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Infections wit.h binI. malaria offer certain unique po ssibilities for 
the study of th e biological nature Hll CI inununity of t he iuf 'eet ion : 
the life-cycle 0[' th e parasite t ak p~ place in ti l(' peri ph eral blood 
stream so that r ep resent ative samp les for study eau be obtained 
throughou t tbl' in fect ion ; the 'c:oll1 pa l'/lt i " p]r lClq!e si ze of t he parasite 
permits conclusions ill r egard t o th e effect s of r esistance wh ich are 
probably impossible with t he Sill all {' I' had el'inl invaders: th e charac
teristic period ic method of asexual reproduction permits t he dif
ferentia t ion be t wee n th ose f'act o rs ill tlie host which illhi hit t he rate 
of reproduction per SD and th OSI! fact ors whi ch are lethal t o the 
parasites ; and, finu l ly , 'as th e illl'pct ion can 111': studied in the ord i
nary cunary. a S0 I11'(' e of nuturullv u u iu f'eetc d laboratorv a n ima ls is 
always at hund. Th e hea rin g of these va r ious adva uta ues on the 
study of th e infeet ion will he broug ht out in t he following pages. 

There are manv 'reasons ·1'0 1" su pposing". that th e type of avian 
parasite considered in t his rev icw is very si iuila I ' to ill Iections of 
both Plasmodiiun vicu » and 1'. mulariae of man, hut just how far 
the results obtained with hint malaria ca ll hc appl ied to the human 
infections ca nn ot 1lC definitely kn own until mu ch IIIOl 'e work is done 
on human mala ria. 

'I'he accumulati on of such .dat a is mu eh handicupped because 
lmmanitu riun r easous make it unjust i flabl c to study unintlueuccd, 
i.e., untreated, human cases and no s{litahle laboratory animals 
tolerate th e infection, R ecently however, the us e of malaria in the 
treatment of paresis ofl'ers a ' new method or studying the human 
disease whi ch ha s already yi elded many in teresting results, 

'(' H E PAR.\ SITE .\ ,,1> TTIE IXI·'I-:CTIO:,\ PRODU CED 

The bird malaria parasites ~ undergo lin a lteration of g-eneration, 
with the E1Jg'lish sparrow (a nd possibly cer t a in other birds) as their 
vartehrate host and certain culiciu c mosquitoes as th eii- invertebrat e 
host. In the bird the parasites OCCJ1I' within tho red cells 3 where 
they exhibit two types of development, asexual and sexual. 

The eha rae te r istieally vertehrnte part of the development is the 
asexual eyelo which is indicated in figure I, The small parasite 
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which en te rs the cell to start th e asexual cyc le is t ermed II merozoi te. 
.As it grows it is te rm ed II trop hozoite and eventually a schizont, 
The schizon t by a process of multiple d ivision (sc hizogony ) gives 
rise to a number of mcro zoitt'l-: which are liberated in to t he pl asma 
by t he rupture of t he i nfeeted ce lls and whi ch may in fect new red 
cells, thus complet ing t he ey cle. 

Th e sexual cy cle can no t he completed in t he vertebrat e host. 
Some of t he ruero zoi tes afte r penet rat ing ne w cells grow into la rge 
fo rms termed gum eto cytos, which do not divide aud whi ch perish 
unless taken up hy it su itabl e en lieino mosquito . In the mosquito 
they produce gallll'tt's wh ic h undergo sexua l de velop ment and even
tually ~i \'(' rise to sporoznirr-, snme of whi ch localize in the sal iva ry 
glands reatly to infect nCII" birds. 

Tlu: Inlxrrut Ol'y ill fel:t ions, considered ill t he present review, have 
been transmitted from bini to hiI'd, not hy mosquitoes, hut hy the 
subcutaneous. iu tram useula i- 01' in t ra pe ri tollea l injvet iou of saline 
suspension s of infecte d blood . III g(·lwal. the (' OIIl 'SI' of I' l l 'h infec
tions in t he ca narv is I:S fo llows Fig, 2 ) : A rt er a parasitological 
incu hat iou period (1 ) d u rin g wh ich Jl O Or!!mI1SIllS can hi' l'ouud . the 
parasites r a pid Iy increase in the blood ( 2, acute 'pl'r iod ) until some
times ever y other cel l is pa rusit izerl : t hen if the hi rr] (lops 1101 die, 
tlu-r« is 11 l'l·isis (:3) , wh en most of t he parasites arc kille d, bu t some 
may ru muin f (II' a week o r' more ( -I-. chronic pe iod. o r as t h is t erm 
is used to s ign ify a d itlcrent thi ng ill human uialar ia . it is also culled 
the pe r iod 01' developed infe .t ion i , and in t ime a ll t h l'~ parasites 
apparently di sap pear hom th e blood, (0";, la tvnt per iod ) . Th ere
afte r , i f t he hi nl's resis tunee is lowered in a ny wuy, t hey may reap
peal' for a week or more in seconda ry acute rises and crises (6, 
reinpse ) . 

