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PERSONNEL 

Since "Iho last six-on'Ifhly report (July, 1969) the senior staff 

has remained the same. It consists of Dr. Nolda E. Alger, Assistant 

Professor, Dr. Lawronce D'Antonio, Research Assistant Professor, 

Dr, Maria C. R. Ronquillo, Research Associate and Dr. Birule P. Jakstys, 

Rcsearch Associate. In addition, 8 Research Assistants (with 3. S. degrees),
 

4 Laboratory Assistants, 2 Laboratory Hlelpers, I Animal Caretaker, 

I Secretary, I Clerk-Typist and assorted part-time student help are em

ployed.
 

Dr. J. Vavra, who was a visiling professor from the Czechoslovakia 

Academy of Sciences, has returned to Prague. We have had numerous 

domestic and foreign visitors including scientists from Australia, England, 

South America and Europe. 

During the past six months members of this research group haw attondod
 

several scientific meetings. These include: "Symposium on the evolution
 

of the immune response", October 20-22, held at the Argonne National 

Laboratory, Illinois; the Joint Meeting of the American Soci'ety of Tropical 

Medicine and Hyglone and The American Society of Parasitologists,
 

November 3 - 7th, Washington, D. C.; The Society of Protozoologists,
 

Decembor 27-29, Boston, Kiassachusetts. The group presented four papers
 

at the Washington meeting and two at the Boston meeting. 

RESEARCH PROGRESS
 

Malarial Lines
 

As each mosquito-transmission of Plasmodium hcrqhoi Is made, we con

tinue to freeze blood samples (-900 C or below) from each new passage to
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maiiniain vloblo lines for future studios. We previously reported 1hat 

two lines derived by mosquito passagc- were found to be loss virulent ihan 

the oriinoI NK65 strain oblained from Now York University. Thus, a 

pattern of avirulence has boon established as being transmissablo through 

mosquitoes.
 

All virulent lines examined, which stem from the original point of 

divergencc Into virulent and avirulent, have boon found to retain the 

original pattern of virulence. We now have frozen 6 lines of avirulent 

as well as numerous virulent and untesl-od lines. A manuscript is in 

preparation on this section of the work. 

It was postulated that avirulence was due either to genetic recombina

tion in the mosquito or to population selection. On this latter basis, we 

aTTempTe 1-o aTTenuarM Tne aviruienT rJtNbOU i ino turTner oy Dioou passing 

the line every 30 days, rather than every 7 days afier infection. Also, 

an experiment Is underway comparing mice infected with the 3rd blood 

passage of NK65C with others infected with the 40th passage.
 

A comparison of cell preference and of the resulting anemia of the 

virulent and avirulent lines is required to understand the differences in
 

virulence. This is emphasized by observations which have been made on an
 

apparent change in virulence of the NYU-2 strain of P. berqhei which has
 

long been regarded as highly stable and unvarying. This particular strain,
 

in our laboralory, normally develops a fulminating fatal infection characterized
 

by Infection of normocytes and resulting in death after 5 - 7 days. The
 

recently isolated "avirulent" NYU-2 line, on the other hand, limits Itself
 

primarily to roticulocytes with animals surviving from 10 - 21 days.
 



"Attonuated" Line as a Vaccine 

Our previous report described ihe challenqe of adult mice recovered 

from Infection with avirulont NK65C. Adult mice were allowed to recover 

from NK65C and recrudesce several limos. Recovered animals were divided 

into two groups, one of which was rechdl lenged with NK65C and the other 

with the virulent NK65E. The repetition of -the experiment on larger groups 

of animals (35-38/group) gave the same result as before. It seems clear 

thai 11<65C gives better protection against 1,K65C than against NK65E. 

These results have important impl ications since both lines were 

originally derived from the same animal. A manuscript is now in preparation
 

describing these experiments. 

Aqe ResisTance in /v'J i:ic(; 

Groups of 17-20 four-week-old and six-monTh-old A/J mice were compared 

for ago resistance. Two lines, one virulent and one avirulent, were used 

for primary infection. The evidence of age resistance in older A/J mice 

seems quite clear. 11/17 six-month-old mice and only 1/20 four-week-old 

mice recovered when infeccred wi rh avirulent NK65C. Likew-,iso, on day 22 

after challenge with virulenT NK65E, 65% of six-month-old A/J mice and 10% 

of four-week-old A/J mIco still survived. These results emphasize the need 

to consider age resistance when older mice are used in the vaccination 

procedure. A manuscript on this work Is in preparation. 

