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VERTEBRATE HOST SPECIFICITY AND EXPERIMENTAL VECTORS

OF PLASMODIUM (NOVYELLA) KEMP! SP. N. FROM

THE EASTERN WILD TURKEY IN IOWA

Bruce M. H. John Barnes,24 and Wayne A. Rowley3

ABS1’Il.-’tO u’ \‘entebrate host specificity. experimental laboratory vectors, ant! a tlescniptious of Plasmodiu no

(Novyella) kenipi sp. ni. froun eastenuu wild turkeys (Meleagris gallopavo silvestris \‘ieillot) in Iosva are

presenstet!. Plasmodiu nt kernpi is infective for dtmnestic’ turkeys, bobst-hites ( mis virgin ian us), chiukans

(Alectoris graeca), guinea fowl (Nuntida nteleagris). peacocks (Paeo cristatus), antI canuanies (Serious ca-

naria), prodttces a transieuut imufectionu ins niallands (.Anas platyrhynchos) and domestic geese (.48nser anser),

butt st-ill not iuufect ning-usecketl I)heasants (Phasianus colchicus), pigeons (Columba livia), Japansese qutail

(Cotumnix cotumnix), leghuomns white chsickenus (Callus gallus), or starlings (Stumnus vulgaris). Oocvsts anit! (or)

spor(uzoites were recovered frons 68� (84/124) anucl 98� (60/61) of the Culex pipiens pipiens antI C. tarsalis
examiusetl, respectively. Oocysts tIes-eloped fasten amid sporozoites invaded the salis-ary glanut!s soonsen its C.

tarsalis (6 tlays) thanu mu C. p. pipiens (7 tiays). Culex tarsalis transmitted P. kempi more effectis-elv thuams

C. p. pipiens, althousgh both species were capal)he of transtnitting the parasite by miatural feedmnsg. Oocysts

developet! ant! sporozoites also svere protluced in) C. rest uans, butt its ability to tmauusmit the parasite was usot

determiuset!. .‘�tedes aegypti (Rockefeller strain) atutl .‘�. triseriatus were refractive to P. kenupi. Plasnuodium

kenipi prodtices tnophozoites withu large ref mactile globutles amutl fist- cytoplasmic extenusionus, matutre schizousts

in thse form of a condensed fats couutainsiuug fouir to eighit nutclei (uisuiallv 5), ant! elouugate gametocytes st-itbi

inregutlar borolers. All stages are couufiuued almost exclusively to matuire enythrocytes, svithi no effect on host

cell size our position of host cell usuc’leuis. I’lasmodiuni kenipi is unost siunilan monphiologically to) P. (Novyella)

hexanierium amid P. (.“sovyella) vaughani. It differs fnonu P. hexamerium in having large refractihe globuiles

in trophozoites anst! imunatutre schuizomsts, anu inability to iumfect stam!insgs, atm absemuce of phuamserozoites in

capillary eusdothueliusm of thuc braimi, ant! tise ability to) tlevelop ins C. pipiens mosquiitoes. Plasniodiuns kenipi

is ruuone like P. vaughani morpisologically, butt t!iffcns hiw iusfecting tutnkevs ant! dutcks (transient), by its

itiai)ilit\- to infect starliuigs, its lack of nsorphsological vaniatioti evens st’hen ins tliffenenut hosts, anid its ability

to tIes-chop ins C. pipiens and C. tarsalis.

INTRODUCTION

Time first recovery of Plasmodium from ‘stilt!

tuirkevs ins North America svas nmade its Florida

(Fomrestem et a!., 1974), and this parasite was

tiescnibeti sutbsequemstly as P. (HufJia) hermani

by Telfortl amstl Foinrester (1975). .Altlsouigh sim-

ilar to P. durac, olescnibeti frons turkeys in Kens-

�a (Hennsans, 1941), P. hermani shto’svec! tlistinsct

morphological and biological thiffenensces (Tel-

ford ansd Fomnesten, 1975). Several reports of

Plasmodium itifections in tutnkevs exist for the

Olt! Wonlt! (Ganmshuam, 1966), but utmutil this time,

only P. hemmani huas been reported from tuin-

keys ins the Ness- �Vonltl.

Ret-cisc-tI fun putblic’atiots 11 Jauuuian� 195:3.

Departnmsenut of \‘ete-nimuanv Scietsce, Uusivensit� of

\\iScotssitt, Niadisoms, Wisconusimu 53706, USA.

2 \‘etenimsany Nletlic’al Research Inustitutte, Iosva State

Umuis-ersity, .Atnes, Iosva 50011, USA.

Depantnuemut of Euutonmolog�, Iowa State Umsivensity.

.Annes, Iowa 50011, USA.

Presenut adtlncss: Department of Food, .Auuinumal anut!

