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This thesis reports on a study of factors which influence the 

infection of Aedes aegypti (Linn) and. Anophelesgiadrimaculatus (Say) 

with the Dhanapala isolate of Plasmodium gallinaceum (Brumpt). 

The infection characteristics in the two species were determined from 

exoeriments in which paired groups fed together on a series of chicks 

with different infection levels. The percentage of individuals infected 

and the geometric mean of oocyst numbers were used to describe the 

infection in mosquito samples.  These parameters were similarly and 

positively related for both species, but their association was closer 

for Ae.ti. When infection intensity was high all Ae. aegypti were 

infected showing total susceptibility within the species. 	Infection 

incidence was always lower in A. quadrimaculatus and never exceeded 72%. 

The intensity of infection was usually lower in A. quadrinaculatus than 

in Ae. aegypti but, under certain conditions, infection intensity and 

range in infected anophelines equalled or exceeded that in Ae. aegypti. 

The changes in the incidence, intensity and range of infection in 

mosquito samples fed at intervals during the course of infection in three 

chickens are described. The infectivity of P. gallinaceum gametocytes 

declined for both species as gametocyte numbers increased and, for 

Ae. aegypti only, infectivity increased as gametocyte numbers decreased 

in infections progressing to recovery. 

Dilution of gametocytes in normal blood after transfer to a new 

host enhanced gametocyte infectivity for both mosquito species but the 

increase was greater for Ae. aegypti. The changes in infection 

incidence, intensity and range in the two species reflected the changes 

which occu±red during the course of infection in a single chicken. 

Use other side if necessari'. 



Chicks which received equal volumes of the same infecting blood showed 

comparable infection levels and were equally and highly infectious for 

samples of Ae. aegypti. 	It is concluded that the factor in the 

vertebrate host which depresses gametocyte infectivity has no iermanent 

influence within the chicken and must therefore operate within the 

mid-gut of the mosquito. 

A theoretical pattern of mosciuito infection is advanced to explain 

the changes observed and it is concluded. that Ae. aegypti is intrinsically 

a more susceptible host than A. quadrimaculatus but that the interaction 

of gametocyte infectivity and infection numbers results in the 

establishment of infection equilibria at different positions for the 

two species and for different individuals within them. 

An influence on mosquito infection of heparin, salt solutions and 

suspensions of mosouito tissues introduced into the blood meal by 

intravenous injection of the infected chicken was demonstrated.. The 

results of these experiments are discussed and it is concluded that the 

anopheline resistance to infection probably results from the presence 

in the tissues of a factor(s) which depresses the infectivity of the 

parasite. 

In addition to being less susceptible to infection A. quadrimaculatus 

is less suitable than Ae. aegypti for the growth and development of 

oocysts of P. gallinacewn. Oocysts grew more slowly and reached 

maturity later and at a smaller size in the anopheline mosquitoes. 

Sporozoites did not reach the salivary glands in all individuals of 

A. quadrimaculatus which were infected with oocysts. 
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CHAPTER - 

INTRODUCTION 

The life cycle of all malaria parasites involves two 

hosts: a vertebrate in which the organism multiplies by 

asexual division (echizogony) and where the sexual forms are 

differentiated; and an invertebrate in which gametogenesie 

and fertilization precede a further phase of multiplication 

(sporogony). 	The vertebrate hosts of parasites belonging to 

the family Plasmodiidae (Mesnil, 1903) may be mama.ls, birds or 

reptiles, but the sexual phase always occurs in mosuitoes 

(Garnham, 1966). 	A detailed account of the development of the 

parasite in its invertebrate host has been given by Garnham (1966) 

and only the major changes which occur will be described here. 

A mosquito may become infected when it ingests blood 

containing gametocytes which are present, in varying abundance, 

in the blood of the infected vertebrate. 	In the lumen of the 

mid-gut the gametocytes emerge from the red cells and undergo 

gainetogenesis. 	The process of maturation in the male, termed 

'exflagellation', results in the production of a number of 

motile male gametes. 	Fusion of the male and female gametes 

occurs resulting in the formation of a motile elongate zygote- 

the ookinete. 	This penetrates the gut wall and comes to rest 

between the epithelium and the basement membrane, where it rounds 



up to form an oocyst. 	Once established on the stomach wall 

the oocyst grows rapidly, complex internal changes oocu.r, and 

at maturity the cyst contains a large number of spindle-shaped 

sporozoites. 	These forms are liberaed into the body cavity 

of the mosquito when the cyst ruptures. 	They eventually 

reach and invade the salivary glands and are then injected 

with the salivary secretion when the insect next feeds. 

The ability of the parasite to infect the mosquito and to 

complete its development within it will depend upon its own 

genetic constitution and on the environment to which it is 

exposed. 	Only in certain mosquito species does a given 

species of Plasmodium find, the conditions suitable for its 

growth and development and each species of malaria parasite 

has a characteristic range of mosquito hosts in which the 

sporogonic cycle may be successfully completed. 

The influence of an unsuitable host environment may be 

manifest at any of a number of stages in the developmental 

cycle of the parasite. 	In cases of complete incompatibility ( 

between host and parasite no oocyste are formed, developmental 

failure occurring at, or prior to, the stage of penetration of 

the gut wall by the ookinetes. 	After oocysts have become 

established on the gut wall their growth may be retarded and 

the cysts may degenerate and eventually be converted into'black 

spores. 	These structures were first observed by Ross in 1898 

and may be found in mosquitoes in which other oocyste are 



deve1opig normally, for example in Aedes aeLcypti  infected 

with Plasmodium gallinaceuxn (Bru.rnpt, 1938). 	In certain host— 

parasite combinations, for examp,le Plasmodium gonderi In 

Anopheles maculipennis the oocye-ts develop but the eporozoites 

are destroyed soon after they have been liberated into the 

haernocoel of the mosquito (arnham, 1964). 

This study is primarily concerned with those factors which 

influence the parasite In its invertebrate host during the early 

stages of sporogony and which determine whether or not the 

mosquito will become Infected with oocyete. 

