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CUIes willI specific Jeteiminants, it is ITeces-
sary to establish a technique witli Ingh
sensitivity and stability using a small

Sexological investigations on filariasis have amount of anti enic materials.
been carried out for more than sixty years In the present paper, we report o11 Line
using various techniques for the diagnosis IgG antibody responses of Mongolian
(Ambroise-Thomas, 1974; Beaver, 1970; jirds (Met. jotzes 14ngttict4!@tits) infected with
Grove and Davis 1978; Kanraj at a!., 1981; By14gitt ptthangi antl human cases infected
Kagan, 1963). In the most of serological wini various parasite s ecies measured b
tests for. human filariasis a variety of re- enzymelinkecl iiTimunoSorbenr assa (ELl-
late({ wornrs have been utilize<I as antigen SA) LISing crtide extracts of adulr worms
(e. g. Dii. o111mttt miniitis for the diagnosis aild micronlari;Ie of B. fiftht!rigi as antioen.
of I, Vt!chei. end b{Incrofti infection) (Grove
at at, , 1977; \\feller at 41. , 1980), because
of the cliniculty in obtaining sufficient
amount of I}omologous antigens. None of
the jinmunodiagnostic tests now available
is satisfactory for defining accurately the
presence of filarial infection in individuals,
because of either lack of spedficity or in-
ability to tliscriminate beLween present
ancl past infection (WHO, 1981). In orcler
to develop a method to utilize the mole-
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lintigen pi'epai. @!ion:
Adult wonn^ (atI) and rum, filariae (MD

of B. p, !Attngi weTe washecl out froin the
pentoneal caviLy of jirds with saline 6 to
24 months after aiT intraperitoneal inocii-
Iation with 100 third- stage larvae.

To eliminate 1105t cells from ACT or Mf

preparation the suspension including fitl,
Mf and nost cells was transferred into a

Petri clislt witl} a Pasteur pipette, Ad were
selectively transferred five times by a Ileedle
to another Petri <11sli after rinsing in saline.
Then Ad were blotrecl with a filter paper,
Iyopliilized and kept at -20 C until LISe,
Tlie suspension including Mr was poured
into another Petri CTislT leaving adjlerent
cells in the dish. The micromaria sus.

pension, 200,000 Mf/inl, was mixecl an

Materials ' and Methods
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eq. tial volume of I% agarose clissolved in
saline \vhiclt was kept at 50C in a water
batli. The mixture was the IT transferred

into a Petri dish and kept ILOtizontally at
Afrer tile solidificationToolTL telnjieratuTe

of the mixture, 5 inI of Hanks' balanced
salt SOILitioil (HBSS) was I>lacecl on the gel.
The <11sli was then kept in an incubator
at 37 C overnight. By this proceduTe in-
tact an<1 live IVlf were collectecl effectiveIy
without ITost cell contamination (Nogami
at 41. , 1982). TITe Mf coming out of the
gel into HBSS were recovered, washed with
saline, Iyophilizecl antl kept at -20 C tintil
use.

OardC extfttCt$ Were 061din6d 11'07n rid
o1' Mf by the following PI. o66di, ?'e:

\,\70rms were suspendecl in carbonate
buffer (0.05 M, pH 9.5) an<1 nomogenized
willT a ten'on homogenize^ for 10 mill and
the hornogenares were frozeiL and tliawed
in tubes 10 times. Then, the solution was
sonicated for 10 Trim, stirre(I slowly for' two
days in a refrigerator, antl centrifuged at
10,000g for I ILOru' at 4C. The super-
natant was filtered throLiglL at millipore
filter (pore size: 0.45 I'm) ancl Iyophilized
an CT kept at -20 C until LISe. For the sen-
sinzation of a microplate it \\, as reconsti.
tunecl to a concentration of 3Itg proteinjml
in the carbonate buffer. Protein concentra-

Sera were storecl at -20 C Lintiljary tubes.
examination. A positive control serum
was obtainecl by jinmunizing jirds with
a crude extract of Act emulsifiecl with
Fretind's complete adjuvant followecl by a
booster injection withouL adjuvant,

The 11uman serum samples were col-
Iectecl in Japan and the Philippines. TITe

were infected willI 1,141cheim'inpatients
bitn"ofti, an isriftis sp. (Type I), Lot{ IOU,
Gnathostonm sp. , SII'origyloides $161'co?'tit^,
Schi$tosont" I'dpoitict, ?11, Ent0?110ebtt histo-
by ticu or Echinococcus ninth!o6/11n, is,

anti-IgG unlibodies con}jig(lied tufth
hot. seiudish pel. oxidase:

Anti-human IgG goat IgG conjugated
witll horseradislL peroxidase (HPO)
obtainecl from I^, tiles Yeda Lab. Inc.