The exact cn umcra t. ive stu d ies 1I11111c hy the Se rgents (see espc
eiallv 1!)J8 ) ,J Hen Harpl ( 1!)2;3) ," L, U. T aliafe[' J"O 1!}2ii):' Boyd 
(192;»,; and H artman ( l D:!i)' all indicate th at th e outlin e just 
given is the g'l'lwral type of ill Iection en countered in birds. There 
may he, however, great variations ill the lengths of the different 
periods HlH.L ill the severit v of Infection during those periods in which 
the parasites can he demonstrated in the blood . Ben Il.arel ulso de
scribed " l'xt putlcd irregular iu i'eet ions ". hilt these are probably eases 
in whi ch 11 sl' r ies of rel apses were supe riu rposed 011 th e usua l acute 
rise and " 1'111'011ic" portion of t he illfee t ion , a nd possibly a re d lie 

. to th e daily removal of bloo d samples for ery t lrr oeyt « count s which 
she carried OUl, 
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TIIIo: AX T I-I'.\l!.\SITE Hf:SJ8TAXGE OJ.' TH E IIO S'!' 

In t hl' present I'('d c\\" I 1lI11 cous idcring only th ose fuctors in th~ 

resistance of th e host whic h will afl'er- t th e II II III 1le I'S of t he pa rasi t es 
ill the blood, of t he bird . In other words, ca n t he peculiar COII I's(' 

of t he infect ion j ust deserjbed he ex p la ined h)' t il,· cond itions i m

posed on the pa rasite h." t ile ho"t ! The me th ods 1'01' analyz ing the 
faet ors of' host re sista nce, which lIH1y affect t he num bers of pa rasit e», 
haw been r epeatedly po in ted ou t ill 1'('''l'lIt pa pers by th e au th or . 
Bri efly. tl \('~' 1II 11 ~' he summar-iz ed Ill' follows: If a protozoon. ;;1 1('11 
as t he malu ri ul IlIlr~l sitt·, Slll· c l' s"fl.ll!~" in vades t he host and fill lll' COII

dit iou s suita ble, i t r eprod uces by sc h izog nn v, viz . d urin g (' ll;~ h asexual 
genpl'lltioll th« surall mero zoit e g'I'O\\"S lal g'l' , uudcrgrx-s division anrl 
fillllll ,\' n rod uccs about 1:) small merozoit es wh ich ente r 11('\\" cel ls 
a1\(1 l'I'fwal t he prOI'l'SS ( F'ig . 1), Thus, i I' IhI· 1'111 l' of ri-prndm-t iou 
is 1I1111l1mpl'l'l'11 and if all tlU' prog l'II," su rviv» , til l' OI'j.!'(lJ l is lllS ill t lu
blood wou ld be mult ipl iol II~' L) at rae h use xua l l!,' l'lIl') 'a t iOll , ~Iw h 

fill inl' I'PI1SP 01' I );ll'n l'it ~· , · pop ulat ion would d ps <: I,jlll' a g l'o ll\l' l " it'a1 p rn 
g l"l,~ ~ j oll sl' ries, H ost l't'si sl mH'(' euu . hO WI'\' l' I' , ell'('I·t' thi-; steady ill 

tn'IlS1' of popul a tion in (me OJ' hoIIt 01' I WO \\"lIYS: t he ra te of 1'(', 

p roduction of Ihe pa rusit es mav Ill' in h ihitcd, in wh ich l'a,,1' 1I0t. 

as iuanv (ll'ogl' Il,V would he I' l'Odll l'('(l , 01' n IP parus it r-s mav Ill' killorl. 
.ill \\'11 il' lI I'asl: 1'('\\"1' 1' p l'lI;!(· lly woul d su rv i vc . Bri l' ti,' " I It i s 1I 1 1 1 ~' h 
I'Xpt'l'"st'd 1.,\, t he fol low ing {'qllatiou : 

( ] ) ( ~l ( :1) 
Xo, uf parnsltr-s l't!r CDUIl . of 1/100t1. 1\·u. producetl h,r reprodu ct ion . x( ~ . d..,~t rH,p~t l. 

T o ditfl' l en t ia t« th« t wo mech a n ism s f'ai rl v aITUI,,,t\, cunc lusions 

han ' IH'en III ad I' possibl « II." l lt'll'l'Iliilli lll! t it" firs t alit! Sl'l.'oll d It'I'Ill<; 

ami p\'a lllllting- . t lll' t hi rd ( IJ. G. T al iafl'l'l'll 1!12:J 1", Th(, lir,;1. tv rui 

is nhtai ued hy lI\aking' Irequent pa rasite cou nt s d ll l'ing' th« I'OIII'SI' 
of ti ll' infecti on. TI l(' 8e<:01ll1 1t-1'J1l is obtained in diroct ly. :;iJII 'p to 
he valid it must he in dojx-ndci u "I' bot h the first and thi rd terms. and 