Equiiuue Metlicinse-, School of Veteniusary Nlctlk’itse,

North Carolimsa State Unuiv-rsits, Ralcighi, North

(;anolmuua 27650, USA.

In early 1976, a species of Plasmodiuni, ins

the suibgensuts Nov ye/la, was recovereti from onme

of four eastern wild tuinkevs ‘s’s’huichs huatl been

live-trappetl, and three of 17 hutnten-killetl birtis

in Stephen State Forest, Luicas Couttuty, Iowa.

Recoveries only were matie b�- sutbinsocuilatisug

collectetl blood into domestic tuinkey pouilts. All

peripheral blooti films from wild tuirkeys were

negative for Plasmodium. This paper presenits

data oni (1) vertebrate host specificity. (2) hal�-

oratory studies ots the extniussic clevelopmemit atud

transsnnission, anti (3) gives a tlescniptioms ant!

taxonomic designation for this Plasmodium its

eastemns ‘sviltl tttrkeys.

MATERIALS AND METHODS

Isolation from wild turkeys

Hepaniumizecl blood samples were obtaitietl fnotn
wild tutrkevs by tsvo methotls: (1) by cant!iac puttic-

tutre of hiutnten-killet! birds, on (2) frouss thu- winsg veimu

of live-trapped! tutnkeys. Approximately 2-:3 unl of

blood from each wilt! turkey was subimsoculatct! ins-

tramutscuihamlv into 3- to 4-svk-oltl t!ouusestic turkey
poults (broad-breasted-white; Lewis Rich Foods, Ells-

svorths, loss-a 50075, USA) All rccipieust birds svene

maiumtainued in isolation facilities.

Blood films were nnatle t!aily from rec-ipieust p�umlts
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beginning 5 days after inoculations and continuting

for 4 wk and were stained ‘svith Giemsa’s stain (pH

7.2; 1:10 dilution for 1 hr). Approximately 20,000

erythnocytes were examined ‘svith oil immersion op-

tics (1,000X) on each blood smear. Measurements and

drasvings svere made ‘svith the aid of a calibrated

ocular micrometer. All measurements are expressed

in tom.

Vertebrate host susceptibility studies

Chukars, bobwhites, guinea fosvl, peacocks, ca-
nanies, mallards, domestic geese, ring-necked pheas-

ants, pigeons, Japanese qusail, starlings, and leghmomuu

white chickens ‘st’ere tested for their susceptibility to

the malaria parasite. Ducks and geese svere obtained

from Schiltz Goose Hatchery, Bancroft, Iosva 50517,

USA; pigeons from a colony at the Veterinary Med-

ical Research Institute (VMRI), Ames, Io’sva 50011,

USA; chickens from the Specific Pathogen Free Lab-

oratory, VMRI; Japanese quail, bobst’hites, gutinea

fo’svl, peacocks, chukars, and ring-necked pheasants

from the Poultry Science Department, Iowa State

University, Ames, Iowa 50011, USA; canaries from a

local breeder; and starlings were live-trapped at the

s’svine farm, Iowa State University, Ames, Iowa 50011,

USA.
Birds were exposed by subinoculation of 0.2-0.5

ml of hepaninized blood (IM, IP, or IV) from do-

mestic turkeys with an active pamasitemia. Bloot! ins-

oculated ‘svas from the third, fifth, or sixth passage

from the original isolate. Recipient birds were main-
tained in isolation facilities and blood films ‘svere made
t’svice each sveek beginning 5 days after inocuihation

and continuting for 8 wk. Blood films ‘svere stained

and examined as described previously.

Laboratory vector studies

Three ornithophihic mosquito species (Culex tar-

salis, C. pipiens pipiens, and C. restuans) and t’svo

Aedes species (A. aegypti (Rockefeller straitu) and A.

triseriatus) svere used in this study. Field-collected
larvae of C. restuans were reared to adults ins the

laboratory for utse in these studies. Culex tarsalis, A.

aegypti, and A. triseriatn�s svere obtained from lab-
oratory colonies that had been maintained for several

years. The C. p. pipiens colony st’as nest’hy estab-

lished from field-collected egg rafts, and second gen-

eration adults ‘svere utsed in this study.

