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I.H.S.,  Group of Biochemisiry - Bogotd COLCKBIA

Project: "Is tabllshment of a Juclelc A01d Unit in the Bloc&eﬂlsuny
Group - I.M.5,"

Anteceav“ts of the vroiect,

_:,The cooperation-betw feen J.1. C A. and I.M.3, has two component vrojects,This is

an evaluation about the biochenistry oro ject,

Sirice the ‘Pegzining of the project, we had been honored with ihe visit.cf

thrae teans of experts:

.

2) The first one, in April 1983, lsaded by Frof, Yaswyuii Takegi from Hjusiu
‘University, si"nedAihe-Cooterat4on Agreement, The te am assizied us in the
elaboration. of the first. aonl1ﬂat10n form for gouinment and. for training

of tuwo pr019551onals in Japen,

b) The second visit, in June 1684 also headed by Prof, Yasuyuki Yakegi,
1uatnd the progress and assisted us in the ellabvoraticn of the second

amallchtlon forn for eq izment and Iapzents,

¢) The third visit in fugust 1985 Neaded by Ir. MNoduya Crniomo evaluaied the
progress; discussed problems meinly the difficultiex for tlhe supply of

o

énzymes and rodioactiive Tzagents and ossisted us in ke ellzhoretion of

AVENIDA.EI.DORAD.O (ON CARRERA 50, JONA & - CONMUTADOR 2690577 -~  APARTADOS AERECS 80030 Y 80334 - BOGOTA, D. E., COLOMBIA



+the thdrd applibation- for eqﬁipmgn't, reagents ard training'.

The. supnlles and trainings had prO"I‘eSsed in che follo'.nno' weg:

a) J.I1.C.A.: did o’ mvo:.ces corresnondlng to the first anplicatmn
(4apr. 83) in June & 1982 ‘and Dec.” 3. 1984. . _

b) o professwnals of “the Group of B1ochems'bry Haria- Orfa. de Ro;as
and Et"ld Rlvadenelra were “$rained 1n hyusl:a Un.wersity - J‘APAJ from

_ _Jenuarv to Sentem'ber 1984, ' ‘ |

¢} J.I.C.A. did three invoicdes corresnondlng to. the second amhca.tlon
{June 84) ‘in April 301985, June 1 1985 and July 30 1985

AVENIDA ELDORADO CON CARRERA 50, ZNA 6 -~ CONWUTADOR 2690577 ~ - APARTADOS AEREOS 60080 Y 60334~ BOGOTA, 0. E. (OLONSIA



Since the main-objective of the projcct was to esteblish the mmmon and

physical infrastucture of an Uait for work with Jucleic icids (Resombinatic:

of DH"), two kind of activities nust be c¢istinguished:

A, Technical activities The I.N.S,, as 2 counierpart for J.I.C.A.

Cooperation, and based in the signed agreemcnut, had fulfil led the following

activities:

1. Mo professionals; Haria Orfa de Rojas (1. Sc, in 3ioghemistty) and
Enid Rivadenecira (LE. 5c, in.Ei'O'ChG.'?‘.ist.ry) ere comissiored to intesraie

a
the Unit of liucleic icids and to be trairied in related fechinizues in’

JAPBAH,
2. Two more professionals were recruited Tor the Unit, l=llman Cestzrieda
H. Se, in Genetics), and Dr, Fernando ingel (. 3c, Uaiversity of Lyon-

Francé);

3, The physical area of the, laboratory was redesirned to held the ecuipnent”
‘and the proféssionals.of the Unit. A contract wes sisned and the

construction is alimost finished,

B, Scientific activities

The scientific work started. initially with the two professionals who were

trained in Japan, and afterwards the iwo newly recruited professionals

joined the group,

The perfprmed activities were:

"1) Culiure were amplified and sealed up to volumes whicnh mayry enzble as the

;\'-'E_ﬁ[l'm'swcﬂv.ai)o= CON CARRERA 50, I0HA 6 — CONMUTADOR 2690577 —  APARTADOS AFAEOS 80080 ¥ 80334 - 80GOTA. D.E. COLOMBIA



exSraction of enough DNA quantities,
2) Axre"lmvnts were perfor: ed for the’ deuervln tjon of the time ;nd rate-of
thcs f UTA R4 and protelns(naper is in press)

DA was. extracted, and first attempts of nurzflcatlon were done’ (by uSCl

Lt
S

gradients and Agarose glectropnore51s).

4) First attempts of‘_ Is’ola_ti'oﬁ of total RIIA were done.

w

)’Cglture'of vecﬁbﬁgis‘rptinely performed,

The professionals trained in Japan or;anized courses and seminars for

N
g

mnllflcatlon of tle <now1edge.

.z

T
'*4G\>»ﬁ bJLﬁwa

" ¥oisés Yasserman Ph, D.

Head Group of Biochemistry
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PROBLEWE DETECTED DURTHG THE EMDING PERTOD OF CODPERATION

Two different kind of rroblens wers detected Aduring thisz Feriods

Re ARHMINTETRATIUE FEHbIEHu._
1} The de 1;9-n+ 1.H.5. te biing the inucices from tha Fort

o rrlvnl 'Tﬁiﬁ_;ﬁbbléﬁ is br+ﬁdilw wider consideretion of
thc EEhLlal.DiFECtﬁP.Of the Instituta. whe ig.s{ﬁduiﬁg the

mora EﬁFudlte wods for itz solution.

LL

in
Ti

8 EEGL+1!EE os anzdmes and rodicoctive comnFrounds were

.QFElled-+pr;5ince;june 1983, This motherial 1z ver

w
e
14
fot
‘+
el

E.

work  the Unii

_but'athlutelu 1ud1p“cn5nhie for the kind o
pu=t Ferformn.  The lqgt sight visid {Hus. 19285 rrofposed a

W For direct inuwcice from the comFanies to IJH.S. The con-

[

+
=1
ll

ts were done and if it works. it med be adapted ai %hw

definitive rrocedure. (f it does not work. [ would ask adain

czsibilits of Jolulof. poazind in aduance a

to ronsider the pos

A

ie

m
~'[|

fixed amount to the coamnponiss Fobr our ordering b

according. o the neegds: and under o free scheduls.
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H= 1n everd regeurch, fit QL
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renlitu. The Unit of Hucleie Reoids Reseorch: hod in FOET Do

tn:ffmfth'Praf- %-Tuka?i.L vl iz Qrours bt un¥aﬁiun-+-_u 1]
retired and since then aur cortoct remoined only with J-I-E-H;
udmihiétrn+iﬂé'0u+horit1e5 S The eroblem wes dizcuzzed with the

tast zight uizitiaug. quc cond we urrived.tﬁ the coﬁcluiiiaﬁ thaot »

zer cbhtu;i Wwith o 9rour working in o zimiler fizld i= highlw

rt

ot
i
i

irabls. One of the rurrposes of we Flonned wisit to Jararn (March

[wil
g

Ei.iézfﬁzﬁigif:regeahch'QrbaPS'und to establicsh contoct with one
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af thew. horzfuls with one axpert who con be further azked o
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Holces_UU_-ermnn Ph.lr.