Mosquito species vary widely in their susceptibility to 

infection with a given species of malaria parasite and all 

degrees of specificity exist. 	At one extreme, some mosquito 

species may be entirely resistant to infection whereas at the 

other extreme some species may be entirely susceptible. 

Culex pipiens cannot be infected with Plasmodium gallinaceum 

but the same parasite is able to develop to the oocyet stage 

in all individuals of Aedes aegypti (Brurapt, 1936). 	Within 

other species however, not all individuals exhibit the same 

capacity to become infected and although some individuals of 

Anopheles gu.adrimaculatus are susceptible to infection with 

Plasmodium gallinaceum others appear to be resistant 

(Haas and Akins, 1947). 

The factors which determine species specificity to 

infection with a species of malaria parasite must, by definition, 
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have a genetic basis. 	That the resistance shown by certain 

individual mosquitoes belonging to a susceptible species is 

also a heritable characteristic was demonstrated by Huff (1929). 

He found it possible, by appropriate selection, to either 

increase or decrease the proportion of individuals of Culex 

pipiens susceptible to infection with Plasmodium cathemerium. 

Similar results were obtained by the same author (1931) in 

selection of Culex c4uinguefasciatus (= Culex pipiens fatigans) 

for susceptibility to the same parasite. 	Following through 

in the analysis of the genetic basis of susceptibility Huff 

(1931) showed that the character which determined this trait 

behaved, In Culex pipiens as a simple Mendelian recessive. 

Data essentially in agreement with that of Huff, supporting 

the genetic basis of susceptibility have subsequently been 

reported by a number of workers. 	Through selective breeding 

of females exhibiting gut infections with Plasmodium elonatum 

Micks (1931) was able to increase the susceptibility of 

Culex pipiens to this parasite from 13% to 49% within six 

generations. 	Trager (1942) working with Aedes aegypti and 

Plasmodium lophurae succeeded in establishing a colony of 

Aedos asgypti which consistently proved to be at least twice 

as susceptible as the stock colony from which It was derived. 

Workers in the Rockefeller Foundation (1948) increased the 

susceptibility of Anopheles gu.adrimaculatus to Plasmodium 

gallinaoeum from 20% to 100% over a number of generations of 

selection. 	However they reported in 1950 that it had not been 
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found possible to develop a strain of this mosquito which 

was more resistant to infection than the original stock 

colony. Neither Trager nor the Rockefeller Foundation 

workers considered that their data supported the hypothesis 

that the factor controlling susceptibility behaved as a 

simple Mendelian recessive. 

Some investigators have reported negative or inconclusive 

results of selection. 	Negative results were obtained by 

Jeffery (1944* quoted by Kitzrniller, 1953) following an attempt 

to increase the susceptibility of Aedes albopiotixa to infection 

with Plasmodium, lpphurae. After six generations of brother— 

sister matings the data obtained by Boyd and Russell (1943) 

did not permit any conclusions to be made about the inheritance 

of susceptibility to Plasmodium vivax in individuals of 

Anopheles quadrimaculatus. 

Not only do some individuals of a susceptible mosquito 

species show complete resistance to infection with a species 

of malaria parasite, but there is, in addition, considerable 

variation in the numbers of oocysts which develop on the guts 

of susceptible females. 	It would appear that there is 

present, within certain mosquito species, an inherited 

specificity to infection and Huff (1935) considers it highly 

probable that the degree of susceptibility of an individual 

may also be hereditarily determined. In 1930 and 1934 in 

experiments in which he gave individuals of Oulex pipiene 



two chances to become infected with either Plasmodium 

cathsutoriuxn or Plasmodium relictuin he found that, not only 

did susceptible mosquitoes develop oocyste each time that 

they took an infective meal, but also a high correlation 

was found between the numbers of normal parasites resulting 

from the first and from the second feedings. 

ffovanitz (1947) ±oand no parent offspring correlation 

in strains of Aedee aegypti selected for high and low 

susceptibility to infection with Plasmodium gallinaceuin and 

concluded that, in his strain at least, a genetic basis for 

the differences in individual susceptibility could not be 

demonstrated. 	Working with the same host-parasite combination, 

Ward (1963) was successful in deriving a strain of Aede 

aegypti highly resistant to infection. 	In the last of 26 

generations of selection the mean cyst count in selected lines 

was reduced to 2% of control value. 	Selection for high oocyst 

numbers was discontinued after seven generations since only 

one response significantly higher than the controls was obtained. 

In a similar series of experiments with Aedes aegypti and the SB 

strain of Plasmodium gallinaceum Jones (1964) produced results 

essentially in agreement with those of Ward in selection for 

low susceptibility to infection and in addition was able to 

demonstrate a positive response to selection in lines selected 

for high s,j3ceptibility. 



Although the incidence and intensity of the malarial 

infection in a mosquito population Is determined, in at least 

some host-parasite combination, by the innate susceptibility 

or resistance of each individual mosquito, a number of 

factors external to the mosquito have been shown to influence 

the phenotypic expression of susceptibility. 	These factors 

fall into two categorloss those associated with the 

environment of the parasite prior to its ingestion by the 

mosquito; and those ascociated with the environment of the 

mosquito. 

The Infection of the mosquito is Influenced by factors 

in the vertebrate host which affect the Infectivity of the 

parasite. 	The gametocytes produced in different vertebrate 

hosts of the same species and in one vertebrate host during 

the course of an infection differ in their ability to Infect 

mosquitoes. 	Lumsden and Bertram (1940) noted in their 

experiments with Aedes aegypti and Plasmodium gallinaceam  

that the highest infections did not occur in those mosquito 

population which had fed on the chickens which showed the 

highest maximum numbers of parasites. 	In 1946 Cantrell and 

Jordan demonstrated that, at the peak of parasitaemla in the 

chicken, there is a pronounced tendency for the gametocytes 

of Plasmodium gallinaceum to become less infective to the 

mosquito species Aedes aegypti. 	This change was evidenced by 

a precipitate fall in oocyst numbers at a time when the number 

of parasites in the chicken - both asexual and sexual - was 

increasing. 
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Eyles (1951), working with the same combination of 

host and parasite, was unable to substantiate these findings, 

but his experiments differed from those of Cantrell and Jordan 

in that, whereas they were studying the severe parasitaexnlas 

initiated by blood inoculation Eylea was using lees intense, 

sporozoite-induced, infections. 

