted under the dissection mioro-
scope. The suspension wos adjusted to contain the
required dose of larvae por Q.6 mi.

Galaction of doas juoculum.

6ix groups of hamsters having an average body weight of
46 gas wers infected orally with a dose of 80,100,180,
200,600 and 1000 infective larvae of A.gsylanjcum. The
infected aninals wers kept under observation for a period
of 30 days. The animals infected with 80 larvae survived
the infection period. Tom per cent wortality was obser-
ved in the anirvals which received 100 larval dose and
mortality further incrensed to 60f at 180 larval dose
and £inally to 100% in the rest of the animal groups
receiving 200, 800 and 1000 larval doses within a period
of 20 days. The infected animals receiving a dose of
100 larvas showed a clear and bottaer plcture of pathoge-
nicity throughout the observation period and hence this
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larval dose was selected as standard inoculums for the
sxperinsntal studies,

Bxpariacntal A.gevlanicum infection. o banaters

A group of & male hamsters wers infected orally,
sach with 0.5 ml of the saline suspension ccntaining
100 infective larvas, A separate group of 80 hamsters
wvas kept without infection to serve as control. The
aninals wers observed for a period of 200 days post
infection, S5ix hassters from infected and uninfected
groups were necropsied under ethor annesthesia at inter-
vals of 13, 20, 30, 60, 100, 150 and 200 days. Body
weight of the aninals was recorded prior to necropsy.
Blood was collected aseptically by cardiac puncture
fros the necropsied hamsters for measuring the haemoglo-
bin level in blood and serum was separated under sterile
conditions for serologicnl studies. Peripheral blood
snears were nlso prepared at each interval for differe-
ntial leukocyts count. After carsfully dissecting
the gastrointestinal tract in warn saline, the adult
worns of A.gevlanicum were collected and counted from
individual hamsters.
Rreparation of antigen

A

Fresh active adult worms were recovered from



intected hamsters 17-20 days post infection, These
were washed thoroughly first with normal saline and
then with phosphate buffered snline pH 7.2. \Vomms
were sonicated in an ultrasonicator in Lce cold bath.
This suspension was centrifuged at 3000 rpm for 30
minutes at 4°C. The supernatant after estimation of

the protein content of 1.5 mg/ml (Iowry gk al, 1681)
wae stosd at -20°C until use.

Asar-ged diffusion test (AGD)

The agar-gel diffusion test was psrformed accord-
ing to the method of Cuchterlony (1958). The test
was carried out on clean glass slides (7.6 x 2,6 cms)
using 1% Hoble agar (Difco make) dissolved in normel
saline. 3.8 ml of hot agar was puursed on sach slide,
Wells of 2 mm dlaneter with 3 mn distance from each other
ware out on the agar gal. These sliden after filling
with antigen and test sera were kept at room tempera-
ture in humid condition and were cbserved for one week
until ths precipitin reactions were sech prominently.
The siides were then washed thoroughly by immersing them
io normal saline overnight. later, slides were dtted
and stained with 1% Anidoblack. The excess stain was

removed by washing them with 28 acetic acid soclution.

The slides after drying at room temperaturs (WeTe -_.
preserved.
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Counterimmunoslectrophoresis test was carriod out

_ -/ 88 per the procedurs followed by Bhopale et al (1980).
Ons per cent agarose (BDH) was prepared in veronal
burfer (pB 8.4). Parallol wells of 2 xnm dlameter apaced
3 mm apart were cut on the agar gel slide (7.5 x 2.8 oms).
The walls on the ancde side were filled with undiiuted
toat sera and those on the cathode with antigen. The
same veronal buffor was used in the .oglectrophoresis
tank. The electrophoresis was run at 200 voits at m‘c
for one hour. These slides, after removing from the
tonk were kept at rosn temperature for aoout an hour
and then washed vttix several changes of normal saline
and kept in the same overnight. These were dried,
stained with 1% macﬁ’blaok and cleared with 2§ acetic
acid golution. ¢he slides were later dried at room

temperature and proserved.

Indirect haomagglutination test was performed to
detect the antiboudies in the gsrun as per the nsthods
describod by Kagan and Korman (1974) with slight modi-
fications. &8heep red blood cells (SRBB) empioyed for
the test were collected in citrated saline. 2.58 SRECs
were tanned with 1:80,000 tannic acid. All the test



sera samples collected at various intervals during an
intection poeriod of 200 days were decotiplemented by
incubating them at 66°C in a waterbath for 30 minutes.
The tanned cells wers sensitiszed with equal volume of
A-geylonicug sdult worm antigen, the optimum dilution
(1120) of which was deternmined earlier by block titra-
tion. .

The test was carried out in U-shaped microtitre
plate. Serial dilutions of the inactivated sera were
made in 1§ normal rabbit serum. 0.026 m) of 1f suspension
sion of antigen treated cells was added to each well
containing 0,08 sl of diluted serum, Hegative serum
control, tanned cell control and sensitiszed cell control
wero also put up along with the tost sera samples. ZThe
plate, after shaking well was incubated at 37°%C for
1 hour and then at 10°C overnight. Ihe results were
read according to the pattern of the SRBCs at the
botton of the wells. A positive reaction was indicated
by a mat or carpet of the SRECs with the edges folded
in case of strong reaction. %The colls settled to fom
& ocompact button indicated a negative reaction. The
test sera showing an antibody titre at 1432 or above
was considered as positive.
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g {ve izpunizati

Healthy hamsters of 46 gus average body weight
wvere infected subcutanecusly with a dose of 100 infec-
tive larvas of A.geylanicum at weekly intervals for
three weeks. These hamsters were sacrificed after a
week of the last dose of infection and the blood was
drawn aseptically by cardiac puncture using 5 ml syringe.
Serus was separated and pooled under storile conditions
and then stored at -20°C until use. BSimilarly sera
samples collected from normal hamsters were pooled and
stored at ~20°C.

Initially @ group (A) of five hamsters was injected
guboutaneocusly vtt.in 1 al of immune serum propared by
repented infections of hamsters along with the control
group (Ay) which received 1 ml of norzal serum per
hamster by tﬁe same route. Both A and 4, groups of
hanstars vare challenged orally with a dose of 1000
normal vmocw_u larvae on the sane day as per the
method of Xwa gt al (1978). Nortality upto 40% and
60§ was observed in the groups A and A; respectively
betwsen 13 and 20 days post challenge infection. The
surviving aninals were sacrificed 20 days after the
challenge infection.
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Passive transfer of socrus by intraniuscular and
intraperitoneal routes was also attempted, 8Six groups
of hamsters in sach wers passively iumunised with serua
as followss Group B was injected suboutaneously, Oroup
C intramuscularly and Group D intraperitoneally with
1 ml iomume serum per animal. The corresponding
control groups B;, 01 and Dl received 1 nl normal serum
per hamster by suboutaneous, intramuscular and intra-
peritoneal routes respectively. As the mortality rate
was high in the firat two groups (A and Ay) due to the
lethal chanmu dose of 1000 larvae at the preliminary
expsrinent, the groups 8, C, D, By 0; and D; were cha-
llenged orally with a dose of 100 mormal infective
larvas. The worm count from the receipient hamsters
vere recorded individually on necropsy after 20 days
post challionge infection.

UAtra-viclet Irradiation of A.gcevionicun larvas

The source of ultraviolst for the irradiation was
a thres feet long ultraviolet tubs having a wavelength
of 390 nn. The third stage larvae collected from the
;.wtrl.dish culture methods were washed thoroughly with
normnl saline. The ;um sugpension was adjusted to
contain 1000 larvae per ml of normal saline. Thres ml
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of larval suspension containing 3000 larvae were taken
in a small clean petridish (50 x 17 mn) and were exposed
to ultraviolet rays from ultraviolet tube at a dutanéu
of 30 cms., The distance of 30 cms betweon the larvae
0 be exposed and the source of irradiation was kept
constant for various times of exposurs. Healthy
hamsters of 856 gms average body weight ware used for
the UV-Sirradiction exporiments.

Pour aifforent experinents were set up to assess
the efficacy of UV-frradiated j.govianicum larvae.

Six groups of hamsters, 8 4o each group were given
oral infection each with a dose of 100 UV-irradiated
larvas expcsed for various UV-irradiation pericds of
20 seconds, 40 seconds, 60 seconds, 18 minutes, 30 min-
utes and 60 aminutes. Another group of 6 hamsters was
sinilarly infected each with a dose of 100 normal
liarvae (vithout any exposurs to UV-rays) which served
as control. All the animals’ were kept under odbserva-
tion for a period of 20 days. Animals were then sacri-
ficed by sther anaesthesia aud the worm recovery was
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made £from the gastrointestinal tract of sach hamster,

This exporizent was designed to assess the immuno-
genic e¢fficliency of a single dose oral éacclnatxon with
UV-irradiated larvae exposed to difforent time inter-
vals following a challenge infection with normal larvas.
This was assessed in terms of the -eauﬁu-shnnt of
adult woms in the gastrointestinal tract, when necrop-
sied, This experiment was further divided into two
categories; one with lov challenge dose and the other
wvith high challenge dose of larval infection.