Head group of Bicchemiztrs
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INFORM ON THE PROGRESS OF THE IMMUNOLOGY PROJECT ~ INS- JIC:'A';

The actual pIOJeCt of c00peraL10n between the Colombian National
Inetltute of Health and the Japanese Government Opened actlvitles
three years ago after the v151t to our 1nstitute of a Japanese delegaw.
tion. That delegatlon v151ted spec1f1cally the D1v1sion of ?roduc—
tion of Vaccines; however durlng the visit the Japanese commi551on
became interested in other flelds of our Instltute_and the filelds of
Biochemistry and Immunology were mentloned A new Japanese-mission
visited soon after the Institute ‘and we discussed’ with them the '

prOJeCt. Ba51cally what 'was proposed at that time was the general

“improvement of Blochemlstry and Immunology- in the Ingtitute ae a basic

seieﬁces in order to give a strong support to the others activities
of the Institute in applied as well as in basic reseach.’ Tﬁe:Japan
nese Government through‘its specialized agency JICA offered for that
purpose to donate equ1pment and reagents and training in the most
important sc1ent1f1c centers in Japan in the both proposed fleld as
a counterpart ‘the Lolomblan National Instltute of Health offered to
malntaln the interest in the program given fisical f30111t1es,
personne1, equ1pment and a special budget for local reagents,

maintenance_of the equipment and others items as they were needed.

In immunology we opened activities with-the visit of Dr. Suneko '
Kamiyama from the Jabanese Netional Institute of Health, who worked
in Bogota for two months given seminars, leetures and advisihg us
in the type of equipment, reagents and.lines of actions for the
project. ~With him we defined four main lines of action for the

project, they were:

1, Production of some of the immunological reagents needed in some

applied diagnostic problems.

2. Teaching and training in immunology for Colombian workers in the

field of public health.

36—



In
So

Develppment,'standardization‘and improvement of diagnostic
immunological techniques for the most important infectious and

parasitic diseases pteﬁaleﬁt in Colombia.
Research on some ilmmune problems oelated to those diseases.

accordance with the above mentioned lines we have been working.,

far we have fullfilled the following éteps:

The program has received two shipments from Japan, the First

one consisted of réagents,'they ﬁére.received totally in
' excellents cond1t10n8° the second one. con51sted of equipments for
electrophoreS;s.: At the moment, we are about to receive a thlrd

one with equipment.

Two members of our staff were send to Tokyo for training, they

are Ms., Gladys Cortes and Ms. Zuleima Rubio. They have been

':WOrking under Dr. Suneo Kamiyama and must return to ouxr country

to‘the end of this years to work in our program,

The program has been offerlng tralnlng on 1mmunology to people
who work in the Institute in different flelds, in order to

prove the dlagnostlc and regearch activ1t1es at the level of
our Instltute. So far, the following persons have heen

tralned

Consuelo Lspez (Par351tology)
Mercedes Santa Cruz’ (Para51tology)
Elsa Villareal (Paras1tology)
Patricia Olaya (Malaria)

Gloria Stella MoT eno (Mycology)
Dra, Claudia Peifia (Immunochemlstry)
Dra. Tiana Cian (Immunochem;st;y)

Carmenza Alarcén (Glinical Immunology)

The program began the production of some immunological reagents
réquested by some researcher from our Institute. Those reagents
_are“

4.1 Antlnhumar 1mmunog]obu11n conjugate with Isothiocianete of

Fluorescein (ITCF) obtained in goat.
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4,2

4.3

bis

4.5

4.6

4,7

4.8

4.9

'AntiﬁRabbit immunoglobulin: conjugate with'ITCF, obtained

in goat.

Anti-Marmoset immunoglobulin conjugate with IICF, obtained

in goat..

Anti—Dog immunoglobuline'conjugate with ITCF,'obtéined in
goat R '
Antl—Human - Immunoglobulln conjugated with Phosphatase

Alkallne (AP) obtained in goat .:

Antl—Human - Immunoglobulln (ab) TFraction congugate w1th

EAP, obtalned in goat

Ant1~Rabb1t - Immunoglobulin G conJugate w1th AP, obtained

in goat.

-Anti-Marmoset - Immunoglobulin G F(ab)2 ‘Fraction conJugate

with AP, obtained in goat.

Anti~Rabies viruo—immunoglobulin.conjugate—with ITCFE.

The'program has been working on the following research

programs: .

5,1 Development of a immunoenzimatic technique for diagnoétic'
of thyphoid fever (detection of antibodies as ﬁell as
antigen).

5.2 Extraction and purification of the thermostable toxin from
gh“coll ' ' -

5.3 Standardization of Acrylamide Electrophoresis for

"digoclonal IgG in Multiole sclerosis.

5.4 SLandardlzatlon of 1mmunologlcal techniques for. diagn051s
of Mixed Connective Tlssue Dlsease (MCTD)

5.5 Standardlzatlon_of=Plasm1d detection in antlbiotic
resistance.; |

5.6 Development of a Simple'immunoeoZimétic technique using
urease, as a screening test in some infectious diseases.

5.7 Development of a new test (ELISA) for human cysticercosis

(joint project with the Department of Parasitology.)

— 38 .



6. With the new coming support ve hope to continue improvement the
above mentioned activities. 'ﬁe'hope also to begin working

monoclonal antibody production, and the tissue typing program.

Since the thrgé previous years have been devoted mainly to built the
'faciliﬁiés and the-énvironment'fdr research, we strongly recommend
to‘the_Coiombian National Inétitute of Health to propose to the
Japahese Government the extension of the program fér anothér_three
years period, in qrdef to consélidate the whole program; we are
deeply coﬁvenged that this program will shed tons of benefits to

the Colombian public health problems.

MIGUEL GUZMAN MD M. s5c.

