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ABSTRACT

Peripheral blood mononuclear cells from 57 Nigerian patients with

(Necator americanus and Ancylostoma duodenale) hookworm infection were
examined for lymphocyte subpopulations, leucocyte response to P.P.D.,
for immunoglobulins (1gG, IgM, IgA and slgA) and complements (C and C,)
and for the effect of antihelminthic treatment with mebendazole and
lavamisole on the lymphocyte populations. Anaemia was assesse.i in
terms of hypochroraia and level of haemoglobin. The patients were
divided into five groups comprising those with (a) marked anaemia
(b) mild to moderate anaemia (c) no anaemia (d) hookworm iniection

alone and (e) hookworm and other parasites.

In comparison with a group of 2/ healthy subjects as controls, VBC
counts were aigniiicantly elevated in ail the subgroups (P < 0.05).

A significant eosinophilia was also observed in all the subgroups

(P < 0..5). Differential leucocyte and neutrophil counts were not
significantly difierent fron the controls before and after treatment.
From the T-cell compartment, anti-Leu U positive (total) T-cell3 and
anti-Leu-3a positive (Helper/Inducer) T-cells were significantly
depressed in all the subgroups compared to controls (p <0.001). The
difference in anti-Leu-2a positive (suppressor/cytotoxic) T-cells
between patients and controls was not significant (P <0.1). Leucocyte
migration responses to purified protein derivative (F.P.D.) was also

significantly recuced in all tne subgroups (P <0.005).
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IgA was significantly elevated in patients with anaemia of mild to
moderate severity and with hookworm only (P <0.05) while slgA was
significantly elevated in all the subgroups as compared to the controls.
IgM was significantly elevated in patients with marked anaemia, in
patients without anaemia and in those with hookworm and otner parasites
(P <0.05). However, the difierences in igG levels between patients

and controls were not significant (P >0.1). C4 was significantly
elevated in patients with marked anaemia, mild to moderate anaemia

and in those with hookworms only while C3 levels were not significantly

different in the subgroups when compared to the controls.

In 20 patients eff'ectively treated with mebendazole and levamisolo,
a significant partial reversibility of the lymphocyte alterations was

observed after 4 weeks of treatment (P < 0.05).

WBC counts were reduced, while anti Leu-4 and anti Leu-3a
cells were significantly elevated compared to pre-treatment values in

all the subgroups (P <0.05).

These results show that hookworm infection in Nigerian patients is
characterized by depressed total and helper T-cell and leucocyte
responses which are partially restorable by treatment with levamisole
and mebendazole and which might be responsible for the prolonged life

of hookworms in man.
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CZAPTER ONE

INTRQDUCTION

Trhe duration of infectione with hookworms in man has remained a contre-
versial subject with reports varying in thelr estimates from 2 to years
under the re-infection cenditions encountered in the field (Anderson and
May, 1985) to 15 years in the case of an experimental self-infecticn
(Palmer, 1955; WHO, 1981). Nevertheless, acquired immunity to hookworzs
has been difficult to demonstrate and humans living in endemlc areas,

may often expect to carry worms throughout life (Anderson and May, 1982},
However, Josimovic-Alasevic et al (1988), insist that since hookworm
infections often lead to chronic disease, they can serve &g models for

the study of the long term effects of continuous challenge of the imruna

s'; gtem by deflgy. antigena. ?;jaig:‘ Etﬁ“}"'l L;HRA&,,
| ‘ARIA NmE&@E mWVEHmT\

The hallmark of hockworm Infection, ie iron deficiency anaemia. However,

the development of anaemia is very much dependent on the ability of the

host to resist infection {Gilman, 1682)., This resistance to infectious
diupases has been related with the lmmune system (Ermnesto-Mendes, 1581).
Trere are several wayg by which an immune responsgse can influence invading
organismas and these can be divided into three categories, The first
category mediated by cells include effector mechanisme which involve cells
exclusively._ For example, the direct cytotoxic actiom of lymphocytes and
ﬁacrophage participaticn (Roit¢, 1985). Tre second mechanism comprises the
effecta that can be attributable to antibodies and or other serum cozvonents.

Trese include essentially, lysis and antligenic modulation (Chapel and

Haeney, 138.,). The third way involves thore situations where both tyjes




of tactors cooyperate, as in the enhanced phagocytesis and perhars diges-

tibility of opsonized particles (Ernesto-Merdes, 19061).

Regearch on the immunolegy of hookworm and other pargsitic intectiona

has three outstanding characteristics {(Howe, 1980):

a)., Complexity, due to the fact that successful parasitism involves

the interweaving of intricate mechanisms of host and parasite,

). rascination, in view of the many Insights into fundamental

immunologic, genetic ard biochemizal processes involved and

c). lmportance, since paragsitic infections ¢constitute an e?gpmcus
X
burden ot disense on mankind with social and economic consequencea

which are difticult to exagrerate.

0f the available epidemiological evidence on hookworm intections, it is
not known whether multiple intectlons under natural conditions conter
protective immunity in humans. Under laboratory conditions, repeated
intection with small doses or N. americanus larvae produced infectiom
each time. There was however no decrease in worm load (Ogilvie et al.,

1978). Rises in IgE and IgG antibedy levels have been Tecorded and

., artibody to hookwarm acetylchelinesterase hes alse bewmiound. ‘he

®pidemiologic curve o! hookworm infection suggests the fresence of sozs
decree of immunity, althoush this is of short duration {Silman, 1387).

Hia o , : ? .
%A wormburisns were found in chilaren and the elderly tut reductions
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jn worD turdens were seen in young and middle aged adults (Miller, 1975).
runctional pretective immunity has not been demonstrated in humans urier
experizental conditions and there is the possibility that both multiple
and cnronic hookworm intections, as occur in nature, may be needed tor

protective immunity in immunccompetent hosts (Gilman, 1952).

In rats, it has been demonnirated that Nipposirongylus brasilliensis is

expelled two to three weeks after intection. BHowever, rats with iron

and protein deficiencies do not etticiently extel the worms (Pritchard,
1984). Expulsion is said to be a combined eflort of antibediea, V=lygpho-
cytes and B-cells (Gilman, 1962). Expulsion way also be avoided or

delayed by giving multiple small intections or by intecting young ra's
‘L3chad and Fage, 1502). “The pageibility of tre occurrence ol immune
evasion has been pugrested, with the observation of the so-called "adep:ed"
worms that develop in immune hosts. 8y comparigon with Rror?al adult

ﬁorms. adapted worms are less antigenic, lees quickly expelled, stunted

and have a typical acetylcholinesterase isoenzyme pattern {Pritchard, 19d5).

Local anaphylaxis has alsc been suggested as one of the mechanisma re:yonsible

for expulsion of N. prasilirnsig (Bloch and Malveaux, 19%5).

ATY AND CBJECTIVES OF THE STUDY

'jAlthOUEh Parasitic infections are now attracting increasing attentinrn
from immunologists, the knowledge available is patchy and often inadequate,
¢specially as a tasis tor Further research needed lor disease control

(Rowe af . .
v 198C). The avove intormation in rata :=d man of hookworax infectien,
|
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provide a point of departure for more defined studies cn the imruncological
response to hookworm infection in man. However, the rodent-nemaicde zodel
does not closely mirror the human reaction to hookworm, Thus there s

the need to discover and develop an animal model that closely resembles
the human situation, There is also the need to study closely hookwornm

infection in man in order to:

a). increase our knowledge of the atate of human fmmunity to hookwora
infection,

b). help in the planning of effective therapy for hockworm infectlon and

c). aid in the development of a vaccine which can be used to eliminate

hookworm infection.

The aim of this study was: Y 4 . ,Q;
1). to determine immunoglobulin and Complement levela in hookworm
patients as a means of estimating the humoral i{smune respeonse to

the infection.

1), to monitor absolute and relative numbers of T-lymphocytes and their
subsets (T-suppressor 'Leu-2a' and T-helper 'Leu-3a' cellg) in these
patients with a view to observing any lmpalrment in cellular imzunity.

111). to assess leucocyte function in hookworm infection, by detecting

in vitro leucocyte migration to purified protein derivative (P,P.I)

iv). to atudy the alterations in T~lympoccyte and their suhsets {n < :ege

vatients after treatment with levazisole {KETRAX I.C,T) and metendizole
(VERMCX JANSSEN) in order t¢ assess their contributions ¢o the izmune

resyonse,

v), to deterzine re-{nfectivity rates after treataent.
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LITFRALTRE REVIEW

Jefinitien

In man, the consequences of hockworm infection may be convenienti:y
geparated into primary and secondary etlects. ‘lhose associated
mainly with the migratien of infective larvae and the presence i
of adult worms are deslgnated ‘pramary’ slgns and symptoms

(Miller, 1979). These usually constitute the term hcokworm
‘intection'. ''he signs and syuptomns which are conseguencey of
Fhysiological, biochemical and haeuatological disturbances,
tollowing persistent intestinal infection are designated 'secondary’
ettects (Oyerinde, 1y52), ‘"They represent the comnmon torm, hookwsrm
'di;eaae' (Miller 1979)}. However this latter term refers to a
variety of disorders of'ten associated with so many concomitant
tactors, which are not necegsarily a direct consequence of the

presence ot intestinal hockworms.

Hookworm intection and Digease

he efrects ol the dlsease. are not 4ravatic, since xortality is

flookworm intection and its assoclation with anaemia, has been
recognized since the middle 1000's \Carr and Pritchard, 1986). é

Tne twoe major hookworm gpecles in man are Ancylost-=z dundenale

and Mecator americanus (Keyzer ard Jundy, 1556). “hese worms

are responaible tor chronic gast:sintestinal tract intectiorns ‘

L
in 800 million people throughout the world {Schad and Arnierson, 1985).°



relatively uncommon. Anaemia and the resultant decreacge in werker
productivity are both ceczmorn and chronic and lead to a prolonged lcss

of economic productivity (Pasta et al 1979). Evidence of slow learning
and apathy in children with significant hookworm infections has also been
demonstrated. Due to these chronic effects, hockworm disease may prcduce
substantially more damage to the health of a nation, than would a more

acute disease with higher mortality rates (Cilman, 1982).

Despite these facts, interest in hookwerm infectic:, has been declining

as evidenced by its omission from the World Health Organization (#.H.C.'s)
1ist of the six major tropical diseases of the world (Quartely Piblicsrathy
of =ajor 3§?pical Diseases, UNDP/WHO, 1982). Ther?.baa also been no
recorded attempts to {dentify immuncmodulatory facto;s produced by these

worms or to stimulate protective immunity using either attenuated larvae,

worm homogenates or purified antigen (Carr and Pritchard, 1986).

The established adult worms of hockworms in man, appear to be resistant

to the iznoune defence mechanisms and to persist for very long pericds of
time, However, available evidence suggests that the worms are {mmunogenic
tut survive despite the induction of an imaune response (Ogilvie and Wors,

1976).
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2.3'

History
Hookworm infection was desgeribed in Italy, Arabiz and Zrazil

even before the discovery of Ancyvlostcza duodernsle (the 014

World hookworm) in 1838, HNecator americanus (the New World hookwora)

was not described until 1902 and was reportedly brought to the
United States of America with the importation of slaves from
west Africa (Brown and Neva, 1975). Between 1877 and 1900
retamorphosis of the free-living rhabditiform larvae and the
etiapatholoxy, symptomatoloxy, diagnosis and therapy of hoockworm
infection were eatablished. In ¥Ni eria, both Ancylostoma

Aupdernale and Necator americanus have teen reported (Oyerinde,

19783 Cyerinde, 1982). JYecator ameriearus is howeveg%mcre
common, appearing as 83X of the total hooxworm infection in
Northern Nigeria {Ramsay, 19343 1935), 69% of the intections in
Lazos and 100% of intections in Akute, lbadan (Stoll and Haieh,

1962),

Frevalence and Significance

The geographical distributions of huzan hookworms is limited
because the larvae require temperatures avove 10°¢ and plenty

of moisture %0 survives Ancvlostoza duederale is subtropical

ard does not gurvive in the northern hezxisphere above 520 latia
tude {#rowvn and Neva, 1975). The optimum texperatures suitable
lor Leoater gmericanys are higher, in the range of 25-2500

(iiller, 1979; Hominick, Jean and Schad, 18a37)., N.amerieanug
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has a wider geographical distribution compared to A, gupderale, but ine
disiribution of both species overlap. Mixed intections are cur=zen
although, there appears to be little Competition between the two worms

when they are both present in the same host (Cilzan, 1982),

Hoagland and Schad (1978), comparing the lire history parameters of Al
ducdenale and X, americanus tound the Tormer to be more ot an Oppcrtuﬁitt
owinz to 1ts ability to infect by both the Percutaneous and oral route,
N. amerie-nus intects only percutaneosly {Edington ana Cilles, 1ie1).
01 the adult worms, A. duodenale has a shorter lite apan, a greater
ability to arvest its developument and a higher production ot exgs
(Gilman, 19v2). N. americanus on the other hand, causes 1ive to ten

" tines lesuy blocd logs and aeeél'better equipred to parasitize hurang
dﬁe to its longer life sran (Keymer and Bundy, 1yuy), Slack people
are less susceptiple to M. gmericanus than are whites living under the
same unsanitary conaltions. Mutrition may play some part since black
pecple appear to be better nourished than their poor white neighbours

(Schad and Ardersen, 1985). Alsc, since this parasite arrearcd early

in Africa, there T4y have been some natural selection {Brewn znd Neva, 1975),

The werld Prevalence of hookwora infection in man has been shown by
4nderson and flay (1982), to exceed the prevalence of almosi alj ather
helminthie infe;tions and other individval diseazes with exception of

tre c-izon ctold. 'lhis situvation has been improved in developed countries

where hookworm disease but not nec¢essarily hookworm intection has been

almogt eradicated {(Miller, 1979). However, inproverert in developing
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countries, are almost nullitied by other problems such as porulaticn
expansion, which by analogy with tie well established assceiaiien
in the veterinary context, between epizootic parasitisz and popu-
lation density, often lead to a resurgence of parasitie inflection
and disease. Views pn the significance of heokworm infecticn in
man gererally vary. Ansari (1971), omitted it from the list of
the considered five moat important parasitic diseases of man.
Ettling {1981), concluded that hookworm infection way be the ore
link to explain the retardation of backward people. ‘owever,
Kowe (1948C), is of the cpinion t:at hockworam infection, aa ore of
the global parasitic infectlons iz important as it constitutes a

largely unappreclated but enormous tulk of disease on man and
IA.