(a) Four groups of hamsters without prior exposure
to any infeotion vers used for tho expsrimental
purpose. The numder of animals taken is as
shown in table §. Zhe animals were infeoted
orally each vith s dose of 100 UV-irradiated
larvas. (Group A received larvas exposed for
60 secondsy Group B for 16 minutes, Group C
for 30 minutes and Group D for 60 minutes of
UV-irradiation. OUroup E anivals were infected
each with 100 normal infective larvas on the



sane day which ;orna as control group. All

the five groups of hausters wers challenged after
16 days with 100 normal larvac of A.gevianicus.
On the same day, another group (F) of 8 hams-
ters was also given an oral infection of 100
nornal infective larvae to serve as challenge
control. All the six groups of animals were
necropsied on the 20th day post challenge
infection and worns were counted from the
individual animal.

(b) In this category of experiment, same numdber of
animal groups were offered UV-irradiated larvae
exposed for different time muimu,_ i.0
Group A; (60 seconds), B, (15 minutes), C, (30
mioutes), Dy (60 minutes)and B, (non-irradiated)
vere infected similarly as meationed in the
previous experiment. All the five groups
along with the group #; (challenge control)
wers challenged sach with a lethal dose of
1000: normal infective larvas. 7This challenge
dose was selected vwith a view to study the
imnunogenic potency of UV-irradiated larvae
against a heavy challenge exposure of larval
infection. Those animals that survived the
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challenge infection were sacrificed under ether
anaesthesia and the worm count from the gastro-
intestinal tract of the individual hamster was

recorded. The wornm recovery nade from the

dead aninals during the observation period was

alco included in the results.

Based on the necropsy worz burdens from the challenge
inoculation, the percent protection was calculated using
the following equation:

Mean challenge control - Mean vacoinate

wora burden vora burden ,
- 2 100

Mean challenge eontéoz. worn burden

This experiment was set up to determine the ianuno-
genic effect of oral and subcutansous routss of inocula-
tion of UV-irradiated larvae (exposed for 15 minutes)
along with their reapactiv. controls in terms of adult
vorn establishment following a challenge infection of
normal larvae.

Two groups of animals A and B, five in each group,
wore inoculated with a dose of 100 UV~irradiated larvae
{156 nminutes exposure) by oral and subcutaneous routes



respectively. Groups C and D each m&am; of §
animals, were infeoted by similar routes respoctively
euch with & dose of 100 normal infactive larvae. All

the four groups of animals were challenged orally each
vith 100 infective larvae after 15 days of vaccination.
These animals wore then sacrificed 20 days post challenge
. Anfection for the recovery of adult woras from the
gastrointestinal tract.

The presont experizment was aimed at the study of
the effect of a single oral vaccination with 16 minutes
(standardised) UV-irradiated larvas on the haemoglobin
level and egg load of ths vaccinated animals prior to
and after the challenge nermal larval infection.

Two groups A and B of 6 hamsters in sach wers
inoculated. oully; ‘Group A with a dess of 100 UV-irpa-~
diated larvas exposed for 15 minutes and Group B with a
samo dose of normal (non~irradioted) larvae of J.gerlani-
gume Both the groups of vaccinated hamsters (A and B)
were challenged after 16 days with a dose of 100 normal
larvae along with a challenge control group (C) of
hamsters which had nc previocus infection. The haemo-



globin levels of the UV-irradiated and control wvaceinate
were estimated by Sahli's method at intervals of 13, 20
and 30 days after vaccination and also the chalienge
infactions. Similarly the egg loads in both the vacci-
nates caloulated by Stolis (1920) technique were recorded
before and after the chailsnge infection, ZThe haemoglo-
bin level and sgg count of the challenge control (Group C)
vers calculated after the challengs infection.

S2ATISTACAL ANALYE1S OF DATA

Theo data obtained fron wvarious experiments for
neasuring body weight, haemoglobin levels, worm load and
protective fmmunity in irradiated and non-irradiated
larval vaccinates against challenge controls\voz. caleu-
lated for standard deviation (8D). 20 test whether
the variances bstwesn two groups are equal or not 'F!
test was applied, For equal variances, unpaired ‘t'
test (2 tailed) wns used. Behrens test was applied
for unequal variances (Armitage, 1877).
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During the odservation period of 200 days, there
vas 108 mortality An the infected hamsters detween
19 and 60 days post infection. B6ix hamsters £rom both
the A.geyianicum infected ond cogtraz. (uainfected) groups
were hecropsied at various intervals of 13, 20, 30, 60,
100, 150 and 200 days. Zhe wocudn in hansters was
characterized by a significant loss in body weight during
the pericd between 13 and 60 days. The average dody
woight of the iAnfected hamsters recorded on day 30 was
62,0 & 3.63 gms. as coupared to 62.23 & 4.34 gns in the
control groups. The average body weight of infected
hansters (68.3 & 8.6 gms) was significantly low than
that of the uninfected hamsters (72.0 & 5.23 gms) on
the day 60 (p < 0.01) (Pigure 1; Table 1). Both the
infected and control animals steadily galned wiight
during the observation psriod betwsun 60 and 200 days
post infection.

The experimental hamsters on necropsy during
13 = 200 days period of Anfection yiolded adult hook-
worms fros the gastrointestinal tragt. The vorn
recovery £rom the intestine was expressed in terms of
percontage of the larvae infected to the animals. The



worms thus recoversd were mature, active and reddigh

in colour with dlood inside. On the day 13, an average
per cent vora load of B8l.1 & 5.25 was recovered from
the infected hamsters. The average per cent worm load
was ranging between 51.1 £ 5.20 and 18.0 g 4.43 during
the perlod between 13 and 60 days. The adult wornms
persisted in the intestine of infected animals till

160 days (1.0 2 0.46). BNo worm recovery was made on the
day 200 (Pigure 2§ Table 2).

The primary pathogenic symptom of A.gevianicum
.mreeuoxi vas anasomia which was measured by the haemoglo-
bin level in the blood of hamsters (Figure 3; Table 3).
The haemoglobin concentration of normal hamsters prior
to the infection was 18.02 ¢ 0.56 gms £, VUhen these
animals were infectedsibth A.gerlanicum larvae, there
was no romarkable change in the haemoglobin values for
one weck and when the larvae reached the adulthood.
thers was a decrease in the haemoglobin level due to
$he blood sucking habitg of the adult worms. Thus, on
the day 13 post infection, the aversge hasmoglodin
recorded in the infected hamsters was 12.09 $ 0.71 gus §
as compared to 18.8 g 0.67 gmns § in the control hamsters.
The haenogiobin level decrensed gradually in infected
sninals on subssquent days and reached a miniomum of
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Q.a 2 0i31 gas § on the day 30 vhen compared with
20.4 £ 0,76 gus $ of haemoglobin shown by the controls
(p < 0.01). 4 gradual incrsase in haemoglodin was
observed in the infected animals from the day €0
onvards and was within normal range between 100 and
£00 days of infection period.

The differential leukocyte count in both infected
and control hamsters did not reveal any significant
dirference during a period of 200 days post infection.
(p >008).
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] Body weight (im.)

i

infected hams- Control hamsters
Infec~ ters {Average & 8.0.)
- thon (Avarage ¢ 8.0,) ‘
A8 47.0 ¢ 3.22 50,2 & 2.37
20 6l.l g 3,80 68,0 & 4.82
" £2.0 ¢ 3.6 62,83 4.34 (P C0.01)
- €0 §8.3 & 8.580 72,0 & 8.83 (P<0.01)
100 102.8 2 9.38 104.1 £ 6.84
160 133.0 2 5.2 138,38 £ 9.26
200 208.0 £ 13.84 210.0 ¢ 10.66

0
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hemsters

Dey of  MNo.of hemsters m load
1nfoctlon necropsied (Averagt & 8.D.)
i3 6 51,1 5,28
20 6 46,0 & 4,24
S0 6 3.1 4 3,%
60 6 18,0 & 4,48
100 8 33 £1:26
150 é 1,02 0,4

200 6 -
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Figure 3 Haemoglob'inwlevel (gm%) in A. ceylanicum
infected and uninfected control hamsters,



Zable 3

Haemoglobin (gns £)

Day of -
infsction o _
itTgcted hansters Control hamsters
(Avorage ¢ 8.D.) {(Average & 8.0.)
33 13.09 & 0.71; 18.8 2 0.67 P <0.0)
20 9.20 3 0.97 19.2 a 0.83 P<0.0)
30 8.20 : 0.31 20.4 £ 0,76 P <0.01
60 13.00 & 0.81 19.0 £ 1.04 P <0.01
100 18,10 & 0.86 2046 3 0,63
160 20,00 g 0.86 20,6 3 0.63
200 21.00 2 0.6} 21le4 2 0.47
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Agar-gel 4iffuaion teat

The sera samples collected ¢n the 30th and 60th
day post infection showed precipitin reactions by
agar gel diffusion when tested against sdult A.cevia-
aicim antigen (Figure 4; Tadle 4).

Sountexinnuncelectrophorasia. teat

The precipitating antibodies wers detected by
CIEP test in the sera of infected hamsters from the
day 30 onwvards until the day 160 post infection
(Pigure 4; Tadle 4),

Audireet hasmagsiutination teat

The sera samples collscted at various intervals
of infecticn period of 200 days were tested by IHA to
detect the presence of circulating antibodies in haug-
ters due to A.geyvlenicum infection. fThose sera samples
showed a titre of 1132 and above were considered as
positive, A positive titre of 1s32 was first obtalned
in the sera of infeocted hansters on day 20. The titre
remained steady on the 30th day and reached s maximus
of 11128 on the day €0. The antibody titre declined

gradually on subsequent intervals and bdecame undetec~
table fxom the day 100 onwards (Pigure 4; Tadble 4).