Insectary 

A production schedule demanding a high level population of adult 

mosquitoes is a basic need in our project, particularly in the area 
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concerning the mosquito antiqen and sporo/oite vaccination. lowever,
 

quantitalive analysis of adult population tend-, to show peaks of abundance 

during summer and a recession during winlor. An investigation of the
 

problems and means of alleviating seasonal fluctufions were considered. 

Thn, objective of iho investigation Is to store s-lceks of eggs which can 

Le hatched at any desired pcriod and therefore replcnish the mpulation 

during the winter porioa. Records of mosquito proauction during the past 

year show that the population has increased from an average of 500-600 per 

day during January to March 1969, to a maximum of 4,942 per day during 

August and Seltember. This approxiriate level of production has boon 

maintained.
 

From several completed experiments and some still in progress, it
 

has been established that hatchinq of A. stcphensi eggs can be delayed
 

for up to 26 days to yield 301 viable embryos. Experimental eggs were
 

' 
held on a damp surface at constant low (5, 10 and I;/ C) temperaiures or
 

a combination of low temperatures. Controls (batches of eggs obtained at
 

the same time as those used in the experimentm) were maintained at 260 C
 

and 78P R. H. and hatched normally, i.e. after 72 hours.
 

A series of papers will be submitted under the heading, "Laboratory
 

studios on the bionomics of Anophales steohensi Listen (Diptera, Culicidae)".
 

Part I. Hatch rate of eggs maintained al various low temperature.
 

Part II. Survival rate of the developmental stages obtaInod from
 

low temperature treated eggs.
 



Part Ill. Reproductive capacity and longevity of adults
 

reared from low-temperalure treootd eggs. 

Microsporidia 

Two descriptive papers on Microsporidia have boon accepted for 

publication, one on Nosonma alqrac as a new species and a second on its 

control (see publications). No further work will be pursued in this area 

under this contract. 

Mosquito Antigen StUdir5 

An experiment described in our last report on Iransfer of anti-mosquito 

rabbit gamma globulin from immunized rabbits to normal hamsters was completed. 

The experiment as carriod out was not successful. Preliminary tests indicated 

that rabbit gamma globulin was rapidly destroyed in the hamster and reached 

very low levels only 15 minutes after injection. In our experiment, 

mosquitoes had not.completed their feeding in this short length of time. 

Although transmission of sporozoites was achicved to the same degrec in 

both the control and experimental animals, we feel that the short feeding 

time during which the rabbit antibody could be picked up by A. stephensi 

did not enable the mosquito to ingest enough antibody for it to be effective. 

A somewhat similar experiment with mice is in progress. We are
 

presently completing mosquito mortality rates as previously described for
 

mosquitoes fed on rabbits. Groups of mosquitoes are necessarily smaller
 

for mice than for :.:its, since too many mosquitoe's'bites could exsangui

nate a mouse. We hope to find correlation between the mosquito mortality
 



and sporo.zoite transmission when mosqui'roas aro fed nn the infocied 

immuni zed mice. 

In the event thai the inhibitory activity of the antiserim could 

oenehow be due lo bc'o*ria associated with the r;osquilo, wc. have icolatcd, 

but not attomptod to identify, Lacteria from mosquito mid-guts. These 

ba6ferla hove now bean prepared flor studies with thu original rabbit anti

sera and 'or injection into mice for (I) further study on death rdtes of 

mosquiToes, (2) interforence with sporo/oite transfer and (3) double 

d iffus ion comparison. 

Double diffusion tests with The oririnal rabbit z:ntisera are being 

siudled with corcenIralcd Lmosquito antigens. Prolimin.:ry serologic dala 

indicate that elhcr tne mid-guts have a unique anticjri or the rcmainder 

f tc .r "i!r ,).,.'e wnt MaI Iw f ;i rPtrt lar antien which doesr-r.c irc 

not precipitate in double diffusion tests. 

A group of 9 dd/s mice wore each immunized with approximately 120
 

mosquito mid-guts, i.e. about t.i;ce the usual number used for sporozoite
 

Immunization experiment controls. Ten mice were injected with an equivalent
 

amount of protein extracted from cockroachs and 10 wcre used as unimmunized
 

controls. All of the untreated controls became infectcd by sporozoite
 

challenge and died; 10% of the cockroach immunized group and 33 1/3% of
 

the mosquito Immunized groups survived and remained negative. Both para

sitomla and mortality results look very encouraging and the experiment will
 

be repeated with larger numbers of mosquito mid-guts. The data suggest the
 

possibility of common antigens existing between sporozoites and the mosquito
 

host.
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AlIIvailabl mosquitoes are bciinq used for bo h sporoioitc. cperi

ments andJ tno above work on antig;enic "m.i.,icry". 

