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Coatney amd Roudabush (1937) im the fall of 1936
made a survey of various wild birds in Nebraska by
means of blood films and subinneulations, and noted
the inmeidenese nf red blnod eell parasites nf birds,
£ magpie (Plea pies hudsonia) was frumd by them to be
heavily parasitized with plasmodise. Two types nf gameto-
eytes were moted im the blood smears, nme was round and
the other was of the elomgate type. The blnod from this
magple was subinoeulated intn a canary with:g;evinus
infeetion, and the only type of parasite to appear was
thst of the rrund gametoeyte type. This strain nf plas-

modium was $entatively 1dentified as Plasmodium cath-
ermeriug, whieh was later eomfirmed by Huff of the

University nf Chicago. This strain was repnrted to be
deeidedly pathogenie fnr the ecamary, and has hence been
designated as the "3M" sgtrain by the Committee on
Terminology of Strains of Avian Malaria.

Purpose

The purpnse of this thesis is: (1) to show the

methnd of passing the "ZM" strain of Plasmodium esther-
merium from the eamary tn the duek, (2) to determinme if

1t 1s too viruleamt for the duek, (3) to look fnr exo-
erythroeytie stages, (4) to standardize the parasitemie
80 a rorutime high pofcentago of the red blnod cells will
be parasitized, (5) tn determine if the "3M" strain of
Plasmodium esthermerium im ducks 1s a sultadble malarla

parasite for the chemntherapeutie sereeming of anti-



malarials, (6) to determine the presense or absence of
a filterable lethal sgent for ducks assoeliated with
Plasmodium cathermerium (Dearborm 1946), (7) to make
observations nn the periodieity, symehrnmieity, erurse
of infeetinn and anemia prnduced, and (8) tn determine

if the "3M" strainm of Plasmrdium gsthermerium s~uld be

established in the chiek, .
H;toriall

Lavoratory hosts e~nsisted of adult female eamaries
(Serinus csnarius) weighing about 15 grams, and white
Pekin dueks obtained when ome day o0ld, and raised umtil
they were about 100 grams. The strain birds used were
of a much greater weight, usually 300-500 grams. This
insured am ample supply of imfective blond when it was
reeded. Chieks used were 3-5 day n1ld white Leghnrns
welghing 40-50 grams.

All feed for both chieks and aucks was fortiried
broiler mash, Canaries received the usual mixture ~f
seeds.

A rotary feed mixing maehine was used to mix the drug
diets (Litehfield 1939) employed in the shemntherapeutic
study. Thorough mixing was ashieved im 30 minutes.
Previnus tests were made with water soluble dyes added to
the feed and aliquot pnrtinms of feed taken out and eonm-
pared om a Lumetrom colorimeter with a known standard
of the same dye. In this way it was determined that proper

mixing was aceomplished in 30 minutes.



For the perindieity experiment, the birds were kept
sn & 12 hour light and a 12 nour dark eycle in a regular
type brooder pem; 4 birds were used im this experiment.

Separate eontaimers for rumning water and fond
were desigmed to asenmndate ome group of ¥ dueks for
the chonothorapoutio tests, Thus it was impnssible fnr
the running water and the feed tn beeome mixed with
that nf amnhther group ot aueks om test, Tem groups of
dueks were put om té:t at one time. The duek pens were
plased nn metal rasks with one-half ineh hardware elnth
floors, thus allnwing the fecal material tn fall »n a
metal aprom. The feecal material automatieally passed
down an nutlet to the sewer by th; actinn nf the enntin-
uously running water, whieh was the nverflnw from the drink-
ing troughs.

Birds trat were kept for relapse stuaies were put
in finishing batteries alsn equipted with running water.
The Lumetrom enlnrimeter, ealibrated against am
Evelyn hemogiobinometer, was used to determine the

hemoglobin as oxyhemoglnbin.
Methods
Experimental Hnsts

Adult female canaries have been used routineliy as

experimental hosts for the "3M" strain nf Plasmodium

eathermerium, However, this strain is viruleat for the

canary and imitial 1nreét1nns nr relapses resuit in

deaths in many ocases.



With this in mind, and, also, tne repnrt by Dearbora
(1946) that an agent lethal for dueks is assnciatea with

the "3T" straim of Plasmodium catnermerium in duexs,

it was decided to determine the susceptibility of white
Pekin dueks to the "3M" straim; ama to possibly maxe
available amother straim in the duex wnien woula nave
possibilities for routine antimalarial sereening.
Camary mo. 80 was sacrificea at tne peax of imfeet-
ion ama 1 ml, nf blnna nbtainea rrrm the neart, 0.5 mi.
nf the plood ermtaining 40 x 10° parasites was quiexiy
rrozen in smail bDrowa giass tuoes witu very thian walls
by immers.ng them inm a mixture enntaining dry ice and
acetone. This was later placed in a deep freeze unit
at =70degrees F, The remainder »f the blnod comtaiming
40 x 106 parasites was givem to two day ~1ld dueks via
the tarso-metatarsal veim, eash duek receivimg 20 x
108 parasites. These dusks were designuted 1C and 2C.
Blood smears were made daily but the parasites were mnt
suffieiently mumerous to erunt. The third day after
inoeulation 1 ml, and 2 ml. of blood, respeetlively,
were imneulated imtn two uninfested dueks from duek
2C and the eourse of the parasitemia was nbserved in
duek 1C to determime the best time to tramsfer the mal-
aria blood. Definite dosages were mnt attempted until
the S5th transfer whem 145 x 106 parasites were given
to a 100 gram duek. The peak parasitemia was reached

on the 4th day with 28% of the erythroeytes parasitized.