<
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Figure 43 'Serologicél responses due 'tbl
A+ ceylanicum infection in hamsters.




Day of

&

wornm ioad

15A titre

infection - (Average 2 8.D.) test gﬁi

13 8l.1 2 &.25 - .
-0 46.0 2 4.4 - 1132
30 38.1 2 3.86 v 1132
€0 18.0 £ 4.43 + 11128
300 3.3'2 1.26 . 134
150 1.0 2 0.45 . u2
200




e showing antigen-ant ibody precipitin reactil
punter immunoelectrophoresis slide,
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Results of worn recovery from the passively
transferred innune serum recepient hamsters aleng
‘with controls vere shown in tadle 4. NMortality of
4085 and GOf was observed in the serum recipient
animals fyom the groups A and A, rupocniur vithin
20 days of post challengs infection with a ~doao of
1000 normal larvae. <Those hansters (Group A) that
received immune serum subcutanscusly, had an average
wors rscovery of 383.0 2 64.84 corresponding to the
contral (Group A,) with an average number of 4£8.0 2
€0.34 vorms (p > 0.08). The mean vwors burden fn
the Group B and B; (subcutaneously injected) after
a challonge infection of 100 larvas was '46.0 2 4.24
and 47.1 & 4.48 respectively.

The hansters (Group C) which received immune
serum intramugoularly followed by a challengs of
100 larvae orally on the same day shoved an average
nunder of 48.0 ¢ 3.16 adult wora recovery on necropsy.
The control animale Group C; izmunised with the
normal ssrum by the sane route had an average vora
burden of 46.4 3 5.68 (Tadle §).



0J

The average vorm count of 43,0 & 6,67 recovered
fron the hamsters (Group D) passively immunized with
imzune serum intraperitoneally, was not sighificantly
difterent from the worm recovery zade froms the centrol
aninals of group 01 (47.0 & 4.42) that yeceived
normal serus (p > 0.08). Thus the results confirmed
that the passive transfer of immune serum by either
suboutaneous or intramuscular or intraperitonsal
routes did not produce any remarkable resistance in
hansters against a challenge infection of A.gevlanicus.
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ELtra=violet drradiation of A.gerlanicun laxvas

This experiment was designed to determine the
effact of UV-irradiation on the infective larvae of

A.gavianicun and the subsequent adult wore durden
in the host.

the infective larvae of A.gexlanicun prior to
the exposure to UV-rays were actively motile but the
motility was found to be reduced whion they wers
exposed for a longer period. The notility of the
larvae was not much affected when they wars exposed
to UVerays for 20 and 40 seconds but they becams
sluggishly motile at €0 seconds exposure. Aftor
15 minutes to UV-exposure almost all the larvae were
found in coiled form with sluggish motility. All the
larvae becane non motile at 30 and & minutes UV-
eXposure.

Table 8 lists the average worn burdens at necro-
psy in the different groups of hamsters infectsed with
A-gaylanicun larvae exposed for 20 seconds, 40 seconds,



€0 seconds, 15 minutes, 30 minutes and € minutes, The
UV-irradiated larvae vith an exposure for 20 seccnds
vhen inoculated orally to fresh hamsters, the average
nuaber of adult worms recovered from the intestine
after 20 days was 22.0 & 7.31 followed by 15,0 2 3.39
and 2.8 & 1.64 vith 40 and 60 seconds exposures to
UVeirradiation respectively. 7he average rdaovctr
pade from the animals infected vith larvae Arradiated
for 15 minutes was only 1.0 2 0.74. Howsver, no adult
worns wers recoversd from the animals after 30 and &
minutes exposure to UV-irpadiation. On the other hand,
the control groups that were infeoted with normal
mc shiowed an averags worm count of 41.0 2 8.37,
The results indicated that as the time of UV-exposure
of the larvae was prolonged, the infectivity as mea-
sured by adult worzm establishnent in the intestine

of hamsters was progressively reduced. The worm

eount was significantly less in the UV~-irradiated
andoals than in the controls (p < 0.01) (Figure 84
ZTable 6).
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Figure 5 ; The effect on the development
of the Ulexposed A. ceylanicum

larvae into adult worms.
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A-Q0¥lanicun Jarvae inko aduit worns

, #o. of UV-irradiated  Mean worm
Group hamsters larvae (expo- burden & 8.D.
‘ sure time)

100 (20 seca.) 22.0 & 7.31

A (-
B 8 100 (40 secs.) 16.0 £ 3.38(P<0.01)
C 6 100 (60 secs.) 2.8 2 1.64(P<0.01)
b 8 100 (15 mins.) 1.0 3 0.7U(P <0.01)
B 6 100 (30 mins.) -
4 & 100 (60 mins.) .

8

G 100 (normal)  41.0 & 8437
(control)




The immunogenic efficliency of a single uecmuo;l
with OV-irradiated j.govianious lervas exposed to
different time intervals was assessed by the aduit worm
establishuent in the intostine after giving a challenge
dose with normal larvae as shown in Pigure 6,

a) Table No.7 shovs the average worn burden in different
groups of hamsters given infection larvae exposed
for differsnt pericds to UV-rays followsd by the
challengs dose of the normal larvae. Group A (€0
seconds UV-axposure) showsd an average wora dburden
of 2.0 £ 1.0 followsd by Group B (16 minutes UV~
sxpoaurs) with only 0.6 2 0.89 worm count theredy
ingicating a protecticn in terms of worm reduction
of 998 against tho challenge infection. An average

nunber Of 1.8 & 0.84 and 6.2 & 3.11 worms was
obtained from the Groups ¢ and D respectively. Group
B animals which recsived normal larval infection had
conparatively a high worm count (16.2 ¢ 6.70). fthe
results indicated that oll the UV-irradiated larval
vaccinates had a significantly iov worn burden when
comparsd with the average worm load of challenge
control of OGroup P (47.0 £ 8.49). ]

b) In the second category of experimant the UV~irradiated
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and non-irradiated larval vaccinates were challenged with
a lethal dose of 1000 infeotive larvas. ZThe averags reco-
very of adult worms was 6.3 3 4.0 from the Group A,

(60 saconds UV-exposure) followsd by 3.2 & 3.43 from
Group B, (15 ninutes UV-sxposure). The average worm
count of 4.0 & 1.0 in Group tz1 (30 minutes UV-exposure)
and 840 & 4.53 in Group Dy (60 minutes UV-exposure) was
comparatively high. No mortality was observed in any

of the UV-irradiated larval vaccinates during the odser-
vation period. The normal larval vaccinated animnls
vhen challenged with a dose of 1000 normal larvae had
an averags wora burden of 34.4 2 9.79 with 20% mortalisy
due to heavy infection. The challenge control (Group

L4 1) vithout any p:@or vaccination showed an average
worm Joad of 68.6 3 16.96 with 60§ mortality within a
pericd of 20 days post challenge(Table 8 The results
of the two categories of experiments showed that &-:-
single oral vaccination with UV-irradiated larvae
exposed for 18 ninutes followsd by a challenge dose

é_:r 100 normal larvas resulted in 99.0f reduction in
vorn count as compared to the oral vaccination with
W-zumma lazvae of other different time exposure
followed by a heavy challenge infection of 1000 normal
larvae.
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. AVERAGE. WORM

) CHALLENGE DOSE OF 100 LARVAE

80 [] cHALLENGE DOSE OF 1000 LARVAE
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60sec. 18min. 30min. 6Omin Non-lrrad_ Challenge
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Figure 6 : The effect of orally inoculated
UV-irradiated A. ceylanicum

larvee followihg an oral challenge
of 100 and 1000 larvae on the

subsequent adult worm establishment
in hamsters,



able 7
he effect of orally inoculated UV-irradiated
A.SaYAanicum iarvae following an oral challenge

of 100 larvae on the subsequent adult worn
establishment in hansters

e A

Ho.,of larvase Challenge Nean worm Per cent
inoculated

Group larval buxden g 8.D, protection
(Wvoxpuuit) dose(Nos) , |

A 100 (€0 secs.) 100 2.0 £ 1.0 98 (P <0,01)
B 100 (16 mins.) 100 0.6 £ 0,80 99 (P <0.01)
C 100 (30 nins.) 100 1.8 £ 084 96 (P < 0,01)
D 100 (60 mins.) 100 8.2 £ 3,11 89 (P < 0,01)
B 100 (Nommal) 100  16.3 3 6,70 66

r - 100 47,0 & 8449 -

(cbaum!o)
control)




nu eoffect of orally inoculated UVeirradiated
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A-geylaniciy larvas folloving an oral challenge
of 1000 larvae on the subsequent adult wors
ostablishment in hamsters

R

, Ro.of larvse
Group Snoculated
(Uv-exposure)

Ay 100 (60 mecs,)
B, 100 (15 mins.)
€, 100 (30 mins.)
Dy 200 (60 mins.)
By 100 (Normal)
r. -

Challienge Mean wors Per cent
larval burden % £.D, protection
dose(Nos)
1000 6.3 ¢ 4,01 91 (P < 0.0))
3000 8.8 2 3.43 98 (P <0.01)
1000 4.0 2 1.0 94 (P L0.01)
1000 8.0 £ 4.83 81 (P <0.01)
1000 M4 s 9.7 12
1000 6848 & 16.96 -
{Challenge

control)
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3. Nffect of route of aduiniatration of U¥-irradiated
 MAkYal.yaccing

$a

Ihis experinment was set up to Mtomw'c',tho- offect
of oral and subcutaneous routes of inoculation of
UV=4rradiated larvae of 18 minutes exposurs in experi-
aental hanster groups and was compared with normal
lervae in control groups followed by a chidlenge
infection of 100 normal larvae as shown in tabdle 8.