Larvae were neared in svhite enamel trays (25 X

42 X 7 cm) and fed a diet of tropical fish food (Tet-

ramin#{174}). Pupae were harvested and placed its crys-

tahizing dishes in a screened cage (56 X 46 X 46 cm)

for emergence. A cotton pad satutrated stith 0.3 NI

sucrose solution was placed on the screens ant! served

as the energy source for adutlt mosqutitoes. Sucrose

pads svere removed 24 hr before blood feeding. All
mosquitoes svere 4-6 days old svhen exposetl to aus

infective blood meal. All mosquitoes svene mains-

tamed at 26.5 ± 1 C and 80 ± 5% RH throusghoutt

the study.
Broad-breasted white tusrkey poushts, approxinsate-

ly 14 days old, svere blood infected from sporozoite-

infected domestic tusmkeys (i.e., first passage). Para-

sitemia, percentage of gametocvtes, ant! exposutre

index (=parasitemia X percentage of gametocytes)

‘svere determined for each poult on the day they ‘svere

exposed to mosquitoes.
Poults were restrained and placed in mosqutito cages

overnight (approximately 10 him). Blood-fed mosqui-

toes were removed and placed in lots of 50 ins 0.473-

liter ice cream cartons st’ith a fine-mesh manqutisette

covering. Niosqutitoes ‘ss-ere dissected ins Aedes saline

(Hayes, 1953) with the aid of a stemeomicroscope.

Midguts and salivary glands ss’ene examined with
phase contrast optics. N’Ieasutrements of living oocvsts

were made with a calibrated ocutlan micronsetem. Fol-
lowing examination, midguts st’ere fixed in AFA and

stained with hematoxyhin, and salivary glands svene

smeared on a slide, methanol fixed, ant! staiumet! with

Ciemsa’s stain at pH 7.2 (1:10 diluution for 1 lsr).

Fourteen-day-old turkey pouslts st’ere ussed in

transmission studies, and were mainutained in a mos-

quito-proof environment. Individual potilts were

subjected to the bite of from one to 17 inufective Cu-

lex mosquitoes, or to the bite of several hutndretl Aedes

mosquitoes. Culex mosquitoes sveme dissected follosv-

ing feeding to determine if their salivary glands con-

tained sporozoites. Thin blood smears svere prepamet!

daily from exposed pouilts beginnuing 6 clays postex-
posure (PE) and continusing for 8 svk. Blood films
‘svere stained and examined as previously described.

Studies of exoerythrocytic stages

Seven 2-ssk-old poutlts svere sutbinuocuthatetl svith its-

fective blood and individual birds st-crc necropsied

at sveek!y intervals beginning 4 st’k postmnsocuilation.

Impression smears sveme made of hiram, liver, luing,

spleen, kidney, and bone mamnoss-, fixed svith meth-

anol, and stained stith Ciemsa’s stains at pH 7.2 (1:

10 dilution for 1 hr). Tissue smears sveme screened at

400X and studied with oil immersion optics (1,000X).

RESULTS

Experimental vertebrate hosts

In addition to tiomestic tuirkeys, all stages of

the parasite developed mu chsutkars, bob’svhsites,

gutinea fowl, peacocks, ant! canaries. A transient

infection ‘svas produced mu mallards ansd geese.

No parasite development occuimreti ins ring-

necked pheasants, chickens, pigeotis, Japansese

quail, or starlings. Data on experimental ten-

tebrate hosts are presenteti in Table 1.

No ob’s’ious clinical signs or mortality oc-

cutrretl in any asian host expo)setl antI (or) its-

fected in these stuidies.

Experimental vectors

Exposutre indices of insfective tuirkey poults

and mosqutito species exposed to insdividuial birds

are given in Table 2. Exposutne indices svere

very similar in all poutlts except 2580. This ‘svas

the only infective bird avaihal)he ‘svhens ouin lim-

ited population of C. restuans was neatly to
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TAISI.F 1. Susceptibility of different bird species to a Plasmodium from wild turkeys in Iowa to subinocu-
lation of 0.2-0.5 ml of hepammnuized bloot! from tutrke’ss ‘svith ams acti’s-e parasitemusia (third, fifths, or sixth

passage from original isolate).

F:sux’rrne’t
no

lSIood
passage’

No
exposed Species Age

Rout,’ of
suiluinoculatn)n

No infected
(‘;

t :3rd 5

i2

IS

S

pigeons

chickens

urke� s

turke’� s

adult

1 da�

9 da� s

42 da� s

51

‘ct

‘ct

‘ci

0 (0)

0 0)

15 lOX))

5 1(X))

it 5th 6

S

4

geese

ducks

tuirke� s

7 dass

7 da�s

45 da� s

t\

l’s’

l’s’

6 (Xi)’

5 1(X))’

4

Ii 6th 5

1(1

10

.1

canaries

pheasants

chukars

tuirkess

90 da�s

17 days

14 days

ii clays

it’

i’s

l’s’

l’s’

5 (1(X))

0

5 (50)

:3(75)

l’s’ 6th :3

12

i2

2))

2

pigeons

chk-ke’uus

gumea foul

Iuohsshi)e’

(urkess

42 da� s

14 das s

14 da�s

14 oia� s

l7dass

i’s’

i’s’

l’s’

l’s’

l’s

((((I)