These prelimimary observatinms suggested that the duek
would be a suitable hnst, and therefnore, the strain
was maintained by subimnsulations every 4th day imntn
young dueks.

After the tramsmissi-m of the "sM" strain »f
Plasmodium cathermerium to ducks and 1ts adaptatinm
to that host, larger birds were used for maintenance
of the strain.

Method of Coumting Parasites

The methnd of eounting the number of parasites im
relation to red blnod cells is that calculated by Hartman
(1927a) amd Gimgrieh (1932) aecordimg tn the following
formula: N = 45,954 I-P where N i1s the mumber nf red
eells to be enumted, ; is the number of parasites per
ssmple and I 1s the sample unit (10,000 RBC). This gives
a parasite - red cell ratin whieh has a probable error
of 10% of the observed values.

A gecomd method was used which gave a prnbable
error »f 20% of the nbserved values with 10,000 red
blood cells used as a sample unit. The formiala is as
follows: N = 11.375 1I-P; letters indieate the same as
.the above. ’

A third method used in ecumtimng was that nf deter-
"mining the mumber of parasites per field when the average
field erntained 100 red blood cells. 100 fields were

sounted. The probable errnr was estimated at less than

20%. .



A Howard dise was plaeed in the left oscular of a
Bausoh and Lomb bimoeular micecrnseope to fasilitate
eounting.

Whem blood was pnoled im sterile rubber stopoered
bottles, the parasite count was done directly from the
bottle by making a blood smear in the usual mamner amd
then, at the same time, a sample was taken fnr the red
blood eell erunt, Smears were staimed individually on
a staining raek with Giemsa's snlution.

Method nf Obtaining Infective Blnnd

The methnd of nbtaining malaria blood from canary
80 was intracardially. The boundaries fnr the insertinn
nf the meedle was at a 45 degree angle betweem the clav-
iele and eeoentrally into the fossa formed by the eclavicle.
This method was alsno used in obtaining blnod from
ehickens.

The method of nbtaining malaria blocd from dueks
ernsisted nf palpatiom nver the sternum until the
strongest heartbeat was felt, samd them, merely insert-
ing the needle through the sternum, using gentle tractirn
nn the plunger nf the syringe until the bl~od apvrearer
in the syringe.

Method nf Iransfusing Malaria 3lood

Venous transfision was used in every instance.
Chicks used were 5 days nld, and easily hamndied. The site
nf injectiom was midway between the proximal and distal

end of the metatarsus just above the bony enre of the



spur. Approximately one chiek ean be imneulated every
30 seennds.

Vemrus trensfusinn was less diffieult im dueks.
The ssme veim was used and would apvear quite promiment
even in day nld ducks.

Standardizati~m of the Parasitemia

Onee the strain was well established in the dusk
initial experiments were carried out using 1 x 106
perasites per gram ~f bndy weight. This produced a
suffieiently high parasitemia for a perindieity study,
but was considered low for chemotherapeutie studies.
After several exveriments 1t was decided tn use 1.5 x
106 parasites per gram »~f body weight for the chemnthera-
peutic studies. This size dosage produced a parasitemia
with a ramge of 3800-6500 parasites per 10,000 red blood
cells. After 300 transfers the virulence dnes nnt seem
to have beem increased when stanaaraized d-sages nf
parasites were given.

Experimental Data
Parasitologieal Perinds

Parasitologioal perinds (Hewitt 1940) pertains
to the relatiomship between the parasite amnd Lts hnst,
end may be divided as follows: (1) prepatent perind,
whieh is the perind of emtrance of the malarial parasite
into the bndy umtil it ean be dem-nstrated by nrdinary
diagnostic means, (2) patent perinds, 1; the time interval

i1s the time interval whem the parasite esam be dem~nstrated

(4



in the blnod, and (3) the subpatent perind whem par-
asites are not dem-omstrable by the usual meaﬁs, but
may be present im minute numbers and e¢nula be dem~nstr-
ated by subinneulations.

ln stamdardized d-oses H»f 1.5 x 106 parasites per
gram of body weight, the prepatemt perind 1s e~mpletely
eliminated, thus, making the inteetion available fnor
immediate study (Boyd 1925).
gggg of Infeetinm