Morphology

Adult hookworms are small, cylindrical, fusitorm, grayish white
nematades (Edington and Gilles, 1981). The females 9 to 13 ry 0.35
to 0.6mm) are larger than the males (5 to 11,0 by 0.3 to 0.Lfza),.
A. ducdenale is larger than N, gmericanus (Hsieh, 1971)., Both
possess the relatively thiek cuticle which is characteristic of
the species, however N, americanus has a more prominently siriated
cuticle (Hsieh et al.,1972). There are sin.1le male and pazirvi
terale reproductive créans. The posterior erd of the male has a
broad, translucent, mectranous caudal burra, with rays which are
used for attachement to the female durirns copulation (YSrown o

Feva, 1975). 7The major morphclogic ditturcnce in the srecies are



usually cetected in the shape of the worms, the buccal capsule and the
pale bursa. Hence the bursa is very important in the morphcology of the
hookworms. ‘lhe vulva is located anterior to the middle of the body in

Kecator and posterior in Ancylostoma.

Tﬁe egis of the species aré almost in&istlnguishable. dittering only
alightly in size: N. americanus 6L to 78 by 36 to LO u and A, ducderals
56 to €0 by 36 to LO u (Brown and Neva, 1975)}. Ot the inrective larvae,
N. amerscanug larvae have a more developed boring spine which is usetnl
| tor penetrating the skin than do A. duodenale larvae. ‘this morphologlc
ditference may be partly responsible tor the higher percentage of XN.

americanus that successfully complete the migratory lile cycle to become

adul té(Gilman, 1982).

Bonner (197Y9a), in studying Nippostrongylus brasilensig larvae in rats,

- Blves an insight into the ultrastructure of the rhabditiform larvae ot
-hookworms. The intestinal tract has an absorptive structure with a well
developed layer ot mtierovilli, ‘'hig is very suitable for ener,-y synihesis
and growth (Banwell and Schad, 1978). ‘“he intestinal cells contain
\ﬁbQNdant rough endoplasmic reticulum and ribosomes {Borner, 1Y79b). wren

- these rhablititorm larvae moult, the old cuticle 1s kept as a detached
~8heath over tre new, third stage cuticle and the larvae become filariterm
or LB' Ultrastructural examination or the L3 intestine reveals rarrow

celis that have rew microvilli ard lack synthetic sgtructures. ‘the lur-n

o i
€ lnlestine comprises membranous whorl. ana lipid droplets. Tthese

feat
Ures explain the faxlure of the tilaritorm larvae to incorporate
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si,niticant levels or radiocactive uridine i1nto RNA due to a lack
ot synthetic activity. Whan the larvae intect treir host,
synthetic activity is comzenced and the intestinal cells are seen

to contain ribosomes and endoplasmic reticulum {Bonner, 13/5b).

KASHIM (o)
M ®RAjya,
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Lite Cyele of Hookwormg Wik, A GEL! G GMyur
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‘the 1ite cycles of all hookworm species are direct {(Anderson and
May, 19582). ‘'he cva hatch in one or two days in aerated moist
soil at optimal temperatures ol 22 to 33°C. They produce rhabditi-
form larvae which feed on bacteria and faecal matter (Zrown and
Neva, 1975). The rhabdititorm larvae pass through a 7 to 10-day
free-living cycle in the soil, moﬁltisg twice to beccme the
Bhoathejﬁ'filari!orﬁ' larvae which are intective tb'nan (Edington
and Gilles, 19¥%). Hookworm tilaritorm larvae are restricted in
their lateral movezents and usually remain close to the arca where
the stool is deposited. They move vertically upwards through the
s0il to the surface upon attraction by contact (thigmotaxias),
tenperature, oxygen and carbon dicxide. In a suitable environment,
the larvae remain intective tor several months (Banwell and Schad,
1978). However, under tropical conaitions, 90% of the larva- die

in the first 3 weeks {Gilman, 1982). A ducdenale worms, during

g, Ty

untavourable seasoral conditions, produce dormant larvae. In
songal, larvae acquired during tre rainy season of oné year aprear
t0 remain dormant until just betore the monsoon cof the fellowing
year when they resuze development and mature (Schad and Fage, 1582),
In patients giver A. duoderale intection, the phenomenon cf doraant

larvae was turther corroborated bty unusually lorg prepatent pericds



{naualinsxi, Schad and Chowdhury, 19?5). Corsequently, there is observed,
a decrease in total output of eggs by the worzs (bawalinski, Schad and
Chowdhury, 1%78). There has been no report on production of dormant larvae

in 1. americanus infections.

——

HMan is intected by larvae penetrating his skin. The usual site of
intection iz the dorsum o1 the feet or between the toes, Miners and
tarmers may acquire the infection on the nana and 1isherizen have been
intected Ly sitting on intested stream banks (srown and Meva, 19/5). A.
ucderale intects orally when present on vegetables grown in taecally
contaninated areas (Odugbemi et al,,1982). There has been reporta of
auto-reinfection in a number of patients due to the occurrence of adult
vo3s in subzucosal closed cysts in the hunan ingestxne (Schadﬁgzd Anderscon,
1985). Hockworm infection has also been recorded in children under 12
zonths old (Odugbemi et al_,1982). Views put torwara by workers to explain
ihe precsence of the parasite include prenatal or transmamary intection
(Nwosu, 1502), mechnical transter by rlies (Oyerinde, 1¥/6) and contamina-

tion of t'e intants teed with hookworm egys (Odugotml'si.ﬂl.,7952)-

The larvae mi.Tate by entering the lymphatics or venules and are then
carried in the blood through the heart to the lungs where, they are unable
to rass through the capillary barrier. ‘lhey break out of the capillaries
into the alveoli, and ascend the bronchi ard tracrea, where thoy are
swa.lowed ard passed do.n into the intestires. 'this takes about one week

(#.0, 1587). During this period tre larvae underyo a third moult and
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acquire a temporary buccal capsule, which enable the adolezcent
worms to feed. After a fourth moult, mature egsg laying fer .les
are produced in 5 to 6 weeks after infection, The adult wcros
live in the upper part of the small intestine, mainly in the
jejunum (Faust, Deaver and Jung, 1975). One female Ancylostoma
produces about 30,000 eggs and cne female Necator about 9,000

eggs per day (Edington and Gilles, 1981),

The length of time from infection to first appearance of nockwcrm

eggs in the faces of the host vary within the species but are
relatively constant for each species (wi0, 1981). N. arer.caruas

in man has one of the longest prepatent periods (about LL-100 days)
(Miller, 1979). Various hoast influences (for example, a-»

resistance) have been shoyn to delay wora maturation. Srecies of loat,
hag been demonatrated to influence hookworm development bty either

complete rejection of the parasite, reduced success in establisnment

or restriction of worm growth (Miller, 1979).

Parasite Antigens

There is no doudbt that parasite surface antigens generate in izaune
response that {s capable of acting against parasites in - vitro

and in-vivo (Philipp, Parkhouse and Ogilvie, 1980). For exanple,
monoclonal antibodies have been directed against surface determinants
of S, mansoni schistoscomla and shown to mediate in-viiro kill:ing

of larvae (Tavares et al 1983)., Also, using the caticnic detergent,

—_—

cetyltrimethyl amzonium brozmide (CTAB), Pritchard et al (1735)

vere able to obtain simificant quantities of relatively clean



surfaze an‘igers of Nenatospirrniies dubius. The materizl rels:zed by

amia y3g =hle to vetalin its antigenicliiy as shown bty lmtniopreliyitaticn
with rost infecticn sera (Pritchard et aldy 1585), The latter report was
in respense to the gquest for purifiable material for dbioassay cf parasite
surface antigens, In 1986, Pritchard et al, studied the surface antigens

of adult Necater azericanus and found them to be recognizaatle by post

infection hacmster sera. The antigens were also recognized by a range of
huzain sera, and this added supjort %o the relevance of ihe hazster zcdel

to the human situation. The major cuticular antigens rn:*!;ei at

molecular weights 23200, 67000, §6000, L3000, 320C" and 75000, Utilizins
izunoblotting experiments, long tera infecticn (117 days) FRacster serun
rocognized several somatic and ES antigens of adult N. americanus (Carr i
Pritehart, 1986)., Many of tlae wore strongly immunogeriz but of minor;
pretein n;ecic;. They were also consiatently predominant in the Excretorys
Socratory (BS) greducts of the hockworms (Carr ard Pritchard, 1986), T-ece
characteristics of the resolved antigens could be explained on the basia
of the hypothesis by Ogilvie, Maclaren and Worms (1975), that nematode
antisons are actually enzymes produced by the excretory, secretory,
amrhidial and eosophaseal glands of hookworms., Examples of these anticens

irclude an acetylcholinesterase by N, americanus and a protease by

ircvlnstoza caninum (Ozilvie, Maclaren and Werms, 1975) which cleaves

r

I.;A. N. azerfcanus haemoglobinase, a 'feeding enzyme' {- another antigen

“oing studiad (Pritchard et al,, 1583},
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docewers asvivlehiolinesterare

Thig enzyme is found in the eogprhageal and amphidial glands of
the worms from where it is actively synthesized and released ty
the worms in vitro (Ogilvie, Maclaren and Worms, 1975). Tre
Necator acetylchelinesterase enz}me 18 wmeambrane-bound within

the worm and is secreted as a rather large molecule; while

that of Ancylostoma is present in a soluble form. All animils
infected with acetylcholinesterase producing worms produce
specific antibodles against the enzyme. PFor example, Igh class
antibodies to N, americanus acetylcholinesterase have been found
in a man infected for nine years with this hookworm (Ogilvin,
Maclaren and Worms, 1975). Antibodies to Necator acetylchclines-

terass were also detected about 12 weeks after the gecond infection

1
¥
-

* in a gelf-i{nf{rcted person over a ?7~ month period, The leve]l of
thia antibody was however, obgserved to fall following worm

removal (Ogilvie et al., 1978).

There is a sharp increase in the level of acetylcholinesterane

produced during the period between infectieon and gut invasion

by the worms. In Njppostrongylus brasilicnsis, acetylcholinesterase
activity per unit weight of worm increases almost four fold during
the first three days of infection in ra's (Sanderson and ( -ilvie,
19?1). For those Bpecies which adopt the secretion ¢f acetyl=-
cholinesterase, it has been apeculated that the enzyme secreticn

has survival value for tke parasite (Philiyp, 1984), Y+r exazple,

Csilvie and Jones (1971), put forward the ~ypothesis that,
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1scetylchelinesterase (ACHZ) may act as a "bischemical holdfast” of the
worns, by inhibiting locally the peristaltic uovezents c¢f the gut durirg
sve expulsion process. Ogilvie, Maclaren and Woras (1973), also argue
s+at i1n the advent of infection with more than one acetylcholinesterase
producing worm, there might be an impajirment of the specificity of the
antibody producticn, rendering it ineffective. However Philipp (198L),
suggestn that in addition to the above mentioned effects, the enzyme

ray delay worm expulsion by interfering with the process of mucus
excretion by intestinal goblet cella. This irnterference is achieved

by the exertion of an effect on the acetylcholine of the gut lumen whi-h

{s regponsible for the induction of mucus secretion (Philipp, 198L).