Anti-jir<I IgG rabbit IgG was conjugated
witlt HPO (Sigma Chem. type Vl) by tl\e
oxidation mathocl (Nakane anc1 1< awaoi,
1974) and storecl at -20 C lintil LISe.

Anti-jird IgG rabbit IgG was IJrepared
as follows: litcl IgG was Iiurifte(I from
pooled jird serum by the affinity chromato-
g^aphy o1T Protein A Sepharose COILimn
Rabbits were jinmunizecl witli the IgG
emulsifiecl with Treund's complete adjii-
vanr followed by a booster injection 4
weeks later. Tlle rabbits were blec1 2 weeks

after tile booster' injection. The specificity
of the seruin was confirmed by jinmuno-
electrophoresis. Rabbit IgG \\, as purified
from tile serum by salting our in 40%
saturate CT ammonium SLIMaLe and on DEAL-

cellulose column. The purity of the prepa-
Tation was confirmecl by jinmunoelectro-
phoresis LISing anti-rabbit whole
(Mire, Yeda Lab, Inc. ).

ELISA Minop!ate test PIOcedmt:
The optimal concentrations of antigens

antl conjtigaLes were cleteTinine{I by' a
checker board titration using positive anti

Disposable polystyrene 96liedatiVe Sera.

well micronter plates (micro-ELISA I>late,

tion was estimate<I by tlie Lowry-Folin
method.

861'1tm Samples:
Seventy eigllt ifrds were inoculated intr:I-

pentoneally and 27 jirds subcutaneously
willI 100 third-stage larvae o1 B. fifthangi
wl\en the jiTds were 3-6 months old. TITey
were blecl at appropriate intervals after' the
inoculation. For' studying the antibody
titers of early course of infection, 5 jirds
(6 months old) were inoctilated intra-
pentoneally will\ 50 third-stage larvae of
B. lidhongi. Retro-orbital blood samples
were collectecl at weekly inter\, als in capil-

was

( 44 )

serum



Dynatech, M 129 A) were sensitizecl by
adding to eaclT well 0.1 inI of ACl or Mr
antigen diluted ill carbonate buffer (0.05 M,
pH 9.5). The I>lates were incubated in a
moist tire box at 37 C for 2 hours and kept
at 4 C oveiniglir, TITe plates were washed
with PBS iruluding 0.05% Twee"-20 (PBS
IT). Then 0.2 inI of PBS cont^ining I%
bovine serum albumin (PBS/BSA) was
addecl to eacli well, The plates were incli-
hatecl in a moisture box at 37 C for. I ITour

allcl washecl with PBSjT. After the addi-
tion of 0.1 inI to eacli well of test serum

diluted appropriateIy with PBS/BSA tile
plates were incubated in a moisture box
at 37 C for 40 min and washed three times

with PBS/T. Then 0.05 inI of anti-IgG
coningatecl witli HPO diluted in PBSjBSA
was added to each well. Again tile plates
were incubated at 37 C for. 30 min and

wasliecl three tiines. Subsequently, added
to eaclT well was 0.3 inI of working sub-
SLrate \vliich was preparecl by adding I ntl
of SIIbstrate SOILitioiL (containing 100 nig
o-PIienylenecliainine in 10 inI methanol)
ant10.1 inI of 3% ITydrogen peroxide solu-
lion to 99 InI of clistilled water. Tile plates
were kept in dark at room temperature
for 30 min. The reaction was stopped by
adcling 0,025 inI of 8 N HgS04 to eaclT well.
TITe absorbances at 500 rim of the contents

in each well were cletermined by a micro-
plate IJhotomerer (Corona MTP-12, Nissei
Co. ).
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ELISA till. atton:

In the first experiments, sera from jiTds
heavily or figlitly infectecl witlT B. frnhttngi
were assayed for antibody against Ad or
ME antigen along witlt sera from tinin-
rected jirds or from jirds jinmunized with
ACl antigen with Freund's complete adju-
vant. TITe results are shown in Fig. I,
Sera from botlT groups of infected jirds
showecl strong antibody activity in ELISA.