Héad'Depattment of Microbiology and Immunology
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DEVE LOPhiﬂT OF SPECIES SPFCiPiC DA PROBES FOR THE DETECTION
: OhiﬂmMN PLASHODIA i INPFCTFU hO QUITOES; :

Principal Investigador: H01ués Wasgerman Ph. .
' Hoad Group of Blochemlstry
INS .. Bogotd

Inotitutions involved in the Cooperationt

Instituto Nacional de Salud {Grupo de-Bioquimig;)
Bogotd — COLOKRTA

J.I.C.A. - Japan International Cooperation Agency

Hov, 1985 - togotd — COLOWBIA



OBJEGTIVES OF TR PROJECT.

fﬂeneralz Utlllzatlon of tha 1nfra%tructure { human and phyumcal) created by'

the cooperatlon of J. I C.A, and the Group of Bloohcmlstry T.KH.S. in the

solution of an important public health probleﬁ.

upeclflc.-

1.

Obtentlon of total genomic nrobcu, for dotoctlon of Plaqmodla in 1nfgcteﬂ

qultoeS.

'Standarization-of.%he detection of pdrasites5 asing 32P—1abelled and.

_ﬁiotin--'1abélledTprobGSf evaluation of ‘sensitivity.

'Clonlng of genonlc frarmento. Obtentlon of mult1p1e llhrqucs u1th

: dlfferent restrlctlon enzymea.

Preparation of probes from cloned DA, Determination of svecics specificity,

Studies of sequence and structure of interesting genes,

. Cloning of gehcs'(génomid and cDEA) coding for stage-specific. proteins in

cxpression vectors, and production of antigens for imunological assays,

Mield studies locallzatlon of malaria f001 and analysis of the dinam 1cs cl

transmission,

-



© RATIONALE

halaria is. one of tha moﬂt serloum publlc hcalth problems in Colombia ‘and other

tnoplcal countr1es. The arcas affected: cndemlcally wlth mwlarla, have a pieat
oconomloml potenthl, aince reaoures of agrlculture, live stock, carbon, 011 y

ahd minery are concentrated in thcm.'

The dlnamlou of the transmis sibn of the illness is véry poorly known. it=
depends on the ccologlcal and . climatic conditions of the regions, and-on the
presence of mquu1tOCS AﬂOBheleo. In the neo—troplcal region 60 dlferent species
‘of Anophcles were reported In Colomb1a were found ﬁllready £1 of them but
dppﬁrontly only 9 s p601es arc involved in actlve tranumlsulon of m¢11rla. The
behaviour - of ihe species is dlffcrent, so the efficacy of an arradlcdtlon
campaipgn will dopcnd on, the exact knoulcd"e of the partlclnut1on of cvary

Anophcles species in the transmission.

The methods used actualy of aisoeétion and miCrdséopy are inconvenient. They are:
cunbersome, and the samnle always is small and limited; the infection can’ not be
atributed to one up001es ofl Plasmodlum, rema1n1ng always the uncertalnﬂy if the
detected Plasmodla cause infection in human, or only in rodents, blrdu or other

animals,

The development of speciesuunccific DA probcs wich could detect with high
sen51t1V1ty the infection in mosquitoes, w111 be a great help in the plannlng
of rational strategies to fight malaria in Colombia, The probes Wlll be usefulu
as well for detection of subpatent infections in humans, improving the dlagn051s
and treatment, and diminishing substantially (if correctly uéed)'thc ﬁroblém of

transfussional- malaria, frequent in blbod banks of the tropical region,



INTRODUGTION |

"The Prghlgm Malar1a iB a very sorlous public health problem in Colombla. In

1982 (1), 80 000 cases were replstred and there probably were 4 times more,

ﬂnxeglstered cases,  Malaria transmlsolon dependo ‘on the ecologlc and climatic .
charactenlstlcs of the different Tegionsy . it shows maximum indexes in humld

tropical- forests. Other tactors as m1g1at10n of population, uncentirolled -
dcforestatlon, unproper housing and nutrition, and deficient sanitary conditions

may ‘enhance the problem.'

The rlch Anonhele“ population potentlateu the problem, There were shown in
Colombia A1 species from the total of 60 described in the nco-tropical zone (2)
i'rom thesc /1 spocies, 9 nre auspected active vectors according with epldemlolo—
gical evidence (1), but Plasmodium sporozoites wefe found in salivary glands of
‘only 5 Anonheles specleq Slnce the habits of thc varions ;pCC1es are different,
the: cfflcacv of a fumlgatlon camnalrn would depend on the knowledge of thc real

dlnamlos of transmls ion in every focus,

Népy Jabora%bfies-in the world are mware of this problem aﬁd'are‘activély'
searching_différent sqlutions,:Ramsey et 51 ) developed.a'density gradient
for'conceﬁirétibn;of Spofozoites and thus processing of a big sampie of mésquitoes;
Zavala ot al. (5) had used monoclonal antibadies in an immunoradiometric method
(IRA) to enhance aGHolthlty and maybe differentiate between species with an
indircct immunofluorescence tcchnlque; Turkot et al, {7), were able to detect

up to 300 sporozoites/hosquito .using an ELISA test,
411 the methods described here are immwological, and the Tinest require very
speéial'monoclondlb,‘Thé use of DRA pfbhes for detecetion of infecied mosquitoes

by molecular hibridization had not been reporied.

Antecedents in the I.N.S. Research groups in the 1.1.5, have studied malaria for

vears and, from'diffepeﬁt'ﬁoints of view; immmological, biochemical and cvidemio-

[l

" logrical,



aboration of J.I,C.A:y an Un{t

Recently (from 1983 to present) with the coll: .
£ the -

for DNA—reoomblnant work was. Gstabllshcd in the Group of Blochemlstry o

1.H.5. The obgeotlvas of the f1rst stage of cooperatlon were ﬂucceafully

completed. The equlpmont 19 partlally inuse and pwrtly being ingtalled, the

1aboratory was redealgncd and conqtructlons are 1lmoqt roady, the prof9361ona1

staff was relnforced by reorult of two profcss:Onalu and.: by tra;nlng 1n Japnn
of two more, Some work has heen already advonceds A very strlngent oynchronlza~
tion of the culture was developped and ‘with uuch a culture an exact descrlptlon
was done of the rates of synthesis of DBA,.JMA and proteins (8). Production.of

© iy quantitiea of parasites, and extraction and. purification of D& A by variéus .
LCChnlﬂueo (Phcnol extraction, ararose electrophor951s and CsCl grudlents) is

halng‘prc ently done,;

Related inﬁeStigﬁ%iohélhad prOngSSes too,. A'colony;of,nnophcleé,albimanps was

established in the Institute and natural ani artifieial infections are rutincly
pcrformCd;'ﬁethods for concentration (9):dhd'”?nchroni?ation (3) df.the pufaéite
were developed and proteins in the surface of ihe parasite were identified,
Sludies on the mechaﬁism of invasio“ are in progress The effect ‘of Ca’ (10)
.the role oi rhoptry and'ofherFProteins-is_presently under investigation.