hem-e can in 11 0 wav dlTI'lHl on muu her l;OIl UIs. ~illel' th e asexual 

form s gTO\\' up uud sporularo 1I1'al 'I,\' xyucln'ououslv, ouly mcrozoites 
will hI' Ioun d in tlit· hlood lit, 0 11 1' t iiu c, sehizont« lit HIl Ot1H ~I', et c. 
( I"ig, 1) , Th e length of tilll e requ ired fnr th ese cycles of gro wt h 
aud r eproduction , i.e. the t illle it takes fur on e merozoite to 
beeomo 15, is uetuallv a measur e of the rate of rvprnd uet iou of 
the p aras it es , and shou ld it YlI l'y, Ih« r ate 0 1' re p roducti on u ray he 
said til vary. Accordingly. blood smears \\'('1'1' mad e at two- 01' J (HU'

hour inte rv als d uring as much of t ll(' i ll t'eet ion Ill' pa rasit es WCI'C 
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fou nd a nd from them fi f'ty parasites \\"t'I'C' d rawn and their mean 
size obt a in ed, As can hc seen Irmu Ji g-II I'p :~, the datil obta ine d showed 
II series of cycles, each cycle «onsisting 0 1' a :!l'adll al ri sc in the 
mea n size of the pa rasi t es aud a ll abru pt fal l. Comparing the time 
it Illkps this cyc le to he completed dur ing th e various stagrs of t he in
fee t ion (acute, «hron i«, r ela pse) shows whet her t he rate 01' reprodue
tion is coustant 01' vary in g, 1"11 OlW stra in of Ili"d malaria, for 
cxample, tilt' I 'yde took twon ty-Inur 1101l l 'S t hroug hou I t lu- il l fpelion, 
alit! t horo fn re the sa nu- muuhr-r of purns it r« W('I '(' hping produced 
t hroughout . T his measu re ot: t he rate of r eprruh iet inn Pl'pSII POS C'S 

th at t h« avernge Jl U III },{' 1" of vo nng produced h~' pac'h f'ulla rown 
par-asite dol' s 1I0 t vary at fl ll:" ti me »ud has bCP II shown TO hl\ va lid 
h~· [ 1. (-} , 'l'a liaf crro. 

I IO~T H1':!';I ~T ,\ ;'\ C r·; 'I'JIIlO l 'W! 'I'll E rXFI':C'l'I O;,\ 

All p\,idl'lI ('p is cons istent i ll iudica t ing that 1.1l(' host acq ui res 110 1'1'

sis runce di u-ina t IH' i 11 1'11hat iou period <lIId th e acute ris« of TI ll' i ll, 

fccti ou, hilt. th at t lu- jHlI'as ih 's rep rod uce at a 1I 11i fo l'II1 ra t e and t hat 
n vonstaut nil I II "PI' of t hem su rvi vo. E\· jdpJIl'(' 1'01' t his is clea rer in 
1111 ' ucu tr I'isp 0 1' t he lutvctiou whi ch wil l. 1.hel'c ' 1'01'1', I ~p considered 
fir st. 

D urin g t he acu te I'isp (If t he inf('C':1 inn L. U, Tal i ~L fl'J'I'II ( I !)2:i )'; 
Iound t hut t he ru t « of reproducti on was constant ( t h« length of the 
asexua l cydt' was 2~ hou rs t hro ucho ut " "lid th a t the iuf'eet ion in, 
PI'c'aspd in t ho hlood uccording' to a gcometrieul progrrssion which 
would hl ~ ('x pec:tt'd i f t he host acqu irerl 110 resistanee. Sh e found, 
however, th at ou t of a ll average of ].) .;'') mcrozoites produced hy 
each mature sliizout nppru xinrat ely 10 di l'. T he coustnn t I'utl' of 
increase du ring the acu t e per iod has been ver ifiorl h~' Llu rtman 
(1!127 ,'" wh o finds, hO \\'C' \ 'C I', that th e act ua l rail' IlI a ,\' var v 1'011

s idcra bly among difl 'pr pnt hirrls. F m-the r mo ro, lie has made 11 ('ill'C

fill si llcl~' of the ra te of dr-u th of t ill' p.rr asitcs whi ch }H'l'ish het ween 
each asexual goneratiou and t1l1ds th at the rate of dea th is a const ant 
fo r tw enty-on e hours of t.ht' t wentv-f'our-hour period .!" As p oint ed 
out h,\' Taliafer-ro, this non -viability of the majority of m erozoites 
p roduced by eueh sporulation probably indicates th (~ su itabili ty of 
the hied as a cu lt ur e m edium for t he paras ite s nnd is not. in ally 
sense an acquired r es ist ance. 

