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ABSTRACT 

HUCHZERMEYER, F.W. , 1996. Host range, survival in dead hosts, cryopreservation, periodicity and 
morphology of Plasmodium durae Herman in experimental infections. Onderstepoort Journal of Veteri­
nary Research, 63:227-238 

In experimental infections, fowl , duck, guineafowl and canary were refractory to Plasmodium durae, 
which in Japanese quail produced low and transient infections, but a high and long-lasting parasitae­
mia in a Lady Amherst pheasant. Heart, blood and brain of dead hosts injected into turkeys, allowed 
the recovery and further passaging of the live parasite. This technique could be useful for the recovery 
of malaria parasites from suspect postmortem material. Intravenous infection produced parasitaemias 
in chicken and turkey embryos, while attempts at allantoic-sac infections of chicken embryos were un­
successful. A certain degree of periodicity of schizogony was demonstrated. The South African iso­
lates of P. durae had smaller schizonts than those described from East and West Africa, with 2-14 
merozoites (mostly four) . 

Some strains did not produce mature gametocytes in the experimental hosts. Exoerythrocytic schizonts 
of P. durae are depicted in this paper for the first time. 

Keywords: Cryopreservation , experimental infections, host range, morphology, periodicity, Plasmodium 
durae, survival in dead hosts 

hi li, 

INTRODUCTION 

Plasmodium duraewas first encountered in naturally 
infected domestic turkeys in Kenya (Herman 1941; 
Purchase 1942). Huchzermeyer (1993a) reviewed 
the occurrence of natural infections in African phasi­
anids sensu Jato and reported on isolations of this 
parasite from francolins (Francolinus spp.) and do­
mestic turkeys in South Africa. 

a transient infection in young chicks (Gallus gallus). 
However, Simpson (1944) reported transmitting the 
infection from a duck of unspecified origin to turkeys. 
Garnham (1966) stated that canaries and pigeons 
were refractory. Laird (1978) found common peafowl 
(Pavo cristatus) naturally infected with P durae in 
northern Nigeria. 

Host range 

Purchase (1942) found ducks resistant to experi­
mental infection with P durae, but was able to induce 

Accepted for publication 25 June 1996-Editor 

Embryonated eggs have been infected successfully 
with a number of avian plasmodia: Duck embryos 
were infected via the allantoic membrane with blood 
stages of P cathemerium, P elongatum and P. loph­
urae (Wolfson 1940) and chick embryos intravenous­
ly (i.v.) with blood stages of P lophurae (Kovic & 
Zeuthen 1964). Chick embryos were infected i.v. with 
blood stages of P hexamerium, but were refractory 
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to infection with P. e/ongatum (Manwell & Robinson 
1961 ). Zuckerman (1946) succesfully infected chick 
embryos with the exoerythrocytic forms of P. gallina­
ceum by chorio-allantoic implants, after Haas, Feld­
man & Ewing (1945) had already reported on the i.v. 
infection of chick embryos with blood stages of the 
same parasite, while Gavrilov, Bobkoff & Laurencin 
(1938) failed in their attempt to do the same. The 
infection of turkey and chick embryos with the exo­
erythrocytic forms of P. fa/lax by chorio-allantoic im­
plants, was reported by Graham, Stauber, Palczuk 
& Barnes (1973). 

Survival in dead hosts 

Young (1985) demonstrated the survival of P. berghei 
in dead mice at room temperature for up to 24 h in 
the only reported attempt to recover malaria para­
sites after the death of the host. 

Cryopreservation 

The preservation of Aegyptianella pullorum in liquid 
nitrogen with and without cryoprotectants was de­
scribed by Huchzermeyer (1965) and later Bartko­
wiak, Huchzermeyer, Potgieter, Van Rensburg, Labu­
schagne & Van Biljon (1988) reported the successful 
freeze-drying of the same organism. 