The peak of infectirm was determined in the follow-
ing mamner., Slides were made at two hour intervals
during the day in nrder that the perinaicity eould be
determined at the same time. Counts were made by random
sampling, amd the size ~f the sample unit for the prnbable
error to equal 10% of the observed vaiues was maintained
throughout. Four ducks were usea in the combined peak
of infeetiomn ana periodieity study. The dueks were
injested with 1 x 106 parasites per gram nf body welght
at 11:00 A.M. and smears were taken at 2:00 P.M. the
same day and every 2 hours until 10:00 P.M. amd inm
some instaneces 11:00 P.M. Initial ecunts shnwea that ali
the birds had reeeived aesiraole am unts »f parasites
and that the parasitemia »f the.various birds were
erming up with a elose enrrelation. However, aue t~
‘imdividual resp~nse to malarial infecti~n ana binl~gicai
variatinns in phagheytosis amd immunity, it was aecidea

that the ge~metrie meam gave a better nverali nicture



because it 1is a ealeulated value ana 1s depemaent up n
the size nf ail the values. The adventages of the
ge~metric mean are several (Arkim and Colteon 1v46);

i1t is less afresctea by extreme items, it is & moure

vypicel average than the asrithmatlie mean, simee it is less
affeeted by the extremes and it can be mamnipulated
algebraiecally. The formula when reduced to its logrith-
mie form is: Log. Gm - Log X; +1log X5 + log X5 + . . .

« « log X, divided by N.

Graph 1 represents the meam eourse of the imfectinn
in 4 dueks. The pesk parasitemia was reached the third
day at 10:00 P.M. following the imjectiom of 1 x 10°
parasites per gram of bndy weight in all the ducks
studied. The b1lrnd used im the experiment was from
ducks whieh were on a 12 hour light and a 12 hour dsrk
schedule (Bryd 1929). These data eorresvnnd with the
results Wolfsom (1943) frund with the "3I" straim nf
Plasmcdium cathermerium im the duek. However, Wnlfsnn
(1943) states . . . "that further rapld passage nf this
strain through the duck is likely to increase the degree
of parasitemia, to shift the peak to a later time in
the imnfectinn, and to eause more frequent deaths ~f the
hnst."™ It has been found by the author that if the
aumber of parasites injected remains ennstant, there
was no incresse in the degree »f virulence of the "3M"

strain of Plasmhrdium cathermerium im over 300 transfers.

The degree of virulemce appears t~ be, t~ a certain
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extent, proportional to the number nf parasites Injected
intravenously whem the hosts are in go~4d eéonditicn and
the parasites are obtained from a donor before the

peak nf the parasitemia is reached.

Periodicity snd Synchronieity

Perindieity nf the "3H" strain nf Plusm-dium
eathermerium was first studied by L. G. Taliferro (1925)
im the camary. She disenvered that P. eathermerium,

"zH" strain, had a 24 hour periodicity with schizngony
necurring largely from 6:00 t» 9:00 P.M. This was later
confirmed by Drensky and Hegner (1926), Bnyd (1929),
Hartman (1927) and nthers. 'Yinlfson (1938) first maimt-
simed a strain, designated as the "3T" strain of P.
eathermerium im the duck amd “»1fsom (1945) repnrted
further studies of that straim im the dueck. She found
that the perind of greatest segmentatinn occurred between
8:00 P.M« gnd midnight daily, and the length of the
asexual ejclo to be ab~ut 24 hours in length. The peak
of nld sehizonts oceurred at about 8:00 or 10:00 P.M.
daily.

The meth~d ~f making the present perindieity study
was as fnllows; smears were made at 2 hour intervals,
and in some instaneces at one hour intervals, and stalned
with Giemsa's snlutinn. During‘tho perind between 4:00
"P.M. and 8:00 P.i., smears were usually made every hnur.
From s rsndom ssmple of 100 parasites from each blo~d

smear the persentage nf each nf the f~llorwing groups
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was determined: (1) stages erntaining 5 or more nuclel
were designated as o0ld schiznnts, (2) mier~gametocytes,
and (3) macrogametneytes. There was a great dealL Hf
similarity in the 4 birds studied and graph 2 shows
the results of the perindicity study. The perindieity
was essentially 24 hours im length, Om the day of
tramsfusion, the maximum number nf schizonts with 5

or more muclel occurred at 6:00 P.M.; the day after
inoceulation, nr the first day of the infectinn the
maximum mumber nf these schizonts nccurred at 5:00 P.M.
The secnnd day nf the infectinn the peak becnrmes flat-
terned somewhaut and the maximum number of nld schizonts
oecurred at 2:00 P.M., and the third dsy was like that
nf the secHomd day. Segmentatinn occurring earlier in the
afternoon im the peripheral blnod was n~ted by Wolfson
(1928), by Redmond for the "3A" strain, snd by Coatney
for the "3M" straim (unpublished) and by Pnorter
(unpublished) for the "M" straim. This observatirn

of earlier segmemtati~n for the various strains
mentioned were infections in the canury.

Perindicity of the gsmetncytes was alsnh studied
and recorded on graph 2. The male and female gametocytes
appeared in the peripheral bl~nd circulation simult-
ameously with the asexual forms which might be expected
with the use »f a large innculum. The gumetncytes were
observed t» sh~w a perindicity quite similiar tn that

nf the asexusl f~rms., However, the moximum mumber »f

11
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gametneytes appeared at a later hour tham the o0ld schi-
zonts. This would temd to indicate that the schizonts
and gametncytes reached maturity at nearly the same
time. These nbservatinns were in agreement with thnse
of Shah (1934). Criteria for distinguishing pregumeto-
cytes, miernogametncytes, and macrngametocytes were
based on the cytnlrgical eharactoristics nffered by
Gambrell (1937).

