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In the Tth Report of the WHO Expert Committee on Malaria, (1959), reference
is made to the limited kﬁowledge available concerning 1ow'pafa§ite and gametocyte
density and their relation to subsequent infection of anopheles. "In malaria
eradication; it is important to know if subjects with a very low parasite and
gametocyte density are capable of infecting mosquitos. Although various research
projects have demonstrated .that mosquitos may be infected by carriers with a low
gametocytaemia, the number of oocysts which develop is small and the percentage. .
of mosquitos infected is negligible. It appears highly probable from our present
knowledge that only a small percentage of the «nopheles that bite these 'hidden’
carriers become infected and that the chances of survival of such infected mos-
quitos and the danger of any consliderable transmission are very small. Moreover,
it is probable that mosquitos with only a few oocysts infect only a small pro-
portion of the>persons'they bite. Tt would be valuable to,secﬁré more data
bearing on this suﬁject". | -

In the present paper we propose to present some‘obsérvations based on a
study of a number of subjects with both high and low gametocyte densities who
were tested for infectivity to‘mosquitos from the onset ofra primary attgck,
through the acute and into the chronic stage. - Our studies are confined to
P. vivax, since this is the only species of plasmodium now used in this _
laboratory for malaria therapy. The question of an asymptomatic patient being
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infective to mosquitos must be considered in relation to various phases in the

course of the disease:

(1) AQuring the early stage of the primary infection, before the onset
of clinical symptoms;

(2) following the disappearance of clinical symptoms brought about by

medication;
(3) during the period immediztely preceding a clinical relapse;

(4) after a spontaneous clinical recovery whgn there may be prolonged
parasitaemia although the patient is able to lead’'a normally active life.

In two earlier papers (Shute & Marﬁon, 1957; 19595‘we described our findings
regarding the infectivity of man to the mosquito (1) in the early stages of the
primary attack and (é) in the asymptomatic phase of parasitic relapses in
P. vivax infections. o

In the second of these papers we described the results obtained when mosquitos
were fed daily on 11 relapsing patients, beginning on the -first day of parasitaemia,
detected by thick film examination and continued until the onset of fever. Mos-
quitos were fed daily on the same 11 patients throughout the clinical relapse
until the fever disappeared spontaneously or was intérrupted by drug therapy.
Batches of 50 to 100 laboratory bred Anopheles stephensi stephensi were fed on

each occasion and after being kept at 2700., twenty insects were dissected on the

seventh day and the mid-guts examined for oocysts.

Case reports of se§en of these patients in wﬁom the attack ended in sp6n~
taneous recovery are given below. In the first six of these the results seem to
us to have some bearing on the problem of low parasite and gametocyte density and

their relation to infection of mosquitos.

CASE 1. During the pre-clinical phase of the first relapse parasitaemia was
noted on six successive days. Mosquitos fed on the first two days failed to
become infected and a prolonged'search of blood films failed to reveal any

gametocytes.l Infection occurred in batches fed on each of the four succeeding

1 This also applied to five of the other six patients studied.
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days. On day 3, only macrogametocytes were found. On day:h, 5 and 6, ten,
thirty and fifty microgametocytes per cmm were found. ‘Tﬁe clinical phase
lasted three days, the fever being quotidian and ending in spontaneous recoﬁer&.
Mosquitos fed on each of the three days became infected. On day 1, 2 and 3,
fifty, forty and fifty microgametocytes per cmm werecounted, but as one would
expect, the number of oocysts per gut were more numerous fhan those encountered
in the pre-clinical phase. In the post-clinical phase moéquitos became infected
whenever a batch was fed over a period of 21 days. The gametocyte density can
be illustrated by quoting days 9O and 21. On day‘9 there were fifty micro-
gametocytes per cmm and on day 21, none were found. It is interesting to note
that of 20 mosquitos fed on the 2lst day, only two became infected, in each case
with only a single oocyst. In contrast, 95 per cent. of a batch of 20 fed on
the ninth post-clinical day became infected, the number of oocysts per gut varying
from nil to 100.

