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PERSOMNEL

Since tho last six-monthly report (July, 1969) the senior stuff
has remalned the same, |t consists of Dr. Nelda L. Alger, Assistant
Professor, Dr. Lawrcnce D'Antonio, Rescarch Assistant Professor,
Dr, Maria C, R. Ronquillo, Reseoarch Associate and Dr. Birute P, Jakstys,
Rescarch Associate. [n addition, & Rescarch Acsistants (with B, S. degrees),
4 laboratory Assistants, 2 Laboratory tleipers, | Animal Curetaker,
| Secretary, | Clerk=-Typist and assorted port-+ime student help are em-
ployed.

Or. J. Vavra, who was a visiilng professor from the Czechosliovakia
Academy of Scicnces, has returncd to Prague. Ve have had numerous
domestic and foreiqgn visitors including scientists from Australia, England,
South America and Europc.

Ouring the past six monTths members of this research group have attended
several scientific meetings. These include: "Symposium on the evolution
of the Immune response'", October 20~22, held at the Argonne National
Laboratory, lilinois; the Joint leeting of the American Society of Tropical
Medicine and Hyglenc and The American Society of Parasitologists,
November 5 - 7+h, Washington, D. C.; The Socicty of Protozoologists,
Dacember 27-29, Boston, Massachusetts. The group presented four papers

at the VWashington mecting and two at the Boston meating.

RESEARCH PROGRESS

Malartat Lines

As each mosquito-transmission of Plasmodium berqhei is made, wo con-

tinue fo freeze Llood samples (~90° C or below) from each new passage to



maintain viablo tines for futurc studics. Ve previously reported 1hat
two lines derived by mosquito passaqe were found to be less virulent ihan
the original NK65 strain obtained from Mew York University. Thus, a
pattern of avirulence has been established as being transmissable through
mosquitoes.

' All virulent lines examined, which stem from the original point of
divergence Into virulent and avirulent, have been found to retain the
original pattern of virulence. Ve now have frozen 6 lines of avirulent
as well as numerous virulent and untested lines. A manuscript is in
preparation on this scction of the vork.

T wos postulated that avirulence was due elther to genetic rccombina-
tion in the mosquito or to population sclection. On this latter basis, we
atrempted To avTenuare The aviruienT HroOC 1Ine Turtner by DIooU passing
the line every 30 days, rather than every 7 days afier infection. Also,
an experiment is underwoy comparing mice infected with the 3rd blood
passage of NK65C with othersinfected with the 40th passage.

A comparison of cell prefercence and of the resulting anemia of the
virulent and avirulent lines is required to understand the differences in
virulence. This is cmphasized by observations which have been made on an
apparent change in virulerce of the NYU-2 strain of P. berqhei which has
long been regarded as highly stable and unvarying. This particular strain,
in our laboraiory, ﬁormally develops a fulminating fatal infection characterized
by infection of normocytes and resulting in death after 5 - 7 days. The
recently isolated "avirulent" NYU-2 linc, on the other hand, limits itself

primarily to reticulocytes with animals surviving from 10 - 2| days.,



"Attenuated” Line as a Vaccine

Qur provious report described 1he challenge of adul+t mice recovered
frem Infection with avirulent NKG5C, Adult mice were alloved to rccover
from NKG5C and rccrudesce several times. Recovered animals were divided
Into.two groups, onc of which wos rechallenged with NKGLC and the other
with the virulent NKGSE. The repetition of -the experiment on larger groups
of aniials (35-38/group) gave the same resul+t as before. |t seems clear
that MKG5C gives botter protection against NWKG5C than against NKGSE.

Theso resulTs have important implications since both lines were
originally derived from the same animal. A manuscript is now in preparation

describing these experiments.

Aqe Resistance 1h A/J iice

roups of 17-20 four-weck-old and six-month~old A/J mice were comparcd
for age resistance. Two lines, onc virulent and one avirulent, werc used
for primary 1nfeéfion. The evidence of age resistance in older A/J mice
secems qulite clear. |1/17 six-month-oid mice and only 1/20 {four-weck-old
mice recovered when infecred wirh avirulent NK65C. Likewise, on day 22
after challenge with virulent NK65E, 65% of six-month-old A/J mice and 109
of four-weck-old A/J mice still survived. These results emphasize the need

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

procedurc. A manuscript on this work Is in preparation.