Synchr~nicity sppeared tS be quite high dispite
the fact thaet segmentati~n nccurred at an earlier hrur
nn the third and fourth days ~f thre infectinn, The
syachronicity was much sharpef on the tirst and see~nd
day »f the infection with the synchroniecity appearing
tr» be 1low near the peak nf the infectinn. Following
the peak of the imfeetinn, symchrnnicity was nearly
broken up completely, and multiple parasites were forund
in the young red blood cells, the prlychromatophilie
erythroblasts, (Hegmer and Hewitt 1938), (Hegner 1938a),

(Hewitt 1939a) mrre tham at any nther time.
Number nf Mernzoites Produeed per Schizont

Thirty segmenters were counted im each nf the 4
slides representimg ducks 16C, 17C, 18C, amd 19C. Blond
smears chcosen were 77 hours after the ducks were injected
intravenously with the malaria blood.

The methnd of chonosing the segmenters was by rand-m
sempling. Only thnse segmenters were crunted whiech

showed eomplete divisi-n of the ecytrplasm ana n» evidence

12



nf further divisinmn. The mernzoite s~unts were nnt made
during the first amd secnnd days of the imfeection for
several reasons which wor;; the rirst day erumts may

be umduly imfluenced by such factors as mutrition,
ete., imposed upom it by the d mor bird, amd immunmity
near the peak »f the imfectiom im the domnr bird, all
of whish might be refleeted im the reeipient at such an
early date. The following table shows the results
obtained:

Bied No. |Ax |Rance |STd.Dev.|$Td Er. ICo. ST Ex.Coof Vas.

léc 1.00 [E-1y )99 |*0.32] 6.2 | *2.f

17c 10.63[6-16 |213 |*0.47|25.0% * 3.4
16C 13.17 | §-24 1 3.95 [10.72129.07° t 4o
19¢ 112371 6-18 |32 |to.s5tlase” | 2 3y

ihe mernznite mean im the 4 duexs rangéd from 10.83
to 13.17, and the actual mumbers ramged rrom 6 to 24. The
average number of merozoites for the 4 biras was 11.84
} 0.29 with a standard deviatinm of 3.13,.

Statistieal formulae (Arkim ana Coltom 1946) used
to determine the arithmatie meam, stamdard aeviation,
standard error of the mean, enefficient of variatinnm,
and stamdard error of the enefrifiemt of variatiom
were as follows: arithmatie meam (ungrnuped data) X"llsxl

“where X equals the arithmatiec meam, X equals the "sum

" x equals the data expressed as individual items,

of,
and N is the number nf items; standard deviatiom formula

grouped data 1-c=‘§%¥£2where G equals the standard

13



deviatinn, f the frequency, and X the deviatiom of
individual values from its arithmatic mesn; standard
error of the arithmatic meam,0% = 3%~ wherecr is the stand-
ard error of the mean and c is the standard deviatinn »f

a sample; the srhefficient of variatinn formula, where V
1s the crhefficlent of variation, § is the standard
deviatinn, andX 1s the arithmatic mezm, 1s V= - /00

This formula was used t» relate the measure H~f dlspersinm
to the average, and to ennvert it tn the percsntage form,
thus, solving the problem presented by the differing

units; the stsndard errnr nf the cnefficient of varla-

Yi+ a(v)>

/0"
The destructi-n rate of the parasite has been deter-

tion formula is, Gv = i%ﬁ

mined by Boyd (1939) for the "H" straim of P. csthermer-
ium im the canary. He found that at the peak of infee-
tion the destruetionm rste was around 90%. The destructinm
rate was determined for the "3M" straim of P. cathermer-
ium in the duck in the following manner. The numher Hf
parasites per 10,000 red blood ecells was determ ' ned from
smears made at 2:00 P.M. on the third day of the infect-
ion. dernzoite enrunts were made at 4:00 P.M. nn the same
day, and the two multiplied fogether. This shruld give
the populatiom per 10,000 red blood cells whiech sh~uld
theoretieally exist in the mext 24 hour perind. The
aumber ~f parasites determined ror ducks 160,.170, 18C,
and 19C was 1400, 2305, 3082, and 1449 respectively.

The mumber of mer-zoites has been rep-rted ror these

14



dueks., Hemce, the per cent of destrustion was as follows:
duck 16C, 90%; 17C, 90.1%; 18C, 96.7%; and 19C, 597,
This high ratin of parasite destruction indicated the
exteat of acquired immunity at the crisis nf the infectinn.
Exoerythrocytie Stages

Corrodettl (1940) drew the conclusion that the
exoerythrocytiec eycle was a test of the degree nf adapt-
ation reached by each species in its relation to 1ts
respective hhst. Hewitt (1940) stated that, "if an
exoerythrosytie schigzngonic eyele does form a part ~f the
1ife cycle of s me strains of avian plasmndia, the
factors which ghverm the sppearamce nf sueh a cyecle
are bilolngically unstable.”™ Wrlfson (1940a) ~bserved
that exnerythrocytic stages were prevented in the canary
by passage through ducks, and n» exnerythrneytic stages
were found in the duck associated with the "sT" strain.
Porter (1942) found a similarity betweem strains "sM",

"zA", and "sT" of Plasmodium cathermerium, as all showed

exnerythroesytie schizogony durimg blnod passage after
recent passage through mnsquitoes, and all were markedly
viruleat for canaries.