The project presénted here will de the:continuation of these efforts,

Antecedents in the literature, Techniques for the detection of subpatent infections

in human blood by the use of Tecombinant Dili have been rccently reported (11-13).
lowever, there are”many problems left. The 1echhinuos are not, siﬂnificantly
better than the usual thick smear microscopic techn1que (14) and they use a
technology which is not frecauentlyibuni 1n the endemic areas. Here we W1ll

propose alternatives which may enable us to adapt the methods for field utud;es.

T 44—



METHODOLOGY

CULTURE OF THE PARASITE. Plasmodium falciparum, strain FCB-1 (from Colombin)

will be cultured uSing'fhe "candle jérr' mothod ag descrlbed by Trager &
Jcnuen (15). uynchronlzatlon w111 be done accordlng to Lambros and Vanderberg
(16), and the mature para81tes will be conoentrated in Percoll isopienic
Fradlents as described by usg {(17). The c011ccted parasites will be treaicd

with uaponlne, and the pollet w1th protelncse K and RHAse.

FATRACTION OF'DNA DNA w111 be extracted,w th uHCCGulVE treatmentb w1th phenol

and chloroform (18) Frqm the 1queous phasc the DNA will be prcc1p1tated with
cthanol The DNA will e purlfled in a CsC1 -~ Lth1d1um Bromide gradlent, and

tuhr will Ye ellmlnated by extractlon W1th 1oobutan01

'ELECTQOPHdRESIS O DNA. The standard method for separation, identification and
pﬁrifiéaﬁion of DIA tﬁrough agarose electrophoresis gel will be used (19). Bands
of DEA wiil be stained with low -concentrations of the intercalating dye ethidium
bromide, Recdvery_bf-the DNA:will_be performéd'using 1ow fﬁsion point agarose,

or by electroelution into dialysis bags (20).

“WAFVP‘TQTION OF' THT DNA. Two methods will be used:

a) Ultrasound treatment in tlﬂo? and frequen01co which will be standardized to

obtaln different sizes of DhA.

b} Frapmentation with DNA~restriction endonucleases, The following enzymes will
be used: ECORI, Hind 111, BamilI, Bgl II, Alul, According to the study of the

-~ patterns of'réstriction, fragments will be choosen for cloning.,

PREPARATIOﬁ OF PROBES, Fragments of flammodium DNA will be 1abcilcd with the
"Fick Translation" method as desaribed by Rigby et al._(21). Thq_labelled DA
will be purified by moleculer excjussion chrom:tography, DHA will be luabelled
with biotinilated dUTP accordlng to Leary et a1, (22). Senslt1v1ty of the two

kind of probes W111 ‘be compared,
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nrnprnr7nw10n. The DNA w111 bo fixod on niffdcclluloso £ilters, A prechybri-

nrohe ulll bé dcnqtured

dizntion will saturate froe sites on the f11tcr. The

by heath, and- hlbrldizailon w111 e performed as rcportcd (23). Varylng the

stringency of. the renaturatlon condltlona, 1nIorm1t10n ‘on der

eomplomentarlty of sequendes can be obtalncd (24).)

s triatéd“accdﬂdiﬁgf

to Wallach (2r) The RNA w111 bo uued for GDEA synthe51 WLt the hethodi i
Retzel et al, (26) The cDNA will be used for clonnng in difrereit vodtors:
(27, 28) according with the resulto. If a gcne for an 1mportant antigenis -
located, it will be claned In expresulon vectors “and SCrccnlnn Wwill-be'

performed using antisera against the parasite.

TWEECTT O OF ANOPMSLES WITH PLASHODIUM GAME TOCYTHES. Pemaié“ ophcles 1 %075 "

da;I old will be used for infection as’ reportcd by ‘as (29) The mosoultoeu

will be feed with human b}ood from 1nfected patlents with ciculating gametOCytes,
and then, they will be malntalned in a regulmted atmosphere chamber with a:
temperature of 27 G and relat1ve humldlty of 80 85p. Disection and’ mlcrosconlc'
observations will be done on days § to T for P V1vax and 7 to 9 for P fmlcan
parum (for locallzat10n of’ ooqulstes) The presence of’ Sporozoltes in* salivary
-rlands w11l be checked g to 11 and 11 to 13 days after the infection with tle
two Plagmodlum pec1es The mosqultoea w111 be treated as described: by Burhot

et al. (30)_ The DHA will be fixed on nltroccllulose filters, and hybridization

will be performed as described.

FIELD STUDTES. Field studies will he dome with' the collaboration of the Service

for Malsria Brradication, Samples will be taken in;malaria‘foci withldiffefent'
dinamics of transmission. A1l the species of Anopheles present will be-studied,
dividing the sample 1n two partp, one for disection and microscopic observatlon
and the other for hybrldlzatlon. Correlatlon with the incidence of the 111“&0,

with levels of aﬂflbOdlea, levels of protection and 50 on will be chesked for,

— 46—



CERONOGRAE. QR TIGA 1ROJISOT

The ﬂurutioﬁ'of thé project will be three years,
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DESCRiPTION OF RIASEARCH ACTIVITIES

COLILCTION OF DNA, (thractlon and- purification). The culture will be

scaled up to big volumies for extraction of DNA, Various methodolog1cs

will be proven for purification of Plaomodlum DNA,

RUPIURE OF DhA Method“ for non-specific cleavage (Ultrasound DNAse

dlnestlon) and uPQlelC cleavago (restriction nucleases) will be: used .

foxr fragmentatlon of the DA, Characteriszation of reatrlctlon patterns

- by cleetrophoresis,

PROJGCTION OF- PROBES. In the 1n1t1a1 stage of the project, - radloactlve

or b:otlnllated probes will he produced from DA extracted from

. Plasmodium falciparum, The probes will be 1ﬁa1nut total penomlc DFA In

a more_advanced stage, probes will be produced from cloned genomic DHA

or cDiiA produced from P, falciparum and P, vivax,

STANTARDIZATTON OF HIBRIDIZATION TESIS. Using Anophelés infected ini the

Yaboratory, the limits of detection of the test will be evaluated.. Results

3'1111 be verlfled by compmrlson u1th equlvalent Sanples studled microscopi-

cally.