Since the fourth - stage larvae, Immature fi{th stage and adult worms
"'1' oi .-

but not infective third stage larvae of nematcdes secrete acetyl-

crolinenterase, the antidodies to this enzyme are a measure of the

vesoonse to the adult worms but not the infective larva (Cgilvielsi al, .

1378). Hence, any immune response induced by the migration of the

infective larvae, cannot be effectively assessed by measurement of

antibodies to acetylcheoclinesterase.

The antivodies to acetylcholinesterase are of the IgGlaubclaas and they

affect yroduction of the enzyme by the woras (Rhoads 1398L).
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2,7.1 Siims and Symptcms due to Infective larvae

The first symptoa after cutaneous penetration is a dermatitis kniwm
as 'ground', 'Coolie' or 'dew' itch (Adetuyibi, 1980). There is
intense itching,nedema and erythema and later a papulo-vesicular
eruption which may last for up to two weeks. A similar reacticn
is also produced in the form of a bronchitis or pneumonitis in
the lungs {f considerable numbers of larvae migrate (Edingten
and Gilles, 1981), This cutaneous reaction of the host has
however not been well defined imamunologically. The fact that
bacteria too can intensify and extend inflammatory reactions has
been confirmed by the production of little or no reaction by
axenic larvae of N, americanus when they renefggte the skin
(Miller, 1979). In endemic areiﬁ. these early symptoms either
pass unnoticed or are rare. In contrast to the consequences of
infection with scme abnormal species of hookworm eg. Ancylostcza
gggailienaia, infections with human hookworm rarely produce the
serpentine tracks known as cutaneous 'larva migrans' (Gaillard.

1974).

2.7.2 Signs and Symptoms due to Migratory Larvae

The pulmonary migsratory phase of human hookworm infection has nct
been associated with significant clinical symptoms but the
following stage which entails the movement of larvae through the
upper respiratory tract shows a lot of primary signs and symptcms.

Miny of which include coryza, pharyrngitis, laryngitis, and
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iiscomfort and pain in the throat when speaking and swallowing
(Fauct, Beaver and Jung, 1975). At this time, larvae may be
raccvered from the sputum in infected patients (Paust, ®~aver
and Jung, 1975). These upper respiratory sizns may start as

eirly as three days and continue for two weeks after infection,

for example Loeffler's syndrome and asthmatic symptoms,

2.7.3 Sigms and Symptoms due to _the adult worms

The mature worms usually inhabit the small intestine, but may be
found as 14 as the ileum when crowding results due to heavy
irfections (Kalkofen, 1974). These adult worms secrete an
anticoagulant and an acetylcholinesterase, but {t is not known
Jhether cytolytic enzymes are secreted into the tissues (Croll, 197:).
Usually symptoms di@ to the adult worms do not d-velop until the
onset of anaemia (W70, 1981) and they are usually addeminal. Of
the 2hdominal symptoms recorded, epigastric pain has been a unifor:
occurrence (Miller, 1979). Other aymptoms which follow this
abdominal pain include depressed appetite, indigestion, colicky
cramping, nausea, vomiting, flatulence, persistent achirng of the
stozach when it is expty and diarrhoea (Miller, 197%). Other

less frequent symptoms are indigestion, dysentary and constipati'n
(G11zan, 1982; Oyerinde 1982). Pain in hoockworm infection has
often teen reported as extrexely severe and has teen ccealused with
that which accompanies duodenal ulcers, cholecystitis and gastric

carcinomas. This is not too unexpected 1s radiolcgical finding in

nookwera infecti n and ulceration reveal many clcze affinities

(xiller, 1979). However, the pathology of hookwerm infection in
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human is less clear because of the incluczion of caces frcm the
tropics where tropical enternspathy is cc=norn or erilemic. In
areas where treopical enteropathy is nct endemic, intestinal
biopsies of individuals with heavy hookworm infestaticn do nct

show any significant mucosal changes (Banwell and Schad, 1978).

The above mentioned symptoma such as the effects due to the
migration of larvae through the lungs ard the settlement of
adult worms in the upper intestine are consequences of the
direct damage to the host by the larvae and adult worms,

Rarely has any major fatal consequence due to these activities
been reported (Miller, 1979; Cilman, 1982), However the most
importmnt.pxthalngical'?Eaturos c?'hockuorm infection are tho:e

due to:=-

i). anaemia and i{ron loss,
11). hypoalbuminaemia and
111{). the cardiac insufficiency and congestive failure due 4o

the former two features (Miller, 1979).

PATHCLOGICAL CHANGES FCLLOWING THE INVASIVE PHASS

Hookworm Anaemia

Arnaeria in hockwora infection can te described as a primary
syzmptom considering the fact that it {s directly a consequerce

¢l the blocd-uuckirg activities of the worms, Fowever, it can
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3156 te a seccndary sign as it can be affected by the treatment of the
anaezic status ¢l the patient, (that is, ircn therapy) without re~oval

hookwerms (Miller, 1979 ; Michaelsen, 1585). ‘innsemia as a ;rimaf:

of the
eim 15 acu:ze and haezcrrhagic’ put rarely occurs in humans,
(Carcia Salaa]sgwgl..1971). While iron reserves last it is normechremic

and hyperplastic. Anaemia in hookwera infection is z=uch more ccmmen

as a chronic ircn-deficiency anaemia, The occurrence and extent of

this anaemia depending on a complex interplay between host and parasite.
The anaewia unlike the acute anaemia described above is Progressive,
micreeytic and hypochromic (WEO, 1981). Chronic iren - deficiency
anaezia develops as a result of exposure to hookworm intection cr
re-infecticn and manifestation of the anacamia may taxke months or years

- (Rocka and Layrisse, 1966). In cases where the {nfection {3 low (aa
obsers~i by worm load) and dietary intake and {ron load are adequate,
nockwata infection, may remain for long pericis of time without any
evidince of significant anaemia (Banwell and Schad, 1978). Hence, hook-

worm ‘nfection i3 oresent in many areas cf the world where anaemia zay be

rare 13 i3 the case in the more advanced nations of the world (Martin, 197

Miller, 1979). The pathogenesis of chronic iron = deficiency anaemia is
dependent on the iron content of the patients diet, the state of his iren
reserves and the intensity and duration of the infection (Miller, 1379).
Hence, these factors comprise hookwora mediated iron loss and other
lcsses of iron from the patients body. These factors are not the sam; in
every country and must therefore always te taken into account for a
“roper evaluatica of the infecticn. For instance, in the Kweneng

Jist-ict ef Potswana, anaemia was not prevalent even though hookweo
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infecticn is endemic (Michaelsen, 1985). This was saidi to be because
palaria is nct endemic in the area and the chiliren have a high irecn
irtake fr3= the diet of :c-ghum as a staple focd, Sorghum has a hizh
iron content and is also cooked in iron pots (Michaelsen, 1985), In
Nigeria, iren intake is also high; about 21-30mg daily. Pathologically
peorle whose only source of chronic blood loss is hookwora infection
ghow no evidence of iron depletion, as shown by iron - deficiency
anaemia, unless they harbour more than 800 worws (Gilles, Watscn-
williars and ®all, 1796L). On the other hand, in Mauritius, with a
total f-od fron content of 5-10mz daily, even moderate hookworm loads
of less than 800 worms were sufficient to cause blood loss leading to
anaemia (Stott, 1961)., Evidence from these studies indicate that anaemia
will not develop if stores of iron can be miintained (Cilman, 1982).
while t-gRevelopment of iron - deficiency anaemia {p rather slow and
gilert its reversal and cure can be achieved very rapidly in the

absence of any complicating intercurrent conditions. The anaemia and
resulting iron loss will occur faster and even at lower worm burdens in
groving children who have Increased iron requirements and menstruating
wezen wno have increased loss of blood than in adult miles (Roche and
Layrisse, 1966), Pregnant women with an increased demand for iron are

also more vulnerable to hookworm anaemia (Gilman, 1982),

Tre patholcgical changes due to the anaemia are many, Depending on the
degr » of anienia which may be as low as 2gn of haemoglchin per 10Cml

of tioci, the patient experiences dysynex on exertion, and weakness

and dizziress (Stlles, 1985). It is surprising however that with



- 22 -

naeratological measures close to t-ese values, the patient is still up
and abcut, This irndiicates that sirnce blood loss is minizal although
chrenic, physiological compensaticon oy the circulatory sy:stem may

peroit active participation in exer:cise and even work by severely

anaemic patient having hemoglobin values as low as L¥  (Coock, 1980).
Severe and potentially f;tal circulatory failure, sudden death

associated with stress factors such as second stage labour and overlc.:d
of a hyperkinetic circulation after blood transfusions have been
associated with hookworm anaemia patients (Gilles, 1585). The appeti-=
pay te enormous or poor and associated with pica, Heavily infected
c~ildren may be physically, mentally ard sexually retarded, Eosinaoph.lia
and leukocytosis are marked. The stools may contain gross blood and
cccult blood 1s readily found (Layrisse, Linares and Roche, 1965). Ei.-ly
interruptions of pregnancy and neonatal deaths have been associgted w: 7 -
the nsenia and it has been found to be the meat.lmportJLt cause of

rep~ated abortions and miscarriage in hyperendemic areas (Xeymer and

n acme tropical countries eg India and Colombia, there have been repe:-:s
¢’ a superadded folic-acid megaloblastic anaemia, This has often Yeen
misked by the severe iron - deficiency inaemia arnd it only becczes ove:-t
after partial haematological response to iron therapy (Cook, 1586).
Sreculations as to its pathogenesis have been left to a variety of
factors which include defective folic acid absorption, deficient folie

12id in the diet and increased demand on folic acid reserves (Cook,

)e

-':
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A zechanism which may likely contribute to anaemia secondary
to hooxworn infection is the shortered life cf the red cell
in infected patients. Interest in haemolysis as a patncgeni:z
mechanisa in hookworm anaemia has been renewed since the
discovery of shortened survival of 51Cr - labelled erytrrocytes
in infected and anaemic patients (Megahed et al, 1972). However,
the severity of the reduction in half -~ life of the red cells
has been shown to be related to the chronicity of the anaemia
rather than to its immediate severity. It persists after

versifuge and so is protably secondary to the anaemia or is

associated with malnutrition (Roche and Layr{sse, 1966).

2:4.2 Hyroalbuminaemia and Oedexa

‘r‘
In addition to aniemia, lcss of protein is another i{myeortant

pmanifestation of hockworm infecticon. The mechanism respcnaibie
for protein loss into the intestine are similar to thcse
responsible for loss of iron and the protein loss is well in
excess of the red blood cell loss (Gilman, 1982), Plasca {s
directly ingested bty the worm and the ensuring Yreach in
epithelial continuity, with the resulting leak of plasza frcam
the injured tissue results in loss of both protein and ircn
(Gilman, 1982), Blackman et al (1965), were able to estadblish
a relationship tetwe~n faccal protein loss and hookworm lcad,

They found a daily loss ¢f 0,18 of albumin per 100 N, americ.-us

HL]
hookworms, However, although iron - deficlency anaexzia {s

a hall zark of neavy roorweram i{nfection, malnutriticn has nct
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1. {1570),

been found to be so (Cromiton , 1986). Villarajos et
in their studies in South Azerica found no association between
hockwerm egg counts and level of serum albumin, This findinz
wvas not surprising considering the multitude of variables that
affect the levels of serum albumin. For example, anaemia,
which i8 known to affect liver functicn, coincidental disease
of the liver, loss of appetite and fajlure to reabsorb
aminoacids from the albumin passing into the gut (Edingten and

Cilles, 1981).