Insec*arx

A production schedule demanding a high level population of adult

mosquitoes Is a basic need in our project, particularly in the arca



concerning the mosquito antigen and spororoite vaccination. lowaver,
quantiTative analyslis of adult population fends to show peaks of abundance
during summer and a recession during winter. An investigation of the
problems and means of alleviating scasoral fluctuations were considered.
Thg objective of 1he investigaticn Is to store siccks of eggs which cun
te hatched at any desired poriod and fthercfore replenish the ropulation
during the winter perioa. 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, fo a maximum of 4,942 per day during
August and September., This approximate level of production has been
maintained,

From scveral completed experiments and some still in progress, it
has been established that hatching of A. stcphensi cqgs can be delayed
for up to 26 days to yield 30{ viable embryos. Experimental eggs were
held on a damp surface at constant tow (5, 10 and 15° C) temperaiures or
a combination of low temperatures. Controls (batchcs of eggs obtained at
the same time as those used in the expcriments) were maintained at 26° C
and 78% R. H. and hatched normally, i.e. after 72 hours.

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

studiocs on the bionomics of Anophzles stephensi Liston (Diptera, Culicidae)".

Part |. Hatch rate of eggs maintained at various low temperature.
Part 11, Survival rate of the developmental stages obtained from

low temperature trecated eggs.



Part 11l. Reproductive capacity and longevity of adulis

reared from low-temperature freated cgqs.

Microsporidia

Two descriptive papers on Microsporidia have been accepted for

publication, onc on iloscna alqurae as a new species and a second on its

control (scec publications), No further work will bo pursucd in this area

under this contract.

MosauiZo Antigen Studies

An experiment described in our last roport on transfer of anti-mosquito
rabbit gamma globulin from immunizcd renbits to normal hamsters was completed.
The experiment as carriced 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 fceding in this short length of time.
Although transmission of sporozoifcs'was echicved to the same degrec in
both the control and experimental animals, we feel that the short fecding
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 effoctive.

A somewhat similar experiment with mice is in progress. ‘We aro
presently completing mosquito mortality rates as previously described for
mosquitocs fed on rabbits. Groups of mosquitoes arc necessarily smaller
for micc than for .:.:its, since too many mosquitoe's bites could exsangul-

natc a mouse, Ve hope to find corrclation between the mosquito mortality
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and sperosolte transmission wvhoen mosquivtocs are fed on the infecied
immunized mice.

In the event thot the inhibitory acTiviTy of the antiserum could
somchow be due lo bacicria associated with the rosquito, we have isolated,
but not attempted to identify, bacteria from mosquito rmid-guts. These
bacterio have now been prepared for studies with the original rabbit anti-
sera and J(or injeciion into mice for (1) further study on death rates of
mosquiTocs, (2) inmterference with sporoczoite fransfer and (3) double
diffusion comparison.

Double difiusion taests with vho original rabbit antiseras are being
sludlced with conceniraled mosquito antigens. Prcliminery seroleqgic dala
indicate That cither tne mid-guts have a unicue antigen or the rcmainder

of t

L

O

mocouita kac uery gmall aranrte of A particuiar antigen which does

not precipltate in double diffusion tests.

A group of 9 dd/s micc were eech imaunized with approximately 120
mosquito mid-guts, i.c. about twice the usuzl number used for sporozoite
immunization experiment controls. Ten mice were injected with an equivalent
amount of proteoin extracted from cockroachs and 10 were used as unimmunized
confrols. All of the untrcated controls became infectcd by sporozoite
challenge and died; 10% of the cockroach immunized group and 33 1/3% of
+he mosquito immunized groups survived and remained negative. Bovh para-
sitemia and mortality results look very encouraging and the experiment will
be repcated with larger numbers of mosquito mid-guts. The data suggest Tho

possibility of common antigens existing between sporozoites and the mosquito

host.
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AVl available mosquitoes are being used for borTh sporosoite ¢rperi-

ments ang tne above work on antigenic "mimicry”.