The relationship between gametocyte density at different 

stages of the infection in the vertebrate host and the 

resultant infection intensity in the mosquito was again 

investigated in 1955 by Huff and Marchbank. They studied 

seven combinations of host and parasite, including Aedes 

aegypti and Plasmodium gallinaceum, and their data entirely 

confirm the findings of Cantrell and Jordan. 	In addition, 

they demonstrated that the tendency for the gametocytes to 

become less infective to mosquitoes at the later stages of the 

infection in the vertebrate was not unique to Plasmodium 

gallinaoeum and Aedes aegypti. 

Of those factors in the external environment of the 

mosquito which may influence its ability to become infected, 

the relative humidity of the surrounding air may fluctuate 

within fairly wide limits without producing any affect upon 

the parasite. 	Mayne (1930), in experiments with an avian 

malaria parasite in Culexfatigane (= Oulex 24piens fatigans) 

and Plasmodium vivax in Anopheles etphensi and Anopheles 

eubpictus, concluded that provided the relative humidity 

was sufficiently high to enable the mosquito to survive then 



the development of the parasite was not affected. 	The same 

general view was shared by Huff (1941) who studied the effects 

of relative humidity on the infection of Culex pipiens with 

Plasmodium cathemerium. 	However, Ragab (1949) reported 

that at relative humidities of below 60% the numbers of 

000yete of Plasmodium gallinaceuxn which developed in Aedes 

aegypti., were reduced by a third. 

Extremes of temperature may affect the development of 

the parasite prior to its becoming established on the gut wall 

and prevent the formation of oocysts. 	Chao and Ball (1962) 

studied the effect of low temperatures on Plasmodium relicturn 

in Oulex tarsalis and found that chilling at 4°C had a 

deleterious effect on the young zygotes or ookinetee. 	If 

the mosquitoes were exposed to a temperature of 400 soon after 

biting, and maintained at that temperature for 6 days before 

being transferred to 260C, oocysts did not develop. 	However, 

chilling at 400 for 48 hours only, and subsequent incubation 

at 260C resulted in development of the parasite, although 

the sporozoitee produced showed a decrease in infectivity. 

At the other end of the temperature scale, Ball and Chao (1964) 

showed that only a few oocysts of Plasmodium reliotu, were 

formed in Culex tarsalia if the mosquitoes fed, at 35°C and 

were maintained at that temperature for more than 24 hours 

after biting. 

There is some evidence that smaller variations in 

temperature may influence the numbers of oocysts which develop 



on the gut wall and hence the incidence of infection in a 

mosquito population. 	Huff (1940) incubated populations of 

Culex pipiens, separately infected with three strains of 

Plasmodium cathemerium and a strain of Plasmodium relictum, 

at three different temperatures ranging from 22°C to 280C. 

Although he found that small temperature differences may play 

a part in determining the infection in the mosquito he did 

not consider his evidence to be conclusive. He did, however, 

state that no infections could be obtained with the M strain 

of Plasmodium cathmeriuni at 2200  unless the mosquitoes were 

kept at 28°C for 18 hours following the infective meal. 

In the same paper Huff reported that Plasmodium lophurae 

did not develop in Aedes aegypti at either 22 or 250C but 

that, at 2800,  oocysts were present on the guts of 21 out of 

55 individuals. More recently Vandorburg and Yceli (1966), 

working with Plasmodium berghei in Anopheles guadrimaculatu 

and Anopheles stophensi maintained at temperatures between 

14°C and 28°C, obtained a maximum incidence of infection 

between 18°C and 21°C and no infections at 28°C. 

If those factors associated with the environment of the 

parasite, before it is ingested by the mosquito, and the 

mosquito's environment are favourable to infection then it is 

probably the innate susceptibility of the mosquito which 

determines whether, and to what extent, it will become infected. 

Susceptibility and resistance are however phenotypic criteria, 

far removed from the primary activity of the gene (or genes) 



and the fundamental problem is how the initial activity of 

the gene is translated in terms of the chemistry of the 

organism into the eventual manifestation of the character. 

In the search for a specific basis for susceptibility 

and resistance the problem has been approached at two levels: 

firstly at the tissue level in terms of the structure and 

function of those mosquito tissues most closely associated with 

the parasite; and secondly at the cellular level in terms of 

the chemical composition and metabolic activity of the cells. 

The first important happenings after the gametocytes have 

been ingested by the mosquito are gametogenesis followed by 

fertilization of the macrogamete. 	That these processes 

take place normally in a species of mosquito which is not 

susceptible to infection was shown by Huff (1927) for 

Plasmodium oathemeriuxn in Asdes sollicitans, and again in 1929 

by Nicolaew and Yakowlewa for Plasmodium vivax in three 

species of culicine mosquito. 	Micks, de Caires and Franco 

(1948) demonstrated that exflagellation and fertilization 

of Flasmodiuineiongatum occur in the non-susceptible mosquito 

species Culex QuincuefasciatuB (= Oulex pipiene fatigans) 

but in Aedes aegypti and Anopheles quadrimaculatus, which 

likewise cannot be infected with this parasite, 

exflagellation was either totally inhibited or proceeded for 

only a short space of time. 	Because they were unable to 

obtain exflagellation in vitro but observed the process in 

the gut contents of Culex quinguefascj us and Ou.lex pipiens, 
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a susceptible species, they suggest that some factor in the 

stomach of the mosquito must be necessary to initiate the 

process. 

