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Parasitological and Clinical Investigations
on Infections with the VS Romanian Strain
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In order to contribute to knowledge of the sporogonic cycle of malaria parasites,
3 batches of Anopheles labranchiae atroparvus were infected with the VS Romanian
strain of Plasmodium malariae by feeding them on 2 patients undergoing malariotherapy
in Romania. Of the 310 infected mosquitos 59 were dissected for ookinetes, oocysts and
sporozoites, and the rest were usedfor further clinical trials in England. Mature ookinetes
were-observed 18 hours after infection, and sporozoites were first observed in the salivary
glands 19 days after infection.

One of the main characteristics of the VS strain of P. malariae observed in Romania
was the relatively large number of gametocytes and subsequent heavy infections it could
produce. However, gametocytes were found only in the heart blood of I of the 4 subjects
infected in England (on autopsy after accidental death); post mortem examination of
the liver of the same subject failed to show exo-erythrocytic schizonts. None of the other
3 subjects showed gametocytes or infected mosquitos. On the basis of clinical symptoms,
the incubation period of P. malariae in these subjects was found to be 18-19 days.

The introduction of malariotherapy in the early
1920s has made a valuable contribution to our
knowledge of malaria in all its aspects. Plasmodium
vivax was first used for treatment of neurosyphilis
because it was relatively safe, produced the required
high fever, and was easily controlled by quinine,
the only known antimalarial drug available at that
time. Several years elapsed before P. falciparum
was used, first at the Horton malariotherapy centre
in England in 1925 (James, 1931), soon afterwards
in Romania (Ciuca et al., 1928) and later in the
Netherlands, Belgium and the United States of
America.
The use of the other 2 species of human plasmodia

(P. ovale and P. malariae) for therapy purposes
was introduced at Horton nearly 40 years ago.

* Part of this investigation was financially assisted by the
World Health Organization.

Cantacuzino Institute, Bucharest, Romania.
Dr Marinescu Hospital, Bucharest, Romania.

'Horton Malaria Reference Laboratory, Epsom, Surrey
England.

It may be mentioned here that 4 years after Stephens
had described P. ovale as a new species, Wenyon
(1926) was inclined to regard it as an aberrant type
of P. vivax and P. malariae. The use of this parasite
for therapy purposes by mosquito infection estab-
lished the fact that P. ovale was a distinct species
with a 48-hour erythrocytic cycle (not 24-hour as
had been previously thought). The arrangement of
the pigment in the oocysts was shown to be a
characteristic diagnostic feature.

P. malariae was first used for fever therapy at
Horton in 1928 (James, 1931). It was found useful
for inducing malaria in patients who were immune
to P. vivax and sometimes to P. falciparum. Ten
" strains " were used over the years and some
800 patients were infected, but there is no evidence
that more than 1 true strain was involved, although
the blood used for passaging the P. malariae infec-
tions (all from tropical Africa) was taken from
different individuals at different times.
The Romanian workers published their first set of

researches using an indigenous strain of P. malariae
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(Ciuca et al., 1928). Three hundred and twenty-two
patients at the Socola hospital, Ia§i, were in-
fected with this strain between 1928 and 1935.
From 1935 to 1943, 2 strains were used at the
Dr G. Marinescu Hospital, Bucharest one of
Italian origin, the other from West Africa, obtained
from the malariotherapy centre at Horton; these
2 strains were used for the infection of 344 patients.
The outstanding feature of the infections observed

at both the Romanian and the English malario-
therapy centres was the extremely small number of
gametocytes. It was seldom that anopheles which
fed on the patients became infected with more than
1 or 2 oocysts. The percentage of infections in a
batch was always very low, and even when exflagel-
lating male gametocytes were found in moist films,
it was by no means certain that mosquitos which fed
at the same time would become infected.

In 1962, a new indigenous strain of P. malariae
was discovered in Romania following a blood trans-
fusion (Ciuca et al., 1964). This strain (VS) showed
a unique ability to produce relatively large numbers
of gametocytes and subsequent heavy infections in
Anopheles labranchiae atroparvus (Constantinescu &
Negulici, 1967).

In the early summer of 1966 the Horton workers,
in collaboration with their Romanian colleagues,
carried out a special investigation to isolate the VS
strain of P. malariae for further research, to study
the sporogonic cycle in detail and to perform clinical
trials.