SporosoiTe Imnunizetion

The $irst uncquivocal desonstretion of the prolective effcci in
maminals of sporozoite ismunization cppears To have been compleied. OF four
d¢d/s mice immunized with heat fTreated (42-44° C for 20 min.) sporozoitcs,
all four survived, while none of Tho controls, injected with mosquito
stomach or left untreated survived when infected with sporozoites.

0t A/J mice, we currently have 4 groups verying in size from & to 15

animals cach immunized with heat trcatec sporozoites and ready tor chailenge

infection in the ncer future. It should be cmphasised That successiul
LpOrLEo. TS infootion doponds on the viehility and vicar af the cnororaiTes
and This ic still somewhat unpreaicTable. I+ is difficult to easure 100

infection in Th~ controls and numerous replic.~“ions and large numbers of

animals are nceded.

Ockinete Cultivation

Results of previous cxperiments 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: () gradient
separaTion on albumin and renografin either before cultivation to collect
gametocytes or after cultivation to collect ookinete3 and (2) cultivation
in a membranc 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
toxlc products, or that the ookincte will pass Through the membrane, there-

by scparating Itsclf.
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The few trials of gradient seporation have not <o far buen successful.
Further cultivation experiments depend on culivery of awailed chenmicalc
and tinme to corry out the proccdures.  The developrenr of rore standard

and reproducible culture fuchnigues will alco enublce further investigation

of the culture supernete as an imaunoacn as previously reporied.

Incect Tiszua Culvurs

Insect tissue culture technique hes vecn incorporeted as a new approach

L

to accclercte some promising leads developed in This rescarch unit. This
invo lvas the use of @ mosquito cell line in ¢ defincs medium e¢s a substrate
to cultivate oocysis and sporosoites for immurological sfudics. Performance

to date regarding this phasce erc: (1) completion of Tissue culture teciliries,

-

£ rereonnal  and [3) ecavnrad avnorinants  in nraorece on The
. < =% ] ] ~ .

27\ + innd
(2) *+roining :

[}

aseptic rcaring of Arophales sieohensi as a source of mosquito cell

line.

Trophozoite Anviaqens

Preparation of parasites free from host cclls. Investigation of new

techniques for the isolation of blood stage plasmodia has continued. The
motor driven hydraulic prcss has been fitted with a low pressure gauge for
operations with rhe French pressure cell (FPC) below 1000 psi. P. berchei
freed at pressurcs betwecn G600 fo 800 psi remain morphologically unaltered
with preservation of large numbers in different stages of development.
Yields of intact free parasites have becn greatly incrcased by this
technique. In addition, It has becen found possible to remove unbroken

crythrocytes and plasmodia still contaminated with stromal material with
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phyto-hemagglutinin (PHA).  PHA readily agglulinates stroma confaining
elements which are ihen casily renoved ot very low centrifugal speeds.

P, gallinacium has similorly been frced from infecled chichen cell nuclei

SORNRSY

and red celi svrema.

Additional froctionation of sclubilized free parasites has been
carricd out using sucrosc density qradients. By this technique it has
bean possibic to sepurate the solubilized meterials into soluble, particulate
and heratin components. Thzse studics are being extended to determing
optimum conditions for furilier isolation end charccierizaetion of active
materials.,

Also underway is an ultrastructural eveluution of plasmodiel products
obftained during each svep of isolation, washing and {inal antiqen prepara-

+ion.

Pratoction Studies. These studics have concentrated on eveluation of

various ly prepered plasmodial material. The protective properties of

heat inactivaicd plasmodially infectcd blood has becn extensively investi-

H

gated in various sirains or mice. Inactivation of P. berghei has been
obtained at temperatures as low as 41° for 2 hours and as high as 56° 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
20% of Carworth mice deronstrate protection following a single injection

and 807 to 1004 following 2 Yo 6 injocctions. Our results now clearly
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indicate that cach strain of 'mouse has its own miniwuin dos.  oquircnents
for optir.m protecticen. This 7inding is of special importance in evaluat-
ing vaccinction rcequircuents in differcaT specice of aninals and matarias.
A study rcleting the rofe of adjuvents, roule of injection and strain
of mouse to induction of malaria resistunce is now being complated. Cur

inivial results indicate thet in The mouse syctems now under study, adjuvents
are of no spocial advantage. Animels receiving Fround's complete adjuvant
alonc were unproiccied. Those receivine proteciive plasnodial materials
alone or with Frcunc's compleie adjuvant eppuared equally proiccted. The
intreperitoncal rovte of antigen adminisyiration eppearcs superior for ail
mousce sTrains studied. Carworvh farm mice appcared petier protectcd Than