TION OF mRNA AND SYNTIESIS OP cDT The REA will be ettracted ffom

qvnchron1zed ‘cultures at different developmcntal stages, Poly-adenylated

and nonunolyaadenylhted m?ﬂA wil be purified, In v1tro translation will

be performed for characterization of the product. HWith reverse-~transcriptase

cDiiAs will be synthesized,

CLOUTUG CPF PLASHODIUM QSHES. Genes wili'be cloﬁod in vafiouﬂ veétors.._

Restriction fragments and cPUA will be used for clon:ng. TRecombinant

clones will be identiTied by hyhr1d1zat10n with probes from total Plaumodlum

DA, and in expression vectors with antisera against Plasmodium antigens.
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7. SPRCIES SPECIFITY TRSTS. Species. gpecificity with probes of P. faleiparum
" and P, vivax which do'not cross hybrldlzcd will be tested. In vitro

infected Anopheles w111 bo used

8. FIFLD uPUD]FS In cooperatlon with the ﬁlnlstry of Health and the SEM

(Halarla erradlcwtlon service), malarla foci with different dinamics of
tranom1b81on will be studled. uamplc of the various ;EERBEEEE apecies
_(1000-1ndrv1duals per spocies) will be studied in every change of seasons and
‘in each_malarialfocus.'Correlation with the indexes .of infection, antisera
- titles and dimmunity in the population of the choosen foci will be looked,
" for,
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Name

oisds Wasserman

¥iarian Orfa de Rojas

.Ehid'Rivadenoira

Férhando Angel |

Yellman Castatieda

Victor‘Olano_

Flor Leguizamon

J.I.C. A,

PERSONNEL FOR TII PROJECT INS

Degree

Ph.iD.'Bioch&miStry

M.Sc. Biochemistry,

H,3¢c. Biochemiatry

Ph.tD, Nol. Biol.

M,.Sc. Genetics

Entomologist Associate. Inv,
General Servico
cees

Total COSt wuivereerovannasnn .-

1. Zxpert Ph, D, One year in COLOHBIA

[ab
.

. Function

Prihcipal 7
Investigador
Inv.

Asaociate.

Associate, Inv,

Associate, Inv,

" Associate. Inv,

Aprox, Cost
Tor 3 years.

1.500.000. 00
1.905.000,.00
1.305;Q§o.oo-
3,000.000,00
1.305.000. 00
1.305.000.60

750,000, 00

-

11.,070.000,00

Training of one Colombian professidﬁal in Japan aprox, 1 year,

3. Possivle work for solution of a problem in Japah (2—3 months Coloﬁbian

Professional).

The cost was calculate in Colombia:péses according to the actaal salary,

and to the dedication to this specific project.



COSTS O I PROJEGT INS PART

“he aproximate cost is in Colombian pesou, Current rate today § 170 per dollow,
! J P

1. Persommel . 3 11.070.000,00

2. Rearouts ‘ ' 3 1,500,000, 00
3, Laboratory Supplics 3 1.500,000, 00
4, Céns{ructiohé‘ ' ' 4 2,000,000.,00
5. Services.(Technical_from s}y : $ - 1.,000,000,00
6. Tguipment (use and maintefnﬁnce) 3 3,000,000, 00
7. Hational Travel to Collect Smnpies # 1.,000,000,00

Total Cost ,iuurivue wivincscnaa B 21,070,000, 00

J.T.C.A, PART

The approximzte estimation of the cost for J.I.C. A is,

U.S. §
ist year Supplies dnd Reagents $ 30.000,00
2nd vear Supplies and Reagents $  30,000,00
- HPLC equipment o 4 35,.000,00
Jrd year  Supplied and,Réagenfé i3 .30.000.00
Experts and Training during 3 ysars § 25,000.00

Approximéte 10tal vivseessvenocas 5 150.000,00

Thc cost of fhc cobpération of J.I.C.A. depends on the completion of the
present stége. 1f all fhc items required wore'ﬁurchased, there only will '
be needed subplﬁes;.réagents and minor egquipment for a coct of about

U.s, § 30.000.06 per year, with the exception of the second ycar when an

HPLA -~ equipment may be needed,



If some requested equipment ﬁere'not purchased in the present period, a

new application.will be done the first year.
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. INMUNOLOGY
GENERA L PROGRAM JAPANESE COOPERATION

L - . IMMUNOLOGY

)

l’ —1 LINES OF ACTION %l
' B TEACHING Lo
R ESEARGH | pracwosis AGTIVITIES . _PRODUGTION
_ : S I_‘mprf'o_vement. ~ Short Courses Immune Sera
_ Toxoplasmosis . of General diagno- ' _
Cysticercosis .sis of infections di- ~ Formal Couarses ~Conjugates
o . seases by means : -
Malaria of lmmunological © Thesis "Control Sera
: : tests. C L a
Establishment of Trainbing at the Monoclonal
. cytotoxic tests bench : Antibodies
for tissue tyning :
: - Post-graduate
Trainning.
TRAINNES,
1, Cell Mediated Imr}iunity :
2 Diagnosié - Produ;:tion of Hybridomas
3. Expert,
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PRC \ ENEWAL OF THE  PERATIO N PROGRAM BETWEEN
PROPOSAL OF RENEWAL OF THE COOPERATIO N PROGRAM B - 13
THE COLOMBIAN NATIONAL INSTITUTE OF HEALTH AND THE JAPANESE .
" GOBERMENT. - R

' Accdrd'ing' with the previous documents prpsented hereby we propose the extension
of the coopration program for one'czdditionéz_l fhreg year period/in' order to consoli~

date the program. If the extension is grdnted the program take in account the
following:

From JICA:

1 1936 - 1987 - 198'8. to prow;ide son;\é reagents and very sm.c.“ equipment. An
amount closé. to U5 .40.000.00 per years will be ﬁee’ded;

2. To accept and support one Hcin_ﬁee sending to Tbkyé to work in Immumcherm'irsfry.
This wlll be send in 1986. | |

3. . To support the sending of two Japanese expert in 1987 to come to Bogoté
for two mc;nths to work in moroclonal antibody pr.oducrion a.nd cell mediofed
Immunity.