In the present search for exnerythrocytic.stages,
24 birds have been examined. The nrgams routinely ex-
amined were the brain, heart, lung, liver, spleen,
bome marrow, and nccnsionally'the musele. No exoeryth-
roeytic stages were frund, However, mamy parasites were

seen ~utside the red blnnd cells, and in the brain es-

15



pecially. The parasites seem were usually immature
schizomts and gametocytes. These were undrubtedly the
result of rupture of the red blond cells, because they
econtained malarial pigment, These were stained as bright-
ly by Giemsa's solutiom as were parasites im the red
blond eells, and 4id n~t aprear to be undergnring any
degenerative changes whem nbserved.

Induced "sM" strain of Plasmodium gethermerium im Chicks
Six chieks were used in the experiment, ranging
from 40 t~» 50 grems. The drsage »f parasites ranged from

1 x 10° parasites per gram »f bndy weight to 450 x 106
.per gram of body weight. In all cases the results were
the same. Farasite counts remained nearly constunt

in all nf the chicks for 3 days; thereafter, there was

a marked decline until their disappesrence. This evidence
of the resistamce nf chicks t» the "sM" strain enineided
with the results nf Manwell (19545a), and Hegner and

West (1941b) using varinus other strains ~f P. cathep-

merium.
Chemotherapeutie Experiments

Prssible methnds available for testing amtimalarial
drugs are three in number; (1) im vitro, (2) in humans,
and (5) in animals., The first named Aethnd has m~t been
adapted for routine screeming nf antimalarial c~mprunds
at the present time. Testing in human beings may be dnne
in induced malarial infeectinns on pareties or nn natives

where the mztural intectisns are frouna. It would be an
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impnssibility tn~ screen all new drugs ageinst human
malarials; therefrre, s me experimental animal is
necessary as a test for the assay nf pnssiblie antimalar-
1al drugs. Rrutine screening f~r antimalarials using
canaries, chicks, and ducks, has a aisedvantage in that
brth the hhst and parasite are difreremt from human
malarias, A better strain ~f malaria with which tr test
drugs would be nne that would infeet the rat ~r s~me
other eeconrmical mammal, id~rrenver, the prnblem nf pr-per
evaluation ~f h~st and species specificities 1s nne »f
the mHhst seri~us connected with reaching a s»luti~n tn
malaria problems (Elderfield 1946),

From the laboratory viewprint, the parasitemia
prrnduced ia the avian hnhst is much greater and mucn more
easily fnllowed that in the humen.

Drugs ~n test were made up in the feed (Litchfield
1939), As the dueks ate nnly during perinds of light,

a 4 hour light and dark schedule was fnllnwed. The effect
of this meth~d nf feeding was similar to taking dnses

nf drugs every 4 hours in the h'man, and unif~rm blnnd
levels may be maintainéd in this manner.

The time of initiatinm nf the treatment was 24 hrurs
before intectirn, The durati~rn nf treatment with the "oM"
strain of P. cathermerium was 5 days. The dosage nf drug
was a maximum ~f 0.4% im the diet for new drugs and less

frr small drug semples in the rrutine screening ~f new

drugs.
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The size of the inoculum was 1.5 x lO6 parasites
per gram of duck, which was giver 1lntravemously by the
method deseribed. The blnod smears were made ~m the third
and fourth days after injectirn of the parasites., Frrm
30% to 60% of the eells were parasitized im the untreated
eontrols. The arbitary eriteria of drug sctivity was 50%
parasite suppressinm at the peak nf the parasitemia
omn the third or frurth day after the inoculum was given.
The minimum effective diet per cent of quinine was 0.0125%
of the diet figuring on the base of the drug im every
instanee. Then, the ratin of the test drug to that of
quinine prndueing a e-mparable suppressinm of the parasit-
emia was designated as the quinine equivalent.
The presemt ehemntherapeutie study was carried
out by using 30 ducks weighing 84 to 142 grams with a
mean weignt of 119 grams. The hem~globins were determinmed
omn a Lumetron eolorimeter by the nxyhem~gli-bin metnnd
(Coffim 1946), This method ~f determining the nemnglnobinm
was used for several reasrns; (1) hemgiobins are determined
quickly and by simple methnds, ama, thus, large numoers
of ssmples ¢:m be rum im & rew minutes time, (2) enl-r
changes form almnst immeaiately, avnlding deiay and
inneren. e.rHr im the slow colnr development of acid
hematim methnds, (3) elimimati-n of the persnnal factor
in e515r matehing and, (4) a enrrectinn factnr dnes mnt
have to be wnorked nut with the ~xyhemhglobim meth-4d,

as it does in the acid hematin methnd due t» the
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nucleated red blood cells; therefore, acié hematin values
give higher results which are erroneous and of a relative
value only. 1he mean hemnglobin values for the 30 ducks
was 9.7 gms.%, with a range of 8.9 to 11.87 gms.%.