Group A animals inooulated subsutansously with
nv-maaum larvas and subseguently challenged erally
vith @ dose of 100 norms) larvae, yielded an average
wora load of 2,80 & B.94 vhich was more or less sase
vhen compared vith 4.4 & 2.5 obtained from the orally
inoculated and challenged animals. (p > 0.08).
8isilarly, thers was no significant difference in the
esstablishnent of adult wormg in those hamsters which
wers vaccinated with normal larvas by either subcuta-
neous (81.0 £ 11.87) or oral routes (392.0 & 9.72)
(Table 9).
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‘Immunogenic effect of UV-irradiated (16 minutes

exposurs) larvas by oral and subcutanecus routes

A-gavianicun larvae in hanstera

,' of inoculation followed by an oral challenge of

| 'idgof | Bunber of Route Challe~ | Mean wora
Group hams~  larvae vacci- nge lar~ burden ¢ 8.D.
ters nated val
‘4ose
— Mo
A 5 100 UV-irrad. Subeu~ 300 2.8 2 2.94
(18 ming.) taneous
P> 0.08
B 8 100 UV-irpad, Oral 100 4.4 3 2.8)
" {16 mins.)
e 8 100 normnl gubou- 100 31.0£11.87
taneous '
P>0.08
D 8 100 normal Oral 00 52.0 g 9.72




The aim of this experiment was to study the effect
. of oral vaccination with UV-irradiated larvae (standar-
dized at 15 minutes exposure) ¢n the haemoglodin level

and egg Joad of the vacoinated animals prior to and
.after the challengs larval infection.

The hasmoglodin values of the UV-irradiated and
nornal larval vaccinated animals at various intervals
befors and after challenge infection were compared with
those of the challengs controis. The haemoglobin values
'of the irradiated larval vacoinates after vaccination
(before challenge) on the day 13th (14.58 £ 0.61 gas $),
20th (15.48 £ 0.69 guns $) and 30th (18.20 4 0.87 gus §)
'were markedly higher than those of the normal vaccinates
on the corresponding day of 15th (18.09 3 0.71 gns §),
20¢h (8.2 £ 0.97 gms $) and 30th (8.8 & 0.31). (p < 0.001)
'(Pigure 73 Table 10). Besides this, there was 108
mortality in the normal vaccinates within 26 days of
‘vacoination.

After the challenge larval infection to hamsters
with normal iarvae the hasmoglobin valuss of both the
‘drradiated and normal larval vaccinates were showing
marked difference vhen compared with the values of
Ichauongc control (p < 0.001). %The haemoglobin levels
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of the irradiated larval vacoinates (Group A) after
¢hallange on the day 13th, 20th and 30th wers 14.44 ¢
0.79 gns §, 14.80 £ 0.9¢ gus $§ and 16.04 & 1.35 gus §
respectively as compared to the values of 13,20 2 0.76
gos $, 13.04 £ 0.65 gas ¥ and 14.60 2 0488 gns % on the

 corresponding days An the normsl vaccinates (Group B)
’ days (p <0.06), The hamsters from the challenge control

{(Group C) suffered severaly fron anaemisa dus to the

. heavy worn burden with the haenoglobin values of
11464 3 0,74 gas § on the 13th day, 9.24 3 0.89 gas §
. on the £0th dny and §.28 2 0.54 gns £ on the 30th day.

Forty per cent mortality was observed in this Group (C)

‘within 30 days post infection. ZThe hasmoglodin valuss
“of Group C were significantly lower than those of the
groups A and B (p < 0.001).

Hookworn eggs were not detected in the pellets of
the UV-irradiated larval vaccinated hamsters at any time
befors the challenge infections whereas in the normal
iarval vaccinates, hookwornm eggs wers Getected from the
day 20 onwards (8,000 eggs per gn). This reached a
maxinum vaiue of 35,000 on day 30. After the challengs
infection, hookworr eggs appsaved in the pollets of
irradiated larval vaccinates én day 25 with a lovw egg
count of 300 as compared to 18,000 epg as shown by the
normnl vaccinates and 25,000 epg by the challenge



control animals on the day 26. A maximum eggs of
40,000 per gram was recorded in the challenge control
on the day 30 as compared the €00 and 30,000 eggs per
gran in the UV-irradiated and normal larval vaccinatos
respectively (Figure 8, Table 1l).
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dabie JO
S8ingle oral vaccination with UV-irradiated
Sespylanicug larvas in hamsters:s Haemoglobin

levels
Haemoglobin levels (gn § )
UV-irradiated (15 mins. Normal Challenge controls
- qxposure)
(Group A) (Group B) (Group C)
“Bo.of 6 s )
hansters 7
Ray. nost vaceination '
13 14.82 2 0.6) 12,09 ¢ 0.7
20 16.48 £ 0.69 9.20 & 0.87

a0 16.20 & 0.87 8.20 & 0.3}
i3 4.4 £ 0.7 13.20 2 676 11.64 2 0.74 P <0.001

20 14,80 g 0.94 13.04 3 068 9424 3 0,69 P < 0,001
30 16,04 2 1.386 14.60 ¢ 0.886 8.28 4 0,64 P <0.,001
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‘Figure 8 1 EPG count after single oral
vacc ination to hamsters with

_Uv-irradiated Ao ceylanicun

.larvae .
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Bingle oral vaccination vith UV-irradiated
A-gexvianicun larvas in hansterss Egg load

Bggs per granm faeces
UV-irradiated (16 mins. Normal Challenge control
eXposurs) .

{Group A) (Group B) (Group €)
Ho.of & | s 8
hansters
Daya poat vaccination

13 - -

20 - 8,000

25 - m;m

30 - 35,@0

i3 - 10.000 -
20 - 16,000 12,000
. 88 - 300 18,000 30,000
' 30 800 85,000 40,000
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RIGCUSOION

The results of the present study showed that
A-gevianicun infeotion causes a significant loss in
haenoglobin concentration and dody weight &n the hams-
ters particularly during an infection pericd between
13 and 60 days. It is due to the fact that during
13 days period, the infective larvae attain the adult
stage and become vigorous blood suckers by getting
themselves attached to the intestinal wall. 7Zhe adult
wornm count during this infection pericd ranges detween
51.1 and 168. The average haemoglobin value varied
Lrom 842 t0 1S.0 gas § Adring the infection period
betwesn 13 and 60 days with the minimum level of
8.2 gas § on the 30th day. Blood loss due to A.gevia-
picum infeotion in man as vell as in dogs has deen
Qtn&hd by other workers. In humans & heavy infection

‘of A-gaylanicun vith wornm load of 125 and P97 was

reported by Anten and Zuidenma (1964) in Dutch marines
who were found to dbe anaemic with haemoglobin values

of 11.3 ond 8.0 gns § respectively. Rep (1966) reported
a 1oss of 0,0137 nl blood per worm from the dogs,
sxperimentally infected with A.gaylapicus, during
prepatent period of infection. Later, Areekul gt al
(1975) sstimated an average blood loss of 0.033 mi/
worn/day (cutaneous route of infection) and 0.038 ml/
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worn/day (oral route of infection) when the dogs were
experinentally infected with j.gevlanicun,

According to earlier reports of Roche gt gl (1957),
Foy gt al (1968), Gilles et al (1964) and Areekul ef al
(1970 ©) the other human hookworms wers found to be
sucking mose blocd than A.geylanicun as observed fron
the blood 1oss caused by A.Quadennls (0.34 ~ 0.40 ml/
wora/day) and B.gpericanus (0.0l - 0,09 ml/worm/day).
Blood loss caused by j.ganipum in dogs was found to de
0.037 » 014 l;/wrn/day (Roche and Martinez -~ forres,
1960 and Areekul gt gl, 1978). According to Miller,
(1968) the haemorrhagic blood loss in pups infected
wvith A.caninun had commenced on the 8th day after
infection and the pups suffered from severe dysentery
passing fluid faeces with nucous and dbloocd. The
findings of Areekul g al (1978) suggested a direct
ialatiomhip between the size of hookworm species and
the amount of daily blood loss caused by sach species.
Layrisse and Boche (1964) have demonstrated a signi-
ficant relationship between hockworm infection as
expressed in terns of eggs per gram faecss and the
prevalence of anaemia. Even moderate hookworm loads
could cause sufficient bdlood loss to precipitate anaemia
(Woodruff, 1965; Stoll, 1961). Tasker (1961) showed
that in R.anacdcanug infections blood 1loss varied with
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the intsnsity of the infection from 0.04 ml to 0.1 ml/
vorm/8ay. HNiller (1968) reported that the mean faecal
bimz}ﬂnu figures per worn were approximataly ten
times more with A.gavianioun infection than those
t'unoaud with A.Drasilienss. He also reported a heavy
biood loss ranging from 14-2¢ mi per day in chimpansees
infected with A.duodsnals as compared to 60 to 160
ul/day with 800-2000 A.duadenale worms and 15-40 ml
vith 800~1200 K.americanug worms (Poy and Kelson, 1963)
in man.