E vidence that t here is s im ilarly no resist ance acq u ired hy Ihe 
host during the incubation period is purely inferential, since the 
parasites arc not in the blood. It is significant, however , that Boyd 
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(Ul25) 7 f'ound a definite eon- elation bet ween the number of parasites 
injected into t he bird, and the length "of the inc ubat ion period 
(-.522 + .053) and the number of parasites at the peak of the in 
fection (,340 + .074), This is just what would be expected if the 
rate of "reproduction and th e rat e of accuumlut ion of parasites were 
constant throughout and indicates that the incuhat.iou period i~ 

simply the t ime it. tak es t ill' pa rasitt« 10 become numerous eno ugh. 
to he found in th~ blood . D uring t he remainder of the infect ion, it. 
is e,-iI11-1I1 f rom th e wholesale decrease of the parasites at the cr ises 
which terminate the acute. chroni c, and rela pse periods (F'iz. 2 ) , 
that some type or resistance is avquirerl which l]/,stroys large num
bers of th e parasites alter they m'e Formed. Th er e is, however, no 
retardation or the rate of re production or the parasites, according 
10 L. G. 'l'ali a ferro (1 fJ2i'i). 1I 81w lnund t hnt the asexual eye lo, whi ch 
is II measu rement of Ihe rate or reproduct ion, as explained previ
ouslv, takes the same time ( twenty-Io ur horn-s ill 01lC' st rai n ) th rough
out th e acute, chronic, and r elapse periods (t his is shown I'Ol' th e 
acute period and crisis in Fig. : ~). and that each s tage in the eyelc 
tak es place at exactly the salli e time in the relapse as it luul ill the 
acute and chro nic periods- a f act whi ch indireetly in di cates that 
the cycle had continued undisturbed throughout th e latent ·pcrio.l. 
. "• J\ It ]101l!!h - t I lt~l'(' is ito conc lnsive evidence, as -.to the 'defense ine
chaui sm involved in th e destruct ion 01' the malaria parasites to su ch 
a great degree at t he c l'isis and to a lesser extent. t hro ughout the r eo 
mainder of the infection a number of recent investigations on bird 
malaria ha ve a hearing on this poin-t. It seems very probabl e from 
the work of Ben Harel (1 !l2:~ ) , ~ lind from the well-est ablished Iaet 
that an enlarged spl een containing many parasites occurs after the 
erisis, that the wandering monouucl ears and fixed t issue phagocytcs 
of th e sp leen and oth cl' or guns in gest the parasites at the crisis and 
during the latent infection, Furthermore, the author an d L, G, Ta
liaferro (HI27) 11 haw' shown that. if a large number of washed para
sitized Ct'IlH are injected intravenously into all ill fect ed canary dur
ing th e latent period, they are quickly removed from the circulati on 
(probably hy the phagoevtes), whereas in a 'no rmal canarv they are 
not r emoved but steadily increase hi numbers until the death of 
the canary 01" until 11 eriHis ensues ( F ig, 4), One very interesting 
feat ur e in this work is that th c parasites arc being removed from 
the peripheral blood continuously 1 2 a fact which is 'not in accord 
with Bass and John's (1!)12 )'3 assumption that the greatest hazard 
is when the parasite is passing from one cell to an other. Evidently, 
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there is S(IJlI(' fa cto r in the b lood stream 0 1" till' infected hinl wh ich 
IltTed s eithe l' t he pa r as ites 01' t he phagoevtes or bot h. 

All attempts to show that this fuet or is Ill ! ant ihody ha n' t ail ed. 
The Hilt hor and IJ. H, Tulia l'erro ha \ ' C been unahle e it he r to sensitize 
infected r ed cells with se ru m from infect ed birds in the latent p eri od 
0 1' to ohtain a passive t runs fer of the lethal fa ctor. This m ight he 

taken to indicnte th at t hp paras it es silll p l ~' in jure the r ed cell s to 
suc h a d l'g'ree that they are phngnevted , hilt such an assumpt ion 
is 1I0t t en a ble hecnusr- t ItfO SH II lt' in fec te d ce lls are not pha l!(w.vt ed hy 

tltl' norm al un inf'eored hird. The fa ilu re to obtain eYid !:'llce of an 

ant ibody t oge the r with ti le r ecent work of H e!!lH' I' and :\la cJ)oll~<l1\ 

( l!J2G) '4 and :JfacDolIgall (1 !J27) ' r. 811ggpsts tha t th e fa «tor' which 
kil ls t he pa rasitcs, 01' whi ch makes t lu- parasi t o-red cell eombinnti on 
p hugocyt 11 hit' is eon I1I' I,t I'd w ith t he S1 mpler se rum const ituents. 
H egn er and ;\la eJ)oulndl han' found that in creasing t he hloo:1 sugar 
by fpl·ding' soluti on s of glucose hr iug s ab ou t cond itions f'avo rahle to 

t he aeeumu lar ion of th e p aras it es ill the blo od, wh ereas d ecreasin g 
th e blood s ug-a l' hy injevt ing ins u lin probahly inhibits t he accu mula
t ion of t hl' pa ra sites, TIH'ir' cxpe ii uien ts a re ill accor d with th e 
work of Bass ami -Iolms ( 1 !J 1 2 ) '~ and others ,,'110 11II\"c Found sugal' 
n ecessary for til t' cult i vati on of th e malar ial o rguuixms ou ts id e of the 

body and with the results of Bass awl -Iohns (H11 3)l6 ",110 succeeded 
i'll cu lt iva ti ng the parasites ill the blood form H casp of 11illl l(·tcs 
without t he addit ion of sugar . 