Six dueks (groups 1 and 2) were used as controls, and
the 24 remaining ducks were placed % to a pen and put on

the following drug diets:

Bird Group No. Drug Drug-Diet %

1. e~ntrol o

24 control o

3e quinine 0.012%
4, quinine 0.025
Se quinine 0.05

6o PAM 23% 0,0125
Te Sulfasdiazinme 0.8

8. PAM 2-4-2% 0.0008
9. PAN 3-4-D¥ 0.00078
10, Atebrin 0.0014

Hem~globin readings were takem before imneulatinon and
on the third, frurth, tifth, sixth, sevemth, and twelth
day of the infectinn at 10.00 A.M.

‘Thim blond smears were made at 8.00 A.M. nn the
first, third, fourth, and fifth days after imjecti-m
of 1.5 x 106 parasites per gram ~f bnody welght.

Grrups 1 and 2 (enmtrols) reached a parasitemla
peak nm the fourth day nf the infesti-m with a erunt

% Comnfldential Parke, Davis Antimalarials

19



of 3352 and 3705 parasites per 10,000 erythrncytes. The
germetrie meam of the two groups was 3524.

Groups 3,4,amd 5 (quinines) reached a peak »nn the
third day. Group 3 ducks om 0.0125% drug diet (mimimum
eftestive dose) had a parasitemia of 1695 parasites
per 10,000 red blo~d cells. Group 4 receiving 0.025%
quinine had a peak of 1409 parasites, while group 5
on 0.05% quinine had a peak of 439 parasites per 10,000
red blood eells.,

Ducks on group 6, PAN 235, 0,0125%, reached a peak
om the fourth day, as did the eontrnls with a peak
parasite sount of 4031. This dosage nf drugz was apraremnt-
ly a subeffective level.

Group 7 on sulfadiazime reached a peak om the frurth
day with a eount of 2039 parasites, althorugh the peak
temded to be flattemed out. Sulfadiazime was put on test
as a check to determimne if this straim of parasite was
sulfa susceptible,

Group 8 om PAM 2,4,2 received 0.0008% drug in the
diet. This group of ducks reached a peak paerasitemla
om the tourth deay of the infectinn with 2134 parasites.
Mgrked morphnlngical changes were nnted in the parasites,
many appearimg "pumched out" and durk im appearsnce. The
number of merozoites were mnted to be fewer in number
and there appesred to be good gametocidal aectiom. The
dosage of this drug was the mimimum effectlve level,

The c¢numts were suppressed 50% that nf the contrnls
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end the quinime equivalemt was 15, when the ratio of
PAM 2.4.2 was e-mpared to that of quinine (MED),

Group 9 om PAW 3.4.b, 0.00078% drug never reached
a peak, The amrunt of drug employed e¢-mpletely suppress-
ed the infeetiomn, preventing a peak ~f any kind. From
this preliminary test, however, the drug had a Q64+,
Gametoeidal amd schiznntiecidal asticm was most apparemt.
Gametosytes and schizonts appeared as dark shrunken
spots imn the red blnrd cells. Mrrpholngieal characteris-
ties were obliterated. The maximun mumber nf meroznites
dissernible was 4 or 5, ard this number e~uld be oﬁns;der-
ed as only approximately accurate as the schizonts were
sn dark.

Ducks im group 10 receivimg 0.0014% atebrim reached
a peak nn the fourth day with 1240 parasites per 10,000
red blocd cells., Thus a «17 is im the ramnge repnrted
by other workers. This drug was put on test as merely
a drug eontrrl, the same as sulfadiazime, to determine
i1f there were eny manifestatioms of hypersensitivenmess
or 1diosymehrosis tn drugs already repnrted on.

Worthy of menti~n was the dueks om PAM 23, sulfa-
diszine, PAM 2,4.2, atebrin, and the erntrnls all reuached
a peak nm the frurth day nf the infectinn amnd all show-
ed the same type nf parasitemia curve. That 1s, the
parasitemia prongressed tn the third day with a straight
line approach and then flattemed nut before the peak

and dropped rapidly. In enntrast, the quinine curves
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showed a rapid rise tn a peak and them flattened ~ut
om the nther aside ~f the peak, The characteristics ~f
the two types of parasitemia eurves may nr may nnt

be significant. It must be kept im mind that im the

untreated enntrols the "3M" straiam of P. cathermerium

reached a peak on the frurth day irrespective nf the

size of the drsage of parasites innculated. Therefnre,
when ducks reached a peak nm the third day of the im-
fectiom on the quinine diet it became apparent that

third day counts must be shown e-nsideratiom im the
evaluatiom of a drug whem they are compared by the ratio -
method to that nf the quinines. Then too, the peak of
anemia of the quinine birds occurred on the day after

the peak of the parasitemia, evem though the peak oecurr-
ed ome day earlier,

Alsgo wrrthy nf mentinn is the variatirm in the
morphnlngy of the aviam malaria parasites umder drug
therapy. The aviam malarial parasites in ducks receiving
quinine exhibited a definite amd e~nsistant chemn=
therapeutic damage. That 1s, they ippeared "punched
out" and srmewhat faded. Im eomtrast, the parasites
in duecks recelivimg FAM 3.4.b showed a different type
nt daﬁage. Their mnrphnlngy was altered rrom the m~rmal
in that they were extremely dark ana s~me were blaek,
and appeared t» be, what I shall term, "ehemotherapeut-
ically burmed." It is therefore suggested that the

mnorphnlngical alteratinms of the aviam malarial psrasite
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under drug therapy may be. a sigmnificant factrr brth

from the ehemical and binlogieal viewponimt as;

desirable type of drug action,i.o; defrimentgl th a

partieular system of the parasite which would be irrever-

sivle,ete., drug resistanee could be nnted, and repro-

ductive ability, both sexual and asexual cnuld be moted.
Bem Herel (1923), Young (1937), Terziam (1941),

and Hewitt (1942) dem~nstrated a fall in red cell

number accompamnied by a dimimutuion im hemngl~bin.