Yoeli and Upmanie (1968) studied the formation of 

ookinetes of Plasmodium berghei and found that, whereas no 

ookinetes were formed in blood drawn from an infected hamster 

and incubated at 21°C for 18 to 24 hours, blood ejected by 

Anopheles stephensi during the act of engorgement contained 

large numbers of ookinetes after incubation at the same 

temperature for the same length of time. 	They suggest that 

this effect may result from the addition of mosquito gut 

secretions to the blood in its passae through the gut which 

may trigger and enhance gametocyte fertilization. A 

comparison of the number of ookinetes present in the ejected 

blood droplets with the number of 000ysts which developed in 

the mosquitoes revealed a marked parallelism between the two. 

Blood in the mid—gut of the mosquito is mixed with the 

secretions of the salivary glands. 	These secretions may 

cause agglutination of erythrocytes and may inhibit 

coagulation of the blood (Cornwall and Patton, 1914; 

Yorke and Macfie, 1924; 	}iute, 1935;  de Buck, 1937; 

Metcalf, 1945). 	}IUtE (1938) showed that, under conditions 

in which the salivary secretion contains both an anticoagulant 

and an agglu.tinin, the agglutinated mass of red cells is 

free to fall to the bottom of the mid—gut and the malaria 

infection is established in this region, oocysts rarely 
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being found at the anterior end of the stomach. 	This occurs 

in Anopheles maculipennis and Shuts and lvraryon (1953) stiggested that 

the lower susceptibility of this species to infection with 

Plasmodium vivax when compared with Anopheles stephensi, a 

smaller mosquito which produces no salivary agglutinin and 

only a weak anticoagulant, may be explained by these 

differences in salivary activityi not only is the amount of 

gut area available for the establishment of the parasite 

reduced in the first mosquito species but also the ookinete 

has to travel further to reach the gut wall. 

During the time when the parasite is in the mid—gut 

of the mosquito it is subjected to the action of the same 

digestive enzymes as are the normal constituents of the blood. 

Huff (1927) suggested that a susceptible mosquito may be one 

in which digestion proceeds at a sufficiently slow rate to 

allow the development of the ookinete and its penetration 

of the gut wall to occur before it is destroyed by the 

activity of digestive enzymes. 	However he concluded, from 

his experiments with Oulex pipiens and Aedes sollicitaneg  

which are respectively susceptible and refractory to infection 

with Plasmodium catherneriurn, that the specificity of this 

parasite could not be explained on the basis of different 

powers of digestion in the two mosquito species. 	Subsequently 

Huff (1934)9  from a study of the histology of the blood meal 



and of the stomach epithelium of individuals of Oulex pipien 

previously infected with Plasmodium cathernerium and given a 

further blood meal, found no evidence for any difference 

in digestion between susceptible and non—susceptible 

individuals. 

A peritrophic membrane forms round ingested blood a 

few hours after the mosquito has taken a blood meal. 	In 

Aedes aegypti this structure is secreted by the epithelial 

cells and is initially a thick viscous layer. 	Later it 

becomes thinner and solidifies as a hard inelastic skin 

completely surrounding the blood meal (Stohier, 1957). 

Stohier studied the perforation and penetration of the 

ookinetes of Plasmodium gallinaceum through the peritrophic 

membrane of Aedes aegypti and concluded that, as the membrane 

becomes increasingly solid, it becomes more resistant to the 

passage of ookinetes until eventually it is totally impervious. 

He suggested that the observed r'le of the peritrophic 

membrane of reducing the number of ookinetes capable of 

further development in a susceptible mosquito species may 

throw some light on the factors underlying species specificity, 

Finally the structure of the mid—gut itself has been 

considered as a possible basis for the differences in 

susceptibility shown by different mosquito species. 	The 

histological structure of the mid—guts of four species 

of mosquito was studied by Pal (1943) 9  but he could find, no 
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evidence that the development of the malaria parasites in 

these mosquitoes was influenced by differences in the structure 

of this organ. 

Because the epithelium of the mosquito's stomach is the 

first tissue which the malaria parasite encounters, and 

through which it must pass to establish an infection, considerable 

attention has been paid to the mid-gut and its activity as 

the most probable source of those factors which operate against 

the parasite during the early stages of development. 	Hwever, 

Weathereby (1952) showed that although all the exogenous 

stages of Plasmodium gallinaceum could develop in the 

haemocoels of Aedes aegypti, and produce infective salivary 

glands, the refractory mosquito species Culex pipiens failed 

to support development of these stages even though the 

critical stomach-wall phase was by-passed. 	Similar 

experiments were carried out with Plasmodium fallax and tie 

susceptible mosquito species Aedes albo2ictus and resistant 

Culex pipiens and again development failed in the refractory 

species of mosquito (Weathersby 1960). 	The experiments 

of Weathersby provide convincing evidence that the factor 

responsible for resistance is not, in Culex pipiens, 

confined to the stomach wall, but is rather a characteristic 

of the whole mosquito. 

Biocheiica1 investigations have been principally 

concerned with studies of the effects of specific chemical 

compounds on the innate immunity to infection of the mosquito. 
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Terzian and his co-workers have tested the activity of a 

large number of compounds by adding them, in various 

concentrations, to the sugar solution which formed the 

uiaintainanoe diet of the mosquitoes. 	whose compounds 

which were found to be effective in altering host 

resistance are listed in Table 1. 	They were able to 

demonstrate that for a large number of these active compounds 

there is a specific optimal concentration above and below 

which the effect was reduced or absent. Certain compounds 

were found to reverse their effects at different 

concentrations. Thus, at low concentration, pyridoxine 

hydrochloride, Na3PO4, K 320 and MgCl2  all increased the 

resistance of Aedes aegypti to infection with Plasmodium 

gallinaceum whereas, at high concentration, they all 

increased susceptibility. (Terzian, Stahler and Miller, 

1953; Terzian and Stahler, 1960). 	Inositol too was 

found to show a reversal of activity but this compound 

increased susceptibility at low concentrations and, at 

high concentrations, increased host resistance (Terzian, 

Stahler and Miller, 1953). 

Whitman (1948), in similar experiments, found that 

the hydroxynapthoquinofle M2279 decreased the susceptibility 

of Aedea aegypti. to infection with Plasmodium gallinaceum. 