T he failure t o find an antibody ha sis f'or th« dest ru ction of tlu
parasites in hirds suggest s tlu- sa me la ck of ant ibody iJa s is in IIUIll, 

hilt one hl's it llt es to draw t oo close 11 parall el ism because 110 anti, 
malarial antibodies 01' any type have been found in the bird whereas 
t hey ha ve heen foun t! in man, Thus, j\J ald ovun (l !J1 2 ) i r fa iled to 

obtain lilly evid ence of prote ct ive 0 1' compl em ent-fixing antibodi es 
in till' avian inf'c ction . This has hee n cor r-obor-ated hy the prexent 

author (u npublishe d work ) , who in add it ion found no evidence of a 
lyt ie antibody. F'ish cr ( u n p ub lis hed work ) could not dt'1Il0nstl'atl' 
preeipitins. III ]1\1ilia II mala riu , howev er. hot h complem en t -fixin g 
an ti bodies lind p rscipit in s havo been d emonstrat ed . ( 1"01' a r ev i1'\\' 

of the l it erutnre lo;('(' th e author, L , G. 'I'aliaf'et-ro, lind F isher ( lH27) ,l" 

Furthermore, t he results on t he relation of sugar to t he human in, 
Jeetion are l'llther' in eonelusive. Working with induced benign ter
tian mala ria ill genera l l>llI'psis, Rudolf and l\f arsh (1927 )1" fo und 
glycosur la in a higher percentage of cas t's of g-('IH'l'al paresis trea t ed 
with mal aria than untreated. ( Also see th eir paper for 11 !'evi ew of 
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previous work on the sam e sub ject ), . During the induced malaria 
the blood sugar- varied inve rse ly as t he temperatnre, althou gh it might 
be higher aft l'l" t he fall ill temperature th an I )('forl~ py rexia. .A11
minist ration of glucose ga ve no f>tfects on obj et ivo sy mp toms .nor 
parasites hilt II pp arently relieved suhjeet iV l' sy rn pr oms. Administra
tion of insu l ill p rod uced indefini te r esu lts, hilt ill fiO per cent of 
the cases the r l' \"(~r' terminated a ft er ndmiuist ra t ion. awl although 
relapses followed, th ey \\"('re of a lower degree of pyrexia th an t hose 
followirur q ui ni ne th erapy, They eouvl ud « that ]owering the hlnod 

sugar docs not appear to be the cause 01: t he cessat ion of th e fever. 
In all th is work th ere is tl le possib ility that a dim inution of the 

blood sug a I' is a concomitant. chan ge ruther than the hasix for the 
disappearan ce of th e parasites, Thus, in th e trypanosome infections, 
where till' death of th e parasites at each number erisix in thr- infec
tion is d ircet ly related to the production or autihorlir«, blood sugar 
changes have been observed quito simila r' to th ose described for bird 
malaria. Eslll'(;ially pert iuont., ill t his eou neet ion. is the work of 
Scheru (1!l25) .2" In cover slip preparations of the blood of infected 
rats , trvpauosom es remained active for several hours if taken at the 
.beginuing of the infection, hut became motionless in about ten mi
nutes if taken a few hours before death . 1n fa ct , in t hi s way the 
probable survival t ime of <I host could he Iorcast . Fur thermore , t he 
trypanosomes from the terminal st agt'li of an in fed-ion ('0111<1 he re

. animat ed by the addit ion of dextrose, levul ose, or' of II thermo-stab ile 
fermentable consti tuent of normal serum or liver extract. Add itional 
evidence for these ge,wl'al conclusions has heen given by Bruynoghe, 
Dubois and Bourkaert ( 1927) ,2\ In trypa n osome infections th ere is 
evidence th at carbohydra tes. such li S sugat-s, are necessa ry for mot ility 
(which is probably a delicate measure of vitality) and tha t th l'He disap
pear from th e liv er and blood as the in fect ion progresses, ;JU8t how 
milch their disappearance plays in the destruction of the parasites in 
the animal body is unknownc but certa inly trypanocidal antibodies play 
the major rol e. In fa ct, it would' seem to the author that although 
the decrease in blood sugars during the inf'ect.ion would directly in
fluence the su rvi eal time oUhdde of th e body within the bodv the 
parasites would 1I0t he actually killed by hypoglycaemia or till' host 
until the host was also killed. 