Layrisse gt al (1969) and Foy and Kelson stated
that Iron deficiency, lovw levels of folic acid and
nm am were also observed in the serum of hookwora
patients and in severe hookwora infection with ansenia
and codema, the serum albunin was reduced and the oedema
sosned to be directly related to the hypoproteinaesia.
(Brumpt and Ho thisang, 1958). Miller (1068) also
observed severe hypoproteinaenia and piasma losses in
pups infected with A.ganioum.

in the present study thers was no renarkable change
in Gifferential leukocyte count when compared;iikh that
of healthy contrzols. Areskul gt al (1970 b) stated
that eosinophila of 588 developed in humen volmtnri
mfocm cutaneously with A.geylapicum larvas. Similarly,



when the rhesus monkeys were experimentally infected
vith A.qevianicus, there was a considerable increase in
the scsinophil count (Areekul et al. 1978). & similar
situation ocourred in hookworn infection in man (Yoshida
ot al, 1088) and also in other helnminthic diseases like
Aacards lupbriceldas, strongvioides stercoralia stereo-
zolks Zrichinella spiralis end Toxogara £anis where

the migrating larvae in lungs caused eosinophilia in
thoir hosts (Jaggl and Vishwanathan, 1676). Bhopale
at gl (1980) observed an increase in the cosinophils
in the exporimentally H.americanus infected rabbits.
This situation 4id not occur in hamsters because the
A-gaylanicum larvae had no lung migration vhen infected
orally to hamsters.

The larvae and/or adult worns recovered from the
gostrointestinal tract of infected hamsters on the 3rd
and Sth days were of the 4th and early Sth stajs of
developnent. On the 7th day, 67% of immature adult
worns were recovered from the intostine. ZThe worm
recovery was 51% on the day 13 and the number of worms
decreased gradually as the infection pericd progrossed.

ALl the worms wers expelled out automatically from the
host after 160 days. 7This natural worm expulsion has
‘been explained by several workers while studying the
‘host-parasite relationship. B8toll (1929) attriduted
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the l»pntmoou loss of H.gontortus woras from shesp

to il.ltuenro phenomenon, According to Btmﬂl (1963,
1066) and Soulsby and Stewart (1960), the hyper-sensi-
nn‘w Teactions in the gut due to the allergens released
£rim H.gontortis larvae at the third moult cauged the
worn expulsion. The spontaneous loss of woras is due
to self-gure phenomencn after developing immediate
hyper sensitivity reaction in the gut (Stoll, 1929; )
Stewart, 1963, 1966) and thus a powsrful, allergen
released from larvae at the 3rd moult as in Jl.contortus
(Soulsby and Stewart, 1960).

‘According to Urquhart gt al (1965) Barth g% ali
(1966), Jarrett gt al (1968) and Ogilvie and Jones,
(1971), the vorm expulsion is governed dy a two step
immuniological mechanism which invoivea both the domsge
of worms by the antibody and the initiation of anaphy-
lactic inflanmation in the gut by worm allergens which
initiates the worm expulsion. The causative antibodies
are produced entirely within Igh involved in the allergic
reactions associated with mucous surfaces (Ogilvie, 1967;
Ogilvie and Jones, 1971 Dobson gt Al, 1971; Catty and
Praser, 1972). 8tudies on the distribution of IgB
producing cells in man and in sxperimentally infected



rats have revealed & predominence of mast cells at the
mucosal surfaces including intestine and local regional
iyaph nodes (Tada and ishigaka, 1970) and the lanina
propia of sumall mmm,éém (Mayrhoter gt al,
1976). The histopathological studies of the infected
intestine gave support to the concept of local anaphy~
laxis. 4n infiltration of mast cells into the tissues
around the site of Z.golubriforads infection in guines
. pigs was studied by Rothwell g% al (1874). Increase

in the number of mast cells with the onset of worm
expulsion was desoribed in the case of N.hrasiliensis
infection in the rat (Wells, 1962; Whur, 1967; Murray,
1978). Local antibodies were demonstrated in the extracts
and sxudates of intestinal mucosa of cattle infected
with Qescohagostonim radiatun (Douvres, 1962); Sheep
infected with Q.golusbisnum (Dobson, 1966, 1967) and
in mice infected with A.ganinus (Hhopale and Kamath
1979).

In the present study, the production of serum anti-
bodies detected by agar gel-diffusion, counterismuno-
olectrophoresis and indirect haemagglutination tests
‘shoved positive reaction during the patent psriod of
.Anfeotion from 30 to €0 days. However, Desowits (1963}
was unsble to detect un%iody by gel-diffusion test
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fin the sera of children heavily infected with J.amori-
£anus. But sera samples from adult patients harbouring
ntmﬂm showed positive reactions vith adult wors
antigen, B8o0od gt al (1922) during & serological study
with hookworm patients failed to detect antidbody in
sera by circumoval precipitin and gel-diffusiocn tests.
In the present study CIEP test showed positive reaction
foon the day 30 to 150 post infection. e same test
vas demonstrated by Hillyer (1976) in Fascioln hepatica
infection in rabbits from & weeks to 156 weeks. DBhopale
2t al (mu, on the other hand, revealed a linited
application of CIEP test for hookworm infection in
sxperimental aninals as well as in human patienta.

In other halminthiases, CIEP test was proved to be :-
more rapid, sensitive and specific in Zrichinella
Apiralis infection (Despommisr gt gl, 1974), in hydatid
diseases (Kelkar and Kotwal, 1978), in Rirofilaris
ianitia (Desowits and Una, 1876) and in schistosomiasis
{Phillips and Draper, 1978).

The haemsgglutinating antibodies detected by 1HA
in the present study during ths infection period between
20, and 60 days showed a high antibody titte of 1:128

on the GOth day post infection, Indirect haomaggluti~
nation test has been used sarlier dy several vorkers
for the immunocdiagnosis of hookworm infection. Soudsby
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and Gilles (1965) demonstrated haemagglutinating anti-
bodies in hookworm infected children after a lapse of
two years. A sisilar result wvas obtained by Ball and
Bartlott (1969) and Schad g% al (1977). However, Ball
and Bartlett (1969) stated that k.americanug larvae
gave rise to immediate Sype antibody response which
was demonstrated by fluorescent antibody test, comple~
ment fixation test and prausnits kxiistaor test. Soulsby
(1962) reported that in helminthiases, no convineing
svidence exists to show that antibodies detectsd by
nuno'mus serological tests play any functional part

in immunity. |

. In the presont study hamsters immunised passively
by fmmuneserun could not be protected against the
challenge infection of 4.gaylauicun when injected
‘sither intracuscularly or intraperitoneally or subcuta-
neously. A modicum of succoss in serun passive Smmuni-
sation vith A.caninua in dogs was obtained by 6tto
ak ol (1940). Miller (1967) falled initially in his
attempt of paseive immunisation of pups using 47 wl/lb
serum but succeeded when the inmunising dose of serum
vas increased to S0 ml/ib, Xagan (1970) reported that
thers was no conclusive evidence that immunity could
be conferrsd by transfer of hypariznune sorum., Serun
passive jmmunisatlion has desn attezpted by Barles and
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Tallaferro (1936) and Chandler (1936) who demonstrated
that rats could de passively iomunised agsinst K.hrass-
m with large amounts of antiserum obtained from
rats given several infections of the parasite, It

vas reported that serun taken fron rats given one
infeotion protected as frequentiy and strongly as anti-
tém taken fron repeatsdly infected rats. Reaginic
antibodies although were present in high levels in the
antisera were not resistant to infection (Ogilvie,
19674 Ogilvie and Jones, 19€8), Protective Wty
in tho absance of reagins has only recently been
denonstrated. (Jones gt al, 1970).

The results of the experiments on ultraviolet
irradiation revealed that the exposure of infective
larvae to UV-irradiation affected their motility and
infectivity. As the UV-exposure time was prolonged,
the motility ond the infectivity as measured by the
adult vorn sestablishment was progressively reduced,
!hl larvae vhich wers motile at 20 and 40 geconds
UV-exposurs, had almost lost their motility at 16 minu-
tos exposurs to UV-irradiation/ and conferred a 99,08
reduction in wora burden of challenge inoculation with
a dose of 100 normal infective larvae. When the challen-
fso dose was increased to 1000 larvae, the reduction
An vorm load recorded vas only 95.08. Much work en



radintion attenuation has been carried out in canine
anoylostominsis. Nillaer (mi) has successfully prepared
a vaccine against A.ganioum infection in pupsg by x-ray
Arradiation of the larvas. Niller (1965) demonstrated
'a high degree of resistance (978) against A.ganinum
oral infeotion'in dogs of 3 to 6 months old by double
suboutanecus vaccination with 40 kr x-irradiated A.cani-
ola larvae. Sinllarly, Dov gt al reported eariier
{1069, 1961) that double vaccination 6f young dogs with
40 kr x-trradiated Uuoloaria stancospbala larvae con-
ferred a highly eignificant resistance of 97.0% to
the establishment of homologous species challenge of
normal larvas. Redently, 'vznank &t al (1881) have

X at{mpmd a killed.: gnd an attenuated vaccine for

| canine hookwors. For attenuation they used x-ray irra-
diation and S-fluororacil. X-irradiated larval vaccine
gave botter protection to the dogs than the S-fluworo-
racil treated vaccine against the challenge infection.
The results of the present study are similar to those

' of Miller (1068) and Vinayak gt al (19€1) in the fact
that the UV-irradiated vaccine neither oliminates nor
completely destroys ths larvae of the subsequent oral
challenge and thus few larvae reach maturity in the
host.
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Another observation made in the present study was

" that there was no significant dutorence in vorn recovery
', bstween oral and subcutaheous routes of vaccinations in
hansters vith UV-irradiated larvae (13 minutes) followed
by oral challenge with normal larvae, On the contrary,
Miller (1965) in his studies with A.ganinum in pups
reported that double subcutaneous vaccination of 40 kr
x~irradiated A.ganioum larvae to pups confarred a unifom
and significantly greater resistance to challonge hook-
wors establighment than doubdle oral vaccination with
x~irradiated larvae. However, the stated that in terms
of resistance to the pathogenic effects of thie experi-
mental challenge all the routes of fnoculation proved

to be equally efficient.