If this compound were given in the infective blood meal 

oocyst formation was completely suppressed. 
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TABLE I 

Compounds shown to affect the susceptibility of Aedes aegypti 

to infection with Plasmodium galiinaoeuni. 

Refer- Compounds shown to Refer- 
ence Increase Resistance ence 

1 Pteroglu.tamic acid 2 
1 & 2 Polio acid 2 
1 & 2 Terramycin 3 
2 Thiamin 3 
2 Niacin 3 
3 Calcium pantothenate 3 
3 Biotin 3 
3 ACTH 3 
3 NaIiO 4 

3 
L1a2J 	4 

3 NaHPO 4 

4 Na2HPO4  4 

4 KHPO 4 

4 K2HPO4  4 

4 aC1 4 
y(fl•  4 
Sodium citrate 4 
Oxytotraoycline 4 

Compounds shown to 
Increase Susceptibility 

Sulfanilamide 
Sulfad.i azine 
Para-aminobenzoio acid 
Aure omyoin 
Streptomycin 
Penicillin 
Chioromycetin 
Tyrothricin  
Ascorbic acid 
Insulin 
Thyroxin 
Indole-.3-acetic acid 
- napthaoxyaoetio acid 

NaOH 
KOH 
HOl 
H3204  

Citric acid 
Chlortetracycline 

Compounds shown to affect the susceptibility of Anopheles 

quadrimaciilatus to infection with Plasmodium gallinaceum 

Compounds shown to 	Refer- Compounds shown to 
Increase Susceptibility ence 	Increase Resistance 

?ara-aminobenzoio acid 	2 	Sulfadiazine 
Aureomycin 	 2 	Polio acid 

Terzian, 1950 
Terzian, Stahier and Ward, 1952 
Terzian, Stahier and i4iller, 1953 
.Lerzian axLd tahier, 196k). 

Ref er-
e rice 

2 
2 
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These experiments have shown that a diversity of chemical 

compounds may markedly influence the eu.ilibrium between 

the mosquito and the malaria parasite but the physiological 

changes induced in the host by the administration of thee 

compounds have not been characterised. 

Clark and Ball (1952) suggested that resistance and 

susceptibility to i:ifection with Plasmodium species may 

be explained on the basis of qualitative differences in the 

free amino acid content of different mosquito species. 

Using paper chromatographic methods, they analysed the 

amino acid constituents of Culex tarsalis, Oulex stigmatsoma, 

Aødes varipalpus and Culiseta incidens and were able to show 

that these four mosquito species differed in respect of the 

presence or absence of certain amino acids. 	However, 

Micks and Ellis (1951) were unable to show any qualitative 

differences in the amino acid contents of seven mosquito 

species belonging to the genera, Culex, Aed.es, Anopheles 

and Ouliseta (= Theobaldia). 

That the age of the mosquito affects its susceptibility 

was shown. by Terzian, Stalüer and Irreverre (1956) who 

demonstrated that, the older Aedes aegypti females grow, 

the more resistant they become to infection with Plasmodium 

gallinaceum. 	They found that, if the ageing mosquitoes 

were allowed to take a blood meal one week prior to infection, 

their susceptibility was equal to that of young individuals. 
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However, they were unable to correlate these changes in 

susceptibility to nitrogen or protein depletion and found 

that administration of the amino acids, glycine, tryptophan, 

phenylalanine and arginine in the sugar diet of the ageing 

mosquitoes produced no discernible effects on the host- 

parasite equilibrium. 	Subsequently Thayer and Terzian (1962) 

demonstrated that, over a five week period, the amount of 

free amino acids in the tissues of female Aedes aegypti 

maintained on sugar alone remained constant. 

The evidence as to the nature of those inherent 

factors which determine the susceptibility of a mosquito 

host to infection with a given species of malaria 

parasite is diverse. 	Certain factors have been shown to 

influence the relationship between certain hosts and certain 

parasites but in no host-parasite combination is the 

physiological mechanism underlying innate susceptibility 

and resistance completely understood. 	It is with this 

problem that the present investigation is primarily 

concerned. 

Two mosquito species have been selected for study both 

of which are susceptible to infection with Plasmodium 

gallinaceum. 	Aedes aegypti, a culicine mosquito, was 

chosen because it is highly susceptible to infection with 

this parasite, no individual being entirely resistant 

(Brumpt 1936). 	The large variations in individual 



-20 

susceptibility which Aedes aegypti exhibits have an 

established inherent basis (Ward, 1963; Jones, 1964) and 

there is an extensive literature relevant to the relationship 

between &lasrnodium gallinaceum and this mosquito species. 

Three anopheline species were considered as potential 

experimental host - Anopheles stephensi, Anopheles albimanus 

and Anopheles gu.adrimaculatu.s, all of which show partial 

susceptibility to infection with Plasmodium gallinaceum. 

(Gallie, 1963; Byles, 1960; Haas and Akins, 1947). 

Anopheles quadrimaculatus was eventually selected, primarfly 

on practical considerations, since it proved to be more 

easily maintained in this laboratory. 	It has however the 

additional advantage that, su.sceptiblity at least, has been 

shown to be an inherent characteristic of those individuals 

which exhibit it (Rockefeller Foundation, 1948). 

Species which are both susceptible to infection but 

show different levels of susceptibility were chosen for 

these experiments because such a combination allows 

considerable flexibility of approach. 	Comparisons may be 

made both within and between species and hence the evaluation 

of factors which may det8rmine resistance and susceptibility 

is possible in terms of more criteria than are avaiiabie in 

the situation in which one species is entirely refractory 

to infection. 
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CHAPTER II 

MATERIALS AND NETHODS 

This chapter contains only descriptions of those techniques 

which are applicable to the entire study. 	Special methods 

are included in the appropriate experimental sections. 

The parasite and its vertebrate host. 