Hewitt, Richardsnom, and Seager (1942) conducted experiments

involving a considereble rumver ~f ducks and e-neluded

that "the fall im hem-~globim rolinwing difrerent doses

of parasites fnllnows the parasite ecurve very ciosely

ceeee ANd serves as a supplementary methnd for estimat-

n

ing the degree of parasitemia.” Then tno, they found
that the sharp drop in hemnglobim on the day after the
peak (P. lophurse) was evidence per se to demnte the

day om which the highest number of parasites was reached,
even though parasite enunts were not made.

Apemia snd cnemothefapeutio experiments rum com-
surreatly eonfirmed the results of Hewitt, Richardson,
sand Seager using the "3M" strain of P. cathermerium.

The smemia and parasitemia curves of the cnntrols and the
dueks on test agreed very closely. The lowest hemnglobin
values were on the fifth day ~f the infeocti~m, whieh

was the day fnoliowimg the peak of the infection in all

cases except the birds on quimime diets. These quinine

20






birds (groups 3,4,5) reached a peak parasitemia om the
third day »f the imnfectinm, and the greatest anemla
necurred oa the folliowing day(4th day). In eontrast
P. lophurae inreetinns in tne duck are quite asymchr-n-
rus, and the peak of the imrecti~m using 1 x 10°
parasites per gram nf brdy welght may be nmn the fifth
or sixth aay, while P. cathermerium was constant 1in
that the peuk was always reached om the fourth day.

Results of the cnemdotherapeutie ama anemia study
are showa on graph mo. 9. Um the fifth day the nhemngin-
bins of group L had dropped from 9.34 gms.% to 4.4 gms,
%, lhis represeats a hem~globim loss of 52.9%. Group
2 dueks had & hemdglobim Llevel of 9.45 gms.% before
imreulatioy and »n vue 1iivh day it was 4.2 gms.%,
a8 loss of 55,6 gms.%. of the hemngl~bin originally
present,

Group 3 of the quinime dueks (0.0125%) averaged
9.87 gms.% vefore imnculatinm, and at the peak nf thelr
anemia on the fourth day the hemnglobim was 4,51 gms.%.
A loss ~f 54,4 gme.% of hemoglobim. Group 4 ducks »m
0.025% quinine had hemnglobin values »f 9.56 gms.%,
and om the fourth day 1t was 7.15 gms.%, a loss »f
25.5%. Group 5 dueks reeceiving 0.05% quinine lost 1b.2%
of their hemnglnobim. The initial reading berore imoc-
ulation beimg 9.45 gms.%, and it was 8.02 gms.% on the
fourth day.

Group 6 ducks on PAM 25 lost 54,8% of their hemo-
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globin. 1lhis drug was at a subeffeective level and there-
fore was not imcluded non the graph. P#M $.4.b was mot
imcluded on the graph beesuse the level of the drug

was above the mimimum gffective dnse.

Group 7 ducks om 0.8% sulfadiazine had 9.45 gms.%
hemogl~bin prinr to imoeulation, but dropped to 4.90
gms.% om the fifth day of the infecti~n, representing
2 48.2% 1oss in hem-globin.

Group 8 om PAM 2.4.2 receiving 0,0008% drug im the
diet had hemoglobin values of 9,56 gms.% befnre imncu-
lstinm, but on the fifth day it was 5,60 gms.%, s loss

of 41,5%.
. Group 9 on & highly effeective amtimularial drug
for the "sM" straim of P. eathermerium, omly 0.00078%
in the diet had a hemoglrbim level of 9.56 gms.% befnre
injeetiom amd on the rifth day 1t was foumd to have
lost only 9.0% hemoglobim.

Group 10 ducks nm 0.0014% atebrim had a hemoglobin
reading of 10,11 gms. % before imoeulatiom and were
5.04 gms.% on the fifth day of the imfectirm imdicating
a loss of 50.2% hemnglobin.

By the sevemth day mamy of the ducks had hemngl~bin
values whiech were mear their preimosulation levels,
and on the twelth day all of the ducks were at their
preimoeulatiomn levels, and mamy were above those levels.

It has beer established that hemngloblim values

reveal much in the e~urse of untreated and treated



infeotions with malaria parasites im birds. The plntting
of regression eurves during the course of iafectinns
when animals are om test shhuld be of added value
by determining alteratinms im the exprmemtial growth
eurves. Furtherm-rre, the altered morpholngical pr-p-
erties of the parasites may be sigmificant.

Discussinm

The "sM" strain of P. cathermerium has beem adapted
to the duek and some of its outstanding echaraecteristies
are presented. The "sM" strein of Plasmrdium cathermer-
Jdum is very viruleat for the csmary and nften causes
deeth durimg the acute attack, and alsn, during relapses.
This straim 1s alsn quite viruleat for the duck as the
infecticm produeed a marked degree of anemla im um-
treated birds. However, ~nce the peak ~f infection 1s
reached, the parasites disappeared from the blnnd
rapidly.