The preservation of malarial parasites on dry ice at 
a temperature of -76 °C was achieved by a number 
of authors: 

• P. knowlesi and P. inuiwithout cryoprotective agents 
for 70 d (Coggeshall 1939) 

• P. falciparum for up to 739 d and P. ovale for 997 d 
(Jeffery 1957) 

• P. cynomologi, P. knowlesi, P. vinckei and P. galli­
naceum for at least 1 year (Molinari 1961) 

• P. berghei and P. gallinaceum for 28 d (Jeffery 
1962). 

With the use of liquid nitrogen, the freezing tempera­
ture was lowered to -196 oc. Malarial parasites were 
preserved at this temperature as follows: 

• P. berghei and P. relictum for 14 d (Mieth 1966) 

• P. gallinaceum for 767 d (Weatherby & McCall 
1967) 

• P. falciparum and P. know/esi for over 200 d (Boo­
den & Geiman 1973) 

• P. falciparum for 2 years (Pavanand, Permpanich, 
Chuanak & Sookto 1974) 

• P. berghei for almost 11 years (Jadin, Timperman 
& De Ruysser 1975) 

• P. berghei and P. gallinaceum for up to 27 4 d (Oga­
nesian 1983). 

However, an attempt to freeze-dry P. gallinaceum was 
not successful (Weatherby 1970). 
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Periodicity 

Herman (1941) and Garnham (1966) reported P. 
durae to have a cycle of 24 h without, however, de­
scribing their trial procedures. DeJong (unpublished 
thesis 1971) confirmed a 24-h cycle with the schiz­
onts rupturing between 14:00 and 16:00. 

Morphology 

The blood stages of P. durae were described by Her­
man (1941) and this description was repeated by 
Garnham (1966). The trophozoites were amoeboid 
or oval with one pigment granule and sometimes a 
refractory globule. The schizont contained 6-14 
(mostly eight) merozoites and its pigment was con­
centrated in one lump. The gametocytes were elon­
gate, irregular, amoeboid and often in an oblique 
position, when they tended to displace the host-cell 
nucleus. Laird (1978) found P. durae in a peafowl, and 
his description of the blood stages coincided with that 
of the preceding authors, with the exception of the 
merozoite numbers of schizonts, which in his descrip­
tion were 4-16 (mostly six). While reviewing Her­
man's deposited material, Laird (1978) also found 
several schizonts containing four merozoites. 

Huchzermeyer (1975) encountered a highly patho­
genic Plasmodium sp. in naturally infected turkeys in 
Zimbabwe, which he then believed to be P. durae 
(Huchzermeyer 1993b). The schizonts of this para­
site had 7-21 merozoites and the gametocytes oc­
cupied two-thirds or more of the host-cell area. 

This paper reports on trials to infect a number of host 
species with South African isolates of P. durae, the 
cryopreservation of the parasite, the recovery of live 
parasites from dead hosts, an attempt to investigate 
the periodicity of its schizogony, and certain morpho­
logical aspects. 

MATERIALS AND METHODS 

The origins of the isolates of P. durae were described 
in a previous paper (Huchzermeyer 1993a). The trial 
turkeys were obtained from the institute's own breed­
ing flock. All birds were reared and kept under mos­
quito-proof conditions. Unless mentioned otherwise, 
syringe passaging was carried out by i.v. injection of 
fresh, infected blood without anticoagulant. The par­
asitaemias were monitored by blood smears taken 
daily during week days unless stated otherwise. They 
were fixed with May-GrOnwald Giemsa and stained 
with Giemsa stain in buffered, distilled water. 

Host range 

The birds used in the host-range trials were obtained 
from the following sources: 

Guineafowls - the institute's own flock 



Japanese quail - Irene Animal Production 
Institute (IAPI) 

Aylesbury ducklings - IAPI 
Fowls - commercial sources 
Lady Amherst pheasant - donated by a fancier 
Canaries - donated by a fancier 
Embryonated eggs - the institute's own flocks 

The layout of the host-range trials is detailed in Ta­
ble 1. 

Nine-day-old chick embryos were injected into the 
allantoic sac either with washed, infected erythro­
cytes or with ground, infected brain tissue. Twelve­
day-old chick embryos and 15-17 -day-old turkey em­
bryos were injected with infected heparinized blood 
via the i.v. route as described by Eichhorn (1940). 