CASE 2. During the pre-clinical phase of the first relapse, parasitaemia was
noted on five successive days. Mosquitos fed on the first %wo days féiléd to
become infected, but infection occurred in batches fed on each of the three
succeeding days. On day 3 and 4 only macrogametocytes were found but on day 5
there were twenty-five microgametocytes per cmm. The clinical phase was classical
tertian with only two paroxysms of fever followed by spontaneous recovery. Mos-
quitos fed on each day of the clinical phase were more heavily infecfed than during
the pre-clinical period. On day 1, 2 and 3, thirty, fifty and twenty-five micro-
gametocytes per cmm were counted. This patient is of interest because during the
post-clinical phase, when there were fifty microgametocytes per cmm he infected

85 per cent. of mosquitos on the first day. TFor the following five days he was
practically non-infective but when random feeding was carried out on the 15th
post-clinical day, again 85 per cent. of mosquitos became infected, many with -

30 oocysts and microgametocytes were again 50 per cmm.

CASE 5. During the pre-clinical phase of the first relapse, parasitaemia was
noted on four successive days. Moéquitos fed on the first two days failed to
become infected, but infection occurred in batches fed on each of the two

succeeding days, when there were ten and twenty microgametocytes per cmm. The -
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clinical phase lasted for four days, the fever being low-grade quotidian,

{maximum peak 102.4°F), ending in spontaneous recovery. On day 1, 2, 3 and 4,
microgametocytes were 20, 70, 20 and 10 per cmm. ‘ There was very little difference
in the percentage of mosquitos infected during the clinical and pre-clinical
phases. During the post-clinical phase, batches of mosquitos bécame infécted

on only four occasions, the percentage of mosquitos infected wds lowef and the

number of oocysts»per gut fewer than in the other phases.

CASE 4. During the pre-clinical phase of the first relapse, parasitaemia was

noted on three successive days, but only the mosquitos fed on the third day

became infected, only macrogametocytes were seen. The clinical phase lasted

five days and the fever was.tertian, ending in spontaneous recovery. On day 1,

2, 3, 4 and 5, the microgametocyte density was 20, 50, 100, 150 and 100 respectively.
A greater proportion of the mosgquitos fed during this phase became infected than
during the pre-clinical phase. During the post-clinical phase batches of »
mosquitos became 1nfected on three occasions but on the last of these, infection

was observed in only one insect, and only a single oocyst was seen and no game-

tocytes were found,

CASE 5. This was a boy aged 16 and the only individual in the series who gave
a history of a previous malarial attack. He contracted malaria (species of
parasite unknown) as a child, while living in Egypt where his parents were
stationed. Tt is obvious that as the result of this infection he had acquired .

some degree of immunity.

When he was infected for therapeutic purposes the fever, although relatively
severe, was of classical tertian type throughout the attack. He had 12 peaks of
fever over a period of 24 days and was then given a course of quinine, 10 grains
daily for seven days. @ Although thick blood films were examined daily from one
week after the end of this course, no parasites were found till the 26th day.
Mosquitos were fed on him during the first five days of parasitaemia, but none
were infected. Batches fed on the sixth and seventh days became infected,

10 per cent. on the sixth and 15 per cent. on the seventh, with a maximum number
of two oocysts per gut; there were 10 microgametocytes per cmm on each occasion.
Those fed on the eighth and ninth days failed to become infected. The patient

remained asymptomatic throughout the period of parasitaemia.
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CASE 6. During the pre-clinical phase of the first relapse, parasitaemia was
noted on five successive days. Mosquitos fed on the first two days failed to
become infected, but infection occurred in batches fed on each of the three
succeeding days. On day 3, 4 and 5, there were respectively 20, 10 and 50
microgametocytes per cmm. The clinical phase lasted for éight days, the'fevér
being tertian, ending in a spontaneous recovery. On days 1-8, there were 100,
250, 225, 1350, 350, 350, 150 and 100 microgametocytes per cmm. ‘During this
phase mosquitos fed on him became so heavily infected thatyoocysfé were too
numerous to count (several hundreds per gut), the pefpentage infected being 95
to 100 per cent. During the first five post-clinical days mésqditos fed on each
day became infescted; on the last day infection oécurred in every insect in the
batch. On day 1 there‘ﬁere 20 microgametocytes per emm and on day 5, 30. It
was not possible to follow up this case beyond'this period.

CASE T. This differed from the six cases repofted above in that‘Some batchesrof
mosquitos fed on the patient auring the clinicai period failed to become infgcteﬁ.
During the pre-clinical phase parasitaemia was rioted on four succe§sive days. .
Mosguitos fed bn the first three days failed to become infected, but infeetion
occuﬁred in a batch fed on the fourth day, when there were 10 microgametocytes per
omm.  On the fourth day of the clinical period there were 450 microgémgpogytes
per cmm, and 95 per cent. of the mosquitos fed on that day became\infeqted, some
with as maﬁy as 50 oocysts per gut. On the fifth day of fever, however,.although
asexual parasites were numerous {four per 25 fields of a thin film), female
gametocytes were scanty and none ofithe ihsects fed became infected. No infection

occurred in batches fed during the post-clinical period.