(1(0)

12)10)))

19 ) 1(X))6

2(1(55)

‘s’ Oh 14

‘�

),

Japanese quail

tu,’acocks
tuirke’� s

21 da� s

21 dass

14 da� s

l’s’

l’s’

IS’

U 0)

S(i(X))

6 ) 1(X))

‘si 6th tO

4

starlings

)urke� s

adult

14 das s

l’s’

l’s’

0 (0)

4 1(10)

‘t’ransie’eu) infections, no ganie’)oc-� it’s prxice’ui
One quail (he’d luefore’ 1 was tes)e-(i

blood feet!. Of 60 C. re.stuan.s exposet! to tutrke�’

2850, ouilv fi’s’e itstii’s-idutals fetl, amid nsonse ‘ssouilti

take a secomsd feeditug; therefore-, the ability of

C. restuans to traussmit the Plasmodiurn ‘svas

not determinsetl. All five nnosquiitoes ‘svere dis-

sected anstl all comstaiumet! oocvsts amstl (or) spo-

rozoites.

Culex tamsalis atmd C. p. pipiens 1)0th sup-

ported! time consplete developn’nenit of time Plas-

nuodium, altisouigls a greaten pencetutage of C.

tarsalis ‘st-as iusfected at nearly all de’s’elop-

mental tinies (Table 3). Of 61 C. tarsalis cx-

amir1ed, otslv otme nusosquito ‘svas tiegati’s-e for all

dexelopnserutal stage-s.

Gro’svtis amsd developmemst of oocvsts ‘svas more

rapid ins C. tar.sali.s thamu C. p. pipiens (Table

4). Nlatuire oocysts, contaimsimsg fusllv fortused

sporozoites, ‘svere usoted onu clay 5 PE mu C. tar-

salis, bust usot utstil 6 clays PE us C. p. pipiens

(Figs. 1 -:3). Comssequiemmtl�’, ‘sacutolatetl oocvsts

on the nsidgut anmtl sporozoites its thise salivary

glands ‘svene first seems otm tlay 6 PE ammtl t!a�’ 7

PE in C. tarsalis ausd C. p. PiPienS, respectively

(Fig. 4). Nearly 100% of the C. tarsalis exam-

ined contaiuseti sporozoites its thmeir salivary

ghansds after 7 tle’s’elopnssemmtal days. There ‘svas

a general decrease its I)ercelstage of C. p. pip-

iens infected ‘svith sporozoites after day 9 PE.

It ‘st-as niot determiuset! if a nusosquito tiefenuse

reaction agaiusst matuire ooc�-sts or sporozoites

coutlt! have accounted for thus decrease.

Both C. tarsalis ant! C. p. pipiens transmit-

ted the Plasniodium to susceptible tutrke�’ poults

by natusral feeding (Table 5). Six of seven trans-

mission experiments ‘svith C. tarsalis and three

of five with C. p. pipiens ‘svere successfutl. .A

single inmfecti’s’e mosqutito of 1)0th species transs-

TAIILF: 2. Parasitemia, percenstage of gametoc�tes,

aumt! exposusme imsc!ex o�f tuirkeys utset! to expose unos-
qusitoes to a Plasmodiuni fronu svihd turkeys in Iosva.

d;anue’)o-
Turkt’�

no ‘cluusquui)uu
I’arusi)’

i’uuiia’
c�’tes

)‘� )

Espesure’
index6

2-SM)) t:. rt’st�ua.s :3)) :3.6 lOS

2129 (�. p. pipu’ns 293 5 4 1.39:3

21:32 .-t aegypti and

.5 )rist’rma)u.s
31)) 4 6 1.426

21:34 C p pipu-ns 22)) 5 2 1.144
21:34 C. )arsalts :3�5 :30 1.153

Parasites ux’r 10(55) e’rs hroc� It’s
Exposure index parasiternia gauu’)ou.’� ti’s
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FIGURES 1-4. Sporogonic stages of P!asnsodium kempi sp. n. in Culex tarsalis ant! C. pipiens pipiens.

1. Oocvst from C. p. pipiens at 4 clays PE, amrosv immdicates sporoblast. X1,650. 2. Oocyst from C. p. pipiens

at 5 days PE. X1,435. 3. Nlature oocyst from C. tamsalis at 5 days PE. Xl,890. 4. Salivary glands (SC) antI

sporozoites (arrosv) from C. tarsalis. X300.

TABLE 3. Infection of Plasnsodium from stilt!tuirkevs its Iowa itsCulex pipiens pipiens ant! Culex tarsalis.