The 83 Strain of Plasmodium gallinaceum (Brtirnpt) used in these 

experiments was obtained in 1965 from the London School of 

Hygiene and Tropical Medicine and was originally isolated in 

1959 by Dhanapala from domestic fowls in Ceylon. 	Since it was 

received in this laboratory the parasite has been maintained in 

Brown Leghorn chicks which were supplied by the Poultry Research 

Centre in Edinburgh. 	Infected birds were kept at a temperature 

of 27 - 300C and a light-dark cycle of 12 hours of light 

alternating with 12 hours of darkness. 	The chicks were allowed 

unlimited access to food and water. 

Transmission of Plasmodium gallinaceum from chicken to 

chicken. 

Syringe passage of the parasite has been utilized for all 

routine infections and inoculations were made as follows. The 

donor bird, normally one with a paraeita'.cL1ia in excess of 50%, 
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was killed by exposure to ether vapour and blood withdrawn 

from the heart using a 1 ml. tuberculin syringe and a size 

14 star stainless hypodermic needle. 	The required volume 

of blood was then injected into the leg muscles of each 

uninfected chick. 

It was necessary, for experimental purposes, to have a 

regular supply of chicks with a level of parasitamia suitable 

for mosquito infection and groups of four birds were inoculated 

twice weekly, each individual infection being passaged every 

seven days. 	To facilitate regular transmission, it was 

desirable that the pre-patent period in the chick should be 

of short duration and that the number of parasites in the 

blood should increase fairly rapidly. 	In practice it was 

found that the required infection criaraoteristics were obtained 

when the plasmodium was maintained in young chicks aged between 

7 and 21 days. 	An infective dose of between 0.3 and 0.5 mis 

of heavily parasitized blood, administered via the intra-

muscular route would normally result in the production of a 

blood infection suitable for transmission on the seventh day 

after inoculation in at least one of a group of four birds. 

Infections were also initiated by the intravenous 

injection of parasitized blood which was obtained in the 

manner previously described. 	The blood was mixed with a 

solution of heparin in physiological saline (concentration 

50 units/nil) in the proportions of 19:1. 	The brachial. 
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vein of the chicken was cleaned with methanol, allowed to dry, 

and the blood then injected into this vessel using a no. 20 

Star stainless hypodermic needle. 	The needle was inserted 

and the infected blood injected, in the direction of the blood 

flow in the vein. 	An infective dose of between 0.05 and 0.1 ml 

of blood injected intravenously resulted in heavy blood 

infections in all chicks on the fifth or sixth day after 

injection. 

o) 	Techniques associated with the detection of the parasite 

within the chicken and the estimation of parasite numbers 

ci) Preparation and staining of blood films 

Chance 3 x 1 inch microscope slides with ground edges 

were used for all blood films. 	New slides were cleaned by 

soaking overnight in a mixture of equal parts of alcohol and 

ether and were then polished with a clean dry cloth. 

Blood samples were taken from one of the wing veins or 

arteries of the chick and the site to be punctured was first 

wiped with alcohol and allowed to dry. 	The vessel was 

pricked and the first drop of blood discarded. 	A volume of 

blood was then drawn up into a pipette and a small drop placed 

near one end of each slide. A thin film was then made in the 

ueu.a]. manner (Shute and Maryon 1960). 

The blood films were allowed to dry in air and then 

fixed by immersion in methyl alcohol for about half a minute. 
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After washing with distilled water (buffered to pH 7.2) the 

films were stained in Giemea stain. 	The stock solution of 

stain, which was obtained from British Drug Houses Ltd., was 

diluted with distilled water in proportions of 1:9. 	Puma 

were stained for between 30 and 45 minutes and then washed in 

distilled water and allowed to drain, 

c2 	Counting parasites 

When thoroughly dry, the blood films were examined under 

oil immersion magnification (X570). 	The level of parasitism 

was estimated by counting the number of parasitized 

erythrocytes in random fields. 	Normally 1 9000 erythrocytes 

were examined and the resultant number of parasitized coils 

expressed as a percentage of total red cells. 	No distinction 

was made between those cells that contained only one parasite 

and those which were heavily paraaitizd.. 
* 

An estimate of the number of gametocytesresent was 

obtained by examining 5,000 erythrocytes. 	It was necessary, 

when counting gametocytes, to have some criteria for 

distinguishing between immature and mture forms. Mature 

gametocytes are characterised by their large size and by 

the distribution of the pigment granules. 	The latter are 

scattered throughout the body of the parasite and not 

concentrated in one region of the cell as they are in the 

asexual forms and in imiature gametocytes. 	However, these 
* 

During the course of this study it was noted that the shape of 

the gametocytes of this strain of P. gallinaceum did not always 

conform to that described for the gametocytes of the Brumpt (1935) 
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characters of size and scattering of pigment are found to occur 

in an evenly graded series and there is no sharp dividing line 

between maturity and immaturity. 

In this study the criteria adopted were those used by 

Cantrell and Jordan (1946) to distinguish between mature and 

immature gametocytes of the 8A strain of Plasmodium gallinaceum. 

They counted as mature all gametocytes that filled more than 

3/4  of the space between the nucleus of the cell and the red 

cell border. 	Most gametocytes of this size have their pigment 

widely scattered while smaller forms usually have their pigment 

granules concentrated in one region of the cell. 

C3) 	Counting red cells 

Red cell counts were made using the Oe].loscope, a high 

speed automatic particle counter manufactured. by AB Lars 

Ljungberg and Co., Stockholm. 	A blood sample 'as obtained 

by pricking one of the wing veins of the bird with a sharp 

needle. 	The first drop of blood was wiped off with a piece 

of rubber sponge and a 0.005 inl sample of the second drop of 

blood drawn up into a clean dry haemocytometer pipette of 

capacity 0.5 ml. 	The pipette was then filled with citrate 

saline solution, the resultant dilution of the blood being 

1100. 	The sample was then diluted with physiological saline 

in the proportion of 1*80,000 in the manner indicated below. 

* 
isolate. 	These morphological differences are described 

and discussed in the appendix. (appendix II). 