MATERIAL AND METHODS

For the study of the infection in mosquitos the
Romanian strain of An. 1. atroparvus was used.
Insectary colonies of this species were maintained
in Bucharest at the Dr G. Marinescu Hospital,
where no special devices for controlling temperature
or humidity were provided (room temperature fluc-
tuated between 19°C and 22 C), and at the Canta-
cuzino Institute, where rearing conditions were
almost identical with those at the Horton Malaria
Reference Laboratory, England, with an insectary
temperature of 27°C.
The VS strain of P. malariae used in this investiga-

tion was obtained from a blood donor who had
transmitted the infection by transfusion in 1962.
The donor was born in Vaslui in Moldavia where
malaria was endemic 15-20 years ago.
Four patients undergoing malariotherapy at the

Dr G. Marinescu Hospital were given an intraven-
ous injection of blood infected with the VS strain.

Mosquitos were subsequently fed on 2 of the
patients (A and B) and incubated at room
temperature.
On 27 May 1966, the blood film of patient A

showed a fair number of male and female game-
tocytes in thick film and a batch of 50 An. 1.
atroparvus was fed on this patient. On 28 May,
a second batch of 60 mosquitos was fed. Exflagel-
lation of the male gametocytes occurred in 15 minutes
in a moist chamber and in most preparations
8 flagella were seen. At 20-25 minutes many of the
flagella had severed from the parent body.
On 3 June 1966, the blood film of patient B

showed male and female gametocytes in thick films
and 200 mosquitos were fed; exflagellating male
gametocytes were found to be present.
These 3 batches of mosquitos were allowed to

feed more than once on patients A and B, although
no gametocytes were found in thick films after the
first infective feeds; they were fed later on guinea-
pigs and glucose.

PARASITOLOGICAL INVESTIGATIONS

Ookinetes (Fig. 1-2)
Twenty-four hours after the mosquitos had fed

on patient A (insectary temperature 19 C-22 C),
smears prepared from the dissected gut showed
fully formed ookinetes. A fertilized female gametocyte
showed an ectoplasmic pseudopodium a few hours
after fertilization. At 18 hours the ookinete was fully
developed with a large vacuole. In some ookinetes
the pigment was coarse and concentrated at one end
of the cytoplasm, while in others it was widely
distributed. It is believed that this is the first occasion
that this stage in the life-history of P. malariae has
been observed.

Samples from the batches of mosquitos fed on
patients A and B were dissected between the third
and nineteenth days after feeding and the oocysts
counted; sporozoites were found in the salivary
glands from the nineteenth day onwards. These
findings are shown in the table.

Oocysts (Fig. 1-4)
The age of oocysts examined ranged from 3 to

19 days. Three-day-old oocysts were easily seen
with a 2-mm oil-immersion lens. The coarse, very
dark pigment practically filled the cysts and did not
therefore conform to pattern.

Ross' black spores and some degenerating oocysts
were seen. Between the fourth and eighth days of
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RESULTS OF INFECTION OF 3 BATCHES OF ANOPHELES LABRANCHIAE ATROPARVUS
WITH THE VS STRAIN OF PLASMODIUM MALARIAE

Batch 1.

Number Results
dissected, 0 a Sb

3

4

5

8
8

8
15

60

16 large
16 small

14

13

92%

Batch 2

Number Results
dissected 0 a S b

1

1

1
1

1
1
4

18

50

87

2

42
50

100

-4-

±1 +

+± +-

100 %

Batch 3

Number
dissected

4

3

2

2

2

2

1

4

2

28

Results

Oa Sb

2

2
9

20

4
1
3
12

1
1

33
40

3

30
10
6
3

++

30
2

86%

Remarks

Batch 3: 3 degenerating oocysts,
and Ross' black spores in 1 mos-
quito

Batch 3: some degenerating
oocysts in both mosquitos; Ross'
black spores

Batch 2: oocysts degenerating,
Ross' black spores

Two generations of oocysts

Batch 1:2 generations of oocysts;
batch 3: many rupturing oocysts
Batch 1: sporoblast formation;
batch 2: oocysts in various stages
of development