Days of
developnuent

Culex pi7ii(’fl.S pipieli.S Culex (arsali.s

Positice.’ examined S)age of parasi)e
(�) developmenr

Posi)is e’ esamuuined
) co

S)age of t)arasi)e’
deselopnsent

:3

4
5

6

7

8

9

10

11

12

13

14

8’ 10 (80) 0

10, 10 (100)) 0
9 10 (90) 0)

9 1)) (90) 0. SO

1)) 1)) (10))) 0. So, SC;

8 10 (80) 0, 50, so;

6 10 (6))) t),SO, SC

- -

1 1 (1(10) 0, 50). SC

18 :37 (49) S(;

:3 12 (25) SC

24 (50) SC;

6. 6 (1()t()

5 3 (1(5))

6 6 (1(5))

6 6 (1(5))

3 3 (1(5))

5 5 (1(X))

6 6 tX))

10 11)91)

10 1)) (1(X))

- -

- -

- -

0

0)

0. SO

0. SO. S(�

0, SO. Sd;

0. Sd), SC

0, 50. SC;

st.;
SC

Total 84 124 (68) 0). Sd). so; 6)) 61)98) 0, 50), Sc;

0 = oocvsts; SO = spo rozoites iii oocys)s; Sd; = stxurozoi(es in salisar� glands.
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T..tisu.u: 4. Nlcasulnemmmeluts (puss) of cie’s’clopimug ooc’vsts

of Plasniodiuni fronim svild tutrke� s iii Iowa itsCuh’x

pipmen� pipiens anut! Culex tarsalis.

t)ass of

d e’se lop-
iuue’nt

Culex pi
puns ;npiu’ns (nh ‘x (arsahs

N umber
iuue’asure’d ‘clean SI)

N umber
,uui’asure’d ‘clean ± Si)

:3 25 115±2(X) 57 :35±231

.5 32 ISS±33:3 61 2).7±2S3

3 32 264 ± .111) 33 293±336

)� 6.3 :332 #{247}769 5)) 323 ± 4.7)

7 :39 4)):3 ± (1.98 4:3 :38)) ± 3.17

5 53 :39,3 ± 326 .11 4))3 ± �49

m’nitted the parasite aust! cautset! a I)atetut iuufec’-

t iO)t3.

Q utahitati’s’el’t’, it seemuset! thuat the nuimushien of

sporozoites ‘svas niutchu greater in C. tarsalis sal-

ivar� glatsds as comparetl to C. i. pipiens. This

‘st-as possibl�’ c!uie to the clifferemsce its the tuuns-

ben o)f o)o)c\’sts established its each n’nosd!utitou

species. All C. tarsalis examinsed from 3-8 tlays

PE containsed o’s’er 50 oocvsts, ‘sviths njiamsy iman-

boring several hsutnclnetl. \Vhile time majority of

C. p. pipiens conitaitsetl over :30 oocysts per

mosquito. 23% (14/60) of time itmt!i’s’iduials cx-

aminsecl throuigim tla� 8 PE conutainsed few-er thsanm

five ooc�-sts. The effect thuis greater msumssben of

sporozoites hsacl ‘svas reflected its the transstssis-

siots expenimeu’sts. Panasitemias ‘svene greater atiol

developed faster ins pouilts exposed to imufective

C. tarsalis its contrast to thmose exposed to C. p.

pipiens (Table 5).

No itmfectetl A. aegypti c�m A. triseriatus ‘svere

fouitmd by dissection. At 15 t!a�-s PE, several

hsttust!retl of each species were allo’svetl to feet!

onm suisceptible poutlts in ans attempt to deter-

mine if ‘s-cry lo’sv insfections rates hat! occuirret!.

No tranmsmissioms o)ccutrred anscl ‘ste cotmcluided that

both Aedes species ‘svere refractive to time Plas-

modiu m.

Description of erythrocytic stages

Trophozoites: Trophozoites chmaractenistical-

ly conmtainsecl a ring of gray cytoplasm suimrouinmcl-

imsg a large nefracti’s-e globuile (Figs. 5, 11). A

thimi cvtophasmic extensioms was ‘s’isihleon muearlv

all trophsozoites examimsetl. Trophuozoites a’s-er-

aged! 1.9 X 1.3 (0.7-2.6 X 0.7-1.8), n = 25. Tro-

phozoites ‘svere foumuscl almost excluisi’s-ehv its nsa-

tuire er�’timrocytes auth had a gemmeral t!istributtiotm

‘svithuims the isost cell. Usuialh�’ a simsgle trophozoite

‘st-as foutnd in anu erytisrocyte, althsoutghu as musamm�’

T,.tlsl.n: 5. Tranusmissioum ouf a Plasrnodiuim fmo)nm svilt!

tutrkevs insIoss’a to susceptible turkey poults by Culex
ta rsalis anuc! Culex pipiens pipiens.