Survival in dead hosts 

When infected birds died during routine passaging 
before a further passage had been attempted, infec­
tious material was collected from these dead birds 
and prepared as follows : 

• In trial 1, brain tissue was taken from two birds 
which had been found dead on the same morning 
and first examined microscopically on a Giemsa­
stained impression smear for the presence of exo­
erythrocytic schizonts (EES) . When these were 
found present in both brains in large numbers, the 
two brains were ground with a sterile pestle and 
mortar in a small quantity of Alsever's solution , 
after which 0,5 mQ of the cell suspension was in­
jected subcutaneously (s.c.) into each of two sus­
ceptible turkey poults. 

• In trials 2-4, a small quantity of heart blood was 
collected into phosphate-buffered saline solution 
in a heparinized tube and shaken vigorously to 
loosen some of the erythrocytes, after which the 
cell suspension was used for injection. In trial 2, 
blood was collected in this way from two dead birds 
and injected intramuscularly (i.m .), and in trials 3 
and 4, from one dead bird and injected i.v. In trial 
3, the donor bird had been dead for 12 h when the 
blood was collected. 

Cryopreservation 

In order to compare the effect of the cryopreservant 
with that of freezing, 4 mQ of blood was drawn from 
the brachial vein of an infected turkey (strain M, pas­
sage 14) and 0,5 mQofthis blood injected immediately 
i.v. into one turkey poult. The remaining blood was 
mixed with 1 ,2 mQ of acid-citrate-dextrose solution 
(ACD), cooled on crushed ice and mixed into 6,2 mQ 
of dimethylsulphoxide (DMSO) buffer solution (5 mQ 
of phosphate-buffered saline plus 1 ,2 mQ of DMSO). 
It was calculated that 1 mQ of this blood mixture 
contained 32,1 % of the parasites of 1 mQ of blood, 
or 64,2% of the 0,5 mQ injected into the first bird. The 
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blood-ACD-DMSO mixture was filled into plastic 
tubes in 1 mQ aliquots, of which one was injected i.v. 
into a second turkey. The remaining tubes were hung 
overnight in the gas phase in a liquid-nitrogen con­
tainer to slow down the rate of freezing. In the morn­
ing, one tube was removed and thawed, and its con­
tents injected into a third poult, while the remaining 
tubes were immersed into the liquid nitrogen for stor­
age. After an interval of 382 d, two tubes were taken 
out of the liquid nitrogen, thawed and their contents 
injected into two further poults. Regular monitoring 
of the infection was carried out as described above. 

In a second instance, 26 mQ of blood of strain N, 
passage 7, was mixed with 4 mQ of ACD and 20 mQ 
of 20% DMSO, divided into 2 mQ aliquots and frozen 
rapidly by direct immersion into liquid nitrogen. After 
287 d, one tube was thawed and the contents in­
jected i.v. into one poult. 

Periodicity 

One turkey poult was infected i.v. with blood of strain 
N, passage 21 , and monitored until on day 11 post 
infection, the parasitaemia had reached 440 para­
sites per 1 00 fields. Blood smears were then taken 
at 4-h intervals during the nights and 2-h intervals 
during the days for a period of 75 h, by which time 
the parasitaemia had dropped to 1 00 parasites per 
1 00 fields. The parasites were counted in five catego­
ries: 

• Trophozoites 
• Presegmenters 
• Schizonts 
• Immature gametocytes 
• Mature gametocytes 

The results were plotted on graphs. 

Morphology 

During passaging of the different isolates of P durae, 
outstanding morphological features were noted in the 
protocols. This accumulated material was reviewed , 
the merozoite numbers in schizonts of different sizes 
were counted , and semischematic drawings of the 
different stages were prepared. Microphotographs of 
exoerythrocytic schizonts were taken and they were 
also measured with the help of a drawing tube (cam­
era Iucida) and a micrometer slide. 