The remaining four cases in which the fever was interrupted by drug therapy,
were consequently of less interest. Batches of mosquitos were fed in each case
from the first day on which parasitaemia was noted up to and including the day

when drug treatment was begun.

All four cases followed the same pattern, i.e. during the first two pre-
clinical days batches of mosquitos failed to bedome infected, while during the
clinical phase mosguito infection oceurred daily in each case until the first day
of specific drug treatment. The percentage of mosquitos infected and the severity
of infection in individual mosquitos was, as one would expeet, proportionate to the
intensity of parasitaenmia.
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" DISCUSSION

Although the series of cases herepresented 1s a small one, we believe that the
results probably indicate the general pattern of the infeetivity of man to the
mosquito in the pre-cliniecal, elinical and post-clinical phases of relapses in
P. vivax malaria. It is éviaent that the disease may be ambulant, not confining
patiénts to bed When'parasites are so scanty that prolonged search of a thick film
would be required tn order to find a parasite. Qn the other hénd, parasites may
be quite numerous in the absence of fever at a time when the subject may be leading
a normal life in every respect. The ekplanation‘ié undoubtedly related tobthe
stage of the infection, i;e. whether this represents é primary attack or a sube
sequent relapse. It has to be rememberéd that under natural conditions in under-
developed countries, most of the infected subJecis receive no antimalarial drug,
either prophylactically or therapeutically. It is under such conditions thatkthe
true natural history of malaria could best be studied, but it is unlikely that
transmission experiments comparable with those in our series would be possible
because of the difficulty in securing the co-operation of either adults or children
in allowing batches of mosquitos to be fed on them daily over a period of weeks or
even days. In our series the asymptomatic period was longer than the symptomatic
in nearly all the patients, and because during the former period they were
infectious to mosquitos as much as, and sometimes more than in the latﬁér, their

importance to the epidemiologist is considerable.

We are aware of the need for making investigations of a similar nature in

P. falciparum infections but, as explained above, this is no longer possible at

our laboratory. However, it is well known that P. faleiparum infections differ

from those with P, vivax in that gametocyfes are seldom found until the eighth or
ninth day of a primary attack and that where trophozoites and gametocytes are
detected in the peripheral blood at the same time, the patient must have been
parasitized for at least a week before the film was taken. That a very low grade

of gametogony can occur in P. faleiparum infections has been demonstrated on

numerous occasions, and quite recently we came across an instance of this.
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A young Nigerian medical student who had beén in England for about six months
was accepted as a blood donor. The recipient developed a severe attack of

P. falciparum malaria, but it was not until we had each spent about three hours

searching thick films taken from the doﬁor that a parasite was found. This was a
typical male "crescent" and it was not until several more films were examined that
scanty trophozoites were detected. Whether or not this subject would have
infected mosquitos we do not know, but we consider this to be doubtful (Grant,
Perinpanayagam, Shute & Zeitlin, 1960). '

The observation that gametocytes of P. falciparum seldom, if ever, appear in

the peripheral blood until about the eighth day of an attack is of considerable
importance to the epidemiologist. During the second world war,one of us (P. G. S.)
was sent by the War Office to Italy with instruections to infect a batch of mos-
quitos with P. falciparum by feeding them on volunteers in a hospital near Naples.

The blood of many patients with fever was examined without a single film being
found with numerous gametocytes. It was then decided to track down some patients
who had been discharged from hospital up to a week previously and who had received
a course of quinine therapy. This entailed visits to military units and
convalescent camps and the results obtained were both interesting and enlightening.
The blood of mos; of these recently discharged patients was found to contain
numerous gametocytes and mosquitos fed on them became very heavily infected. It
was obvious that these symptom-free patients were being returned to thelr units

at the very time when they were most highly infectious to mosquitos and so con-
stituted an important link in maintaining the man-mosquito cycle. For at least
one ménth,and possibly for a much longer period, these symptomless carriers were
infectious to mosquitos and were probably much more dangerous than indigenous

infections in which the attack has ended in spontaneous recovery.
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