N umber of t)a� s follosc lug exposure and

unfec)is e degree’ of parasite’mia’ id

‘closquito spe-cies fee�ding 14-17 da� s 21-24 uia� s :31 -:34 da�

(‘ ( ar.sahs 1 0 )) �(.

1 12 29 33

:3 17 12 I

4 :3)) 23)) l2

3 I 14 25

6 )) )) 21

( p pipu’rus 1

I

2

:3

17

))

)(

))

))

(13

))

2

))

0

13

0

I

1(X)
((6

S

. Parasite’s p’r iO.)XX( e’rythuroc� (cx
I. Ni’ga)is e- t)�(ilt5 xc c-re- exarsuined (hirunighu 3(1 �Ia� 5 lu�s(e’xpusuire

as foutr usnmimmuicleated parasite-s were seems ili oume

cell. No msutclear c!isplacememst ‘svas e’s’it!enmt.

Schizon (5: All immatutre schizonmts cc)ntaiused!

a large refractive globutle sttrroutnsthecl hy a misar-

gin of cytoplasm that utsusahl�’ inchutc!etl ats cx-

tensioms in the form of a “tail” (Figs. 6, 12-14).

Binuicleate schizonts measuined 1.5-2.0 X 1.3-

1.7. As schizonts matutreth they o.’omscieumsecl imsto

a compact “fans-shape” (Figs. 7, 8, 15, 16). Men-

ozoites lacked ant’ visible cytoplastis atmtl umuim-

bered from fouin to eight per sciuizont, ‘st-itim the

majority (95%) of matutre schizotsts constaimiiusg

five usuclei. A single pigment granule ‘svas as-

sociated ‘st’ith the base of the fan in all nisatuine

schizonts examined (Figs. 7, 8). Nlatitre schi-

zonts averaged 2.5 X 2.6 (1,8-4,0 X 1,6-3.7),

n = 20. Schizonts were found only in mature

erythrocytes.

Gametocytes: Immature gametoc�’tes hsatl an

oblonsg appearance ant! contained six to 10 pig-

menst granuiles scattered thsroutghoutt the cyto-

plasm. These granuiles ‘svere often clusts’uped to-

gether in grousps of three or four. Small tags of

cytoplasm oftets projected from t!evelopitsg ga-

metocvtes. Mature gametoc�-tes occuipiet! the

majority of the c�’toplasmic space lateral to the

nuicleuis, bust nuever displaced the Isost cell usui-

cleuts (Figs. 9, 10, 17, 18). Rarely tlicl thse ga-

metoc�’tes occupy a polar positioni its the cry tis-

rocyte. Mature gametoc�-tes oftenm cuirvet!

slightl�’ at the ends (Figs. 9, 17), but seltlom

curved arouint! the nucheuts. \Iargins of ganne-

toe tes were mrregutlar ons all sitles. Macnoga-
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Flo;u’REs 5-10. Plasnsodiurn kenipi sp. nu. 5. Tropluozoite. 6. Imuinuature sc-lsizomst. 7, 8. Mature schizousts

(compact faum-shmapet!). 9. Nlic-nogamnetocytc. 10. Nlacrogauiuetoc’�’tc. All I)anasites its muuatune cmv thsnoc-�’tcs.

metocs’tes staiuuetl a deeper blue timams musicro-

gamnetoc�tes. atmt! usuiallv contaitsecl pale

vacutoles (Figs. 10, 18). A deepen retl-stamninug

chsromatius area utsusall’t’ was eviclemut its nssacro-

gametoc’s’tes (Fig. 10). Microgametocytes lacked!

vacuiolated areas, stainietl highmt pinsk, atuc! umucle-

an material ‘s’sas diffutse tisroutghsouit time cell, tie’s--

en bemnmg conceustratet! in onme precise area (Figs.

9, 17). Macrogametocytes a’s’eraged 8.9 X 1.8

(7.3-11.0 X 1.5-2.2), n = 10; microgametoc’s’tes

averaged 8.2 X 1.8 (7.3-9.5 X 1.3-2.2 ), is = 10.

Gametoctes ‘s’s’ere confimseci to unatune enyths-

rocytes.

Exoerythrocytic stages

No phanerozoites or other exoer�-throcytic

stages ‘svere foutsd its amsy smears of hinaius, li’s-er,

spleen, lusng, kidtsey, or bonme marno’sv.

TAXONOMIC SUMMARY

Plasmodium (Novyella) kemp! sp. n.