RESULTS 

Host range 

The host-range trials are summarized in Table 1. Tran­
sient, low parasitaemias were obtained in Japanese 
quail ( Coturnix japonica) and a high, long-lasting par­
asitaemia in a Lady Amherst pheasant ( Chrysolo­
phus amherstiae). The common fowl (Gallus gallus) , 
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TABLE 3 Survival of Plasmodium durae in dead hosts 

Trial no. Strain Passage Parasitaemia of n b Material Medium Route nb d.p.i . to 
host before death a used patency 

1 M 8 74a 2 Brain AI sever's S.C. 2 2a 
92a 

2 M 1a 12 2 Heart blood PBS+ heparin i.m. 2 17 
44a 

3 M 26 1 a8a 1 Heart blood PBS+ heparin i. v. 2 15 

a parasites per 1 aa fields of view b number of birds d.p.i. = days post infection 

TABLE 4 Cryopreservation of Plasmodium durae in liquid nitrogen: isolate M, passage 14 

Treatment Delay No. of parasites Route n Patency Peak of parasitaemia 
per dose 

Fresh unpreserved None 2,8 X 1as 
ACD + DMSO a,5 h 1,8 X 1 as 
ACD + DMSO frozen in gas phase 18 h 1,8 X 1 as 
Stored in liquid N 382d 1,8 X 1 as 

n = number of birds 

the duck (Anas platyrhynchus), guineafowl (Numida 
meleagris) and canaries ( Serinus can aria) were 
found to be refractory to experimental infections with 
the South African isolates of P durae. 

The results of the embryonated-egg trials are pre­
sented in Table 2. Blood or brain material injected into 
the allantoic sac failed to infect chick embryos. How­
ever, i.v. injection of infected blood produced low 
parasitaemias in chick embryos and high parasita­
emias in turkey embryos. The subinoculation of blood 
from both into turkey poults by the i.v. route was suc­
cessful. EES were found in the brains of two out of 
ten turkey embryos in trial 5. 

Survival in dead hosts 

The survival of blood and tissue stages of P durae 
in dead hosts was demonstrated in all four trials, as 
shown in Table 3. 

Cryopreservation 

The results of the cryopreservation trials are given 
in Table 4. The admixture of ACD and DMSO to fresh 
blood, caused a lengthening of the prepatent time by 
14 d. This delay was not increased further by slow 
freezing in the gas phase in the liquid-nitrogen con­
tainer and only slightly after 382 d of storage in liq­
uid nitrogen . A simi lar delay was obtained after rapid 
freezing and storage for 287 d. 

Periodicity 

While most stages were found at all times of day and 
night in the periodicity trial , there was a certain de­
gree of 24-h periodicity, with the trophozoites peak-

d.p.i. d.p.i. 

i.v. 1 1 12 
i.v. 1 15 28 
i.v. 1 15 28 
i.v. 2 17 33 

17 35 

d.p.i. = days post infection 

TABLE 5 Measurement in 1Jm of EES of Plasmodium durae, P. cir­
cumflexum (Huchzermeyer & Van derVyver 1991) and 
an unidentified Plasmodium sp. from Zimbabwe (Huch­
zermeyer 1976) 

Parasite Length Width 

P.durae 16,5-32,a 6,a-11 ,5 
P. circumflexum 17,Q-19,a 9,a-29,a 
Plasmodium sp. Zimbabwe 1a,a-16,a 5,a-11 ,a 

ing around noon (Fig. 1) and presegmenters peak­
ing just after midnight (Fig. 2) . The lowest numbers 
of mature schizonts occurred during the late after­
noons and peaked during the early morning hours 
(Fig . 3) . Mature gametocytes were present only dur­
ing the last night of observations (Fig . 4) . 

Morphology 

A composite photograph and semischematic draw­
ings of the blood stages of South African isolates of 
P durae in experimental infections of turkeys are 
shown in Fig. 5-7. All stages were very pleomorphic. 
Wh ile the trophozoites were found to fit the original 
descriptions, the numbers of merozoites in mature 
schizonts appeared to be reduced and were found 
in a range of 2-14 (mostly four) , but with an arithmetic 
mean of 5,0. Mature gametocytes were found only 
rarely. Large schizonts were found most often in birds 
developing very high parasitaemias, while small ones 
predominated in the early stages of parasitaemia. 