0.1

Fig. I ELISA of jirLl serum infectcd witli B.
PRha, ,gi. Six fold serial diniLions of sera in-
trialIy diniLcd 1:40 in PBS/BSA were assayed
by ELISA and the resiilts were incastircd as
optical density at 500 rim with Corona micro-
plate PIiotoincier. Solid circles, positive control
scrum; open circles, negative control serum;
solid triangles, sertim of infected jircl with
large numbers of Ad (>11) and Mf (>10");
solid squares, seritm of injected jird with small
numbers of Ad (I~5) and ME (10'~10').

On the other nand, optical Liensity at
500 inn (OD 500) of urnnfected jird rerum
clicl nor exceed 0.18 at any dilution tested.
In order to Lieternline the background OD
500 of Qin' assay system, serum samples
from 40 11ninfected jirds were examined
at 1:40 dilution. Mean OD 500 of these
samples ant1 99% confidence upper limit
of OD 500 were 0,099 and 0,145, respec-
tively. Antibody close-response profiles
(serum <1ilution in abscissa, OD 500 in
ordinale) of infected sera and serum from
jirds jinmunized witjt Ad with Freund's
complete adjuvant showecl sigmoid curve.

Results

6 a6'

Serum GIIuiion

___,,.____4
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Fig. 2 Eltition profile o1 jitd scriim infected witli B. fah"rigi thTougli Sephadex G-200
gel filtration. Protein concenLration measured by OD 280 (solid circles connectcd I>y
solid line) and antibody disLribiirioiT in ELISA (OD 500, I, crrical bars). Note the I, allies
OD 500 in the hist peak are less than 0,145.
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Fig. 8 ELISA liters of sera from infected jirds and numbers of Ad and Alt recovered
from the pentoitcal cavity. Solid cirdes, anti-Ad titers; open circles, anti-ME Liters.
Ad; +, I-5 wormsjjird; +F, 6-10 worms/jird; 11*, U worms/jird and over. Mf: ==, less
titan 10' worms/jird; +, 10' worms/jird up to 10' worms/jird; +I-, 10' wormsjjitd lip
to 100 wormsjjird; +IF, 10" I\'orms!jird and over.

OD 500 to 50% transmission of tile close-The an Libody Liters of tlLe serum samples,
response curve of positive control serumtherefore, were determined thereafter by
assayecl on each plate.the serum dilution TVILiclL showed equal
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Reacting antibody in ELISA:
In order to see if the antibody reacting

in the ELISA was IgG, serum froin in-
netted jirds was applied to a Sephadex
G-200 column equilibrated in PBS. The
fractions were assayecl for antibody activity
against Mf in terms of ELISA. The re
SUILs are shown in Fig. 2 along with tile
optical density at 280 rim of eaclT fraction.
The antibody activities of the serum were
distribute <1 mainly in the second peak of
the elution profile and did nor show
distinct peak in IgM rich ITacLions. The re-
suits strongly indicated that antibody, ^eac-
ting in our system to Mr antigen in infect-
ecl jircl sertim were almost exdusively IgG.

I, Voi. in numbei. s and titer's:

Figure 3 SILOws the correlation between
the ELISA titers of serum from the jirds
inoculatecl inLraperitoneally \\, ith 100 third-
stage larvae and the numbers of adult
worms or microfilariae recoverecl from the

pentoneal cavity after 180 days or In ore
of infection, As shown in the figure there
seemed to be no correlation between the

number of worms recovered and antibody
liters against Ad or Mf antigen, Despite
the of live ACl and A, If in diepresence

periloneal cavity, five sera of infected jirds
(older than 30 months) were negative in
ELISA. The antibody liters in jirds
seeinecl to <1ecrease witlt age (Fig. 4).