A single oral vaccination with UV-irradiated
A.gavianicun larvae in the present study showved a satis-
factory resistance to the pathogenic effects of challenge
infection as measured by the haemogiobin level and out-
pﬁt of egg load in vaccinated hamsters. The haamoglobin
values of the vaccinates receiving UV-irradiated larvae
prior to the challenge iufection were significantly
higher than thoss of the normal larval vaccinates. In
the challenge control animals a severs depression in
- the hasmogiobhin level was noted as compared to the
hasoglobin level of irradiated and mormal larval vacoi-
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nated hamsters ,\poat challenge infection. 4 similar
observation vas made by Miller (1964, 1065, 1966) wvhen
ho vaccinated the pups with 40 kr x-irradiated A.ganinug
larval vaccine. He stated that the pathogenic effects
of the worm burdens in dogs oxposed with x-irradiated

~ larvae at 40 kr and 60 kr vere extremely nild as shown

by 10% fall in the haematocrit and hasmoglobin. On the
other hand, pups infected with aormel larvas suffered
26 to 308 reduction in haematoglicsl valuss. The
challenge control pups suffersd severs blood loss with

~ 80% fall in haemogiobin values. At no stage during

tho experiment, the pups ¥accinated vwith x-irradiated
larvae were affected dy their worm burdens while the
controls were severely affected with clinical ancylos-
toniasis. The presults of the fascal sxaminations during
the present study did4 not indicate the presence of
hockworm eggs in the faeces of the hamsters which were
vaccinated with UV-irradiated larvae prior to the

' ochallenge infection in contrast to normal vaccinates

during the same period. 1Ihe appearance of eggs post

| challenge infection vas delayed in the irradiated

larval vaccinated hamsters by & days (25th day) as
compared to 17th day in the challenge controls. ZThese

~ evidences support the view that UVeirpadlation could

attenuate the A.gevlapnicum larvas and such larvas vhen
used as vaccine proved less pathogenic and highly
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immunogenic., Thus, the present study confirmed that a
single oral vaccination with UV-irradiated larvae of
A-gavianicun exposed for 15 minutes irradintion conferred
tremendous reduction of 99% worm establishment with
satisfactory non-pathogenic effocts in the host against
the challenge infection. This may be dus to the
imzunity developed by the constant supply of auntigenic
material by the UV-irradiated larvae. dJarrett gt al
(1968) stated that the third stage larvae stimulated
1ittle oFf no imsunity. On the other hand Ogilvie (1964)
téported that the dovalopﬁg_ larval stages wore wore
important then adult worms as a source of protective
antigens.

Ultraviclet irradiation has besn successfully
attempted in other nematods larvae. Stowens (1942)
attenuasted Z.apiralia larvae to prevent normal develop-
ment by exposing thea to ultraviolet rays. Keeling
(1960) attenuated the infective larvane of N.brasiliensis
vith various doses of UV-rays and found complete inhi-
bition of the larval development to aduit stage. EKatiyar
8% ol (1968) reported that UV-Srradiated H.hrasiliensis
larval vaccine profoundly reduced the chancaes of maturity
of the larvae and complete protection against the challen-
g® infection. 5imilarly, successful attempts of UV~
{rradiation on Schistosome infections have bsen reported



by Standen and Fuller (1059), Ghandour and Wedbe (1976)
and Prah and James (1977), Thus, all the earlier ,
roﬁoﬁu together with the pressnt study confirm that
UV~-Airradiated larval vaccine can also be used as a
means of protection ageinst A.gerlsglicun infection in
hamster model.

~
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Anszlostoma sevianicus. (Looss, 1911), a natural
mtost}tm pathogenic blood sucking nematods parasite
of cata, dogs and humans causes sovere anasmia. Ray
% &l '(1972) studied successfully for the first time
the complete 1ife cycle of A.gevianicum in laboratory
host, hamster (lesocricetus auratug) and used this
1abor$eory podel for chemotherapeutic studies. However,
studies pertaining to pathology and immunology in this
sodel are lacking. 1The aim of the present investiga-
tion ;tu to study the host-parasite relationship, role
of humoradl antibodies and their protective role and
dovo}.’q;mnt of UV-irradiated larval vaccine and its
evaluation in the hanster model.

ANSY10atoms SEFAANLCUR strain was maintained in
hausters using infective (larvas which were obtained

from copro-culture method of Hoy gt al (1972). Hamsters
vere 'woctml vith A.gevlapliout, each with a dose of
100 iarvae and were sacrificed at intervals of 13,20,
304604100,150 and 200 days post infection. fIhe results
revesled a significent loss in body weight in the infec-
ted animals during the infection period betwsen 30 amd
60 days when the average worm recovery nade was between
36.1 and 18.0. 7The adult worm porsisted in the intes-



infections of hamsters with A.gevlanicus larvae. Healthy
hansters of 46 gus average body weight wers irmmunised
sach with 1 nl immune serum subcutansously, intramus~
cularly and intraperitoneally along with control hamsters
wvhich received each 1 ml normal serum by the same

routes. All the animals were challenged on the sams

day with a dose of 100 normal larvae. The results
revealed no significant difference in the worm count
betvweon the immune serum and normal serum recipient
hansters.

An attempt was made to study whether ultraviolet
irradiated larval vaccine, if given orally to hamsters,
could giverany protection agninst a challenge infection
of A.govlanicugs. Infective larvae of A.covlanicus
were exposed to a 3 ft. ultraviolet tube (wayelength-
390 n.ne) at a distance of 30 cas for different pericds
of sxposures. In the first experiment different batches
of 3000 larvae/3 ml were sxposed fOr 20 5ecs.; 40 3ecs.,
60 secs.y 18 mins., 30 mins., and 60 mins, The UV-irra-
diated larvae were given orally to hamsters of different
groups (A,B,C,D,B,7). Group 0 hamsters which received
normal larvae served as control. After 20 days, on
necropsy xinimum porcentage wora recovery (1.0 g 0.71)
was made from the group D which received UV-irradiated |
larvae axposed for 15 minutes although there. was signi-
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ficant reduction with 40 secsnds and 60 seconds UV-
exposure as compared to that df the control. HNo adult
WOSms were roecovered with 30 and 60 minutes sxposure.

‘ In the second experiment, the hamsters were given
oral vaccination with larvae UV-irradiated for different
time intervals followed by oral challenge with a doss
of 100 and 1000 normal larvae separately, to find out
the imnunogenic potency of UVeirradiated larval vaccine
in terms of adult worm establishment. A maximge pro-
tection in terms of 99% worm reduction was cbtained
at 16 ninutes UV-exposure to larvae against 665 worm
reduction in the normal larval vaccinates followed by
a challenge dose of 100 larvae. At 1000 challengs,

a maxizum of 9585 reduction in the worn count was
obtained in the UV-irradiated (15 minutes exposure)
iarval vaccinates as compared to 12 vorm reduction
in the normnol vaccinates.

The route of administration of similar doges of
vaceine by oral or subcutancous routes made no signi-
ficant 4ifference in worm establishment on necropsy.

fhe pathogenic effect of UV-irradiated larval
vaceine was assessed on the basis of haemoglobin level
in dlood and hookworn egg load in UV-irradiated lsrval
vaceinates. For this hansters were given larval vacci-
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nation with a dose of 100 UV-irradiated larvae (15
minutes exposurs) along with controls which received
normal larvee. The hacmoglobin levels in the irradia-
ted larval vaccinates were found to be higher at diffe-
rent intervals after vaccinatiocn and befors challenge,
when compared with those of the normal larval vaccinates
(P 04001)s Although thers was a slight £all in the
haemoglobin values of UV-irradiated larval vaccinates
initiaily after the challenge infection, the values
incrsased gradually on subssquent days. As compared

to the irradiated larval vaccinates the challenge
controls had severs annemia (Hb - 11.6 to 8.28 gms¥)

(P 0.001).