EES were found in birds dying at the peak of parasi­
taemia, usually associated with very high levels of 
parasitaemia.ln 44 passages of isolate M, EES were 

231 



Plasmodium durae Herman in experimental infections 

Trophozoites 
80-,-----------------------------------, 

0 

70- .......... 9. . . ... ··•· ···•· · ·· · ••····· •·· •· · •• ·· · 
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0 
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FIG. 1 Periodicity of P. durae trophozoites 
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FIG. 2 Periodicity of P. durae presegmenters 
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FIG. 3 Periodicity of P. durae schizonts 

Mature gametocytes 
16-,------------------------------------, 

14- ........ ------·------------- --- ----------------·-- --------··-······················· ··········· 

12-

10 - ········-··-··-··-··--·-··-··-·-··· ··-··-··-··-··-··-··-·-··----·· ··-·--··-····-··--······--····-· 

0/o 8 - ··-··-··-·····-···-··-··-·-··-·--··-··-··-·--··-·· ··--·-·····-··-·-··-·-··················· ···-··-· 

6- ··--··-··-··-··--······· ···-·--·-·· ···-··--·-··-··-··-·······-··-····-·u···-··-··-·· -··-·-··--·-

4- -··-··-··- ········-···---·······-·····-·--····-··-··-··-··-··-·-·-···-·-··-··-·--·-··-··-··-··-·· 

2 - -··-··-········· ···-··········-··-·--·····-········· -··-··-·-· ·o-·o· ··-···c;--·c;···-··-··-··-·-· 

0 00 0 0 0 0 

Q-L-,-1---,1,----,-1 ---,-1---~~ ---,-1 ---,I--~ 

12 24 12 24 12 24 12 h 
11 12 13 14 d.p.i. 

FIG. 4 Gametocytes appeared at the end of the observation pe­
riod only 

FIG. 5 Composite microphotograph of the blood stages of P. durae 

a : Trophozoites 
b : Presegmenters 
c and d : Schizonts 
e : Gametocytes 
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FIG. 6 Asexual blood stages of P. durae 
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FIG. 7 Sexual blood stages of P. durae 
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FIG. 8 Exoerythrocytic schizont of P. durae (arrow) in a brain cap­
illary ; turkey, brain smear, Giemsa, x 1000 

FIG. 9 Exoerythrocytic schizonts of P. durae (arrows), turkey, x 
1000 

-

FIG. 10 Exoerythrocytic schizonts of P. durae (arrows), turkey, x 
1000 

found in 39 birds which had died during high para­
sitaemia, also in 58 birds during 30 passages of iso­
late 0 and in two birds during 14 passages of iso­
late N. No EES were found during 40 passages of 
isolate T. 

F.W. HUCHZERMEYER 

The mean measurements of 23 EES found in endo­
thelial cells of brain capillaries were: Length 23,1 ~m 
(± 4,43), range 16,5-32,0 1Jm and width 8,7 IJm (± 
1 ,56), range 6,0-11 ,5 IJm. In Table 5 these measure­
ments are compared with those of the EES of P. cir­
cumflexum (Huchzermeyer & Van der Vyver 1991) 
and of the unidentified isolate from a case of turkey 
malaria from Zimbabwe (Huchzermeyer 1976), all 
from experimental infections in turkeys. Microphoto­
graphs of the EES of P. durae in brain capillaries 
(brain smears) are shown in Fig. 8-10. 

In cases with very high parasitaemia, just before the 
peak, forms were occasionally seen in the circulat­
ing blood, in red-blood cells , which were character­
ized by a pink-staining nucleus surrounded by blue 
cytoplasm. These forms were interpreted to repre­
sent ectopic EES. 