The azetiology of cedema i3 not primarily anaemia but is a direct
consequence of the hypoproteinaemia and hypoalbuminaemia of -
chronic hookworm infections. Brown et al (1981), found that the
gerum albumin concentration igs cften lgu in hockworm anaemia
patients but avtributed aeVeiiloedema to hypoalbuminaemia rather
than to other conditions gsuch as heart failure which wmay also

be present. Brumpt and Hothi Sang (1955), found that ovedema

did not respond well to mercurial diuretica in their patients
even after their anaemia had been cor?ected but subsided rapldly
after they were dewormed. They suggested that cedema might be
due to hypoproteinaemia following loss of plasma proteins in

the stools and that hookworm disease could be added to the lict
of possidle causes of protein - losing entercpathy. Oedema in
chronic hookworm infection has beea recorded in dependent limbs
and as generalized anaesarca (Gilles, Watson - Williams and Ball,
196&). but it {3 relatively uncommon amcng young ones (Brown

t al.,1981). |

LA
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2,03 Cardiaec Insufficiercy ard Congestive Failure

Other signs and symptoms accnmpany chrenic hookworm infection
and are associated with cardiac insufficiency and congestive
failure, They can be attributed to the anaemia and hyro-
albuminaema., The list includes breathlessness, palpitation,
tachycardia, cardiac dilation, vencus distension, systclic
murmurs, angina pectoris, vertigo, weakness and fainting
(Miller, 1979). Upon examinaticn of the electrocardiograms

of chronic hookworm cases, they have been found to be abnormal.
Cardiac dilation has also been found as a common occurrence in
profoundly anaemic chronic hookwecrm cases and Fowler, Knight and
Patel (1968), found that reduction in anaemia correlated well

with reduction in heart size.

Other changes which occur in chronic and anaemic hookworm cases
include, the impairment of mental processes and aptitude.
Children are often tired and unhealthy. There is dullness,
confusion, poor memory and an appearance of stupidity. Thus in
areas where hockworm infection and anaemia are endemic, there is
much loss of educational potential (Miller, 1979)., In presmant
women, complicaticns of pregnancy such as toxaemia, pre-eclampsia

and eclampsia have also been reported,

2.9
The Izmune Res: =3e in Hookworm Infecticn

There have been ccmparatively few studies on the imrmune response

to Nucitor ameri-anus and Ancylostoma ducdenale, The general




complaint has bBeen on *the issue of antigenic material with which
to ceonduct the tests. In most of the testis or studles done, a
wide variety of antigenic material, instead of a specific one

has been obtained from the cuticle of the larvae or adult worms
(Carr and Pritchard, 1986). The antigen most frequently tried
out has been the infective third stage larva (Schad et al,,1975).
Thia stage of the parasite 1s very easily available. However

in another study, carried out by Ogilvie et al (1978), antibody
responses were measured in a volunteer infected four times with
N. americanus over a 27 month pericd. The main source of antigen
in this case wag culture fluid {n which adult hcokworm had been
maintained for several days. Antibodies were detected by the
enzyze linked lmmunosorbdent assay {ELISA) (Voller, Bartlett and
lidve11:§§9?6) to worg acetylcholinesterase and g?b%he radio
allergosorbent test {RAST) for Igk antibodies {Wide, Bennich

and Johanson, 1967, Lewls, Salimonu and Osunkoya (1978), were
able to detect using the fluorescent antibecdy technique,
antibodies to the surface antigens of hookworm larvae. BPaslcally,
all the studies require standardization of tﬁe hookworm antigers
and improvement in the specificity of the technigue (Lewis,

Salimonu and Osunkoya, 1978; Carr and Pritchard, 1986),

Production of Snecific antibody in Hookworm Infection

T-helper cells are invelved in the production of gpecific antitcdy
during parasite infections (Cohen ard Warren, 1982), For exaxzple,

apart from the usual aisplay of antibodies normally present in



hookwora infections, precipitates (izmune) have been clearly
demonstrated around the oral and excretory orifices of

¥ipmostronaylus brasiliensis incubated in izxmune ser> froam rats.

Cgilvie (1963), believes that these imzune precipitates are no
guide to immunity since they are not detected after one or two
normal infections, although the rats at this stage are resistant
to challenge infecticn. Cn the other hand, immune precipitates
have been developed in the serum from rats infected with
extracts of adult worms in adjuvants, even though, rats treated

in this way are not resistant to challenge (Ogilvie, 1963),

NCN-SPRCTFIC TMMINCGIOBULIM SYNTHESIS

(a) Secretory Immunoglobulin A (STgA)
Intestinal and faecal IgA resjonszes against different

developmental stages of Ni{prostrongvlus brasiliensis wern

studied in hcoded lister ratas (Wedrychewicz, Maclean and
Folmes, 198L). They were not able to find any correlaticn
between secretory IgA levels and desree of protection.
However, analysis of intestinal mucosa, intestinal
ccntents and faecal IgA specific to larval ar adult
hookworm antigens suggests that the IgA is probably
induced by antigens coxmon to all intestinal stages.

Also secretory IgA responses against surface antigens of
the intestinal I (Lth stage larvae) did not show any stase
specificity, although thisg was detected in sera

(Wedrychowicz, Maclean and Holnmes, 1334).



- 28 =

In another study carried out on 30 cases of hockwerm infestation

in New Delhi, Oswal et al (1973), found that secretory IzA

showed significant alteration in hookweram patients as compared

to normal controls, The levels cf secretory IgA were significantly
lower than those of control subjects. This selective lack c¢f
secretory Igh in the gut of these patients was thousnt to

predispose them to colonization by hookworms (Oswal et al,  1973).

(b) Serum1I
Serum IgA is the predominant immunoglobulin in sercmuccus
secretions., Oswal et al (1973), found a eignificant
inverse correlation between the ova locad and serum [gA
levels in hookworam Qﬁtientﬂ. They advocate the need
for further studies to investigate whether IgA as .n
antibedy could have acted as an irmmunologic tarrier
againat hookworm larvae immediately after they had migrated

from the skin to the venous circulation.

Tamunoglobulin G (I2G)

1gG is the major immunoglobulin in normal human serum, accounting
for 70-75% of the total immuncglobulin pool (Roitt, Brostoff and

Male, 1985)., Oswal et al (1979), found that in hookwerm ratients,
levels of serum IgG were significantly higher than these of rcrral

controlg . Similar higher values of IsG have been reported ty

Higashi and Chowd ry (1971) although the rise in Igi was not

found to Ye significart., Ia an Tast Africun fopulaticn higher
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I1:G levels were observed in patients withk helminthiasis

(31nwell et al,, 1967, Higashi and Chowiury, 1971). Poulain,
Luffan and Pery (1976) in their study alsc caze to the
cenclusion that specific antitody activity in the serum could be

found in the fraction containing Igi in rats infested with

N, brasiliensis,

Izmunoglobulin M. {(IgM)

Raised fmmunoglobulin levels in parasitic diseases are commecn
ard IgM levels are especially raised in trypanoscmal and
malarial infections (Molineaux and Gramiccia, 1980)., Very high
IsM levels are reached early in the infection and {t has been
suggested that frequent antigenic variation of the malarial and
trypanoscmal parasite may contriyjte to the raised IgM levels

(Brown and Brown, 1969).

Of the evidence so far, IgM levels are not signi{ficantly altered
in hookworm infection cases (Oswal et al,_ 1979). However it is
known that In the course of imrunization to a variety of antigens,
IgM serum antibodies are preferentially represented early in the
response (World Healtn Organization, 1987). The absence of

a specific rise in Ig¥ in hookworm infection has been atiributed

to the disease being a chronic infestation.

Iomunoglobulin E (1:8)

IgE antidodies are reg:larly found in large quantities in sera
of humans or animals infected with helminths {Bloch and Malveaux,

1985), Some of these include infecticn with Arcaris lushricoides




Trichinella srirali chissosmira jaroaicumn, wizkereria

—_—
]

vanerefti and hookwsra (Ito, Sawada and Zato, 19?2), and thit IR aight
————————

plzy a role in fazunity was sugrested by the resultis of Amman
(1963), who showed that 9 out of 11 patients with ataxia telangiectasia
ard recurrent sinopulzonary infections were deficient in IgE and Iga.
Basically the rnormal range of IgS frca analysis of serum frea norzal
subjects varied over a 130 ~ fold range from 6 to 780mg per zilliliter
(Gleich, Averbeck and Swedlund, 197L4). Other values with a mean of

2,8 and a range of 61 to 100Czg per milliliter have been repcrted

(Jarrett and Miller, 1982).

Tro rechanismns involved in potentiiting IgE prociuction in hookworm

infoction are gtill under study, but the following have been cobserved:-
T

Bats infected with N, brasiliensis produce a substaatial lacreacze

in the numter of IgS - B cells In the zesenteric lymph nedes

(Mayrhefer, Bazin and Cowers, 1975; Ishizaka, Urban and Ishizaka,

1576).

i{t). T=lymprocytes in the mesenteric lyath nodes of rats infected with

N, bragsiliensis produce a sclubtle factor that stizuliutes IgE -

B cells (Suemura, Yodoi et al, 13£0);

1i{4)., 1g2-B cells produce lymphokines which recruit new IgtE - B cells
(Urban, Ishizaka and Ishizaka, 1977);

iv). Scluble preducts produced ty parasites are very potert zitogens

for 152 - B cells (Ogilvie ard Jcnes, 1973).
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Fig.1. Scheme for the regulation of parasite-specific and non-
specific IgE in helminth infection.
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Tra increase of IS levels during childrood is rather slow. Adult values
also zre rnot stabilized until 15-20 years of age (Perg ard Joranssern,
196%), This may te due to the tehaviour characteristics of the werms,
For exarple, worms restricted to the lurmen of the digestive tract do

not appear to have increased specific IzE levels (Radermecker.gi al.,
1974). In a study of a self - hookworm infected individual, total IgE
levels fell after the first infection and then increased gradually after
the third and fourth infections (Ogilvie et al., 1978). Specific IgE
antivodies were not detected until after the third and fourth infecticns.
Tris contrasts with the total IgE levels of individuals harbouring
hookworm infections in endemic areas (Kojima, Yokagawa and Toda, 1972,
Biroum-Noerjasin, 1973, Grove, Burstor and Forbes, 197L). The results

howsver correlate well with those of Hall et al., (1985), whe found that

. " .
“a rolationship in time exists between thdelevation of total gerum T.5,

parardite gspecific IgkE and the potentiated IgE response to unrelated
antigen, During primary infection, the potentiated IgE and total response
rise synchronously to a peak. Parasite specific IgE rises to a peak two
to three weeks later (Hall et al., 1985). Obviously from the above study,
even though IgE is known to be selectively elevated in hookwora and other
parasitic infections (Jarrett and Miller, 1982), only a small preoportion
of this IgE is antiparasite antibody. In most cases, the titre of
pre-existing antibody is increased but much of the IgE has no reco.nizable
antigen specificity (dorr, Riley and Doe, 1972). The mechaniszs ef non-
specific IgE increase may involve depletion of suppressor T-cells
(Watanabe et al 1577). It has been shown that non-cpecific IS
rroiuctien does not occur in T-lymphecyte = deprived animals (Jarrett

and Fergusen, 197L).
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Grove and Forbes (19Th). have reported an increased raszistar-e
to hookworm infestation in an atopic population as assesged Ty
faecal egg counts. In anircals, Jarrett and Stewact {1272),
found that in addition.to inducing an IgE response te helminth
antigens, helminth infestation potenitiates antibody responses
to non-helminth antigens. These observations have led *o thre
guggestion that high levels of serum IgE, produced as a result
of parasitic infection, protect againat the development of
atopic disease (Jarrett and Bazin, 197Lk). Experimental
evidence to support this hags shown that rats producing a high
titre of IgE antibody to one allergen show diminished Passive
sensitization to another (Jarrett et ale, 1971). Alae
subJects with a high serum Iz£ level folliging hookworm
infection showed a diminished Pravsnitz - Ktstnur {(7-%)

reaction to guinea pig dander (Barzaal et al, . 1973),

MMy
.'lel;,qG( {E"'?&H;M
THE CELLULAR IMMUNE RESPONSE “Rigy 2 BELL D R 1BRAR,

Effector Function of Macronhasreg

Activated wacrophages are important in the control of infecticns

caused by Tryparosoma Cruzi, leishmania and Plagmodium spp

(Mitchell, 1979). Macrophages activated by lymphokines to

becoze tumoricidal, inhibit tre multiplication of Leishrania

donevani (Nitchell, 1979). Iuring phagocytosis, pé&turbation

of the membrane of macrophages, can lnduce a respiratery burst

and production of oxygen metabolites which are cytotoxic fer

!
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zany rarasites (Nathan, 1983)., Trese macrophages are also atle
to release more suferoxide and hy:rogen peroxida than resicont
macrophages (Capren.‘gg al,, 1982, Natran, 1583), There is now
increasing evidence that macrophages can exert an effector

function in hookworz infection, They have been found te kill

infective larvae of N, brasillensis in vitre, in the presence
of complement and to enha~ce IgG - dependent eosinophil -
mediated killing of Trichinella spiralis larvae (Mackenzie

et al,,1980), Stage specific macrophage cytotoxicity for

Diretalonema vitae was also elicited by Izmuncgzlobulin E

(Ouassi et ale, 1981). IgE dependent macrophage killing of

schistosomula of Schistescma mainsoni has also teen demernstrated

(Capro_ﬂ et al., 1975).
N

The role of the Eosinorhil

Eosinophilia has been observed for many years in allergies and
parasitic infections (Grove, Burston and Forbes, 1974). Larvae
of hookworms and other helminths such as Ascaris and Schistoscza
pass through the lungs on their way to the habitat of the adult
worm in the intestine or bladder venous plexus. A pneumonitis
and bronchitis result with eosinophilia during this passage of

the larvae through the lungs,

This syndrome has been described ty various names which include,
*tropical eosinophilia' and 'loofflers' syndrome® (Archer, 1961),

It has been sugpested trat masi collr when activated bty IgS -
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specific antibcdies relear: eosincrhil chemotactic facters.
Zcsinophils attracted to the parasite bty worm derived faciz-s
are thus stimulated to rroliferate 5y ecsirophil stizulation
promotor (ZSP a lymphokine) released by antigen stizulated
T-cells, These stimulated eosinophils are said to act in two

main ways:

i). 1in association with specific antidody, they kill the wom
by antibody dependent cytotoxicity (ADCC) (Leading Article
Lancet, 19?1); and

{i). ®Enzymes released from the ecsinophils exart a con‘rollirg
influence on the substances released from mast cells
(Leading Article, lancet, 1971). Eosinophils have also

been 3h9¥n to phagocytose antigen - antibody comp;?xea
(Taylor and Muller, 198C), The eozinojhil thus 1;flxr"
to te a majer effector cell in helzinth infections ~ven
though {t is not known whether they are a direct response
to antigenic stimulus or whether they are a second order
prenomenon suth as & conseguence of the precsence of free
anines, antigen - antidbedy complexes or the releaze of
lym;rokines (Srove, Burston and Forbes, 1974). The role
of the eosincphil remains obscure despite its con‘inuous
associaticn with hookwora and other nematode infection,
Eosirophilia was also nctably decreased in long standin

t al., 19€5).