All salivary glands heavily in-
fected; oocysts found in 1 mos-
quito

Batch 2: Ross' black spores in
salivary glands of 1 mosquito;
batch 3: glands positive in 4 mos-
quitos

a Number of oocysts found in stomach; results are given for each mosquito separately, unless otherwise stated.
b Sporozoites in salivary glands: + present, ++ many, +++ very many; results are given for each mosquito separate:y

unless otherwise stated.

growth, the oocysts increased in size but the pig-
ment was still distributed throughout the cysts.
From the tenth day onwards, the pigment tended
to concentrate at the periphery and often there was

a collection of grains resembling a miniature bunch

of grapes with a few individual grains with a

streptococcus-like pattern forming the stem. Two or

three isolated grains were seen separated from the
main collection of pigment. In only a small number of
oocysts could the pigment be seen after sporozoites

Time
after

nfective
meal
(days)

3

4

5

6

7

8

10

11
13
14

15

17

19

20
21
23

24

Total

Infection
rate
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had formed and in these it was usually in the free
area between the residual bodies. Although the
pigment grains were very coarse, there were only
about 30 grains per oocyst. This agrees with the
findings of workers in Africa and other parts of the
world.

Sporozoites (Fig. 1, Fig. 3)
Sporozoites from rupturing oocysts Were first

observed on the seventeenth day after the initial
infective feed and sporozoites appeared in the sali-
vary glands on the nineteenth day. The sporozoites
of P. malariae showed a remarkable amount of
chromatin, often distributed over one-third of the
length of the sporozoite as a single bar or in several
broken pieces. This finding is very marked in the
Romanian VS strain but it has also been observed
in strains from tropical Africa and New Guinea
(Mackeras & Ercole, 1948).

The morphology of the erythrocytic parasites
We could find no morphological difference be-

tween the VS strain infecting patients A and B and
strains from other parts of the world. In very thin,
quickly dried films, band forms were seen but, as
usual, they were absent in thick films. Ziemann's
dots were pronounced, especially in thin films deeply
stained with Leishman's stain, but seldom if ever
in films stained with Giemsa stain (Shute &
Maryon, 1966).
Female gametocytes were more difficult to diag-

nose with certainty because a late trophozoite,
before the nucleus has begun to divide, and a female
gametocyte are difficult to differentiate. Male game-
tocytes were readily recognizable in both thin and
thick films; we agree with Bray (1960) that male
gametocytes show up more distinctly in thick films
than they do in thin films.

CLINICAL INVESTIGATIONS

On 16 June 1966 two of us (P.G.S. and M.M.)
returned to England with over 200 of the infected
Anopheles for further studies. Malaria was induced
in 3 neurosyphilitic patients and an attempt was
made to infect 1 volunteer laboratory worker.

Case No. I (volunteer)
A European adult with a previous history of

several laboratory infections with P. vivax and
P. falciparum over the past 20 years was found in
a preliminary test to be immune to reinfection with
FP vivax (Madagascar strain); she was not chalk

lenged with P. falciparum. The last infection with
P. falciparum was in 1947. On 16 June she was
infected by bites of 5 mosquitos from the batch fed
on 27 May. On the nineteenth day after infection,
despite a temperature of 39.3°C, no parasites were
found in thick and thin films. Numerous blood
films were examined by 2 workers over a period of
several hours with the same negative result. In spite
of this finding, the clinical symptoms were such that
we (P.G.S. and M.M.) have no doubt that the fever
was malarial in origin. In order to avoid taking
this laboratory worker off duty, a course of 900 mg
of chloroquine base over 3 days was given.

This case provides evidence that there is no cross-
immunity to this strain of P. malariae following
infection with P. vivax and P. falciparum. Perhaps
the most interesting feature is that repeated and
prolonged search?s of thick and thin films failed
to reveal any parasites. The incubation period was
the same as for the primary infection in case No. 3,
which suggests that in both cases the segmentation
of a single generation of erythrocytic parasites evolv-
ing from the rupturing exo-erythrocytic parasites
was sufficient to produce clinical symptoms.