SDoro,'o;T I11m,uni uI"ior 

Thu first uiiequivocal de'-onstrz;Tion of thu prolective effC in 

mammals of sporozoito. ir,:munization Lppoars *ro have been corploetd. Of four 

-es,
 

all four survived, while none of Th, controls, injcted with r.mosq'ito
 

stomach or left untreated survived ,.,hen infected with sporozoites.
 

Of A/J mice, wa currently have 4 groups varying in size from 6 to 15
 

animals obch immunized with heat trcatc6 sporozoitos and ready tor chailenqo
 

infection in the near future. It s,,ould be cnphasized that successfL
 

dd/s mice immunized with heat treated (42-440 C for, 30 min.) sporozoi


.. .. ndl %lirnr.......~ ~ ~ "~ o . c i i~ -,a tnf tho-F~rnrn7,i'rc.sF
 

and this is still somewhat unpreaicTable. It is difficult to ensure 10j,,,
 

infection in th, controls and numerous replic,--ions and large numbers of
 

animals are needed.
 

Ookinato Cultivation
 

Results of previous experiments suggest that the dying plasmodia and
 

red cells in the culture may be toxic to the ookinetes. Two methods of
 

separation of viable parasites are under investigation: (I) gradient
 

separation on albumin and ronografin either before cultivation to collect
 

gamotocytes or after cultivation to colloct ookinete , and (2) cultivation
 

in a membrano cell surrounded by a large volume of medium. It is hoped
 

that in the second method the large volume of medium will carry off the
 

toxic products, or that the ookinoto will pass through the membrane, there

by separating Itself.
 

http:F~rnrn7,i'rc.sF
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Thc few trials of (jr.divil sepral ion hav not so far btn uuccessful 

Furfer cul tivation cxprirncn,.s depenJ on del ivory o, 1ailci che'miculs 

and tirro to carry out the proccdures. The devolopmcnr of roro st-ndard 

and reproducible cullure luclhniqu(.s w.ill also onz,blu further invo!tigntion 

of the culture supern,.te as an immunon(.n a- previo's;ly reported. 

n .-o,-, T issuztj '; r 

Insoc' tissue culture techniquc hcs Lecn incorpor,,'od as a now approach 

-to accelerate some promising leads dcvolopcd in Th;s rcsodrch unit. This 

involves the use of a mosCu iTO Coil Iinc. in c dcf inc. r diurm as a substrato 

1o cultivale oocysis and sporozoitos for im,'urolocical studies. Performance 

to date regard i ni this phase z.ro: (I) completion of Tissue culture facili ies, 

(2) tr2;!i~ n4 P*__rnn ,id t rr' in nrrnrirocc nn thn 

aseptic roar Inq of Anophneles s-wohcnsi as a source of mosquito cell 

line.
 

Trophozoite Antiqens 

Preparation of parasites free from host ccl Is. Investigation of now 

techniques for the isolation of blood stage plasmodia has continued. The 

motor driven hydraulic press has been fittcd with a low pressure gauge for
 

operations with lhe French pressure cell (FPC) below :000 psi. P. berchei
 

freed at pressures between 600 to 800 psi remain morphologically unaltered
 

with preservation of large numbers in different stages of development.
 

Yields of intact free parasites have been great-ly increased by this
 

technique. In additlion, It has been found possible to remove unbroken
 

erythrocytes and plasmodia still contaminatod with stromal mal'orial with 

http:supern,.te
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phyito-horn gglutinin (PIA). PIIA readily agglulinates stroma conialning 

el;mens which are ihon cosily rcmovd at vcry low centrifugal speeds. 

P. qallincium has similarly been freed from infeciod chicken cell nuclei 

and red cell !trcrna. 

Addilional fractionation of solLubilized free p.rasitc hus boon 

carried out using sucrosc density gradients. By this technique it has 

ben possible to saprrate the solubilized miatarials into soluble, particulate 

and Iicmtin componenrs. These studies are being extended to determine 

opti:mum condition, for fur-,l.cr isoletion and char-ctarizatioi of active 

ma-I ar ia I .. 

Also underway is an ultr-structural evaluation of plasmodial products 

obtained during each step of isolktion, washing anal final antigen prepara

tion. 

Protrcl'ion Studies. These studies hove concentrated on evaluation of 

variou ly prepdred plasmodial material. The protective properties of 

heat inactivatcd plasmodially infectcd blood has been extensively investi

gated in various strains ot mi-e. Inactivation of P. berqhei has been 

obtained at temperatures as low as 41 for 2 hours and as high as 560 for 

one hour.
 