Hookworn eggs were not detected in the faeces of
UV-irradiated larval vaccinates at any time before
challenge infection in contrast to that of normal larval
vacoinates (8000 eggs/gm) on the day 20 post vaccination.
The appearance of hookworm oges in the pellets was
observad on the day 28 in UV-irradiated larval vacci-
nates (300 epg) as compared to the normal larval vacci-
nates (18,000 eggs) and challenge controls (26000 eggs).
The epg in UVeirradiated larval vaccinates resched a

. maxmun of 800 on the day 30 which was significantly
. Jower as compared to normal (epg 30,000) and challenge
. larval controis (egg 40,000).



7rom the results obtained, the following conclusions
were drawn. A.gerlanicus larval infection in hamsters
causes a;'ngniucant loss in the body weight and severs
anaemia with low basmoglobin values during the infection
period from 13 to €0 days. Ths long retention (150 days)
of A.geylanicup vorms was observed in the intestine of
infected hamsters, 7The antibodies were demonstyoted
in the serua by the application of agar gel diffusionm,
comﬁoﬁimmelactrophonau and indirect haenmaggluti-
nation tests. CIEP was found to bs an ideal test out
of the three as positive reaction was observed for a
10&30! poriod (150 days).

Passive icmunigation with immune serum by subcuta~
neous, intramuscular and intraperitonesl routes proved
inéffective in terms Of wors establishment after the
challenge infection.

"The UV-irradiated larvae (15 minutes UV exposure)
cn a single oral vaccination could give protection in
terms of 99§ reduction in the wors establishment after
chollengs infection of 100 normal larvas, The roate
of administration of vaccine made no differsnce in the
sstablishment of adult worms.

he haemoglobin values of the UV-irradiated larval
vagcinates were significantly higher than those of the
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normal and challenge infections except for a siight fall
in the haemoglobin values initially after the challenge
infection. ‘

No hookworm®  eggs were detectod in the fasces of
Uv-irradiated larval vaccinates at any time before
chgnenge infection., The appearance of egzgs was delayed
in the irrsdiated larval vaccinates as compared to the
normal larval vaccinates.
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ANIROCUCTION

)

Ancylostoms geylenicum &8 & natural parasite of
cate, ddp-. and other carnfvores {lLooss, 1911). This
was first discovered in humsns by Lane in the yeer 1913,
Eince tﬁon the existence of this species of hookworm in
huming, "patn and dogs has been reported in various parts
of the world. (Velssquez and Cebrera, 1968; Anten and
Zut-dm.:Lms Areckul gt 21., 1970 #; Chowdhury end
Sched, 1972; Zuidems gt 2)., 1972). Bioces (1981)
conﬂ.no& for the first time the difference in morphology

between A.cevlonicum and A.brazilienss.

The ‘chp-rtmntal infection conducted in hunan wolun-
teers by cutsneous exposure to infective larvae of A.gey-
damicum GW nodulerity, urticaris, bulbous lesions,
iunouoit of the throast and dry cough. The adult worms
caused mainly snzemis, sbdominel pain end geners) fatigue
in infected individuels (Areekul gt 3l., 1970 b).

Inws!ugcuom on the izmune responss to hookworm
infections have been aided by the spplication of various
Ammunologicel techniques notebly agar gel diffusion test,
indirect h’pﬁuggluﬂnaﬁon test, compiement fixastion test,
Sswsde ef al., 1934; Bell and Bartlett, 1969; Sood ot al.,
i972), 1m\[_mof1uoromnc’c test (Ksul snd Mshsjan, 1977),



dpuntorzmmolntmpt»nu; test (Bhopale gt 8)., 1580)
and BLISA (Ogilvie et sl., 1978). Antibodies can be
detected to antigens of third and fourth stage lervae

8s woll as adults in petients or population groups.
(Ogtlvie and Wores, 1076). IgE level 1s slso found to
be incressed in patients, (Grove, et al., 1974), Skin
tests for hookworm 2s ¢ diagnostic test or epidemiolo.
gical tool heve proved to be too insensitive (Ball et 2).,
1970§ Villerelos gt 21, 1978). tbwever, the sers of
petiems infected with hookworms showed negative resction
for precipitating entibodies. A delsyed response of
serum antibody to repested infections in humans hes

been detected by IHA test (Soulsby end Guiles, 196%;

Ball end Bartlett, 1969),

Thexe is little direct evidence thst protective
fxmunity to hookworm develops in men, Field studies
have Shown that repested infections of volunteers failed
to confer resistence. Eerlier reports of Otto and Kerr
(1939) clearly indicated thet & specific immunity was
scquired by dogs whon expossd to repssted infections
with A.gorinum 1srvas. The first evidencé that hooke
worns ewlla' be asttenusted by lonizing rediastion was
reported by Dow gt al. (1939) who sttenusted Uncinaris
gtenocechsla lervae with 40 kr Xrsys. In sddition
there 1s now zbundent dete to indicete that & canine



hookworm vaccine can provide active immunity for dogs

of e11 sges {Miller, 1971). This wes further confirmed
by Vinsyak et sl. (1981) using desd vaccines ond Xeirradi.
sted larval wcctm’ in pups. It was also shown esrlier
thet immunity in pups vaccinated with gamma irridisted
A.ceninum larvae can be paesively tronsferred to suscepe
tible pups using serum and lyaphoid cells (Miller, 1967).

Another method of attenustion 4s to exposs infective
laxvse to ultraviolet irradistion. The effect of UV.
frredistion on egus/larvee of nematodes have besn fnvesti.
gated by ssversl workers during the years from 1909 to
1944, Stowens (1942) observed that exposurs to UV.irrsdis.
tion would prevent the normsl dewelopment of Yrichinslls
spiralis larvze and the femsle woras developed were sterile.
Standen and Fuller (1959) heve demonstrated similar
results with cercerise against Schistosoms mansoni in
mice. Ghandour and Webbe (1973) reported the demeging
effect of cercarise of S.mensoni and §.heematobium sfter
exposure to UV.irradistion for » short while, Katiyse
ot al. (1968) reported that rets wero completely protected
egainst M.brasiliensis infection following immunization
with UVeirradiated larvae., Yo our knowledge, such studies
with reference to immune responss, serclogy, serum passive
famunizetion snd the xole of ultraviolet irxradisted larvae
An famwnity are lscking in & laborstory model of sncylos-
tomiasin which 4n our present study was cerried ocut in



hemsters infected with A.geylsnicum. This suitsble model
was introduced by Rey gt gl. (1972) who described for
the first time the complete development of A.goylenicun
in hamsters. They reported that the larvae did not
sfgrate through lungs during development, This ledors.
tory model was a2lso used for chemotherspeutic studies

by Rey st 'sl. (1978). Rey gt sl. (1978) have success.
fully sttempted the complete development of A.ceylenicum
in ‘alblnofnl-eo but only under the influence of corti.
eoauni&df. A partisl development of A.ceylanie

larvas in mice and rats was reported by Bhopsle et 3).
(1978),

The present study {s aimed st the elucidation of
fomunity to A,gceylenicum infection in golden hemsters
(wmg auratus), With this objective particular
cnphuuis,:is #letd to understand and estaeblish pertinent
snswers to the following queries in this experimentsl
rodels

1. Studies on host-psrasite intersctions with reference
to body woight, worm load, haemoglobin level and
differantial leukocyte counts during infection period,

2. Detection of antibodies in serum st various intervals
during infection period,

3, Yo study whether serum passive imsunization hss any
pgbtocuu role against the chellenge infection of



A.geylanicun larvae in hemsters.

4.. o study whether UV irradisted lorvae play any
important role in . inducing eny acquired immunity
enough to resist the challenge infection of

 A.gceylanicum lorvae in hanmsters,

t

JALS AND

: Ancylostoms ceylanfcum strain, procured from
cibi-@olgy Reseasch Centre, Bombay was nsintained in
hamsters in the Zoonosis laboratory. Mile hamsters
(m}ma from Heffkine Blo-phermsceutical Corporation
Ltd.’) were divided into two groups., In one greup 30
hemsters were infected orslly, individuslly with s dose
of 100 {nfective larvae of A.geylanicum, The ather
group of 50 hamsters was kept s uninfected control.

The (niuzod and uninfected snimals during the pbserva.
tion pariod of 200 days were necropsied at various
intervals and body weight, worm load and hsemoglobin
level wore recorded. Blood was collected periodicelly
for slo'r.ological studies. Blood smesrs were slso prepsred
for difforonual leukocyte counts and slides were steined
with Ciiiuu's stein,

Antigen prepsration

The sonatic antigen was prepsred from freshly



collected sctive sdult worms, These worms were washed

threughly in phosphate buffered ssline (PBS<pH 7.2).
After sonication of the worms in PBS, the suspension
wes centrifuged in cold centrifuge st 3000 rpm, for
‘qa ainutes, The protein estimetion of the supsrnstent
£1\45 ng/nl) was determined by lowry's method (19581)
an&.\ntoxcd st «20°C until use,

A

Agar gel-diffusion (AGD)
\

'ﬂa‘t agar gel-diffusion was performed on glass slides
(7.5 » 2\.? cos) with 1% agarose (Difco) in norsel saline,
The cndoi\\afm filling with antigen and sera ssmples
were kept o\t__ room temperature in humid conditien for »
week, mu"‘ymn werd stained with 1X amtdoblack,

washed with ﬁ\nﬁic aciéd solution and dried at room
tempexsture,

A\
\

This This test wes &o\m a8 per the methods described by
Bhopsle gt gl. (1980); The elactrophoresis was run st

200 volts for one hom-. The slides were kept overnight
in norsal saline and stained vith 1% smidobleck. These

wore washed with 2% uc‘utié\ 8cid and dried st room temperae
.