Diagnosis: Trophiozoites ‘svithm large ref mactile’

globule austi finse c�’toplasrnic exteumsionis; matutre

schuizonts its the forns of a cotitleussecl fats, ‘svitlm

fouir to eighst nserozoites (utsutalhv 5); gameto-

c�’tes elonmgate ‘svithu irreguilar hortlers, rarely

mutch lonugen thamu time host cell; all parasite stage-s

typically in mature erythsrocytes, ‘sviths tso effect

on host cell size or positions of host cell msutcletts;

itsfecti’s’e for tutrke�-s, bob’ss-hmites, chsuikans, guii usea

fo’ss’l, peacocks, atucl cammanies, butt tmot nimmg-

necked pheasausts, chsickemis, pigeouss, Japamsese

quiail, on starhiumgs.

Type host: Meleagmis gallopavo silcestris

\‘ieillot, 1817. Stephmemm State Forest, Lucas

Coutnt�’, Io’sva, U.S.A. Syntype slides in Inmter-
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Flc;u’REs 11-18. Plasrnodiusnt kenupi sp. us. X1.850. 11. Troplsozoites. 12-15. Inunsatutre schuizousts. 16.

Nlatttne schizonst (faus-shtaped). 17. NIicrogatrsctoc�’te. 18. Nlacnogaussetocvte. .-�ll parasites its matutre crythu-

roc-ytes,
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national Reference Centre for Avian Haema-

tozoa, Memorial University of Newfoundland,

St. John’s, Ne’svfoundland, Canada, accession

numbers 91085-91088; and in U.S. National

Parasite Collection, Beltsville, Maryland, USA,

accession number 77457; available also from the

authors.

Additional experimental vertebrate hosts:

Alectoris graeca (chukar), Colinus virgin ianus

(Bobwhite), Numida meleagris (guinea fo’svl),

Pavo cristatus (peacock), Serinus canaria (ca-

nary), Anser anser (domestic goose)-transient,

Anas platyrhynchos (mallard)-transient.

Geographic range: Lucas County, Iowa, USA.

Etymology: Named in memory of Dr. Rus-

sell Kemp, protozoologist, Iowa State Universi-

ty.

DISCUSSION

A brief review of Plasmodium infections in

wild and domestic turkeys has been presented

by Telford and Forrester (1975). The parasite

described herein from wild turkeys in Io’sva,

however, is not similar to an�’ of the Plasnso-

dium parasites previously described from tur-

keys. The morphological characteristics of P.

kempi clearly place it in the subgenus Nov yella,

with elongate gametocytes, schizonts in matutre

erythrocytes, and ‘svith ervthrocvtic schizonts

lacking noticeable cytoplasm and being smaller

than the host cell nucheuss (Gamnham, 1966).

Within this subgenus, the avian parasites P.

vaughani and P. hexamerium resemble most

closely P. kempi.

The morphological characteristics of the

erythrocytic stages of P. vaughani, P. hexa-

merium, and P. kempi are quite similar. The

presence of (1) a large refractihe globule in the

trophozoite and immature schizont, (2) four to

eight merozoites in the mature schizont, and (3)

the shape of the gametocyte indicate a closer

morphological similarity of P. kempi to P.

vaughani. Although there are subtle morpho-

logical differences between these two parasites

(e.g., the irregular number of merozoites in P.

van ghani compared with the almost standard

number of five in P. kempi, and the small num-

ber of round-shaped pigment granules in the P.

kempi in contrast to the variable, often numer-

ous granules in P. vaughani), the separation of

these two species solely on the morphology of

the erythrocytic stages would be difficult.

Biological data, however, indicate several

distinct differences bet’sveeus P. kemnpi, P.

vaughani, and P. hexameriuns. Plasnsodium

vaughani and P. hexanuerium generally are

considered to be parasites of non-galhinaceous

birds (Greiner et a!. , 1975), althousgh expeni-

mental infections of quail with P. c’aughani and

turkeys with P. hexamerium have been report-

ed (Garnham, 1966; Man’svell, 1952). Plasmo-

dium kempi readily infected several galhmna-

ceous birds (turkeys, chukars, guuinea fowl,

bobwhites, and peacocks). Starlings ‘stere sus-

ceptible to both P. vaughani and P. hexame-

rium, but not to P. kempi. In addition, P.

van ghani generally does not infect ducks but

P. hexameriurn does (Man’svell, 1952), anti ‘st’ith

P. kemp! only a transient infection could be

established in ducks and geese.

Differences in mosquito susceptibility be-

tween the three species are pronounced. Plas-

modium kemp! develops completely in C. tar-

salis, C. p. pipiens, and C. restuans; C. tarsalis

and C. p. pipiens can transmit the infections b�’

natural feeding. Previous studies indicated that

P. vaughani and P. hexameriuni did not de-

velop in C. tarsalis or C. pipiens (Huff, 1965;

Manwell, 1947), although Janovv (1966) pro-

vided evidence that P. hexamerium developed

in C. tarsalis.