A/J, Carworth and dd/s mice have been effectively protected by heat 

Inactivated materials. The A/J and dd/s strains show a high level of 

resistance following a single injection of such materials. Approximately 

205 of Carworth mice demonstrate protection following a single injection 

and 800 to 100' following 2 to 6 injections. Our results now clearly 

http:fur-,l.cr
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indicuto thut each strin of 'mous ,,s its own mini:rum dos.. qjui rcr.,cnts 

for opir.,m pro,",cion. This findinq ik of .spccial importarcc in ov Iuvt 

ing vaccinct ion rcquirc,-nLs in different species of 3nircils ad rlarias. 

A study rolduing "ho role of adjuvnts, roul'e of injection and srr;in 

of mouse to induction oi maluria rosistLnee is no,,' beinn comptetod. Our 

initial rc-sul s indiccto th-T ir Tho rmouse syste:m.s nOW UnCer study, adjuvants 

are of no spociol advantage. Anitnls receiving Frcund's complete adjuvant 

alone were unproicc'od. Those receivi,:r, , rotcc ive plzsrodial materials 

alone or wilh Frcund's comple-e 6djuvant i;ppuarod equally protIcted. The 

intrepori'onual ro,,to of antig-n admi.ni,.-ra-tn Epcrod supcrlor for al 

mouse sTrains studied. Carwor-h farm mice appeared rettcr orotected Than 

A/J mice whcon inoculated by the subcutaneous route. The Intramuscular 

route has not yet been ova lua td. 

Fractionrtion of Dlasnodial antiec.n. A study has boon co-npletod for 

evaluation of the protective properties of various fractions of the 

solubilized, isolated plasmodia. ilbis study confirms earlier preliminary 

results Iinking the protective properties with the Sephadox G-200 void 

volume peak. The void volume peaks of bio gel 5"i and Sepharose 4B have 

similarly been protective. All materials after the various void volume 

peaks, as well as materials oblained from normal orythrocytes alone, have 

been unprotective. A publication describing the protective effects of the
 

highly purified Sephadex G-200 Ist peak material is being prepared.
 

Preliminary expcriments indicate that a fine particulate component
 

accompanying each of the void volume peaks mentioned above is r.sponsible 
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for Tho ;nduccd pro'lcct ion. 'rk is li r, -c i vel y pursueILI aIora' ncr o 

II nos. Tho ubove I ind i nqs will be proesntcd ai Ihe moctI n1js of ',he 
Foicration of A:nricin Sociuties of Fxmrimcn-i-al Biologisl.' in April of 

1970.
 

Cross--ro'!tc.ivi-v. Ev.ilution o The cross-protoctive riopcr.':1cs of
 

P. cailI n! ur.cin,i P. crqhc i n027 ion in mice h ,s been cor,,,;'-Cd. 

o cl CI-cul" protc , ion wa obsrveo in r. ico rccei vi n. P. ca I I rvc ium 

znt :in, furthz-r con-irminq t, imprcs' -n tha- rztlrial prolcction is 

spcci cs --uccific. This is suppor.ed uy oijr cxcrimcrs util;zin. 

P. aallin-,cIu- prcporumons as protective ma.Tcr:als egcinSrT the sae in

lction in chickns. These studies were carrio-s out in collaboration w"itn 

Dr. Demri Ferris zit the UniversiTy of Illinois Sch,l.of 'eTerinary IZcdicine. 

CelIuLIr ImImunir 

The work wil-h antithyr,;ocyte serum (ATS) and the dumonstretion of its 

dramatic effect on aLolishing both inate and dge resistance to r,,alaria in

foction has strcnqrhoned the vi.e,, that ir-,unity to malaria is cell-mediated, 

i.e. of the host-vrsus-qrF:ft variety. A mnuscript (copy iattached) nas 

been prop:red bascd on these data for submission for publicaTion. 

Fur'lher work on the effectiveness of transfer of immunlty by spleen 

cells has been carried out. It has been determi;;-d that resistance can 

be transferred by viable spleen cclls and by apparently nonviable spleen 

cells which have been frozen and thawed -- but spleen colls vihich havw 

been heated lo 60' C for 30 minutes cannot transfer immunity. It appears 

http:Sch,l.of
http:suppor.ed
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p hi r r. n on i nduced ",,..,uno oiC s..nI ', vi y. - ru o ,,.. Ly, / 


Aus Ir', I ion %,'or¢crL us i rnc tht. r, ixod- Iyi:r>,ooy-c rc-tct i ,i in s uj s .
 

systo 

"hoeiof i c-c.y o • hr ant Tyty f ur :,orTr Lyri .;run ws er td 


its abi ;.y to pruven', A/J niicc from rccJ ifr, "re "rhe a'I ioen in
 

V'CC o,' ,. c,,ci < m: pr:.° .c..
'Antn o ' s r ,OdO I I n sy ,: : ~ o;,,'n . ic,- r ... 