A/J mice when inoculoted by the subcutancous route. The [ntremuscular

route nas not yet been cveluated.

Fractionation of plasnodial anficen. A study has been compleved for

evaluation of The protective propertics of various fractions of the
solubilized, isolated plasmodia. 1his study confirms sarlier preliminary
results linking The protective properties wivh The Sephadex G-200 void
volume peak. The void volume peaks of bio gel 5 and Sepharose 48 have
similarly bcen protcctive. All materials after the various void volume
peaks, as well as matorials obiained from normal crythrocytes alone, have
been unprotective. A publication doscribing the protective eficcts of the
highly purified Scphadex G-200 |st peak material is being prepared.
Preliminary experiments indicate that a {finc porticulate component

accompanying each of tho void volume pcaks mentioned above is responsible
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for the induced protection. Mark is being cerively purtucd alony
Iinas. The wbove findings will be presented ai the mectings of he
federation of Amcrican Socictics of Uxparimenval Biologisis in April of

1970.

Crocs—groi. clrivivy., Lvaluetion of The cross-protective oropertics of

P. callinecium woainaT P Scerghei infecTion in mice his been conpleted.
P oproteciion was observet in mice receiving P collinaciun

— ——————— et e st

No cleour-cu
antigens, furthoer convirming Tic Impresc on that ralerial protection is

speci

~

s specific. This ie supporced vy our experimenss utilizing

P. aqallin.zic: preparevions as orotective maveriels egeinsT The same in-

{cection in chickans, These studies were carrics out in collaboravion wivn

Dr. Deanm Ferris ot the UniversiTty of [ilinois Scheul.ef Veterinary iedicine.

Cellular lmmunisv

The work with entithyrocyte serum (ATS) and Tho demonstretion of its

resistence to ralaria in-

&

dramatic cffect on abelishing both inate and ag
feetlon has svrengriened the view Tthat immunity to malaria is cell-mediated,
i.e. of the host-versus-qraaft variety. A menuscript (copy attached) nas
been propared buscd on these data for submission for publicaTion,

Further work on the effectivencss of transfer of immunity by spleen
cells has been carried out. 1t has heen determincd That resistance can
be Transferred by viable spleen cells and by apparently nonviable spleen
cells which have been frozen and thawed -- but spleen cells which have

been hcated 1o 60° C for %0 minutes cannot transfer immunity. [+ appears
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in the precessas of infection of rec blood celis. i is also noped ThaT
This svudy will provide bevrer understancing of the role playcd by the
reticular-cadothelial systen in The roesistance rcsponsc. At presont only
the spleens and bone marrows of rats ot diffcroat times of infection (with
P. berchei NK63D linc) and convalescence heve besn {oohed at.  Further
studics are to incluac the reT liver as well as the henopoiertic centers of
infected mice and hamsters. Results of thesc experiments arc o be
comparcd with centers of infection of animals infected with other malarial
strains routincly uscd in our faboratory.

Matcrial at various stages of anticen preparation by mcans of the
French press has been processed te. clectron microscopic investigation.

These studies are 1o dotermine the possible +ime at which fine-structural

denage may occur in the parusites curing the process of [iberating The
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reiaTively meager results wvhoen comg. we To The roccucch eifort invesied.
Nevertheless two promi<ing lcads have cmerged and will be nursued. The
first approech is the determination of the effects on vector citficicncy
of prior immunizavion of infccted cnimels with mocquito envigens. The
scecond appreech is bared on The use of certain vosquito anfiqens as
vaccines to protaeet against sporozoive infection. The work will be

carricd out In mice.
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