Case No. 2

This was in an adult male of Polish nationality
who was in the Polish Army during the Second
World War and in several countries in Europe for
short periods after release from a concentration
camp. Because of his mental condition he was
unable to give reliable information concerning any
previous history of natural infection with malaria.
He had undergone a course of malariotherapy with
P. vivax 6 months before. On 20 June 1966 he was
infected by bites of 15 mosquitos from the batch
fed on 28 May. On the nineteenth day after the
infection he had pyrexia. There was only one
moderately severe attack with a maximum tempera-
ture of 39'C. Parasites found in the blood were
scanty, not exceeding 1 in 50 fields of a thin film.
Such scanty parasitaemia persisted for about
11 months after the first appearance. No game-
tocytes were found throughout the duration of
parasitaemia. No antimalarial drugs were given.

This patient, who had previously had an infection
with P. vivax (Madagascar strain), was obviously
susceptible to infection with the VS strain of
P. malariae. Although the parasites remained at
about the same density for many months, observa-
tions showed a regular 72-hour cycle. The infected
blood of this patient was sent to various research
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FIG. 1
VARIOUS STAGES OF PLASMODIUM MALARIAE IN ANOPHELES LABRANCHIAE ATROPARVUS AND MAN
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1. Two mature schizonts in single cell.
2. Phagocytosis of exflagellating micro-

gametocyte: 15 minutes in moist chamber.
3. Ookinete: 24 hours in gut of mosquito.

4-9. Young oocysts (3-10 days).
10. Two young oocysts overlapping.
11. Mature oocysts.



VARIOUS STAGES
FIG. 2

OF PLASMODIUM MALARIAE IN MAN a

r~~~~~~

7,*

AIN

S*sX,~~~~~1"
t.

2

1. Mature schizont.

2. Two mature schizonts in same
erythrocyte.

3. Macrogametocyte In thin film.

4. Microgametocyte in thin film.

5. Microgametocyte in thick fllm.

6. Exflagellating microgametocyte.

7. Phagocytosis of exflagellating
microgametocyte by a polymorpho-
nuclear leucocyte.

6

8-9. Ookinetes.

10. Section of mature oocyst.

11. Sporozoltes.

a All parasites stained with Giemsa except No. 10 which was stained with Mayer's haemalum.
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FIG. 3
FLATTENED AND STAINED STOMACH OF ANOPHELES LABRANCHIAE ATROPARVUS

SHOWING A LARGE NUMBER OF PLASMODIUM MALARIAE OOCYSTS



FIG. 4
THE PIGMENT IN 30 LARGE OOCYSTS OF PLASMODIUM MALARIAE ON THE GUT OF ONE SPECIMEN

OF ANOPHELES LABRANCHIAE ATROPARVUS a

WHo 80112

a Not drawn to scale; the pattern of pigment only is shown. The number of individual grains in the cysts appears to vary,
but where only a few are seen, it may be that some are obscured by the dividing nuclei.
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institutes in Europe and in the USA, and it is
understood that the infection was induced in several
patients.

Case No. 3

An adult male who had not previously suffered
from malaria and had never left England. There
were clinical indications for malariotherapy and on

23 June 1966 the infection was induced by the bites
of 50 mosquitos from all 3 batches. The clinical
incubation period was 19 days, but patent parasit-
aemia was seen after 18 days. There was no defin-
able pattern of the febrile response; the maximum
temperature was 39.3°C. Parasites were scanty
throughout, not exceeding 1 in 50 fields of a thin
film. No gametocytes were found. Twenty-eight
days after the beginning of parasitaemia this patient
was given 330 mg of quinine daily for 10 days.
The parasites disappeared from the blood but
reappeared again 33 days after the last day of
treatment. There was no febrile response accom-

panying this parasitic recrudescence. Parasites were

as numerous during the recrudescence as they were

during the primary attack.
Three months after the beginning of the infection,

this patient died from choking while eating an apple.
A post mortem examination was performed and it
was found that parasites were more numerous in
the internal circulation than they were in the peri-
pheral blood. Although on the day before the
patient's accidental death a search of thick and
thin films failed to reveal any gametocytes, films
prepared from heart blood at the autopsy showed
both male and female gametocytes in small numbers.
As this patient had had malaria induced by the

bites of 50 heavily infected mosquitos about
3 months before his death, an unique opportunity
was seized to search for exo-erythrocytic stages of
the malaria parasites on a sample of liver obtained
during the autopsy. From each of 25 pieces of liver
about 3 mm thick, 7 mm broad and 12 mm long,
200 sections were cut. Two out of every 12 sections
were mounted, stained and examined for the pres-

ence of exo-erythrocytic parasites. None was found.
As was to be expected, the liver and spleen were

heavily pigmented but were not much enlarged.
This finding does not completely rule out the
possibility of a secondary exo-erythrocytic cycle in
P. malariae, but it would seem to indicate that if it
does occur, the parasites are extremely rare. 'The
failure to find exo-erythrocytic schizonts in this
heavily infected patient only 3 months after the

primary infection has left unsolved the problem of
the mechanism of relapses of P. malariae which
are known to occur at intervals over many years.