HEI ,.\PSES 

The preceding discussion leads d irectly to a consideration of the 
fate of th e parasite'S during the latent periods and the mechanism of 
relapse, 
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, '" Infections with malaria, whether they be in man or birds, are 
characterized by t heir t endency to relapse. Jlany workers Oil human 
maiaria divide these relapses in to two ty pes : true-relapses , which 
appear' after short intervals, and rec u r re nces wh ich appear after 
long intervals, In spite of a long list of investigations there is 
no unanimity of opinion as to how th e malarial parasit e subsists in 
the body du ri ng the latent pe riods betw een relapses. The more im
portant hvpot heses may he classified under three heads: 

' 1 ) SOllie of t he gameto eyt es surv ive th e acti on of the quinine or 
the host 's r esistan ce and at t he beginnin g of a relapse a re stimulated 
to un dergo segm entati on wh ich again initiates th e asexual cyc le of 
the p arasit e. Th is development of t he gumeto cytes is often called 
"pa l,then ogell eRi s " and the hy pothesis is associated chiefly with 
Grassi, Scha udi nn , Nee", Howler-Lawson, Bierll and Pontuno, hut 
ab ove all with Sc liuud in n who has depicted in detai l what he believes 
to be stages in the prncess. An ab le critiq ue of this hvpothesis and 
III part icular of Sc ha ud inus work is . g iven J,,\' J . D. 'I'homson 
(UH7 ) . 2 2 Among his 'cr it icisms t he most conclusive evidence against 
this view is : (1) Sc haudiun ove rlooked the fa ct that in all known 
cases of parthenogenesis the unfertilized f emaleexhibits essentially the 
same general cou rse of development pursued by the fert ilized gamete. 
'I'h ercfore, if ther e were a parthenogeneti c developmen t of the female 
gameto cyte, it sh ou ld xhow many of t he sta ges peculia r t o the mOR
quito host ant! not g ive ri se directl y to asexu al segm enting sta ges. 
"( 2 ) AU of Schaudin us figures tlepi et illg the female gametoc yte un 
d ergoin-; seg menta t ion can he eas ily interpreted as cases' in which 
the re d cell con tains a f emal e game tocyte j uxtaposed to an ordinary 
'segment in g schizont. Tn fact, 'I'homso n found ma ny such st ages in 
his OWII prepa rations. . Th ere is, in sho r t. Yl'I'Y littl e evid ence to 
supportfhe so-eall ec.1 pnr thogeneti e view. . 

( 2). Special ized resist ant asex ual form s, whi ch survive the periods 
'of latcnev unt il condit ions are again favorable ill the blood to renew 
their .a~ e~'nai schi;'ogony; form ail integral p~rt of th e hypotheses '8.d~ 
vaneed by such in vestigat or's as Cell i S. P .•Tam es and Craig. In the 
particular theory advanced by Cra ig, two young hy ali ne rings were 
supposed to con juga te within the cell .and th e resulting zygote to 
grow unt il it filled the r ed cell. It th en left the red cell, was carried 
by the blood st ream t o the sp leen lind hon e marrow where it rested 
until proper stimuli caused it to l iberate young' fOI'lDS whi ch r enewed 
'the asexual eyclo. " Cra ig ' ( 192H)'''' still holds -t his view ro t;' r elapses 
oecnrrine at JOlIg' intervals, h ut accep ts the hy pothesis 0 1' Ross and 
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others, given later , f or r elapses at shor t in te rval s. In spite of Cr aig 's 
descr ipt ion of con jugat ion a 1111 a s imilar doscri pr ion by Ew ing 
(1901) ,H many bio logical objections r-an h(' made to the supposi t iou 
that merozoites destined ordinui-ily 10 eonti n ul' th .. ase xu al eve le 
should assume t he role of gu iuetes. 1"ll l'tl w l'lIlon', t ill' [lI 'OI' (' SS is dif
ficult. to demonstrat e hl'(~I I IISp till' elosl' apprnxiumt ion of t\\'11 forms 

within t he ci-Il ca n "asi!,\' Ill' mist akeu I'll I' conj ugutiou. Ti ll ' n-sistant 
forms desc ri bed hy -J ames are asexu a l Io rms whie h re ma in qu iesce nt 
until sti mulated hy Favorable ('1I 11l1i l ions to re-in it iute the asvxual 
cycle. }1'OI' II d iscussion fanll'i ng- th is v iew, lis \\'('11 as illusr rut ions, 
tile re ade r is 1'cl'(~l'l 't,c1 t o .1. D. TII0Jl1S11 1l m ill WllOl.!l'od , ( 1~12 ~ } ." ·-' 

(:J) Boss ad vanced t he hy pot lll'sis tha t t ill' ruula rinl purusites 
eontinue 1hei L' normal asexual cyelu t h roughout t lu- infp(,t ion hut that 
during t he latent p er iods t h e IlSI' Xual parasit vs are I, i lh-d on: to suc h 
all exten t that they can not he fou nd (see Boss ID\lI ) ,"tI Bi ~lIallti, 

"T, M. J ami's and Whitmore hold ('S St'lI I ia 11 y simila r vinws; The 
asexual parasites du ring t he lutont pl'ri od. according to Hignumi, 
become resistant to quinine 01' antibodies just as try pa llosolllt' '; a re 

known to do, 
In the a uthors opin ion \ 11" slndi ('s on hnmau (llld hi l'd i lll'l'l'tinlls 

1111 ppo rt Hoss' assumptions. :'Ii ot only is t hI' ase xua l (',n' ll> euu t iu uous 

du ring th!' lat en t pc t-iod, hut cnnt inuous at tlu - saull' ml<' ( vita l ity ) 
as during t he ac ute t- lse, an d ti le sea rcit y of t he pa ras it es is accou nted 
for hy the killing meehan ism 11r\'!'lop t>d 11.'" th r- host whiel : is re moved 
ill some way du ring relapse. Sonn- of t Il(' ch id evi de nce ill ran)}' of 
Ross , hy pothesis mav be summarized lis follows . 