Although exoerythrocvtic schizogon�’ is usn-

known for P. vaughani, Maxwell (1951) re-

ported phanerozoites of P. hexamerium in cap-

illarv endothehium of the brain from an infected

orange-crowned ‘svarbler (Vermivora celata)

trapped in New York. Despite extensive study,

we found no secondary exoervthroc�’tic para-

sites in the brain of P. kenspi-infected turkeys.

It is possible that P. kempi could be a strain

or subspecies of either P. van ghani or P. hexa-

merium, or perhaps all three parasites are sm-

ply variants of a single species. Considering P.

vaughani and P. hexamerium as the same

species generally is not accepted for a number

of reasons (Garnham, 1966). Morphologicallv

we can best align P. kemp! with P. van ghani,

but P. vaughani shows extreme variations in

morphology (Garnham, 1966), a characteristic

we did not see in P. kemp! even when in dif-

ferent hosts. Plasmodium kemp! exhibited little

variation in number of merozoites, pigment

granules, or in shape and appearance of schiz-

onts or gametocytes in any of the avian hosts

infected. The presence of refractile globules and

almost constant number of five nusclei per schiz-
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ont in P. kemnpi reatlily separates morphologi-

cally this parasite from P. hexanierium that hsas

no refractile globules anti rarely comstains le-ss

than six merozoites ins a mature schizont.

Biological differenuces bet’sveems these species

are significant, ho’svever, ansd seem to outt’sveigh

the morphological similarities. Differences its

both vertebrate ansd invertebrate host suiscepti-

bihity are distinct, ant! thereby jutstify clesignat-

ing Plasnuodium from wild tutrkevs in Iowa as

a distinct species in the subgenuts Nov yella. To

simply refer to this parasite as a strain or susb-

species of P. vaughani or P. hexameriuni wou.ild

only further confusse an already difficult taxo-

nomic group. Until more detailec! stuit!ies of cx-

oervthrocytic schizogony, vertebrate host inn-

mune responses, and vertebrate ant! invertebrate

host sutsceptibihity are done, it seems reasonable

to take this approach.

The Culex species examined in this study

were excellent laboratory ‘sectors for P. kempi,

and the ability of C. larsalis ant! C. p. pipiens

to transmit the infectionm by feetiing gives strong

support for the ability of these species to fumsc-

tion as vectors usnder umatusnal conditions.

The 98% infection prevalence seens in C. tar-

salis is ver�’ high compared ‘stith the majority

of studies consductetl ‘st’ith this mosquito anti

avian malaria parasites (Huff, 1965). The onl�’

comparable data were obtained b�- Rosen and

Reeves (1954) ‘svhsen they reported 86 of 88 C.

tarsalis infected ‘st’ith P. relictum. Insfection

prevalences for C. p. pipiens seen in ousr study

are more comparable to the majority of reports

in the literatuure. Altisouighs outr C. tarsalis col-

ony might hsave been selected for susceptibility

due to many years of colomsization in the labo-

ratory, this ‘svould not be the case ‘st’ith the new-

ly establishsed C. p. pipiens colony.

Little is knsown couscerusing the extrinsic tie-

velopment and transmission of the closely re-

lated P. vaughani. Huiff (1965) ‘stas uinable to

obtain development of this parasite ins A.

aegypti, A. albopictus, C. tarsalis, or C. p. pip-

iens. Subsequently, Williams anti Bennett (1978)

reported how prevalenuces of infection for Cu-

liseta mor!stans (16%) and Coquilletidia

(=Mansonia) perturbans (2%) ‘st’hich fed on

blackbirds harboring P. vaughan!, but the abil-

ity of these mosquitoes to transmit the infection

by feeding was not determined. The impor-

tance of transmission experiments has been il-

lustrated by Nayar et al. (1980) in their ‘stork

‘stith Wyeornyia vanduzeei and P. hermani.

Although W. vanduzeei suipports the complete

development of P. herniani, it is usot capable of

transmitting the infection b�- natural feeding.

Natural and experimental mosqutito vectors

of the only other North American turkey ma-

larLi, P. herman!, are well known. Culex n!-

gripalpus functions as a natusral vector (Young

et a!., 1977; Forrester et al., 1980), ant! C. sal!-

narius and C. restuans function as experimen-

tal vectors (Nayar et a!., 1981a, b).

Culex tarsalis and C. p. pipiens are common

mosquitoes in Iowa (Pinger ansti Ro’svley, 1972),

and their omnithophihic feeding habits make

them suspect as natutral vectors of P. kemp!.

Field studies are necessary, ho’sve’s’er, to deter-

mine the role these mosquitoes play in the msat-

ural maintenance of this parasite. Likewise, ad-

ditional studies with C. restuans seem warranted

from the limited data obtained for this mos-

quito in the laboratory.
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