Case No. 4

This patient was an adult Jamaican Negro.
Because of his mental disorientation he was unable
to give any previous medical history. He had been
in England for 5 years before his admission to the
hospital for malariotherapy. On 2 August 1966,
5 ml of preserved blood obtained from patient No. 3
(before his death) were inoculated intravenously.
The clinical incubation period was 19 days but
parasites appeared in the peripheral blood 10 days
after the inoculation. The febrile response showed
a quotidian pattern with a maximum temperature
of 39.9°C. The parasite density at this time showed
12 parasites to 100 fields of a thin film. After 12 days
of irregular fever the patient had a spontaneous
recovery although parasites persisted in small num-
bers for 170 days after the first appearance. No
gametocytes were found and no antimalarial drugs
were given.
The last 3 of the above-mentioned patients thus

had incubation periods of 18-19 days, although the
quantum of sporozoites must have varied enor-
mously, since one patient was bitten by only 5 mos-
quitos, one by 15 and one by 50. This would seem
to confirm that the minimum clinical incubation
period of P. malariae in man is 18 days. On the
assumption that a single cycle of erythrocytic para-
sites is necessary to produce fever, then the liver
cycle in our patients must have been 15 days.
It is interesting that the liver cycle in a 3-year-old
female chimpanzee infected on 28 June by the same
batches of mosquitos as those used on these patients
was also 15 days (Lupascu et al., 1967).

DISCUSSION

It had been the intention to compare the suscep-
tibilities of An. stephensi (type) and An. 1. atroparvus
to the VS strain of P. malariae in this study. When
working with a West African strain of P. malariae,
Shute & Maryon (1951) considered that An. stephensi
was a more efficient vector than was the English
An. 1. atroparvus. As there were no insectary colonies
of An. stephensi in Romania, several thousands
of adults were taken from England to Bucharest.
Unfortunately most of the mosquitos died in transit
and it was not possible to carry out this part of the
investigation.
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The Romanian strain of An. 1. atroparvus proved had never had malaria before and had indeed never
to be an efficient carrier of the VS strain and been out of the country. The question arises as to
3 batches of mosquitos became infected. Ookinetes whether a blood-infected patient is more likely to
were demonstrated 18-24 hours after the infected develop gametocytes than is a patient who is infected
blood meal. A total of 59 mosquitos were dissected by sporozoites, either by the bites of mosquitos or
and oocyst development was observed from the by intravenous injections of infected salivary glands.
third to the nineteenth day. The highest number of It is well known that following numerous blood
oocysts on an individual gut was 100, and the passages, many species of Plasmodia lose the ability
maximum number of grains of pigment seen in an to produce gametocytes. A classic example is the
individual cyst was 30. Although an oocyst increases strain of P. vivax originally used by Professor von
in size during maturation, the pigment grains do not Jauregg in his clinic in Vienna. After he had pas-
increase in number or in size. In the later stages saged the parasites through hundreds of patients
of growth the pigment tends to accumulate at the over a period of several years, gametocytes were
periphery of the cyst; Shute & Maryon (1951) found never found and numerous attempts to infect mos-
that this was a diagnostic feature in a West African quitos failed. On the other hand, after 2 or 3 passages
strain. However, with the batches of mosquitos of blood inoculations, gametocytes may be more
discussed here, hundreds of oocysts were available numerous than in sporozoite infections. This has
for study and it was found that many showed the been demonstrated with the Madagascar strain of
pigment situated centrally but still with a tendency P. vivax at Horton.
for it to concentrate at the periphery of the cyst. It seems likely that 1, 2 and perhaps 3 passages