Volume of 	Volume of 
Sample 	Diluent 	 Dilution 

Dilution 1 	0.5 in]. 	10 ml 	 1:21000 

Dilution 2 	0.5 ml 	20 ml 	 1:809000 

The last dilution was counted three times in the apparatus 

using the method described in the accompanying handbook and 

the estimate of red cell number taken as the mean value of the 

three counts. 

A count normally takes about 45 seconds but the aperture 

through which the cells pass to be counted may easily become 

partially clogged with small particles and when this occurs, 

the counting time is extended and the value recorded is too 

high. For this reason the counting time was always checked 

with a stop clock and counts which took longer than 45 seconds 

to complete were not included in the estimate. 	All solutions 

used for diluting were filtered and checked in the apparatus 

to obtain the background value for the diluents. 	These values 

were then subtracted from the particle counts. 

The recorder registers directly the number of particles 

per cubic millimeter of the undiluted sample when the latter 

has been diluted in the proportion of 1:8. 	When, as in these 

experiments, the sample is further diluted it is then necessary 

to multiply the recorded count by the appropriate factor to 

obtain the number of cells per cubic millimeter of the original 

sample. 	The multiplication factor for a 1:800000 dilution 

is 10 



iioth red and white cells are counted by this apparatus 

but since WiLiC cells reoresont a relatively siall proportion 

of the total 'blood cells, approximately 1/, they have an 

insiruificant effect on the total count. 

a) 	The i:osquitoos 

The two species of iosquito used in those oxperinients 

were Aedes aeypbi (Linn) and Anopheles guadrimaculatus ('ay). 

A colony of hedos aei;ypti has been maintained in this 

laboratory for oveo ton years • 	4s of Anopholes 

guadri:aculatus were obtained, in October 1961, fro the -Ross 

Institute of Tropical Hyiene in .L4ondon. 	30tii species re,co 

bred in an insecbariuxu, i:aintainod at a L,oiorature of , 

and 	relative huraidity of between 75  and 	The iiht- 

dar,. riine corisise(J. of 13 hOurS of li:;iit alornatinwitii 

6 hour; of darness* 

di) 	oarin and Luaintdnanco of n. cpadriLaculatus 

The adults were confined in ca;es of external di;ensions 
H 	 ti 	 H 

x 1P :.r i'D , o'o'Lruc 	 town in Fir'. 1. 	atth' and 

and. white cell numbers in youn; ciiczens, given by turzie, 

(1965) 



Figure 1 	Diagram of Mosquito Breeding Cage 
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fertilisation occurred readily in a cao of this size and 

a fertilization rate of 100% was achieved. 	A petri-dish 

containing cotton wool saturated with a weak sucrose solution 

(approximately 10%)  and a water fountain were placed in each 

cage. 

Each day the females of the colony were offered a blood 

meal from a young (1 to 4 week old) chicken which was 

immobilized by a method which will be described later. 

Crystallising dishes, nine inches in diameter, containing 

tap water to a th3pti of approximately one inch, were provided 

for oviposition. A supply of tap water was kept in the 

insectarium in a large polythene container. 	This was re- 

filled whenever necessary and allowed to stand for at least 

24 hours before use to allow the water temperature to reach 

that of the room. Eggs were laid during the third or fourth 

night after the females had taken a blood meal. 

Because the eggs of anopheline species float and can 

easily become stranded on the aides of their container the 

following procedure was adopted to prevent loss of eggs 

through deoccation. 	Dishes containing eggs were removed 

daily from the breeding cages and placed on the bench. 	If 

necessary, extra water was added so that all the eggs were 

floating freely. 	The dishes were then covered to minimise 

water loss and left undisturbed until the larvae emerged. 

The eggs usually hatched within 48 hours of their being laid. 
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When hatching was complete, the larvae and the water 

into which they had emerged, were transferred to large 

circular polythene bowls (diameter 12 inches). 	Each bowl 

was covered with a sheet of glass which reduced evaporation 

and also prevented the escape of adults into the room. 

It was found that mortality was minimised and the developmental 

rate highest when the volume of water provided was just 

sufficient to cover the bottom of the bowl. 	The larvae 

feed at the water surface but very shallow water permits them 

to obtain food from the bottom of the bowl while still in 

contact with the surface (Peffly et al, 1946). 	Food which is 

not consumed by the larvae soon begins to decay and results in 

the formation of a scum on the surface of the water and on tle 

bottom of the dish. 	This proved to be rapidly fatal to larvae 

at all stages of development and care was taken to provide as 

nearly as possible only the necessary amount of food. 

The larval food, was Parex, a baby food manufactured by 

Glaxo Laboratories, Ltd., and small quantities of this were 

sprinkled onto the water surface each day. 	The young larvae 

(let and. 2nd inetar) were given finely powdered Farex, obtained 

by shaking it through a pce of netting. 	Later stages 

received the food material whole. 	After two days the cultures 

were divided, approximately 500 larvae being placed in each 

new bowl. 
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The developmental time of the larvae was variable and 

often considerably protracted. The minimum time between 

hatching of the eggs and the formation of pupae was 7 days 

but usually a further 14 days elapsed before all the larvae 

in the culture had pupated. 	)unae were collected daily 

and transferred to clean water in a crystallising dish; 

about 250  pupae to each dish. 	A small, netting covered, 

wire loop was used for handling both larvae and pupae. 

The dishes containing pupae were placed in the breeding 

cages and the adults emerged approximately 48 hours later. 

d2) Rearing and Maintenance of Ac. aeypti 

The adult breeding cages differed from those already 

described for A. quadrimaculatus only in that they were 

somewhat smaller, having external dimensions 12" x 12" x 12". 

A volume of one cubic foot was found to provide ample space 

for mating and fertilisation in this species. 

When eggs were required, adult fei1ales were given a 

blood meal from a young chicken and wet cotton wool in a 

petri-dish was provided for oviposition. 	-;, gGs were laid 
usually during the third and fourth nights after feeding. 

When oviposition was complete, the dishes were removed from 

the cage and left for two days for the cotton wool to dry 

and the eggs to be conditioned. 