4. To éupporf the visit to some of the jopanese ir’nfnunoloé}r research ce'ntérs.of
Dr. Guirnﬁn in fcte 1.98‘6.

FROM THE COLOMBIAN NATIONAL [NSTITUTE OF HEALTH:

1. To give all the fisical and technicol facilities to the program.

2. To provide a special budget annually forlocal réagents, mantainance of the .
. ” o

equipment, local travels if needed. The bud_gef per year must be close to

US $ 50.000.00.

AVENIDA ELDORADO CON CARRERA .50, IONA & - CONMUTADOR 2690577 ~—  APARTADOS AFREOS BOOBD Y 80334 ~—  BOGOTA, D. E.. COLOMBIA



3. Yo pay the salaries to ail the personnal ddscribed to the program that

‘means:

2- medical 'D'oc'tors.

2- Chemyts

4~ Medicd_l fec'hnolc:girs-
é - ossistc.m.ts o

The cost of this personnal is per year close to US $ 150.000.66 '

AYENIDA ﬂ.DOMDO CON CARRIRA 50, IONA &6 = (OHMHADOR 2690577 ~ APARTADOS AEREOS BOURO Y 80334 ~  BOGOTA. D. E. COLOMBIA



PROPOSAL OF RENEWAL OF THE COOFERATION FROJECT
BETWEE N THE COLOMBIAN NATIONAL INSTITWTE OF
MEALTH AND THE JAPANESE HINTERINATIONAL COOPERA-

TION AGERNCY.

e P o —.

- COMNTEMNS -
1. Genérul_ Sfume'nf
2. |nforn_1oti.on on .th.e ectual Project.
3. Prop@s’d_il.signed by the previous Japanese Cdrﬁrfﬁsion., .
4, . Lines of cctioﬁ oF the Proiécr.
: 5.A - ReseaIrCH‘Proiecfs.lfolr the tree com‘ir)g years,

ELISA for“Typ:h‘oid Fever diagnosis

o

b.  ELISA for Candidosis
¢, "In vivo" Detection of Cysticercosis
d.  Standarization of the oligoclonal bands in the diagnosis of

Multiple Sclerosis.

e.  Development of a ELISA Technique for the epidemiological surveillance

of Polyomielitis.

AVERIDA ELDORADD CON CARRERA 50, ZONA 6 - CONMUTADOR 259 05 77 —  APARTADOS AFREOS 80080 ¥ 80334 —  BOGOIA, D. £, COLOMBIA
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PROPOSAL OF RENEWAL OF THE COOPERATIO N PRO JECT

BETWEE N THEE COLOMBIAN INATICINAL INSTITUTE OF

HEALT AND THE JAPANESE INTERNATIONAL COOPERATION
AGENCY

in ucgérdd.fjce wl’rh the g'ene'r;ll ag‘reemenr between the Japanese International
. Cobp_érar_iqnﬁggngy c:n-dr the éo!om_biun i\iot_ional .lmfif;te of Hedlth to Improve
the facilities .fo.r research in _the field of Biliochemys.try. cu.md. Iﬁnumloé?‘,:'.'tl\e inicial
'p'ro.grqm slgned for th,reie )}édrs"HGs béen realized and thé final proposed goals have
" been acomplished. It would be very convéni.ent to extend the program for three
'_d:ddit!dnal years, 'Wé- ;prc':.pose' for the !mﬁUmlogy field to continue developir@ the
four lines of acnon ini‘cic:!‘{;‘f proposed with more emphasis for the coming three yecrs, :
' }ﬁfreseor;h,_ 'o.ljli_e_nied to -developme.hf of d?ogms’ﬁ ¢ procedures udcp}ed to our Colom-
bian s“E}i’uati_on izn the .Fi.elci of i_nfécfious and purcsi‘.t:i.c diseases. It would ‘bje neéessdry
to sér;a tc; 'Jap'd:n'to' m:ore.;t:rainees one in 1986 azﬂione in 1987, and to '.hcwe one
Japc;r}}ese exg:;e;'t to. adws.e lus in sonAe f.echntcul aspects in the fields of.hybredoma.s
fo:; momc!onui anﬂbody produchon,, %h:s e‘xpert .:s p!anned for the beém: ng of 1987
once the fwo trainees that we already have in Japan hod fmlshed their training

and had started the activities in the institute in Bogota.

The subjects of research we propose for the three coming years are

Mycotic diseases

Thyphoid fever

AVENIDA ELDORADO CON CARRERA 50, IOWA 6 -~ CONMUTADOR 2690577 —  APARTADOS AEREOS 800E0 Y 80334 -  BOGOTA, 0. €. COLOMBIA
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Chlomydial Serology. :
' .Cys.ficér'cosis

Toxoﬁlasmosls

Identification of toxinogenic E. coli
Fo.r the.comilng yedr.s'the popo's.e:d. pfogrmn_ would need, ber;ides the dbm}e‘ mentioned.
requirements, 'some.suppi.ies' in rgd;c;énfs qnd some ctd=di._t.irono'|: éqdipfn'e ﬁts .
The Colombian Nﬁtiohﬁi instfi_tu:te of Health by means ;Sf its- Department of 'M.icro_-
blelogy and lrmunology will Vprovid.e all the physiqal.fqéi_lities and the pér;c,mal
to manraa’.'n'fhe_ pro_g\rdm; fo irmprove. the ;-eséarch qcf_l'\}ifies orﬂ t_cl)' ifrudic-zie fhé _
knowledge aquired fo _i.ﬁe whole .C.olo'ml‘aidh c-orpuhify.in'order to improve the healt -

services for the Colombian population,

AVENIDA ELDORADO CON CARRERA 50, IONA 6 — CONMUTADOR 269 0577 ~  APARTADOS AEREDS 80080 Y 80334 - ‘IOGOTA. D. E, (CLOMBIA
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Rogotd, Novcﬁbcr 22nd 1935

MEMORANDUY

‘The Team of J.X.C.A. composed of Dr. Akira Oya (leader), Dr. Tohni
Tth\'ln'l,_,;l ad Miss Kac Mmg: Sawn held a ;:tcct:mr_, with e, Miguel Guzrein ardd Dr. Moisés

Wasserman fron the 18th to thc: 2d of November 1935, The objectives of the rh scussions:

wore:

4. To ’YG]UdCQ the roaults of the oooporat}on for "The ‘dt¢0n1] Instlbutc

of Health Project” hetween J.T.C.A. and T.N.S. during the three year term

(April 1983 to March 1096).