1, Hoss and 1). Thomson ( 1!J1 0) "' ill t lu-ir u um crivuI stud it's of 
human mal a r ial ill l'cctioll s showed t hat the genr-ra l tren d of t he 
numb er curves st rongly in d icated (hut til l' ase xua l parusit es persisted 
during rela pses of sho r t du rn ti on hut were too f'ew to 1)(' Iou nd in 
blood films, Mauy investiga tors who postulate resist ant forms for 

the production of relapses a ft er l on~ intervals Iollow Ros-'i and 
Thomson 's eonclus ions for r elapses after sh ort intervals. 

2, Working with bird malar ia Whitmore ( l! J18)'~ Iouud that 
throughout th e latent per-iod, alt hough no puraxitvs could be found, 
th e blood was infective to other birds for as lonjr IlS 2fl months after 
infection, HIIlI as the asexual parasi tes are th e on I,\' Ol WS whi ch are 
known to in fect other hosts, he quit e justifinbly assumed that this 
is eviden ce tha t. throughout. the laten t period tht'I'e are small nuru
bel'S of asexual parasites in the pe r ip hera l blood , Maz;:a ( 1!J24) ~ O 

has found birds infective four years an d two months after infection, 
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:1, Ben Harel (1923 );' a ft er pa t ien t search was actually abl e to 
fin d asexual parasit es in the IH'OCl'SS of asexual reprod uction during 
laten cy. 

4, L . G. 'I'alia fe rro (1!J25 )'1 showell that when ever the paras ites 
were fou nd in the hlood not Oil ly was asexual reproduction occurring, 
but a t th e same "ate as durin g- the acute r ise of th e infection . Fur
th ermore, it is iutcrcsting that when t hey r eappea r d uring a r elapse 
the t ime of each stage in the asexual cyc le wa s exac tly what would he 
expect ed if it had occurred un interruptedly through out the latent 
period , 'rhis last evidence would be conclusive excep t that the 
asexual cycl e is d iurnal and may Ill' fo rced Oil th e parasite by the 
host. 

Tn couelus ion , it. seems well to quote L. G. Tal ia l'erl'o 's conc eption 
of th e malarial infection in hird», 

"A ft !'!" th o Iueuhation pHilHI till' nsoxunl M t ll ~l'l:! of t lu- purasites a re to be 
f'oun rl i ll t he l' t'ripllt'rlll bl ood ill \"a l'yillJ{ mu uhers dur i ng t he en t i re cou rse of 
0 1() infedioll and u ndergu t he i r ".1"0,1" of dl' \"l-I" p llll' llt uud repro d uction at th e 
sa me rute t hr ougho ut . Prom IIIl' wl'y h" g'illllillg , olll ~- a numbe r of t ho mero
zo it es a rc via hle ; tl,is proba bly l' l'p r"~l' II I l:l II uu t urul rcsistaueo of th e host. Dur 
in g the tlrs t part of tho in fr-cfiou rcla t i \ 'l'I~' Jew parasi tes a rc kil led , so t ha t th ey 
accumulat e i n t he b lood a nd gino ri sl' t o th e ncute stag e of t lte iufcct ion . Sooner 
or la t er , however , nil till' a cqui re d rcsi stunce is bu ilt u Jl, a lar~e proport iou of 
t he pnra sitcs are ki lle d, Ther e mny th en lu- a te mporary re h\)Illl', bnt cveu tunlly 
th e number of pnrasltes des t royed cqunls or exce eds th e number produced by 
reproducti on , and till' ch ronic per iod wit h 1I lo w g ra de of blood int'ection ens ues, 
III t ime, the dost ruct.iou becomes so ~n'al t hnt Ill' pu ru sites can he fOl1l111 i ll the 
bl ood (latent pe riod ) , but thei r P TI' St ' IIl' l' ('1111 be deui unatrater l b~' Whitmorc ts 
technique. This con t in nes un fil "" ll1l' coudifiuu, sueh all the i nject ion of ndren alin , 
t emporarily stops th e dest ru ct ion and t he pu rns it cs accumula te a~ain, cnuslug 
a relapse." 
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Microgametocytes Macrollarnelocyles 

.FIO, l.- -Rcl'n-Hl'lIl.lItioll of the (,y(-!<. uf l""l'l"o,!uet;oll ;n hird malaria showing 
change>! ill llizl', Out line« of the nscxual stag!'!! (X 1,:iOO) of the pa rasite's within 
the uueleatcd red eell s, showing uueloi nml pigrnont gml1l1!"s, 111:1,11' at Jour-hour 
Intervals during a ("1I11 111-eut i\"c perlod at' tweuty-fnur hours, III arlditiou, outlines 
of three microgumetocvt cs ruul t111'!'I' llIal'1'ogarll,'t(l,'~·tl'H, which O('('U!' ill small 1111111' 
bel'S at all hours thruughuut Il,., i""l'dioll. ( 1"1'11111 flrawing'l'< h,l' L, (T , 'raHaf,·t...u. ) 