— —

cases of strongyloidiasias (Sato
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Tzrunolc~izal Resronzes of the Intastinal Muccsa

Infecticn with helminth pirisitez ¢f mucous surfaces stimulactes

)e

Lyzphocytes of hookworm -~ infacted rats on in-vitro stizulaiticn

"1

a Pyperplasia of mucosal mact cells (Hall

(%)
\n

2t al., 17
with specific antigen release factors causing a pronounced
mucosal mastocytosis in normal rat bone marrow (Haig et al.,
1982), These T-lymphocytes induce an increase in the number

of inflammatory cells and goblet cells and enhance secreticn

of mediztors and mucus. In the presence of antibody, expulsicn
of worms enveloped in mucus is effected bty the muscular activity
that accompanies the increased secretions, Infective larvae

of Trichinella spiralis can be trapped by intestinal mucus frez

fomune rats both in-vivo and in-vitro (Lee and Ogilvie, 17%0).
e
An {arunologically mediated intestinal gotlet celd ayperplasia

develops during prismary infection of rats with Nir-o-trens-lus

Egasiliensts (Miller and Nawa, 1979), and an increased tur.over

of mucin precedes the expulsicvn of these worms from the gut
(Miller et al,, 1981). Pre-treatment of {mmune rat intestines
with mustard oil, which strips off the mucus layer or witn
cysteine or papain (mucolytic agents) permits the establishment
of a challenge worm populatiocn (Miller and Runtley, 1982).

Comparable hyperplastic changes have been reported in Necator

americanus infection (Sheehy =t =21., 1962), and are said to

contribute to izpaired abscrr.icn of vitamin A, xylese and

fat (Barriga, 198+),
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~Lmchozvte Regoensivenoss

secreased T=lymrhocyte resronsiveness his te:n recceried in z
variety of conditions (Zdwaris, Rewland and lee,
include parasitic disezses (Weiler, Weirtauz nd :
Tmere are at least two helainth infecticns where the lack of
respensiveness has been shown to be sjecific for the parasite
antigens and suppressor serum factcrs decenstrated. These are
A

schistcsomiasis (Ottesen, Weller and Feck, 1377) arnd filaris.is-

(Piessens et al., 1980; Genta, Ottesen and Poindexter, 1981),

Genta et al, [1353). found that ly=;tocyte recronsiverness to

strongyloides antigen was enhanced when there cells were cultured

in 109 normal Ruman serum. Uymphesroliferative recponses to
other artizens and nitcgens were wmaffected, cupgesting ti:t

) T
seruz suppressor factors zay develcp In chrunie strongylelciuscni=,

Ir adiition, they found a decreared responsiveness of lyrmgno ~yies
sc the T-cell mitogen phytonaemigglutinia (P2). This was not
affected by the substitution of autologous serum with normal

huzan serum in the cultures.

in the rat, cell-zediated responses o nooawsrs, Niprcoiror,ylu:

brasfliensis were recorded by Zlundell-Zascell (1974), and

Dobson and Soulsby (197L) rererted a similir rosponse to

Trichcstrongylus celubriferzis in the guines rig. Tayler and

Turton (1976) using a blastcgenic tecinijze , alss demrnustirated

¢=at z2n antiren rregpared frew %re infestive lurvie cf ez .t

i=arfcanis pogssecses the capacity tc act as a szecific antismn
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stizulus for peripheral tlocd lyzrhccytes during a hooxwors
infection. These correlate well with the study of Tschudi
et al., (1972), where lymrhocyte transformation in Chagas

disease was studied,

Further studies on cell-mediated izmunity in hookworm infection,
has shown that infection with N. brasiliensis in the rat
influences the growth of tumours. The growth of the Walker

Sarcoma tumour in rats infected with N. brasiliensis was either

enhanced or suppressed according to the timing of the infecticn
in relation to tumour gro~th (Schloen, 1980). Rats infected
five days before tumour implantation showed complete inhitition

of the tumour growth.
-

B-Lymphocyte Responsiverens

B-cell responsiveness has either been decreased or increased
in different helminthic Infections., In the investigaticn of
the cellular basis of immunosuppression in CS57B1/6 Ascaris

suum infected mice, in vitro studies of the primary antitody

response were conducted in mice splenocytes. Cultures frea
infected mice repeatedly gave reduced antibody responses to
sheep erythrocytes (Crandall, Crandall and Jones, 1978).
Antibody re: ponses to a T-dependent antigen, DNP-Ficoll were
also demonstrated but t-ese were not increased., The shtserved
gerum reactivity with diverse antigens and the high IzM resperse

to the infecticn neexed to indlcated the presence cf ron-specific

B=lymphacyte stipulaticon during this period of infecticn
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(Crandall, Crandall and Jones, 1375). The anti-DNP resjcnze
suggests polyclonal B-cell activation (Varga, Konigsterg ard

Richards, 1973; Coutinho and Moller, 1575).

In Nematospricides dubjus infected C3A mice, FACs analysis cf

lymphoid tissues indicated a substantial increase in both
frequency and number of lymph node B-cells, although their
proportion retumed to normal the fourteenth day after infecticn
(#.rvar and Inchley, 1985), The presence of these B-cell
activaters in A, suum and N. dubius infections were not
investigated but A. suum infection is krown to irnduce an Is¥
antibody response to phosphorylcholine (PC) which parallels 4he
antibody resronse to DNP (Brown and Crandall, 1976). Polyclernal
B.cell actgwation (PPA) prior to an antigenic stimulation has
been revorted to inhibit specific antidody responses due ‘o

a2 temporary loss of antigen sensitivity of B-cells (Diamantstein
et al,, 1976). Polyclonal B-cell activation has alse been
suggested as a cause of immunosuppression in other infecticns
(Greenwood, 157k). In experimental trypancscmiasis, in whieh
elevated IgM and !{xmuncosuppression are ascoclated, the preserce

of polyclonal B-cell activation and depressed immune responses

have been correlated (Hudson et al., 1976).

Cellular Changres in Hockwarm Infection

Cellular changes were observed in 7PA mice infected with

Nemitecapiroides dubius, Increased cell division in spleens and

cesenterie 1y=pn nodes wig evidernt three days after infeztion,

reictirg a peak at day 7, 13 adult wer=ms stirted io exerge



Taskoar and Inchley, :29%), These lavaels however raturmed 4o
- P

normal by day 14 (for s;pleen cells) and by day Z¢ (for ly=7ra ncde

calls), The propoerticn of Tecells rezained uni’terad in 4ve

srvleen but decreased ty day 7 in the lymch nodes and was still

below normal at day 21 (Parker and Inchley, 1355). The ratio of
+ +

zouse suppressor (Ly 2°) to helgper (L3 T, ) cells showed a

decrease in the lymphodes at day 7, suggesting an alteration in

the balance of T-cells in favour of T-helper lymprocytes (Parker

wid Inchley, 1939),

Sizilarlly, Crardall, Crandall and Jones (1978), investigated
quwantitative chanoes in eplerocyte jopulaticna Jduring early

L. suum infection. They found a4 decrease in cell numters by

trne elght duys, !'u_lé*'-h.i by an increase tc very high n'..r.t:oru‘-.‘a'y
the ernd of the seseond week ©f infectizn, Oifferential lcu;ac;£°
counts ¢f spleen col¥Ys gnve an increase in Blasicid cells, large
lymphecytes, plasma and eosinophils, with a relative decrease in

sz=all lymphocytes (Crandall, Crandall and Jones, 1978). The

thymus size was also greatly reduced on the 2th day.

Possitilities of a Functiosnal Acsuired Imaunity

The detectica cf specific antitody in %ooxkworm infection has teen
useful only in clinical iiapgrosis and in epidemiological studies,

In Zeneral 1% correlates very zccrly with tze clinical izaune

tatus; indizating or suggesting tnat much of the specific antidbedy

farmed hec ns ~ritective eflect, Nowever, scme patterns in
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(Czilvie ard Jones; 1971; 1972). The izmmunolegical zontral of

Y. brasiliensis in rats involves several effector aizms cf t=e
izrure response. Both antidodies and sensitized lymrhecytes zust
affect the worms before they are expelled (Ogilvie and Worzs, 1376).
No essential role for IgE antitodies, mast cells or eosinophils has
been defined in this system. Tre protective antibodies are mcst
often IgG, antibodies (Cgilvie and Worms, 1976). This antibedy
mediated step is characterized by four properties which include

the ability to:-

1. act on the worms in the absence of complement
2. effect a reduction in the metabolism of the worms
3. affect secretion of enzymes from the glanda of the wormg and

L damage the worms (Cgi!vic and Jones, 1973).

The Yaematnloxical response in Hockworm Infection

The haematological respcnse of rats was studied 10 days after

infection with Nippestrongylus brasiliensis larvae. Erythrocyte

nunbers were significantly lower than contrcls. Haemoglotin (H:)
concentration also drogpet significantly (Cheema and Scofield,
1952). Mean corpuscular haemoglobin and mean corpuscular voluze
increased significantly and this was also the trend observed in

the reticulocyte counts (Cheeza and Scofield, 198%), Thisg re-ult
was ccmparable with the survey of Martin (1972), azeng ruril zcheel
children {n Jeorgia, United Ttates. He fourd 4 proportion of
children with heavy hookworm infestation to te ansociated with

lew maeznglobin and haematocrit values. However, fow 0f treze
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children cruld be catesorized s anaemic, Soze very heavy irnfections

in the children even *id ncrzal haematcerit and hiaemcglobin values
(¥artins, 1972); Savis, 1973). & differential study of blosd films
showed leucccytes had gignificant differences compared with corntrols.
Lymphocytes were ircreased in nuzter while percentages and absolute
counts for rneutrophils were lower. The percentage of moaocyte{
dropped with increasing levels of infection and absclute nuczbers
were significantly lower only after infection with 5,000 larvae
(Cheema and Scofield, 1982). Pascphils were not seen in infected
rats and only one or two shcwed up in the coentrols. On the other

)

hand, eosinophil percentage and absolute counts were greater .t 2.l

levels of infection (Cheema and Scofield, 1982).

The Diaprnonis of Hookworm Infection g

This is based on the dexonstraticn of the hookwerm ova in the jatieonts
stool (Adetuyibi, 122C), The ovuz is rcughly sgherical in shaje ard
contains eight nuclei, These eggs may be found in direct faecal
films but in light infections concentration methods may be required.
Such methods include the zinc sulfate centrifugal flctation and the
formalinethrer concentraticn metheds (Knight et al,, 1976), With
these techniques, cases with fewer than LOO hookworm eggs may ‘e
found, As compared to the direct coverglass mount method which
measures only sa~ples of mere than 1,220 eggs per gram of faeces,
the concentraticn iec-nigues, were able %o increase the nuzter c¢f
positive findingss several f2ld (Faust and Russell, 196€)). Tre

essence of the Aia,vccotic examiration of the eggs of the werms is



to permit differentiation of the heockwivz 2memia ard dicezce

Egs counting methods such a3 the Stoll diluticn egg count cr Fito's
thick smear methcd, are useful as indicators of infecticn tef:zre

and 1fter therary (Paust, Beiver and Jung, 1975).