DISCUSSION 

Host range 

P. durae appears to have a very narrow host range, 
limited mainly to a small number of phasianid spe­
cies. The results of the present trials differ to some 
extent from those of Purchase (1942) , who was able 
to infect chicks, and of Simpson (1944), who reported 
infection in ducks. These differences could be due to 
strain differences or to the fact that the above authors 
may have used younger birds. In contrast to the find­
ing of natural infection with P. durae in a wild guinea­
fowl in Ethiopia (Ashford, Palmer Ash & Bray 1976), 
four attempts at experimentally infecting guineafowl 
were unsuccessful , as were 20 attempts to isolate 
the parasite from guineafowl (Huchzermeyer 1993a). 

During 1973 and 197 4 Huchzermeyer (unpublished 
data) encountered fatal malaria cases in a collection 
of exotic pheasants in the Chinoi area of Zimbabwe. 
Birds of several species, including Lady Amherst 
pheasants, were in a good nutritional state and, on 
postmortem examination , showed severe anaemia. 
All the examined birds had been frozen before sub­
mission. Smears of haemolyzed heart blood con­
tained a Plasmodium sp. in low parasitaemias. Brain 
smears were not examined for exoerythrocytic schi­
zonts. The species of pheasants were not specified 
on the submission forms and after the author's move 
to South Africa, the postmortem records were de­
stroyed. Neither were transmission experiments un­
dertaken, particularly because of the fact that the 
carcases had been frozen. When the material was 
reviewed during the present studies, the parasites 
were identified asP. durae, especially on the morphol­
ogy of their erythrocytic schizonts. The susceptibil­
ity of Lady Amherst pheasants was confirmed dur­
ing the present host-range trials. 

Embryonated eggs appear to offer less resistance 
to malarial infections, although Manwell & Robinson 

235 



Plasmodium durae Herman in experimental infections 

(1961) found chick embryos refractory to i.v. infec­
tion with P elongatum. The shorter incubation period 
of chicken eggs, allowing less time for the develop­
ment of P durae with its slow multiplication rate due 
to its small schizonts, may have been responsible for 
the low parasitaemias achieved in chick embryos in 
comparison with turkey embryos. This slow rate of 
multiplication may also have been the reason for the 
apparent failure to infect chick embryos via the 
chorio-allantoic sac. 

Survival in dead hosts 

In survival trials 1, 2 and 4, it was not possible toes­
timate the time of death of the hosts from which in­
fective material had been taken. They could have died 
at any time during the 17 h since the last inspection 
in the afternoon of the preceding day. No noticeable 
putrefaction had set in . In the third trial, blood was 
collected 12 h after death. Young (1985) demon­
strated the survival of P berghei in dead hosts until 
the onset of putrefaction.ln the present trials, P durae 
appeared to behave similarly. The four successful at­
tempts demonstrate that this technique could be of 
practical importance for the isolation of avian-malaria 
parasites from suspect postmortem material. 

More recent studies have demonstrated that P ber­
ghei can be transmitted orally by feeding infected 
host tissues or by cannibalism (Malag6n, Castillo & 
Tapia 1993; 1994). This mode of transmission could 
also apply in certain cases of avian malaria and 
needs further investigation. 

Cryopreservation 

Huchzermeyer (1965) demonstrated that the addition 
of glycerol as cryoprotectant to fowl blood containing 
Aegyptianella pullorum, lengthened the prepatent 
period as much as did deep-freezing in liquid nitro­
gen without the addition of glycerol. In the meantime, 
the use of ACD and DMSO has become routine in 
the deep-freezing of blood parasites. It is notewor­
thy that the addition of this cryoprotectant combina­
tion to turkey blood containing P durae, produced a 
similar effect. However, freezing of this parasite with­
out a cryoprotctant was not attempted. As shown by 
Huchzermeyer (1993a), this lengthening of the pre­
patent period indicates a loss of parasites corre­
sponding to a 1 000-fold dilution. The slight dilution 
of the dose caused by the addition of ACD and 
DMSO could not possibly account for this effect. 
There was no difference in parasite survival between 
slow and rapid freezing. 