• 
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Ilo!jS atler InjectiCl\ 

F IlJ. :l.-C1-m l' h "IIOWillg t ln- " h ull ges i ll 11l, 'all si zl' uf the a sexu a l f'orms nu d 
the number curve through th o a cu te per ind u nd crisi s ill an Int'cctlon with P , 
praecox i n 11. cana r)'. 'I'he un iform rut e of repr od uct ion (a f! shown IJ." t h... r eg
ulnrit y in thc me an-size eurve ) un d th e type of num ber curve (a s seen in t he 
precedi ng fig url' ) iu rlica te that t here ill u pu msit iei dul but no reproduction -in
hi hi ti ng resi s tn nee devel oped, (F'rom duta h)' L. q. T uhaferro. ) 
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2 3 - 4 5 0 7 9 
DaiS after Experiment. 

}'IG. 4:.-ExjJ"rinwll t shuwing the disnppearnnce of washed pnrasltlacd cells 
from the blood of a bird ill till' l:dl'nt, iu f ..erion an d th e survival oJ t.lll.. same 
tJpe of eolls ill a control uuuu'octcd birrl, Both birds ( one with latent iuf'cct.iuu 
and th e other uniufceted ) were iu j ect ud intrav enously with cllollg"h washed ill

feetell cells so that 1I f'ew miuutes lutvr hoth showed au infcctiuu ot' about eight 
parasites IJer t en thousa ud r ed cells. III the bird with th e la tent iuf...et ion these 
were removed from th e ch-eulat ion withiu twelve hours, but iu the uniuf'ected hirtl 
they survived and progressively iuerenaed in numbers, 
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I Th ... suhj••ct 1I1:-11t"r of the presen t pllp"r is , 'ss"lItiall~' t ha t uf a leet ur e g iven 
at t lw Hehoo ) of T'roph-nl ~ll'''id u ,' . F eb run ry 13. L9:!H. 

~ Most of 0 111' wo rk at t he llllin'rs il~' of ·hi'·:tg o has beeu done wit h It strain 
of l, ir,l ma la r ia which Dr. E. Hart man isolnt,,01 f'rruu all f<:uglish spnr ruw i ll Bal
timor!'. III all of UU l" P I'I"'ilHIS plll'"rs this hus h""11 termed P I(l.,,,,,u /iu/II pra ecor, 

hilt Hn r t m nu ( l !I:!i , A n·h . Prot is teuk . lill: 1 ) h:l l< :-111<111('1'01 evi ,11'11 ,', ' tlmt th is IIl1lnC 

,,10011101 hI' rest rh-t ed to t he 1.'"1'" of s pnrrow pnrasi t e iso la ted aIHI used 1)~' Whit

more, F urthc rmun-, Llur t mnu hilS III"OI"'s"oI ti ll' IIa Ill" 1'. rnt hrnu-riu m for his 
struiu. 

, Ther e has h"( '11 «ousirh-ruhl« ,lis('u"s io ll ill t h e past ml 10 wh ethe r malar ia l 
pnrns it es 'I'Nt' iu t ra - or ext ra -ecl lula r. T ill' r" ""ll t wor k of Rl.l t clilTl' ( 19:.!i, Am r-r, 
.Iour. " .'"A". ;" : ;18:1) leaves lit tk- dou ht that th e parnslt e of hi rd mula rl a mill 
1'. l"il'tl.r of man a rt> a etua lly wit hin the ,·..11. 

• A 1I1l , l u st. Pasteur o:!: :a~:.!,
 

, Amor• •Jou r, lln!. :J: llo:!.� 
e A 111(' 1'• •l ou r, Il yg , ;;: i4:!.� 
: Anu-r, ,Jour . lIy~ . 5 : s is.� 
' .\ uu-r• •Jour. JI ~'g. ;": 4Ui .� 
" ~ I r~ . T ul in f'c -r ro thought it \\" u~ II litt lo lung-PI" i, e. :!4 nud I minute , hUI� 

Hurtmnn (19:!i) ha s sh own th a t it ill ('X1II·tI.,· ~4 hours, 
ro This dr-monstra t e« that th l' I"ll"llsit es whi ch ,lip in (' :I<'h usex uu t «y cle do not 

p" ri~h us morozoites, hut throughout the vm-inu s st a ges of growt h. 
" .JoUI'. Purnsir. 13 : :!li. 
l~ T Ill' sa nu : tYJl" uf' di~a ""ellra ul'I' h us nl n'a ,ly been no t ed for th ose purnsi tc s 

wh ich� !li(' in t h,' a r-ute per iod as s hown II.,' t he work of Hartma n. 
,o .Jo lll'. Exp. :\[1'11. ]6: 5li i . 
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