Titer 1,100)
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Fig. 4 Agc dependency of ELISA Liters of infected jirds. Note that the five jirds over
30 months of age tire negative and tile titers tend to decrease with age.
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Fig. 5 ELISA Liters of anti-Ad anti anti-Mf in jirds in DCularcd willI larvae subcutanc-
on sly (SC) with micronlaremia, SC nit (+), or I\, idiottt micronlaremia, SC mr (-), and
jirds inoculatcd intraperitoneally (IP) and 11avc itIf in SITU, IP inf (+). Solid trialIglcs.
anti-Ad liters; solid squares, anti-Mr liners.
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Fig. 6 ELISA titers in early collrsc of infection in if rrds in octilatcd witli 50 larvae intra-
petitonealIy. "O week" denotes preinfccion. Solid ciTclcs, anti. Ad Liters: open circles
anti-Mf titers; an arrow, intrapcritoneal appearance of itIf. Note the decrease of Liters
at 9 weeks after tile incciilation.
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with larvae subcutaneously, most animals
with micronlareniia showed similar anti-

body titers against both Mf and Ad anti-
animals without micromaremia,gens to

although a few sera from the itrds with
micromaremia revealed a littlepatent

higher titers against Mf antigen tlian
against Ad (Fig. 5),

Titer. s in 8th, Iy course of injection:
Table I shows the changes of antibody

titers in the jirds after the intraperitoneal
inoculation of 50 third-stage larvae, As
early as 2 to 4 weeks after the inoculation,
the antibody was detected against Ad or
Mf antigen and the titers were increased
thereafter. As shown in Figure 6 a transi-
eat decrease of titers seemed to occur at

9 weeks coincidentally to the first appear-
ance of the \If,

3) Gnathostom" sp. : A Malaysian stu-
dent with positive skin test for gnatho-
SLomiasis had creeping eruption a few
weeks after eating a slice of raw catfish in
Thailand ' and had antibody titer against
botlT Ad and Mf.

4) Sellistosomtt japonicum: The pooled
serum of thirty patients in the Philippines
complicated with rise"lis, T?'ichtt?is andjor
hookworm infections showed the low anti-

body titer against B. lidhangi antigen, al-
thongl} it showed strong antibody activity
against S. jay?on irum egg antigens in
ELISA. An another serum witli an "old"

8611istosom" infection without current in-

nematoda revealed lowfection of any

Liters of cross-reacting antibody to B.
fifthnngi.

5) SII'origyloide$, Lit{amoeba, ECltino-
coccus or anionkis sp. : Antibody cross-
reacting with B. fahangi antigens in
ELISA was not detected in the sera from

patients infected witli these parasites.
anti-B. pahangi a?11:60dies in fiatients

with narusitosis:
The sera of human cases infected with

various spedes of parasites were examined
for cross-reacting antibodies against B.
I, "hangi antig^ns in ELISA (Table 2). In
most of the patient sera antibody titers
against Ad were higher tliail those against
Mr except in the cases of TV. borici'o11i
witlL microfilaremia, in whom the Liters of
anti-Ad and anti-Ml were same,

I) 1714chereria band'of it Antibodies
were detected in the sera of 4 patients out
of 5 who had been diagnosecl as being in-
fected witli TV. bonerofti and untreated
witlL any parasiticidal drugs more tlLan
ten years in Okinawa, and had symptoms
of chyluria, elephantiasis, or ITydrocele
without micromaremia. They were older

of All patientsthait 70 withyears age.

micromaremia in the Filmppines except
one 11ad ITiglier titers than the patients
without microfilaTemia in Okinawa

2) Log 104: A Japanese young patient
infected in Africa had antibody at the
Ingllest titer in human cases examined.

Tinmunological investigations of B. lit, -
hangi aild B. malayi infection in experi-
mental animals or ITUman cases have been

reported. In these reports various jinmu-
nological techniques have been IISed: coin-
PIement fixation test, indirect fluorescent
antibody techniques (IFAT), ELISA, et.
(Benjamin and Soulsby, 1976; Desowitz at
at. , 1978; Grove, 1981; Ridley and Hedge,
1977; Spencer at at, , 1981). TITe correla-
tion between inicTomaremia and antibody
responses has been complicated, so far.
During the micromaremic phase of the
infection, serum antibody against micro-
filaria surface antigen was reportecl not
to be detected (Ponnudurai at a!., 1974).
Some investigation have reported that
there was a significant correlation between
111e amicrofilaremia and the anti-sheath

antibody, cletected by the IFAT twing an
intact micromaria as antigen (MCCreevy

Discussion
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at tt!., 1980; Piersens 61 at. , 1980b). Soni-
carecl micromariae nave been reported to
be suitable antigen for the detectioil of
antibodies against micromariae in jirds
(Singli. at o1. , 1980) and even for the diag-

of 11uman filariasis (Hedge and
Ridley, 1977) irrespective of the presence
of microfilaremia. Cytoplasmic ailtigen
would be exposed by the sonication.