2. 11,1 Corrcculture Tdentification

Faecal cultivation for the routine detection cf huzan hockwoss
iafecticn has been in ure for ~ore than €0 years., The lechn!i.e
wis however pre-empted hy the uge c¢f the czalt - flotaticon tec-nijue,

L
.

With the advert of Harwdn and Meri's cizple teast-tibe culture —nt+oq
in 1251, the Yencfitn cf faccal coproculture wers azain arseoartiinod
(Harada and Meri, 1955). Thiz method has been used extensively in
surveys to detect hookworm infection in human populations ard “een
reported to give a high percentage of positive findings (¥sien - al,,
1972). Ar arplicatien cf the ceoproculture technijue is the =2iifiad
test-tute filter pajer (MTFC) cultivation technigue by Hsien (1371).
This gives balarnced generic yields as it is adar‘ed to be ap;rlied
with the Stoll di{lution egz counting to furmish a relationshi:
between the relative Necator ard Arcylestozma egg turdens ard

prevalence in the same s%tool specimen (¥siek, 1971), The greater

conresurnce this new tyre cf infornatien gives {s the bearing it
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makes available in the study cf protlems of clinical and nen
clinical hookwerm; in pre- and rost trzatmert phases, tha
efficacy of drugs and other related problems where both specises

of hookworm are endezic {Hsieh, 1971).

2.11.2 Immunclosical Diammesis

This has been hampered by the relative ease of diagnosis by
faecal examinaticns for hookwerm ova. Of the izmunological
tests rerformed on hockworm sutjects many include intrader=zal
tests with varicus crude antigenic preparations. Positive
immediate hypersensitivity reactions were obtained from a~ti —ns

prepired from A, ducdenale, N, arericanug and A, caninum

(Yamanaka, 1969). The'¥ntigens wore prepared by tryptic dise-tica
of larv:u; or adult hooxworms ani by agueous extraction, These
yie.ded protein and polysacchariie antigens respectively (Fritcrard
et al., 1985; Pritchard et al., 1986). The relevance of the
intradermal tests as a useful screcning test for hookworm was
fourd in endemic areases. In nen-endemic 2areas false positive
readings of about 2Ck were obtained (F.iller, 1979). Intersity of
reaction in skin tests have teen correlated with intensity ¢l the
infection, but the relationship has been described as imprecise
(Miller, 1972). However, comparing intradermal test~ with
coprological methods it has been found that intradermal tests
were core sensitive for detecting light infections. The presence
cf theze false positive tests *as been blizolon the reducticen of

antigen specificity due to a varioug cellecticn ¢f reassns wnich



ireclude: -

-~ contaziration of the antigen (which zay Te adult worms or
larvae) with enteric and faecal micrcorsusiszs.
- exposure of the human population to larvae of canine and

feline hookworms (Miller, 197%).

2.11,2.1 Izcunoglobulin B as a Diagmostic Teel

—_——

The study of immuncgzlobulin E is particularly useful in non-
endemic areas where clinicans have less experience with parasiti:
infections and patienta can be nisdiagnesed, Many paraczitic
infections will cause substantially raised total IgE lavels
(Greenwood and Whittle 1931), Infact, levels ¢f up to 10-
20,000KU/L have been obtained, Specific antibodics also have

veen found in connection with infections due %o
Ascaris and Schistosora (Eainr:ecker’gi aley "974)s Srecific
diagnosis of any offending parasite can be achieved using
specific allergens for the parasite IgE antibodies, However,

this has rnot been tzo easy in hcckworm patients due %o a lack

cf suitable srecific antigenic zaterial (¥211 ot al., 1965).

et

-

Cn the whole, measurezent ¢f [zE antitodies has Yeen shown to
be more specific fer parasite d¢iagnesis than measurezent of

I&5 and other antibodies,

2.11,2.2 Serological Diagnosis
Cther i{zzunological reactizns elicited in-vitro By hockworms
and their antigens irclude a wile range cf gerclogsizal re:

- = % Wiy g \ i p
2:1] and Bartlett (1359), nive shcwn thal several antided
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re-duced in resyonse to infecticn with Xe-itor azericarus. These include

e

-ipisin (Pall and Bartlett, 1359; Sced et al,, 1372), haemagcslutination

y 1969), complement fixaticn (Ball and Bartlett, 1969),

[

usion (Singh, 1965), latex floculaticn (Rozbert et al,, 15€7)

ard srezific immunofluoresence reactions (de Azevedo et al., 1571; Lewis,

Calimonu and Osunkoya, 1973). Delayed antitcdy resjonses to continuing

heokworm infection or re-infection had been earlier repcrted by Soulsty

and Gilles (1965). Sood et al. (1972) used haeragglutination and

wminit

precipitaticn techniques for the detection of antitodies in hookwer=z

pzoients and healthy individuals, Failure of these workers to detect

sasmiutinaticn antibodies in most (L2 out of 5C) patients was

attrivuted to short duration of the infection. They were nct able to

datect hookwora antidodies by agar gel precipitation alzo., Ball and
a .

3 -
r:tu°1‘t1ﬂéﬁ). believe that the haezaggzlutinitied Yeaction is unhelpful

it was commenly

| R0

found to be regative {n light infecticons and

-aure ¢f ils delay in appearance,

ateg and Ogilvie (1976), knowing that hookworrs secrete acetylcholines-

terase, wor

xed on the producticn of a stable radicactive latel to te used
in the measurezent of anti-ernzyme antibodies to hooxworm acetylchelines-

*nrase, The ;ossibility of using this as a diagnostic tool was however

v« iuced due to cross = reactions batween conjuzates derived from Neeator
2 3520 o

crepizarus and Nippostrongylus brasiliensis, d. americarus i{s the cnly

~izan parasite known o secrete acetylcholinesterase (Yeates and Cgilvie,
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2.12 Trastment of Fookworm Irfecticn

By 1262, over 5C druss hid teen tested for activity iminct the
heckworms and since then, there has bteen no shortage <f new
candidates as chemotherapeutic agerts (Davis, 1973). Drugs
avalilable for the treatment of hockwcra then included thymoland
ca2rbon tetrachloride which are now considered of histcrical interest
nly (Cerwel and Pawlowski, 1270). Hexyl resorcinel, 2 rhenol
derivative, has moderate efficacy in hookworm infecticn but its
enrloynent has diminished markedly tecause of its torpical irritart
preperties in children (Davis, 19733 Wyatt, 1982), Azcng the
older cempounds, both tetrachlcroethylene (TCE) first introduczed
1925 (Rewland, 1966) and bepherium hydroxyrnaphthoate (Alcopar)
romain in use, TCE is thoupght to be more effective arsninut N,
rmericanrus, than A, ducdenile (Wyatt 1982), 1In fu:‘f‘i Acwland
(1966) using werm counts »stimated that 3 daily doses of uml of
tetrachloroethylene removed only S6x of the worms which were zainly
N. americanus, However, TCE has been found to be very tcxic and is
test avoided in very anaemia patients or young children (Wyatt, 1932).
Alse, in the presence of concurrent Ascaris infecticn, pirerazine

aust always be used first to get rid of the ascariasi-, in crder

to prevent TCE-mediated Ascaris migration (Davis, 1971). - Other side

effects include epigastric burning, vemiting, abdominal pain,

dizziness and a feeling of drunkenness,

Alcopar i{s safer than TCE although it i{s more expersive, It is also
=cre useful against A. dundenile tha- N, avericanus {vyat:, 1982),

T-e irug ie given as digyeraitle granules, § grars 27 adalts and
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children over 2 years and 2.5 grams for chiliren weighing less
than 10kg. It may be used during pregnancy (wyats, 1982}, Side
effects are mainly mild gastrointestinal discemforts (Davis,

1973; Biroum=Noerjasin, 1973),

Pyrantel embonate or pyrantel pamoate (Combantrin) is one of the
antiv“elminthies effective agrinst both species of rookworm,

The drug ia given in a dose of 10mg per kg up to a maximem of

1 gram which may be repeated after 1 or 2 days. Side effects
include dizziness and gasirointestiril disburbances (Kale et .l.,

1982),

Bitoscanate (Jonit) is also effective against hookworns
irrecpective of the species. It i3 however more toxic than

pyrantel and no advantages are affered {Gill, 19R8),

Mebendazole in the Treatment of Hookwerm Infection

Mebendazole as used for trichuris infections, Le,one 100ng
tatlet twice a day for three days for aidults and children cover
the age of 2 years is effective against Necator and Ancylostoma
species of hookworm {Wyatt, 1982; Gill, 1986). It should however
not be given to pregrnant women (Mims, 1988), It 1s virtually
free ¢f other side effects although further experience is needed
(3111, 1986). Using mebendazole as a follow-up therapy 1L days
after treatment with levamiscle Cgilvie ot al {1978}, found that
a 1004 reduction ln egg count te zero was achieved cn all

occasicns. Chongsuphajaisiddhi et glL (1973), also reported a
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93.9% reduction rate in 137 children agel 6-15 years usirg
zetendazole. Mebenlazole i3 also the tect drug fer trichuriasis

(Crongsuphajaisiddhi et al., 1378; wyatt, 1382; Gill; 1986).

Levamisole in the Treatment of FHookwerm Infection

Levaxzisole is a levo-isomer of dl-tetramisole. It has a formula
of 1-2,3,5,6-tetrahydro-€-phenyl imazole (2,1-5) thiazcle

(Syzoens and Rosenthal, 1977). It was developed as an anti-
helminthe agent but its ability to stimulate the jzmune resjence
the subject of further investigationa, Its mechanicm of
gtimulating the immune resronse is dasically undnown, but it has
been observed to stimulate both helper and supressor T-cells

( DeCree and Symoens, 1979). In general, it also has a net effoct
of Yelng able to restere te H%rmll. the collular response to
antigens. It seems Yo influcnce host defence mechanicms in a wiy
sizilar to that of cther izzune medulators (DeCree and Symoerns,
1579). It has inducing properties en precursor T-lymghocytes.

It also mimics the effects o} cyclic CH?;inducing azents on
effector leucocytes., In T-cell erriched zouse aplean cells (¥Wrizht
et al., 1917), it increases cyclic 3MP tut lowers cyclic

AMP concentrations.

The same has been reported in polyworphoruclear cells in %the early

1., 1977). 7his suggests that

phase cf chezotaxis (Wright et
levazisole rromotes the exyression of receptarss ca T-lymptocytes,
which seezs to be zediiated throurk changes in intracelluar

nuciectides, In sivo, the activisy in the oulfa radizal atizulates
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bone sarrow activity, while {n vitro, fmn the halide radieal, &

-

ey N
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tes blast
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4
o
m

rans®ormation (Symoerns and 2osenthal, 1577)., Levanmicscle

atle to act ¢n zacrcrhares and pelymorphs to increasze rw.i oz zmirratlcn,

i

ta

chemotaxis, antibedy, and comfplexment receptor activity, adherence,
thageeytosis, nitroblue tetrazolium (NBT) reduction, peroxidage activity
and intracellular killing ( DeCree and Symcens, 1379). It also increises
spentineous and mitogen - or antigen - induced proliferation of T-cells,

active and total Z-rosette formation, cytotoxicity, lymphokire prcduction,

suppressor activity and plaque cell formaticn.,

Lavazizole dces rot directly stimulate ?-:ells(ﬁ;:cens and Rosenthal, 1777).
It does not have any effect on thefir proliferative response to migc-ers

ard it has no antihody producticn. Instead, (€ B-cell activity ia
satholegically incrensed, it is roturned®o normal levels as shoun by
refucod cecbers of Ig~5n1r;ng or EiC-rojette ferming cells and by the
rorzalizatien of antizody levels (Cymoems and Resenthal, 1977).

Levaniszole however has the ability to enhance the {mmune response in

comprozised and lmmunosuppressed hosts (De Cree and Symoers, 1979).

&s ccncews trials of levamiscle in infections, it has teen claimed to
contrecl herges virus infection of the cormei, mouth and genitalia (lacz,
1577; Holtorow and Lesscf, 1981), Mouth ulcers have improved with this
treitment and persistent warts have healed (De Cree et al., 1979),
Patjents with Hedgkins dicseare have shown a conversion from rnegaitive to
yestitive skin tests (Holvor-w amd Lecsof, 1781). 1In a centrelled trizl

In rhou-iteld athritis patients e was ciyiced to te .3



effectiva as d-penizillamine and zcve elfective thn plasedo, Levamiscle
favourably influences the course of a considerabtle number of diseases

-t
'

wnich are usually chrenie or recurrent (Sywcens and Rosenthal, 1377).