B. To Study the possibilities to cxtend the term of the cooperation.
N o _
Results of the present discussions were summarized as tollows:

A, EYALUATION OF THE CURRENT PROJECT

1} The tecam visited the physical arcas and facilities of the laboratory

and inspected  the tquipments provided by J.1.CLA.
As a result the team fourm that the working areas were sati c;f'lctomh
adapted and the DqllellL‘ﬂt‘a were \.oll installed and being actively n.scd

in proper conditions.

2} The team lnterv1e\~vecl the ')rofeﬁsmndls truncd in J,lp.m and thos-u

who applied for future training. ‘I‘hc team found that the twe persons



traLned for nucleic acid tuchnoloﬂy were ass;gncd to the.proper rescarch

'«roup and results of the training reflected on their rescarch works.

Two prof0331onalb who are autually being tralncd in Japan arc expected

to be ass1«ned to thL Immuuology Eroup.

3) The contribution made by thie Japanesc experts was greatly appreciated

by the respective groups of scientists,

4) Beth Japanesc and Colombian sides agreed that the present three year.
project established the basic infrastructure for vescarch and strongly
reinforced the working capacity of the groups of Immimology and Biochemis-

tfy.
POSSTBILLTY QF EXTENSION OF THE COOPERATION

The team received preoposals of further research projects from Dr.
Guzmdn and Dr. Wasserman who expressed their strong desire to coatinue
the cooperation. The team stated their will to convey the request to

the authoritics concerned after their return to Japan,

(DA

Dr. AKIRA OYA . Nou
Leader J.T.C.A. Team Head, Tmmuwmoloxy Group

i TGHRU TOKUNAGA . D, MOLSES lA%GTR"A“
J.1.C.A. Team VHoad, Diochonmistry Oroup
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The Role of Thymocytes and IgG Antibody in Protection against

Malaria in Nide Rats]

Department of Veterinary Science, National Institute of Health,

Shinagawa-ku, Tokyo 141, Japan

T. KAMIYAMA, G.T. CORTES, and Z. RUBIO

Nude Rat Malaria:

T: This work was supported in part by Japan International Cooperation

'Agency.



Summary

N Congen1tally athym1c nude (rnu/rnu) rats developed a high level
of paras1tem1a and died w1th severe anemia after 1nfectaon with P]asmod1um
berghei, while heterozygous 11ttermates (rnu/+) showed a self—11m1t1ng
1nfect10n and re515ted further challenge. Transfer of norma] thimocytes
fa11ed to protect rau/rnu rats from the subsequent 1nfect10n Transfer
“of immune IgG fraction conferred resistance to malaria on rnu/+ but not
on rnh/fhd rats. When ﬁdth'nofma1 thymocytes and immune IgG were
adminiétered, rnu/rnu-fats showed a seffFIimiting infection pattern,
and a strong:protective_effect:was demonstrated in the spleen after
fecoVery. Thése Eesuits suggesféd that both T-cells énd antibody were

essential in deéeiﬁping'protective immunity to malaria in this model.

~Introduction

The importance of humoral immune response in'profeétioh.against
malaria has been established fn human and non-human cases (Cohen et al.,
]961;.Heinbaum:ét al., 1976}, One of “the major'componéhts:involved '
in the defense is IqG antibody. Therefare, the primary concern in
;antima1afia1 immune strategy at présent is to prepare vac¢ine to elicit
prote&tiQé'huhokal 5mmhne responses (Igggg_ét al., 1985; Zavala et al.,
1985).

On the other hand, it is known that ant1ma1ar1ai 1mmun1ty is
.regu1ated by the Tocell system and may at least be cell mediated (Brown

et aT., 1968; Clark and Allison, 1974). Evidence suggesting the importance



of T-cells. in protection against malaria has been obtained with T- or
B-cell deficient an1mais and by ce11 transfer experiments (Roberts and
we1danz, 1979 dagawardena et al. ]982) However, the prec1se |
mechanism of cell- cediated 1mmun1ty has atways been complex and remains.
less wel] understood._ | . _

In.fhe pfesent study, we found th&tzéongenitéi1y athyﬁiéunﬁde rats

inoculated with P]asmod1um berghe1 NK65 strain prov1de a suitable mode]

for studying the role of T- ce]is as well as antibody in defense aga1nst

mataria.

Materials and Methods

Parasite
The NK65 stra1n of P berghei was obtained from Dr. M. Sﬁzuki,
-Gunma Un1ver51ty, and maintained by weekly syringe-passage in SPF ddY

mice.

Infectfon of rats

Breeding pairs of Qongénité]1y athyﬁic hude'(rnh/%nu)'and pﬁénbg
typically normal heterozygous (rnu/¥)-r5ts with 2 Roweft?Hooded back-
ground were obtained from the Cenffal Ihstitdte for Experimental Animals .
(Kawasaki, Japan), and bred in dur facility under SPF cdndﬁfibns. Both
sexes of the rats ﬁere used betWeen.4 and & weeks oid. 'The passaged‘
mouse blood was washed three times in phosphate_bufféred saline (PBS),
pH 7.2, and 307 paras1t1zed red b1ood ceITs (PRBC) were 1njec£ed intra-

peritoneally into the rats. Percent PRBC was determ1ned on Glemsa

o o—



Fig.

1

—

“stained tail'blood smears of infected rats.

_Trénsfér of serum Ig6

IgG Was pur1f1ed on ‘a DE52 (Whatman, Springfield, Kent, Eng]and)

;ce11u1ose column accord1ng to Bﬁoch et al. L]968). The amount of IgG

1 %

was est1mated spectrophotometrically (E -13.0 at 280 nm), - Two milli-

grams of the IgG was injected 1ntraper1tonea11y 1, 3, S and 7 days after

“infection (total;8 mg)'unless otherwise indicated.

Trahsfef.of'thymus and spleéﬁ cells

aSp1een and thymﬁs'tells were prepared és described previods]y

__(Kamiyama, 1984). The cells suspended jn.PBS (]08 of thymocytes and

10? of spleen ce1ls-per 0.5 ml) were adminiétered_intraperitonea]]y.