TIT the present study, IgG anti-:it, If anti-
bodies could be detected in ELISA irres-

peerive of tlTe presence of micromariae in
blood or pentoneal cavity in jirds using
water-soluble micromarial Theantigen.

anti-Mf antibody cletected in our sysLem
could be considered to react with cyto-
plusmic antigens of micronlariae. In OUT
results Liters of anti-Mf antibody, were
almost parallel to the titers of anti-Ad
antibody in infected jirds. A lack of spe-
cmcity had been indicated by Hedge and
Ridley (1977) witlT regard to cytoplasmic
antigens of micromariae.

In order to investigate the differences
in antigenicity between adult worm and
micromarial antigen of B. p@hangi, ab-
sorption experiments were carried out, The
serum from infected Iirds was mixecl with
tlie nomogenare of male adult worms and
incubated for 80 In mutes at 37 C. TITe

absorbed serum showed anti-Ad antibody
titer less than one sixteenth of the original
serunL antl anti-Mf antibody titer, one
third. Thus, there seems to be difference
between Ad and ME in their antigenidty.

The antibody titers were independent
of tlie ntimbers of worms recovered six

months after. infection. These results sug-
gest that a small number of \\, orms (ap-
proximateIy less tlian 10,000 micromariae
or 5 adult worms in a jird) can be enouoli
to elicit the antibody production againsr
B. 17nhangi.

It is generally accepted that worms in-
oculated in the petitoneal cavity of tlie
jirds produce Mf in the cavity antl the
Mf thus produced and localized in the

nosis

cavity follow an aberrant mode of life
different from the lymph-dwelling worms
which were inoculated subcutaneously,
althougli the Mf from jird pentoneal
cavity was proved to reach the infective
stage in mosquitoes (Chuang et o1. , 1979).
However, the findings that antibody titers
did not depend on inoculating routes and
localization of worms revealed that the

'aberrant worms' could cause antibody
production in jirds as the lymphatic
worms,

In ou^ experiments no antibody could
be detected in some old jirds despite the
patent infection of Ad and Mt. An addi-
lional experiment was carried out to see
if these findings could be due to the age-
related immunodeficiency. Various ages of
jirds (6-32 months) were jinnLunized with
sheep blood cells and antibody titers were
examined by the hemagglutination.

No significant difference was observed
in antibody responses among various age
groups tested, indicating that the absence
of antibody responses in old infected jirds
can not be caused by aging. More over,
abilities of antibody responses against
sheep red blood ceUs were not suppressed
alter the inoculation of live micromariae

into the petitoneal cavity (500,000 Mf/jird)
(data not shown). MCGreevy at at. (1980)
suggested that anti-she atIT antibodies iniglit
play a role in regulating peripheral micro-
maremia. Further, the correlation between

regulation of patent micronlarial infection
and cellular immunity 11as been reported
(Piessens at o1. , 1980a, c; SubTalTmanyam)
at of. , 1978; suswiii0 81 at. , 1980, 1981;

Thornpson 81 41. , 1981). The present find-
ings, Ilowever, revealecl that the antibodies
detected by our system can nor direcUy be
related with the regulation of peripheral
microfilaremia nor that of intraperitoneal
Mt. Tlie results presented in this paper
suggest the possibility that the ELISA sys-
tern can be applied for screening test of
human filariasis I>alients taking advantage
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of cross-reaction between B. pnh""gi and
IP. batter oili. For this purpose the adult
worm antigen seems to be better than the
microfilarial antigen at the same protein
concentraLion. The test is so sensitive as

to reveal past infection of bancroftian
filariasis, althougli some age(I patients give
low titers or negative results,

Summary

IgG antibodies in the sera from the jirds
infected wini BIWgi" I'd her rigi and from
human with parasiLosis were <1etected by
ELISA using crude extracts of adult worms
or Inicromariae of B. ^"hangi recovered
froin the penLoneal cavity of jirds as anti-
gens.