Szze of these diseases include jmmuncleficiency diseases like the
Wiskott-Aldrich syndreme (Spitlec et al., 1977) and chronic zranulcmatous
disease (Griscelli, 1976); allergic diseases such as atopic dermatitis
2rming, 19?3), infections such as chronic rhinitis (De Locre, 19??),
Fregenic infections (Zilko. 1975) and sc en., In cancer cases, animal
studiies have shown that levamisole may proleng the remission induced
elaerical arnti-cancer treatment btut has little effoct when used alcne

in the treatment of advanced cancer (S;ymoerns and Rosenthal, 1977)., The
m=unalosical effects of levazmisole on cancer patients {nclude a
cor.sistent effect of reatoraticn of cutaneous delayed hypersensitivity
te various antigena (Klefstrex, 1977).

7

A single intake of a trerapeutic dose of levamizole (2.Smg/x7) is
practically devoid of side effects as shown in studies where levamisole
was used as an anthelmintic (Moens et al., 1978). Repeated intake which
i{s neeled for {mmunotherapy may however cause severe adverse reacticns
in 1 susceptitle sub-porulation (De Cree and Symoens, 1979). These
reacticns which are idiosyncratic may necessitate discontinuation of
therapy, They include skin rashes, febrile illness, mouth ulceration
ani agranulocytosis. Neutrorenia is also a ccmmen side effect (Symoers
ot al,, 1578). Hewever, levamisole is tasically well tolerated by 80-75
percent of patients, The highest well tolerated dose in man (2.Sms/ks)
harrens te be the therapeutic dcse in antiXel=inthic and immunot:erapeutic

iriicattons (Ze Cree ard Symcens, 1877), A single dose

Fi - =

boe
L

<« “.* and restrres izmune functicn £ar 1t least 5 days (Mowat, 1372)

f‘f.’“:‘.’.'«'t’ A, :"'7..

apend
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Teon Surtlpme-tatis~n in Trorary of Heokwora Infection

Suprlements of ircn for irnfected individuals in endemic hookwer=
areas have been effective in controliing anaezia (Easta‘gg‘gl.,
19?9). “gp.enishzent of irca is currently the most raticral
and achievable interventicn available for conteracting the
effects ¢f the aniexmia cauced by hooskworm, It's advantage is
that of being a cheap and effective method for treating iron-
deficiency anaemia irrespective of it aetiology (Gilman, 1922).
Supplerentaticn Tay te provided in availatle food staples such :°
lugiY Or flour, dependirg cn local preferesaces (Michaelgen, 19°7),
Cral supplementation of iren in malnourished patients may however
lave drastic effects. For example, in poorly nourished Scazall
netads (4Fa&jk dependent reople) supplezent.ition of ffon w3
associated with an increased risk of bacterial and protozcal
infection (Murray ot al., 1973). These results are puzzling

since in the iron-deficient host who is receiving oral supplements,
the ingested ircn would be bound to transferrin and little free iron
would then be available for use by bacteria and protozca (Fayne

and Finkelstein, 1978), However, invasion of microorganists i3
only possible if ircon is avajlable for growth of the organisas

(Van Asdeck and Verhoef, 1986) and the hypothesis that an iren-
rich host environment predisposes to infection has been established

by an overwhelming nucber of studies dealing with the subtject

(Van Asbeck and Verhoef, 1983),
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CEAFTIR 3

MAT:R LS AND METEQDS

Patiorzs and Controls

——

Fatients studied numbereda titty-seven (57), and they were taken
trom putients attending out-patients clinic or in the wards of
the aihmadu Bello University Teaching Hospital., 7The conirels,
numbering twenty-six {(26) were voluntecers age and sex matcned
with the patients who were elther civil servants or students ol
twe Anmadu Bello Univeraity, Zar:ia. The age of the patienta ranged
botween 12 and 70 years with a mean ot 31,0 years, 'Yre ccntirols
kad an age range of 16 years to LS years, wizh a mean ot Z0.0
years. 'There were LL males arnd 13 female patients. Amongst the
contrels, there were 20 males and six terales. The patients were
sutjects with heavy or aild hoodworm load dependins on their exsg
counts ana they were grouped into those having marred, mcderate,

zild or no anaemia based on their blood results,
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Sregimen Collectien

(1) Elecd:~ Peripherial blood samples were taken by venepmciure,
About 25ml of bleed was drawn frcm each patient and cenirals.
Ten ° ml of blood was put into a tube containing hegarin
(250 1.,u/10ml) for T-lymphocyte assay, 8al into another
keparinised tube for leucocyte migration inhibiticn test
and Sml was alleowed to clot in a tube for serum. The cerum
was separated out and stored at - 20°C until further uze,
The remaining 231 of blecd was put into an EDTA botile Tor

haematological assessments.

-~
o
—
tn

tool:= Stool specimens were collected from all subjects in
gerew capped containers. The samples were examined izzediately
for parasite cva and protozecal cysta. Egzg. counta were then
zade by the Stoll method while a small portion of the sazple

-

was szeared onto filter paper for hatching  (STOLL, 1263).

7
anite Blood Cell Count *

A 1220 dilution of the herarinized blood (20ul in LOOul) was =ade % '_&}

in WBC dilution fluid (3% glacial acetic acid with a tingze of g‘fl
v

sentian violet). It was used to charge a Neubauer counting chamber

1nd the total WBC was counted in the WBC areas under a micrsscope at a ﬁlg

magnification of x160. The WBC was expressed as count per litre. :5

2iffarential Lymrhocyte Count

A szall drop of the blood in ECTA was placad cn a micrescopa slide
and gpread cut to give a thin fila, This was alr driei, staired
with Leishz=an stain and the percentage of lyarhocytes ccunted under

3 =icroscore at a magnirication of x1CCOC.
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302,401 Ceparation cf Lyxdhocytes
The method ¢f Gupta and Gocd (1579) was exzployed. The 1Czl cf
reparinised blood was diluted 112 with Za>le's zinimum essential
rediva (MEX) and gently layered on 2=l of Ficoll-Fistopague
density gradient in a 10zl tissue culture tube (i.e about 7zl
of the diluted blood). Tais was centrifuged at 1,800 ypum, for
3C minutes at rocm temperature, Twe lym;hocyte layer at the
Ficcll = MEM interrhase was gently reccoved with a Tasteur piret:e
ar.d transferred to another 10ml tissue culture tute, The cells
were washed three times with MIM by re-suspending them in the
medium and then centrifuging at 1,800 rpe for 10 minutes at
roct temperature. After the firal u\:E;ﬂﬂhe cells Gare resuspended
in 1wl of MEM containing 5% inactivated absorbed fcetal calf serum
(F2S) and the cell concentration adjusted to b x 106/31. More
than 95% of the cells were viable as tested by tryjpan dlue dye

exclugion test.

- | -

1,¢.5.2 Preparation of 9,.5% Sheep 304 Blood Zells (3322)

About 3wl of sheep red blocd cell in Alsever's solution was
centrifuged at 2,000 rpm for 15 minutes at u°c. ire packe? cells
were washed 3 times with M=M, Then, SOul ¢f the racked red cells
were rexmcved and resuspended in 10zl =f MENM solution to give 1

0.,5% suspension,
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3.2.5.3 Rosettes Tachnigue

The methcd outlined by Cpiegelberg and Gonzalez-'olina (1980) was use
Cf the ly=rhocyte suspensicn separated from she nerarinised

blood, 2CCul was taken and mixed with 200ul c¢? ‘“e C.5% sheer

red blood cell (SR3C) susrensicn and incubated 2t 37°C fo-

nute at

[

m

wl

S minutes., This was centrifuzed at 1,000 rm, fer
h°c and incubated at LOC overnight. The cell rpellet chtained
was gently resuspended and 100 lymphocytes were ccunted for
rosette formation in a drop cn a microscope slide. A rosetie

is defined as a lymphocyte with 3 or more SARRC attached to i,
The result was quoted asg percentage positive of reripheral blccd

lyaphecytes,

Absolute numbers of the lyaphecytes were calculated froa the
Jja b

follecwing formula

a x xX = ¥ x 109/L

i -8
100 100
wtere 2 = % of rosette positive cells.

b = % peripheral dlood lymrhocytes

X = White blood cell count (x 10°/L).

Lo
¥ = Absclute no. of resette positive lymrhocytes x 10° /L,

3.2.L4  Izzunoflucrescence Micmscony Technicue

Tre zethed descrited in the Zecton-Dickinson® Source book (1351)
b

was adepted. Pifiy amicrollires of the lyz=rhocyte suspension was

Placed in a small plastic tube and 20ul of the acroclenal antibody



(Leu 22, Leu Ja cor Leu L) ziled, This was incudated f2r 70
zinutes cn ice at § C, after which it wis centrifus23d and washed
twice at 1,000 rpe, for 5 cinutes at L 2. After the final wash,

he cells were resuspended in a drsp of zinizum essentizl mediuz,
A drop of the cell suspension was placed on a glass slide, covered
with a coverslip andi sealed with rnafl varmish., This was kert at
4 C fcr 15 zinutes for the cells to settle down and the flcurssczence
read by screening random fields. A field was selected and viewed
wmder riermal light and the total nunber of cells {n a visi¥la avon

recerdel, The UV light was then switched on and the nuzter of ce!

‘o
- ¥

in the saze arsau that slaired tright peripherally with flucreccenra
dye wore recorded cepiarately as pesitive, Several Tlelds wore

scanred until a total of 129 lywrhocytes (that i, btoth jesitive

P Y 1

wd negative were counted, The number of positive ceolls was

exprossed as a percentace of the total count. The absolute nunter

vas calculuted using the atove forzula for pesitive resetting cells,

Loucocyte Migration Inhibition Test (LIT)

ot

Tae zethod descerided by wsenterg and David (1570) was ezjloyed.

The fml of thepariniszed blood separated 2tove, was allowed to set‘le
at 3T C far 1 hour. The plasza was removed and transferred to
ancther rlastic tute and washed three tizes with I™¥1 containing

15% P33, by certrifuging at 1,290 rpm for 10 minutes at 3? C. At
the end of the final wach, t*e cel)l tellet wis resusperdes in {1 =l
cf the mediun ard the cell concentoition 24Sustnd to 1 X 1’7 e115/21

743 cell puniercicn was then ispirited into cagillary tubesg ‘eaving

itout cne=trird of tte tutes engty. The 237%7 end of Ste eagillary
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tubes were then sealed with plasticine, The eealed cazillary
tihes were then rlaceld in ticsue culture *:stes and cenirifuged 2t

oM o
1,220 rrx for 10 ainutes at 37 C, They ware cut abcut cne

illimeter Yelow the cell 1liguid interface and rlaced.in a

H

icraticn chambters ani anchored firaly with a sTmall dab of sili

cone grease. The charters were filled with either RFMI

mediun with 15% PCS alene (control) cr with 100 iu/zl PPD (test).
Zoversliys were then placed on the charters and sealed in place
with sili cone grease., The test was perfcrwad in duplicates, Tre
c»arber plate was incubtated perfectly flat at 37 C for 24 houre,
after which it was pliced on a microscope 2nd the area of migrition
w1s projected onto a piece of grarh paper. This waa drawn and the
irea was meagured by counting the nusber cf squares encircled, Thnr
rerecontage nigrition inhibition was caleulated frea t¥e follewins .
formula:

¥ inhidbition = 1,0 - test area x 1C0
control area

swantitation of Serumx Trmunoslobulins and Cemzlement Levels

3

ie single radial {mmuncdiffusion technigue described By Mancini
et 21.(1965) was employed. Various dilu‘icns (Neat, 1:2, 1:4, and
1:8) of stirndard serum which Fid been calibrated arainst a WSO

amunozlobulin standard cerum were assayed along with the samples,

A * nchle azar in Tris Sedium (7# 5.°) tarbitore buffer was prepared
ty teating until the asar was completely diszasnlved, This was allowed

1 —'r-‘ L] -
to =ccl doam *c 577, The 1nticerur was <iluted 1213 in this godium
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bartitere Suffer and warzed up to 56 2 irn a water tath, Zgu:l
volumes cf the asar and diluted anticerim were then mixed, ‘t:aut
1Sml of the mixture was layered cn a clean 17.5cx by 13.Cca #li2s
plate, The final concentraticn of the isar then decame 1:5 while
the final diluticn of the antiserum became 1:30, The acar was
allowed to cet at room temperzture tefore wells of Zmm in diareter
were made using a gel punch. Using a fuil capillary tube, a
constant volume (Sul) of the specimens and the standard seruz
were adied to the wells., after all specimers were added, the
plates were incutated in a zcisture chather al room texperitirs
for 24 hcurs. The diameter of the for::1 precipitin rinegs were
zeasured with an eye micrometer. Tre vi:lues obtalned for lhe
standard gserua (the =erial diluticns) <rre used *o plect a

] .
rafercnee curve ¢n a line-leg #riph’parer with eoncentraticon oo
the logarithmic scale ani the diameter cn the linear scale,
Values corresroaiing %o *he zan;le dianeters were then read ¢ff

e reference curve,

STCCL EXANIIATICY

Tirect 3zear Methed

CUnder this technique, a pin head size cf faeces were takern froz
each specizmen and eculsified i{n a drop cf normal physiolcgical
saline., The szear was made s2 that newsprints could still be
visitle thrcugh {t, A weak coluticn of Lusols iodine, in place
cf salize was zlzo used %0 iaze the smear for the purpcse of

= i . e " - - . e ¥4 g =t s — X e
ining pretezedl eysts, 3liss coverslis (Llaz x 202z) wers
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thenapplieqd and the slide examnined for hookworm ova (*aust, Beaver

anz Jung, 1975).