Results and Discussion

_ ~ When homozygous rnu/rnu rats were 1nfected % PRBC developed gradually

and a11 of the animals d1ed between 2 and 4 weeks after infection w1th

'severe anemxa F1g 1 shows a typical pattern of the parasitemia. In

contrast in heterozygous rats, % PRBC reached a h1gh level at similar or

somewhat ear]:er stages of 1nfect10n than 1n rnu/rnu rats, but it became

undetectab]e‘(]ess than 0.01%) in 2 to 3 weeks wlthout any treatment

It was clear. that th1s se?f 11m1t1ng 1nfect10n resulted in immune

”r951stance to the paras1tes because no PRBC could be detected after a

subsequent chal]enge w1th a h1gher dose of PRBC Thus, it was indicated

— 73—



that acqﬁisition of immuhe-reeistahce to malaria is;thymué-dependent in
~ this model'syétem{ _ _
To investigate the'ro1e.ot thymocytes in the detenee'agaiﬁst P.
tberghei,'rnU/rhatrats receiVed thym0cyte3'from'norma1-littermates one
day before idfectton.7 Hoqever, this treatmeht_tai1ed to trahsfer'
resistance to the:reciptents. All the-reCipients-deye1oped‘a-high pA
Fig. 72 —» PRBC and died-ear]ier-than.tﬁe'noaétreated controls (Figu Z)l It was
unlikely ‘that the timing of admfhiStration of thymocytES’was inadequate'
in this experiment because no protective effect was demenstrated by
transfer of normal thymocytes 2 weeks before 1nfect10n (data not shown).
The role of ant1body in res1stance to the 1nfect10n was 1nvest1gated
using an IgG fract1en obtained from the serum of natura]]y recovered
rnu/+ rats: A low but'éignificantatiterlot.sbetific-aatibody actiVity
was detected in the 1gG fract10n by an enzyme 1mmun0assay The 19_3139
effect of IgG was tested in adoptive transfer experlments The rnu/+
rats were infected with the paras1tes, f0110wed by 1nJect1on w1th the IqG
ant1body In this assay it was 1nd1cated that IgG possesses protect1ve
act1v1ty because no or Very 10w levels of paras1tem1a were shown in the
Fig. 3 __,e_rec1p1ents (Fig. 3B). |
| In rnu/rnu rats;.howerer, no proteEtfve effect waé demohetrated
(Fig. 3D). igG could not suppress the deve?opment of paras1tem7a and
the eventua? fate of the rec1p1ents was death as in the non- treated control
group. Adm1nlstrat1on of Yarger amounts of IgG, up to 30 mg, was aiso
ineffective in the’ 1nfect1on pattern (data not shown) an
In the results obta1ned above, some d1screpanc1es were shown :

(1) the 1mportance of the thymus in res1stance to ma]ar1a Was clear in

rnu/+ vats but passive transfer of normal tymocytes 1nto rnu/rnu rats



was ineffective, and (2) administration of immune IgG prevented development

- of parasitemia in rnu/+ but not in'rnu/rnu rats.

Next the comblned effect of thymocytes and ant1body was exam1ned
In th1s experament norma] thymocytes were transferred into rnu/rnu rats
pr1or to infection, wh11e immune 196G was 1n3ected subsequent to the
1nfect10n._ Although.such treetment did not prevent. the onset of
parasitemie; the majority of the treeted.and.infected rats'recovered

from the'acdte”phase of theVinfection (Fig. 4B). This infection

pattern resemb]ed the self- l1m1t1ng 1nfect10n seen 1n rnut+ rats The

recovered rnu/rnu rats comp]ete]y res1sted further 1nfect1on w1th a
hlgher .dose of ‘PRBC. 1nd1cat1ng that they acquired protective 1mmun1tj
To confirm this, sp]een cells from the recovered rnu/rnu rats were

transferred into rnu/+ rats one day before paras1te inoculation (F1g. ac).

_In these recipients, no PRBC cou]d be detected after challenge 1nfection.

Therefore, it was suggested that both T cells and ant1body were essential
for acquisition of immune defense to malarta and the res1stance was
reflected in the spleen as the effector organ. However when the spleen

cells from the recovered nude rats were injected-into mice, a high % PRBC

‘was revealed and the-mice‘dted'eith anemia (Fig. 4n). This fact

indiceted that the immune.resistancelacqeired in the thymocyte-IgG
transferred nude rats was not strong enough to e11m1nate parasites.

~ The resuits obta1ned in th1s study were in line with those obtained
by others (Helhbaum et al., 1976). T- cells and ant1body may play their
roles co]]aborativeiy'or‘at.dtfferent stages of the infection. The model
systeh used:in this work seemed to be useful fOr.precise]y analyzing

the defense mechanism in malarial infection.
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| zygous (rnu/+) nude rats 1nfected with 10’

_Legends to Figufes‘

: Paras1tem1a patterns in homozygous (rnu/rnu) and hetero-

7 of P erghe1

NK65- PRBC Number of dead rats per no. of the infected rats

s 1nd1cated-1n parentheses. The recovered rats were.

challenged with 100 PRBC (<+).

. Effect of transfer of thymocytes on the infection pattern

of rnu/rnu rats. Non—transfefred contro? group is indicated

in A. 108 of thymocytes from normal rag/+ rats were 1n3ected

intraperitoneally one day before infection with.lO of PRBC
(B). MNumber of dead rats per no. of infected rats is

indicated in parentheses.

: Effect of transfer of immune 1gG on parasitemia pattern.

Heterozygous (B) and homozygous (D) nude rats were infected
with 107 PRBC and 1nocu]ated ‘with 2 mg of immune IgG 1,

5 and 7 days after the infection (arrows, tota] . 8 mg).
Parasitemia patterns of non IgG-treated heterozygous and
homozygous rats are 1nditated‘as'contro1s'in'A'and'C,
respectively. Number of déod fats per no. of infecfed rats

is indicated in the pafenfheséé.



: Effect of transfer of both normal thymocytes and ﬁnmmne IgG

into rnﬂ/fhu rats. The rnu/rnu rats were infected with 107

"~ PRBC on day 0 (A and 8). In 8, 108 of normal thymocytes were

admihistered_ohé day before infection and 2 mg of immune 1gG

1, 3, 5 and 7 days after infection. “Recovered rats were
7

cha]}enged_with'iﬂg PRBC (~==). 10’ of spleen cells were

prepared on day 46 from the recovered rats and transfered
into rnu/+ réts followed by infection (C) or 107 sp1eeh

cells alone were injected into ddY mice (D). Number of

~dead animals per.no. of tested animals are indicated.
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