I) In infected jirds the antibodies were
detected as early as 2 to 4 weeks after in-
DCulation. The liters were almost equal
to each other against botlT antigens from
6 to 24 months of infection. Tlie titers

Antibodiesseemed to decrease with age.

could not be detected in some old jirds.
2) There was no significant clifference

in titers among 111e groups of jirds divided
by tlie worm burden. Marked difference
in Liters was found neither betsveen micro-

maremic and amicromaremic jirds, nor be.
tween jirds inoculated subcutaneously and
intraperitoneally,

3) By tlie absorption of infected jird
witlT ILOmogenized male adult

worms, the titer was decreased to one six.
teenth or less against adult antigen and
one third against micromarial antigen.

4) Antibodies cross-reacting against adult
and micromarial antigens of B. fahtingi
were found in the sera from ITUman cases

infected witli Wttclze?'crib bailcrojti, Loa
loft or Glinthostomo sp. The sera of pa-
tients infected with Schistosoma japonicum
were weakly positive against botlT antigens
mentionecl above.
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Br"gin poit@"gt ^^;^7<','*:;< ^ I=;Sit. ^ IgG litj:*:^^co ELISA I= a:.^it^IIJ

Br!, gi@ palm, ,gi 11^;#:X+* 7< ^ it 6Ci'!C E } *!11:1^
,^^moat:I^rl. @> IgG ^t{4;^:, 7< ^"* ?.' ^ 1:11^J: D

is it= B. patrongi 01^t!^ !=I^!I^Of;11,116^t^^I:"tI= L, t
ELISA 'Ginifiui::.

I) It&31^7. ,-* 7< ^ tilt, I^:^it;^: 2~4 igt!fitj=;b;
if:^.;^*'ui;=. !j^3;^ 6 ^,. j^ .!: 924*'!, IC^<1^, I^:^*t

I^:I: {+^bt^:Ickt Lt^I^CD#i^:Inn^:^<+%,?fo*^,**o

ic. niti:11^Iti^fit!:;^1.1^Tobi^if, ^^I, , :^11*,>^t
net?!^;i:I^=^:^:!^t^t::5.07=.

2) I^l!IZE*fi:^:tx+* 7< ^ ^:^. lit *,, ^:i$1^IC

I^:^:^8th*', {^^*nn^@0*^;^, ^;It Be~F3:i=it\;!I^?I

I:I* 51^:;^77^on:L*IC J: 0 <4> ^if*Inniz:;^^:^, us+^

tc ;6.01"

.^iBc9^

(11:^tl^*!Itr*:17<*I^!^a;^:^I*^^*t^)

^. ^I'S t^

(mai!I;^:^17<'^'^SEE^{^^*at^)
I^t P, a^' t^

(^::^117<,:^I^*!*!, fat^i!E4h^!^I*t!^91i^tag^)
g, L^:it^

(!!:^:?:*I^*:I, ^*^;a^^i?^5:^;^13^^I)

3) tit!3<!!!41:60* ^ 33 *- It'^;;^7< +* 741^ intr^
^:!!^11^+-a, I: , Inn;I^*;!^^!^t^!IC**L, 1116 ^!~F,
I^!t^;it^:IC*f Ltlt 1131c!^~F Ui^.

4) ,< 77 a 7I ;I\:It!I^, . 7 ;I^:It:I!, ;%ID !!<60 I:

Ilieni'i3!^, B. patrongi Dine:^It ^, o:1cli'!I^nil^:I=
3:53^!^!^^:^;^'^t*$^:^:!H Lic. B *;^:inI^!^*^tit
SSL*;*::!Ci^:, t;^:iEibiC.

7I 55 U 71i^6053;3i^15^tt^:;it**.^I^, ^ ? . 74 ^

U 71. *I'^"6^nitk0:1/7. ,;*;I^I^, 0 ^ ?' . 74 ;> U 71m

in^:;18th*"blitzFt^^I^t'&, ^, xi. ^';bran!^^: i^a fog,

71:^!;it IC*51.7:' s ? 0 74 :;. I^ 71nt!iron*^lzh. *.*?

E, ~;'!^;%It;^*'* 7. ' ^ fog s ^ a 74 ^ u 71c*14';^^ nitl:

^:41' be\* a c. I: fog\:!uq un=.
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