Of FecT o,I ATS confi rr :; i.:. i,or r,FlcsiccI be s or T[.0 vcciw1Onr, mode I 

Electron icrocrvo 


Prclir,in.ry ul !,-estruclurzI s'ruo ics on h, oDo ic center n\,c eor
 

inii-ipr'o ir order In i /I ;t ,.L " . C T,- ;, , r, I v. v
 

Drcc&s.. in, bloodin re of c.ion of roc col s. Ii is also nop cd -thaT 

this s',uy will provice biTTr undorsT:;cin;q of Lhe role played by the 

reticular-cndotholial syste,'! in the resistince rcsponsc. At pres,,nt only 

the spleons and bone riarro%,is of rwts 't diffcron-r tlr:,5 of infection (ith 

P. brc'hoi [4K65D line) and convalescence have boon Io:cd at. Further 

studios are to inclucie tne rT liver as well as the 'ohr,1opoie'ric centers of 

infected mice and hamsters. Rcsults of these exporir::ents arc *Io be 

compared with conters of infection of animals infected with other malarial 

'.rains routinely used in our lIboratory. 

laterial at various staces of antic£in preparation by moans of the 

Fronch press has boon processed f. eloci-ron microscopic investication. 

T ,w studies are 1o dctermine the possiblo tirre at .hich Hino-structural 

d.maco mciy occur in the para'itcs durinq the process of liboratinq the 

http:Prclir,in.ry
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c2:c v~ : 0l3,itcoi v~t ,'or I. 7pr-n v Ic Irv; aors hazvo u.-itcr

.' " -c-J cr i Ti cF, 1 ii.~ on cf-,' pcornr. ',:c a re cor-

clucd.~r~cf~corsu ~ctin ir ,oA in c;nsor-):ulc-rior sclero and 

p:nt:.ophysiolo.Jy. itl shou 1c hoc c c.r i - i c.c mTh t OUr L501 Of ;o rm 'cviru!cncU'" 

i s c.1 cJ ne nd -thatth 1s coct, rCor I' y a nor.-pathojc~i ic I i nc, butWiV n 

simply a rolitivoly Icss virulentl linc. 

!eosqui'to aitigons: This tc.chnic,.1ly dillficult- problcm has yi'cldcd 

roWaTiVly rnoagcr rosultsc whne.n com...,, -ro the rcz:c..r-ch effort invcs-lod. 

Nevor- I ls 'Iwo prorrn -1irigI lcads have crnurcloUd ond wiI ho rursuad . ihe 

f irst app roach i s t ho dcIc rm i na i on of the of -octs on vec1,.r off1incy 

of prior immnizat ion of infcctedj -nimnals with mocsquil0 er.-igens. The 

sccond approa~ch is bo3F.cd on -,-he use of cetn osquito antiqons as 

vzoccinc-s -to protccT agriinsh scporozoi7C- infuction. Tho work wilIl be 

carriod out inmice. 
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5uc-j. alvcvOf strongly SisqL. Ont diris c uri 

co%;C'2WC - .. - o '. Th.v.. : d ic nocc:A Aor . thes Li IVY or 

icc of rKn- ~trpnx.- ccu he :.rhto proo Worrcr o.. Knaluri AL 


15" nd~ A~o 1. 1 . 1h~oiU~d (V-CK n Wn'ot.5 iW.Mca:. I :rx/. Aond o Iarq 

v.% 1A t I ir aj ion,rju nuci in, onc yi, whi c WO AS. c 1so!Ta icjhun 

priori rY Wi I~ I h ivun lo. dcvW.. .or of a slii Ur cc.. sys; rn i pr imulaI s. 

Ccljular immun'itfy: A uicr ir.sighv irro rh aure~U' of 7no flOST 

reistrco rosponse Us~ boonr Mbaine;x by our work on col i-mcdtou 

procossos. Somo of toe WONiI~ ro provid~d in a copy of aimanurUfiD 

which is oncloscd with Nis roport. Clairly, c-A -mceizoTed irnunity is 

substantlly involved in rodcni roalarka. The fact thvt pvssiva transfer 

Ws iErmn~t' canf bo achicved by -; her intact spleen cells or corinJin 

non-vbl~c co~mponentsn ugrjost,. xv~irdl exciTin; I inos fMr futuro invesHi

gation. Ac will dovoku a siginifican offort TO rhil airea of research. 