Exgeriment 1

The worm recovery mede from the hamoters infected
vith & dose of 100 normal larvas was 41 4 6,37 on the
20th dsy of infection, A drastic decresse in the worn
load was observed when the hsmstesrs were infected with
UVeirradisted larvae exposed st verious time schedules.
A maxiomun reduction in the worm count (L ¢ O,71) was
noted in the larvsl infection in which the larvse were
exgosed to UVairradistion for 13 minutes when compared
with the control animsls which received normel larval
infection (P < 0,01),

Experiment 2,

Ismunogenicity of UV.irradizted larvae in hamsters
wag sssessed on the basis of worm count sfter challenging
with & dose of 1000 lervae. It wes recorded that UV.
irradioted larvae (40 seconds exposure) gave 87X reduction
in worm load. A meximum rveduction of 95% in worm count
was observed with larvae exposed for 3 period of 15 minutes.
On the other hand, the animals infected with normal larvae
(without receiving radistion trestment) showed obly 12%
reduction in worm load. The maxtwun reduction in wora
recovery (99%) wes obsu"wd with & challenge dose of 100



'

normal larvae in snimsls which received UV.irrsdiasted
1prvae exposed for 15 minutes., The corresponding control
animels infected with normel laxvae followed by & chellen. .
ge dose of 100 lervae showed 66X reduction in wora load,

Expeximent 3

There was no significant difference in worm counts
between the subcutaneously immunized (2.80 £ 2,94) and
orslly immunized (4.4 & 2,51) animels sfter & challenge
infection with 100 larves. t-bun\’nr.» there was signifi.
cant difference 4in worm load obteined §n the corresponding
control enimals which received non irrsdisted larvee either
subcutsneously (31.0 2 11,87) or orslly (32.0 ¢ 9.72) for
immunization followed by a challenge infection (P < 0,01),

SONCLUSTON

The results of the present investigation confirmed
that A.ceylanicuym infection ceused ansexis in the infected
hensters which was revealed by s low hasmoglobin level in
blood during petent perdiod of infection. A gignificant

weight loss too was observed during the infection period
betwsen 30 snd 60 days.

The precipiteting sntibodies as detected by sgsr gel
diffusion and CIEP sppesred in the serum of infected animsls



feur weoks after infection, CIEP test showed positive
Pesction as long as the worms persisted in the intestins
{150 doys ). Hasmegglutinating antibodies appesred in
'llzho. serum on the dey 20 onwerds till the day %0,

,! Passive immunizstion by transfer of fimmumne serus
did not confirm any significent protection in f{mmuniged
hamsters,

| Ultreviolet irradiasted A.geylanicum larvas can induce
remarkeble immunity in hamsters against the chellenge
1Inf-eucn. However, & maximum protection with 99% worm
reduction was obteined st 13 minutes exposure dose of
frredietion against the chancmgs'; dose of 100 norme}
lervee, |

|

.
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The method was followed according to Kagen (1973)
for indirect hesemagglutination test. Sheep erythrocytes
of 2:%% concentxation were tanned with tennic acid
(1380,000), These tanned erythrocytes wers sensitized
with the optimum dilution of antigen (1:20) which was
detereined by block titrstion,

This experiment was 3imed at the protection of
hiutou egeinst the challengs infection dy transfer of
sexum from the imsunised donors. Five msle homsters
of 43.60 qus body weight were injected subcutanecusly
wli_h i ol of undiluted imaune serum to each recepient
hamster., Another group consisting the same number of
hemstors were injected similerly with equal volume of
norsal serum, All the animsls were chellenged with #
dose of 1000 normel lerves, 3 himsters died from the
control group of animsls receiving normel sexup wheress
2 from the other group which received lmmunized serum,

The surviving sninels were necropsied sfter 20 days of
chsllenge infaction for the worm recovery,

m third stage lervee collected from the copro.
culture were transferred to & clean, sterile petridish



i

ltmt tﬁu wis exposed to irradistion st & distance of
30 cos from & UV tube light having weve-length of 390 mm,
Nale hamsters of 40.65 gus. body weight were used for
this experiment,

| The sim of this experiment was to confirm whether
there wes ony sffect of ultraviolet radistion on larvae
snd the exposure can produce arrest in the growth of
adult worms, Verious time exposures of ultraviolet
Teys to the larvae wers performed to select most offec.
tive fonizetion., This was sssessed on the basis of
vora yecovery mdde from the intestine of hamsters.

For this cnporimm 8 groups of male honsters, S in
stch, were infected orelly, sech with a dose of 100
ti‘l«irrmuod l1arvae exposed at various times of expo-
sure viz. 20 seconds, 40 sece., 60 secs,, 13 minutes,
30 sinutes and 60 minutes 2t & distance of 30 cms,:
A[nothor- group of 5 homsters were infected similerly
with & dose of 100 normsl larvas without undezgoing
u[nnvial« irredistion and this ssrved as control,

All the hemsters from both UVeirrsdisted and non-irrs.

disted groups were necropsied 20 days post infection
fq: the worm yecovery.
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Expariment 2

This exporiment wss conducted to measure the imouno.
genic efficiencies of UV.irredieted larvae in hemsters
to resist the challenge infection., Five groups of 8

. hamsters in each, were infected with & dose of 100 UV.

. irredisted larvoe, exposed separstely st verious time
. schedules of 40 seconds, 60 seconds, 13 minutes, 30 atnu.
. tes snd 60 minutes. Another group of hemsters was

'1 infected sinilarly with & dose of 100 lervas. Hemsters
' from all groups were challenged with 100 normsl larvee
" after 135 days post {nfection when most of the larvas or
'worms have elready been expelled from the intestine.
They were secrificed 20 days after the chellenge infection
‘to confirm the fmnunogenicity of UV.irradisted larvee
sgeinst the challenge larvsl infection in terms of worm
counts. A similar experiment was set up in which ¢
chellenge lethal dose of 1000 normel larvaso wes given
i,:o the hamsters.

Expeximent 3

The purposs of this experiment was to knaw whither
different routes of irrodisted larval infection heve any
oélmﬂeam effect in resisting o challenge infection.
For this study, two groups of hemsters, 5 in each were

infected subcutaneously and other group was infectod
orally with 8 dose of 100 UVairradieted lervee (1% minutes



exposure). Other two control groups of animals were
infected seperately by the same routes with the same dose
of normol infective lorvae. All the four groups of
hamsters were challenged with » dose of 10O lexvae and
n?cropi.m 20 days post challenge infection for worm
egunts from the intestine of hensters,

RESULTS

Mortality upto 10X was obserwed in the infected
snimels perticularly during the period between 13 and 20
desys post infection, Both infected and control hamsters
were necropsied st various intervals of 13, 20, 30, 60,
100, 150 and 200 days post infection period.

Body weioht

A significant decresse in body weight of the infected
hamsters on the 30th day (52 + 8,63) and 60th dsy (862 +
8.50) was observed when compared with that of the uninfec

ted control animels on respective deys (6224 4.;34 and
72 £ 5.23) (P < 0,01) during the infection period.

All the infected snimsals on necropsy 8t variols
intervals were examined foxr the presente of worss in the

"intestine, The worm recovery was mede in terms of per
' contage larval infection in snimels. On the day 13, the
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~ sverage worm losd recovered wes 31X which was reduced
gradually ti1) the dey 1350 when the wora load remsined
only 1X,

 Haemoglobin Jeve]

. The haemoglobin level in experimental hamsters bz!m-
to infection was 18.2 gmsK which becene significantly low
(12,00 gui¥) from the dsy 13 onwerds post infection., This
resched the minimum level of 8.2 gasX in the infectes
hamsters on the day 30 as compsred to thst of uninfected
control snimels (20,4 gas¥) (P < 0,01). Hsemoglobin level
in the blood increased graduslly after the 30th dey post
infoctian and returned to the normal level on day 100
{18.1 gms¥X) when compared with controls (20.6 gmsX).

" It was observed thet the differentisl leukocyts count
d.“ not reveal any difference especielly in the nusber of
sosinophile during the infection period of 200 deys.

Aqax gel-diffusion test

" The antigen-antibody reaction fn gel diffuu;on test
m‘ls performed to detect the presence of antibodies in the
serum collected from infected hamsters. The sers ssmples

showd positive reaction duting the infection period from
the doy 30 onwards till the dey 60.



The sers semples collected 8t various intervals
during the infection periocd were tested by CIEP test to
detect the presence of amtibodies., The precipitin resc.
tion was observed in the sera during the infection
period bestween 30 and 150 deys post infection, The sera
samples collected after 150 days were found to be negetive
by CIEP test,

The hasmagglutinating entibodies appeared in the
serun of mfncudf hamsters on the 20th day with an initial
positive titre of 1132, Tha antibody titre reached the
meximum (13228) on the dsy 60. It dropped graduslly on
subsequent deys and diseppesred complately dy 90 deys
post infection.

The aversge worm yleld from those animels imrunized
with fmune sers was 393 ¢ 64.84 as compared to the control
enimels which recefived normel serum (428 & 60;34). Thus
there was no significant difference in worm Tecovery
botm these two groups, This confirmed thag the immune
gerum pessively trensferved 6id not plsy any protective
sole ageinst the chellenge Anfection.