Exnerythroeytie stages have beem observed by nther
workers irn the camary during mnsquitnr and als» blnnd
passage, but n~ne have been frund in the duck ia these
experiments,

The parasitemia has been standardized s~ that ab-out
40% nf the red blnod cells are parasitized. For studies
such as peri~dieity 1 x 10° parasites per gram of b~dy
welght producea a satisfactory imfectirn, which was
easily frllowed and studied. However, tror routinme

gntimalarial sereenimg a drsage of 1l.b x 10° parasites
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per gram of body welght was mnre desirable.

Known antimalarial drugs were used im the chemnthera-
peutic studies to determime if the "sM" strain would
reveal drug hypersentiveness »r idinsyncrasies, Morenver,
it was frund trat this strain was nrt sulfa susceptible
and that atebrin and sulfadiazime had a Q equivalent
the same as has been repnrted ~m for the "sT" strain.
Theref~re, it is believed that the "sM" strainm is a
suitable malarial parasite im the duck for routine
antimalarial sereening using the methnd and dnsage
orutlined.

Preseat nbservaticms indicated that there was mn
lethal agent assneiated with the "sM" straim of P. cath-
ermerium. Untreated eontrrls and dueks surviviag initial
attacks have been put in tinishing batteries and m ne
have died except by euthamasia, when crowdea crnditinms
deemed 1t mecessary.

Asexual perindicity of the "oii" strain of P. eath-
ermerium has beem studied amd was r~und t» be essentlaily
24 hrurs in length. Gametocyte pericdicity fnllowed
that of the asexual cycle very closely, but the maximum
number of gametocytes prnduced appeared to Dbe abrut an
hour lster. Symnchromieity was very high durimg the perind
before the peak nf infeetinm was reached. Near the peak
and thereafter, the symehromrieity was brokem up to a great

extent. Alsn, multiple intected immature red cells were

morre mumercus than at any nther time,
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The mumber »f mercznites has been frund tn be
11.84 + 0.29, 77 hours after imneulatinnm.

The course nf the infectinm has beem studied amd:
it was observed that the peak was reached at abrut
10:00 P.M. om the third day of the imrectiom. There-
fore, whem third and tourth day erunts were made it was
round that the fourth day eouamts were the peak counts,
So, it should be kept im mind that the fourth day ;nunts
cn the ¢ ntrnls are already past the peak nf the infect-
iom, Moreover, the peak of the imfectiom will nccur
om the fHurth day irrespective nf the d~sage of parasites
inneulated intravenmnusly.

Cf considerable interest was the faet that 1f a
line were drawm througn the points at 2:00 P.M. om the
first, seesond, and third days of the course nf imteectinm
graphs, a straight lime would result. Thus, the erurse
of the imnteetiomn followed the exporential growth law,
since the parasite eoumts were plotted om semi-log
graph paper. The use nf semi-log paper obviates the
mecessity of 1lnoking up the 1log nf Y. The hnrizontal
rulings omn the paper are drawn tn such a scale that the
plotting Hf the nriginal data results in a straight
line, 1f the data fnllnws the exprnemtial growth
law(SnedecHrr 1946).

Hem~hglnbims had beem determimed n»m 50 uminrected
dueks before innculatiom and fHruna t» average 9.7

gms . % for dusks with a meam welght ~f 119 grems. The
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oxyhemnglnbin method of determining hemoglobins was used
im all instanses, The shhrte~mings nf the acid hematin
meth~ds were poimted nut when used as a test f~r bird
blnod hemnglnbims. Graphs presented illustrate the

elose imverse relatinnship betweem the prarasitemia and
ememia durimg untreated and treated inrectioms, It had
been suggestea tnat muen eam be learned by plntting
hemoglobin levels and regressinn curves »f parasite
counts,

Experiﬁents with chieks imaicated that they were
unsuitaole hnsts ror tne "sM" strain ~r P. cathermer-
jum as the infecti~m was tramsieat 1m nature.

Summary and Conclusinnms

The "=«M" straim ~f P. cathermerium has been success-
fully passed t» the duek amd has been transfered »ver
300 times,

The outstanding binlngical characteristics studied
included: perindicity, symchronieity,mumber ~f mernzoites
produced per schizont, destruetiom rate nf the parasite
77 mours after ianculatiom, observati~-ms for exnerythro-
eytic stages im the duck, and nbservations Hn the induced
infections in chieks.

Chemntherapeutie studies imdicated that the "z"
straim did m~t have any 1diosyncrasis against atebrim
~r sulfadiazine and that it was a sultable mslarial
paresite for the rrutime screening ~f antimalarials.

Ther tn», 1t was primted ~ut that during antimalarisl
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sereening work the plntting »f regressicm curves would
indicate alterations im the expomential growth law,

It was also suggested that hem~globim determinatinms
may be a rapid methnd »nf screening due to» the elnse
inver se relatinnship between the parasitemia and the
anemia. Furtherm~re, the mrrpholngical characteristics
~f the parasite under drug therapy may be highly

significant,
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