In some of the infected midguts several oocysts by direct blood inoculation may favour increased
degenerated quite early in their development and gametocyte production. This might explain, at least
showed Ross' black spores. In a few the whole in part, why the VS Romanian strain quite often
cyst was filled with spores while in others the spores produces large numbers of gametocytes in malario-
were scattered over the gut tissue. A careful search therapy. It should be remembered that over 30 years
was made for evidence of chitinized trachea but ago, Ciuca and co-workers were maintaining a
none was found. The spores sometimes consisted strain of P. malariae at their malariotherapy centre
of large or small round black fragments, while in in Ia$i, always by direct blood inoculation. Numer-
other cases they were typical sausage-shaped bodies. ous attempts to infect mosquitos failed. Remember-
In one mosquito, spores were also found in and ing that the VS strain was obtained after a blood
around the salivary glands, where sporozoites were transfusion, we may well ask whether gametogony
also present. It is interesting to record that when was stimulated as the result of I or 2 direct blood
spores were found in the salivary glands, they were passages.
always sausage-shaped and never the round bodies , Lupascu et al. (1967) have shown that the cycle
as seen on the mid-gut. The extrinsic incubation } in the liver is completed in 15 days. This conclusion
period was completed in 19 days, at room tempera-
ture (19OC-22°C). The heavy oocyst infections seen
in this batch indicate that this strain of P. malariae'
produces more gametocytes than any other strain
studied in laboratories anywhere in the world.
However, not all patients infected with this straina
produce gametocytes. Of the 3 patients infected byi
mosquitos in England, none developed gametocytesi
and none infected mosquitos, even though 1 patientl

was arrived at by removing pieces of liver from the
twelfth day onwards, tissue schizonts being found
on the fifteenth day.

Perhaps the most interesting contribution these
particular batches of mosquitos have made to our
'knowledge of P. malariae concerns the precise
'incubation period of both the exo-erythrocytic
cycle in the liver and the clinical and parasitic
cycles.

RESUME

L'introduction de la paludotherapie, peu apres 1920,
a permis de mieux connaitre le paludisme sous tous ses
aspects. Toutefois, les recherches en ce domaine ont ete
limitees par le fait que les malades infectes pr6sentaient

tres peu de gametocytes et ne pouvaient generalement pas
infecter les moustiques.
En 1962, une nouvelle souche indigene de Plasmodium

nalariae a et decouverte en Roumanie i la suite d'une
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transfusion sanguine. Cette souche (VS) offrait la particu-
larite de produire un nombre relativement grand de
gametocytes et, par consequent, de provoquer une infec-
tion intense chez Anopheles labranchiae atroparvus. Le
present article decrit 1'etude du cycle sporogonique et les
essais cliniques qui ont ete faits en 1966 en utilisant trois
lots d'An. 1. atroparvus infectes sur deux malades traites
par paludotherapie 'a Bucarest. Sur les 310 moustiques
infect6s, on en a dissequ6 59 afin de rechercher les
ookinetes, les oocystes et les sporozoites. On a trouv6 des
ookinetes muirs 18 heures apres l'infection; on pense que
c'est la premiere fois que cette etape du cycle biologique
de P. malariae a ete observee. Quant aux sporozoites, ils
ont ete detectes dans les glandes salivaires 19 jours apres
l'infection.
Le reste des moustiques a ete utilise pour des essais

cliniques, en Angleterre, sur trois malades et un volon-
taire. On n'a trouv6 de gam6tocytes dans le sang p6ri-
pherique d'aucun de ces sujets apres l'infection, bien que
tous aient presente de la fievre. L'examen post mortem de
l'un des malades (mort accidentellement) a cependant
reve1l la presence de gametocytes dans le sang cardiaque;
l'examen du foie n'a pas permis de trouver de formes
exoerythrocytaires. D'apr6s les sympt6mes cliniques, on
a estime que la periode d'incubation de P. malariae chez
ces sujets durait de 18 A 19 jours. En supposant qu'un
seul cycle de schizogonie erythrocytaire suffit A provoquer
la fievre, le cycle tissulaire hepatique doit avoir dure
15 jours chez ces sujets. Il est interessant de noter que la
phase tissulaire chez un chimpanze femelle de trois ans,
infecte par le meme lot de moustiques, a dure aussi
15 jours.
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