Periodicity 

The periodicity trial confirmed the previously reported 
24-h cycle (Herman 1941; Garnham 1966; DeJong 
1971 ), although most stages were found at all hours 
of the day and night. Schizonts peaked in the early 
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morning hours and not in the early afternoon as re­
ported by DeJong (1971 ). The lengthy passaging of 
the strain used in the present trial in an isolation unit 
with artificial 24-h lighting could have reduced its 
periodicity. Although the bird used in the investiga­
tion of the guineafowl isolate of P circumflexum was 
kept in the same isolation unit under identical condi­
tions, the strain used in that trial had been passaged 
only 12 times (Huchzermeyer & Van derVyver 1991 ). 

The finding of mature gametocytes towards the end 
of the observation period of the periodicity trial con­
firmed frequent own observations made during rou­
tine passaging, that their presence increased to­
wards the end of patent parasitaemia. 

Morphology 

Schizonts of the strains of P durae, examined in the 
present study, had fewer merozoites than those in the 
original description (Herman 1941) and those of the 
Nigerian peafowl material (Laird 1978). Similar dif­
ferences in geographically different strains of P jux­
tanucleare have been reported by Bennett & Warren 
(1966). Mohan & Manwell (1969) reflected on the 
possibility of a variation in schizont size ("merozoite 
brood size") at different stages in an infection, a phe­
nomenon which was distinctly observed in the course 
of the present studies. 

Some of the present isolates, particularly isolate T 
of turkey origin (Huchzermeyer 1993a), appeared to 
be unable to produce mature gametocytes, a fact that 
rendered the identification of the parasite more diffi­
cult. This apparent inability to complete the whole 
intraerythrocytic developmental cycle is interpreted 
as being due to the host-parasite relation, the para­
site being poorly adapted to its exotic host. Thomp­
son & Huff (1944) found the same phenomenon in 
saurian malarias which were transmitted to abnor­
mal hosts. 

The EES of P durae were markedly more slender 
than those of P circumflexum, as measured by Huch­
zermeyer & Vander Vyver (1991 ). They occurred at 
peak parasitaemia and not after the disappearance 
of the blood forms, as was the case with the latter 
parasite. Conversely, in the case of the unidentified 
turkey malaria in Zimbabwe (Huchzermeyer 1976), 
the EES developed before the onset of the parasi­
taemia. Haas, Wilcox, Laird, Moore Ewing & Coleman 
(1948) found the appearence of the EES of P ga/­
linaceum to depend on the life-cycle stage used in 
the infection. However, all three the isolates referred 
to above, had been transmitted by their erythrocytic 
stages. 

A revision of the material from the turkey malaria de­
scribed by Huchzermeyer (1975) showed that neither 
the size of the gametocytes nor the shape and mero­
zoite numbers of the schizonts fitted the descriptions 
of P durae, but that they were more like P circum-



flexum. The South African guineafowl isolate of that 
parasite described by Huchzermeyer & Van derVyver 
(1991) was highly pathogenic to turkeys in experi­
mental infections, but the Zimbabwean turkey isolate 
did not produce a parasitaemia in an attempted 
guineafowl passage (Huchzermeyer 1976). It there­
fore remains debatable to which species those exo­
erythrocytic schizonts belonged, that were depicted 
by Huchzermeyer (1976), as they were clearly not 
of P durae, although they showed more resemblance 
to this parasite than to P circumflexum. Microphoto­
graphs of the exoerythrocytic schizonts of P durae 
have not been published previously. 

The finding of ectopic EES in the circulating blood 
just before the peak of parasitaemia, was mentioned 
also by DeJong (1971 ). In the course of the present 
study, only early stages with a single nucleus were 
seen, and it is possible that these ectopic EES were 
not able to develop in erythrocytes. 
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AUTHOR'S NOTE 

After the closure of the Poultry Section of the OVI, 
the liquid-nitrogen container with all the isolates was 
taken over by the institute's vaccine factory (Onder­
stepoort Biological Products). Soon afterwards, the 
author was informed of an accidental thaw-out in 
which all his isolates of avian-blood parasites were 
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