Stoll 3G Countins Techrigue

The methed descrited by Stoll and Zaucneer (1326), was aiopted,
A 3g quantity of faeces was weighed out into a screw capred glass
totile with L2ml of distilled water (N/10 sodium hydrcxide NaC3)
was used in place of water in case facces was hard, Some glass
beads were then added to the faeces in water and thoroushly
cozzinuted. A 0,1521 of the suspenzicn was then pipetted eonte
a glass slide and covered with a coverslip. The total number of
egcas in the sample including any in the fluid exuded frea the
aides of the coveralip were then counted,
“279 counted were present in 3 x 2,1%: of faeces.

4
This gave a 0,01g of facces, Therefcre eggs counted (x 102) =

give the nuzmber per gram of faeces ().

Tdentification of Svneciee of Honkwnmm Tarvad ne mecditied test-iute

r'ilter paper cultivation methed of Zsieh (1971) was employed. 4 len:*

1]

5]

wice crease was made in a filter parer strio (30 bty 1%0um) to 22% a
a wick for the larvae to travel up and using a wooden applicatcr Q.1:=
ot faeces was smeared on the paper crease, ''his was done in such a wa
as to leave about Lcm at the end cof the filier paper unsmeared.

The speared atrip was inserted inic a test tube with 10ml

starilized water, unsmzeared portiza downwards, making sure that

the faecal szear deces not touch the water, The test-tube was
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covered with a piece of cellophane, fixed tizntly in place with a
rubber band. Several tiny holes were punctured in the cellorhare
sheet with a dissecling needle, The tubes were then kert at rcez
temperature (2&0-29°C) for 6~-8 days. In order to exaxzine the
infective larvae, the cellophane gheet was removed from the top ¢f
the tube and discarded, then distilled water was added to the fute
until the water level covered the top of the filter paper strip.
This was left standing for about 5 hours, after which the filier
strip was recoved with forceps and discarded. The suzernatant water
was carefully drawn off by zmeans of a transfer pipetie until the
water level was juat about 25zm €rcm the bottcm of the test tute.
The suapenaion was ghaken and rapidly tranaferred to a conical
centrifuge tube where the larvae were concentrated by centrifuging
at 1,20 rpga for 3 minutes, The surernatant water w23 carefully
piretted off the ccncentrated larvae leaving about 23l of water at
the cenical bottem. A drop of Dobell and O0'Connor's solution waas

added and more water (about 2.5zl) rezoved as soon as the iodine

tint covered the bottom of the centrifuse tube.

The whole gedirment was agitated and transferred ac a drop to a
aicreslide and covered with a cover glass (22 x SCza)., The 3lide
w23 exazined under the microscope at a magnificaticn of x 160 for
the presence of diatinguishing features on the larvae present
sucn as the comspicuosiy striated cuticle o: Necator, tke lengzh
‘of :ﬁe body, the mouth spear and the tlunt anterior ezd.

1
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Trea*zent and tollow-un

The patients were treated using both Fetrax and Veruox altermatively,
Lavamisole was given 2.5mg per kg start, while Verzox was givea in

a dose of 100mg b.d. for 3 days. whenever possible the tablets were
taken in the presence of the researching candidate. The patients

ware followed up for L months in order to record any changes in the

cellular response at'ter treatment and to observe any evidence of

1.e. infection. At this point, amny (22) of the patients derazlted
fter the initial trcatzent. Of the 28 patients who returned for
follow=up, 25k were treated on Ketrax, 28.57X on Vermox and L2.8%h

had a serial combination of vermox and ketrax.

Statintical analyais

Analyuis of the results wau done using the stucents t-test.
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Clinical Findings

The patients were diagnosed to be sutfering trcm hookworam intection
tased on the recovery of hookworm eggs in their stools. There were
Li; males and 13 temales (male: female ratio of 3:1). The age range
of the patient varied trca 13 to 70 years, tre mean being 30 + 14
years. Controls were welil sreened, healthy volunteer subjectas.

The

Tere were 21 males to 7 females (male: female ratio of 3:1). )

age range was from 16 to LS years, with the mean being 28 + 7 yeara.

Iarras:tological tindinsg

‘the intensity of intection as indicated by the average egg excreticn

in stcol was 800 ova per gram of stool (range 100 - 29C0 eggs per

Fram of stool). However, tour (TX) cases of superintection ranging

from 12,2C0 to 111,200 eggs per ,ram of stool were recorded (Tables

! « 2). From the test - tube tilter paper culture results, Necator
azer:c nus was the predominant hookworz species occurring alone in 6/% of
tke £/ samples (Page 65), Ancylostoma iuodenale was always found togetner

with N. azericanus and occurred in Sj¢ of the sazples. Other intestina.



Hookworm Ova x LCO

rilarizora larvae of Necator (+) and Ancylestwaa (*) x 160



- 66 -

PA3SLE 1

=LYVEECCYYE RESULTS 1 PATIZNYS WiT= SUFERINFECT IC
Stoll Lt Ditterentia.] a2 fozerves| 1= -
s L: T q.;l: 1 - d
o . *{ ccunt Ebjasl lymrnocyte |~eu Tl PRR help.{ supp.|.~-F
4+ ecsin
65 | m | w600 |11]3.6|"2.16  o0.L: 0.66
60 & 1
1.60 0.1& C.72
naca LS M | 152C0 | L|3.0] 6&C 1C LO
1.24 0.05] 0,60 0.53 C.32 10,22
aradu 55 M | 2500 | 713.9] 32 L | LE Ly Z 18
1.22 0901 30-‘49 O-LS 0.23 0.26
25 M 11200 6(5.1 2L 1 Lo 37 19 22 24

O

CM

o

TAMLE 2
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376
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1L5

73

L6
L6

104

# Atsclute numbers 1109/L.

farazeters not statistically analysed becauze the sazple size

w8 20

small.
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parasitea that were observed along with hookworm infec:icn

{nclude Ascaris lumbricoides (4), Trichuris trichinra (1),

Taenia spp (1), Strongyloides spp (3), Schistosc=a mansoni £2),

k14 t iatoly~ i
Giardia lamtlia (h) and Entamoeba hiato ica (1). Malaria

parasites we-e detected in two of tha thin blood films and

patient no 2 (appendix I) had microfilaria in his skin enip
Table 2). The patients were then subgrouped into those with
hookwora only and those with hookworm and other parasites for

comparison of the immune parameters.

_aematological Pindings:-

The thin blood films consistently showed hypochromic anaemia in
,9% of the cases. The mean haemoglobin (Hb) level vas 8,3g/dl.
(+ 2.96), while the mean packed cell, volume was 33+11% (Tadble 3).
A aignificant relationship (P/_0.05) was found batween
level of.haemoglobin and ova load (Figure 2), On the basis of
haemoglobin levels and degree of hypochromia, the hookworm patients
were again divided into those with marked anaemia (Zb 1-8g/d1,
hypochromasia +++), moderate to mild anaemia (Hb 9-11g/dl,
hypochromasia ++) and patients with no signs of anaemia. A =ild
degree of eosinophilia (1-6%) was observed in 77% of the cases.
Only in 16% of the patients vas marked eosinophilia (> &%)
demonatrated. Mean percent eosinophilia was hovever elevated in

all the hoockwcra subgroups as coxpar~d to the controls (‘.'a.hlo k). '
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TARLE 2

PASASTTOLOGICAL PRCPILE IN S7 NIGERIAN ECOKWCRM PATIENTS

—

Parasite Specie and Combination No of Sample Percent of Sample
- yNecator americanus _— 38 08597
Beskveia Slane Llncylostoma duodenale hT\ 3 L 5.2:%
Ecokwera + Gilardia lamblia L T.02x
Hockwora + Ascaris lumbricoides 3 5.26X
Fookwora + Strongyloides stercoralis 2 3.51%
Bcokwecra + A lumbricoides + Trichuria

+ trichuria + P, faleciparum 1 1.75=
Bockwora + S. st‘ercnmlia-r S. manson 1 1.7S%
Ecokwora + CSchistogema mansoni 1 1« 755
Bockwors + [Ilasmodium faleiparum 1 1.75%
Fockwera + Taenia saginata 1 175
Heokwora + FEntamoeba histolytica 1 1.75%
Hoogxwora + Cnchocerca volvulus 1 1.75%

Total 57 100%
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TiBLE

PACKED CELL VOLUME (PCY) LEVELS IN SCCXWORM PATIVNWTS BEPCRE AND

AFTER TREATMENT

Befare Treatment L/52 after treatmant P, Value

Patients 3321 3B +9

n 55 25 P/lo.oxn
Range 11 - 48 15 - 18
Controls L2 + L L3+ 5 '

n 28 a1 P> 0.t
Ran e 34 - L8 39 - 52
P. value P/ 0.001 P/ 0.01




Differentinl analysis of pericheral bleond mononuclear eelle in Hookworm patient subgroups and controls

Cell Type Marked Floderate ko annemia |Hookworm Hookworm + | Total Hookd Controls P, value groups
anaemia anaemia only other para-{ worm pati- L, X, 11%, 1V
e = = _ sites patients _ Y & VI va group
X SD X SD X SD X SD A S (X sSb X Sh | Vit resp.
=
wWBC x10°/L 5¢12 # 3.22 [L.95 # 2.31|L.LO + 1.82[L.9 + 3.0 | L.t 2 1.5 |72 » 2.3 [3.76 + 1.5 "p /0.01 tor all
n 15 15 27 L1 16 57 28 group resp,
range ‘._.W o JM.D* U..-w - m-.w Ao_._— - .-Nt-m ._-nhn e JM.A A-___ b aao d-: i dmuuw ﬂ-N e Qq-m
Lymphocy tes 2.20 & 1.64 [2.23 + 1.31] 2.09 * 0.75] 2.2 + 1.2% 1.68L + 0.642.16 ¢+ 1.15]1.80 + 0.87] N.S.
(x10°/L . Fa 0,1 for groups
2 15 15 27 L1 16 51 2y ve group YII
range 0.79 = 7.2% | 1.07 - 6.5110.15 = 3.330.15 - 7.2¢ 0.72 - 3.04Q15 = 7.25]0.57 = L.31| %P
ﬂacﬂtovszm 2.08 # 1.25 11,99 + 1.011.73 # 1,171 1.91 # 1,19 1,84 + 1.094 .68 + 1.1 |1.77 + 0.75] N.S, PNO,1 for
Maww\rv .‘..ﬁ am M...~| L1 __m.l mM M.ml all group~ vs
- group VII resp.
range 0.42 - 4.52 10,70 = 4.6} 0.26 - S5.17]10.26 - 4.6F 0,83 - 5.,14Q26 -~ §,12{0.,9 - 3,97
M\.Onnasiwmwm 0.25 + 0.1k | O.Li3 + 0.3 0,238 + 0.3 0.35 +# 0.3) 0.40 4+ 0.29Q.36 ¢+ 0,30]|0.06 + O.04] * P /0.0O01 for
x10°/L 2 y ; & all the groups ve
n 15 15 et h 16 o1 28 Froup V!1 resp.
range .08 - 0.,910.,03 - 1.0/ 0,05 -~ 1.310.,05 = 1.2} 0,08 - 1.010Q003 - 1,27210,0 =~ 0,18
Monocy ten (X) 3.0+ 1.33 [1.520.8511.940,51|2.2 2061 1.7 40.00]2.040.58] 1.5+ 0.6 PX0.5 for all
e 3 - the groupn va
" 15 15 1 L 16 o1 23 rroup VI rear,
range 00 = 60 o= 352 1 1.0 2.9 34,0 =.3.51. 00280 300~ 3,510,032 ]
z.:m = not statiatically sipgniticant ® = ntatisticnlly glmificant n =1 v r of nomplen
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