When stored in the dry condition in the insectarium 

the eggs remained viable for some weeks and larval cultures 

were started, whenever necessary, by immersing a small piece 

of cotton wool, with the required number of eggs adhering to 

it, in water. Hatching occurred fairly rapidly and the 

majority of the eggs hatched within 24 hours of immersion. 

The methods used to rear the larvae of Aedes aegypti were 

essentially similar to those already described for Anopheles 

qu.adrimaou.latus. 	However, Aedes aegypti is much more resistant 

to adverse conditions than is the anopheline species and the 

larvae were correspondingly less exacting in their requireme1. 

The depth of water in the bowls could be varied within fairly 

wide limits, but a depth of about " was found to facilitate 

the collection of pupae. 	Overfeeding did not prove to be a 

problem and it was not found necessary to provide the early 

larval inetars with finely powdered Parex. However, over-

crowding was avoided, since it resulted in small pupae and In 

an extended developmental time. 	Two days after hatching, the 

culture was divided into a series of bowls, about 500 larvae 

to each bowl. With this larval density, pupation started on 

the 7th day after hatching and the whole culture had pupated 

by the 12th day. The time interval between pupation and the 

emergence of the adults was approximately 48 hours. 
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e) 	Infection of Mos(juitoes 

The mosquitoes were infected between three and ten clays 

after emergence and the infecting feed was always their first 

blood meal. The infected chicken was immobilised by a method 

similar to that described by Dunn (1932). 	The :eet were 

fastened together by a few turns of a narrow (l inch wide.) 

bandage and the bird placed on its side on a suitably shaped 

piece of rigid card. The legs were bound firmly to this 

frame and the head covered with a small bag of thick cotton 

material and similarly bandaged. Two turns of the bandage 

were then taken over the flank and finally the wing was bound 

in such a position that it was not overlying the flank. 

Both mosquitoes fed readily through the bandage and it was 

not found necessary to trim the feathers from the breast and 

flank. 

The chicken was exposed to the mosquitoes for up to 

30 minutes and then removed from the cage. i?ully engorged 

females were withdrawn, using a mouth suction collecting tube, 

and transferred to clean cages where they were provided with 

both water and suar solution. Infected females of 

e.a'ji were housed in small, netting covered, wire cages 

wilst fed females of A. auadrimaculatus 

wro :aintained in the larger ( 1 cubic foot ) cages 

previously described as breeding' cages for e. aeypti. 



Occasionally it was necessary to feed two populations 

of the same mosquito species simultaneously on one infected 

chicken. Cardboard drinking cartons, whioh were found to be 

suitable containers for the mosquitoes, were prepared by 

covering the open end with netting secured with a rubber band. 

The mosquitoes were introduced through a hole out in the base 

of the carton and this was afterwards plugged with cotton wool. 

The chicken was bound on its back rather than on one side and 

the netting covered end of a carton applied to each flank. 

The cartons were hold in position until a iufficient number 

of the females had fed. 	The mosquitoes were lightly 

etherised, shaken out of the carton and the fully engorged 

females collected and transferred to a cage. 

f) 	Techniques associated with the detection of parasites 

within the mosquito and the estimation of parasite numbers 

f 11 Dissection of mid guts and examination for oocysts 

Gut dissections for oocyst counts were made on the fifth, 

sixth or seventh day after feeding. 	The mosquitoes were 

killed by exposure to ethyl acetate vapour and the mid-guts 

dissected out into physiological saline using the method 

described by Shute and Maryon (1960). 	After dissection the 

mid-guts were transferred, by means of a fine camel hair brush, 
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into a drop of physiological saline ona clean slide. 	A 

drop of 2% mercurochrome solution (Eyles 1950) was added and 

the mid-gut stained for 10 minutes. The preparation was then 

covered with a cover slide, excess fluid removed with filter 

paper, and the gut examined for oocysts. Oocyst counts were 

made using a magnification of X100. 

f21 Dissection of salivarX glands and examination for 

sporozoite. 

Several methods of salivary gland dissection were tried 

but those found to e most reliable were the techniques of 

Shute (1940) and Stephens and Christopher (1903) both of which 

are described by Blacklock (1942). 	After dissection the 

glands were transferred to a small drop of saline on a clean 

slide and a cover slide lowered onto the preparation. 	The 

glands were examined for sporosoites under high magnification 

(x240). 

g) Transmission of Plasmodium Gallinaceum from mosquito 

to thicken, 

When sporosoite induced infections were required one day 

old chicks were immobilized by the method previously describa., 

and exposed to mosquitoes with mature salivary gland infectia. 
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Alternatively the mosquitoes were killed and the glands 

dissected out into physiological saline. 	The infected 

salivary glands were broken up by teasing with fine needles 

and the resultant suspension of sporozoites and salivary 

gland tissue injected into the leg muscles of a series of 

one day old chicks. 

Routine syringe passage was interrupted at 12 month 

intervals and the parasite passaged through Ae. aegypti. 
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CHAPTER III 

3ULTS I 

THE CHARACTERISTICS OF THE PIASMoDIUM GALLINACEUM INFECTION IN 

AEDES AEG1.'TI AND ANDPHELES QUA:DRIMAOTJLATUS. 

a) 	The susceptibility of Aedes aegypti and Anopheles 

guadrimaoulatu.a to infection with the 8B Strain of 

Plasmodium gallinaceum. 

The basic differences in su.eceptibility of the strains of 

As. aegypti and A. qiadrimaou1atu.s maintained in this laboratory 

were determined from data collected from a series of experiments 

in which populations of both mosquito species were fed together 

on a number of chickens with different levels of infection. 

The mosquitoes were maintained at a temperature of 2500  and 

dissected seven days after feeding. 	The mid-guts were examined 

for the presence of oocysts and the numbers of cysts on each 

Infected mid-gut were counted. 	The data from 36 such paired 

feedings are summarised in tables I and II in the appendix. 

al) The frequency distribution of oocyat numbers in 

Aedes aegypti and Anopheles quqdrimaculatas. 

Figure 2 shows representative frequency histograms of 

the oocyst numbers in infected individuals of both Ae. aegypti 

and A. quadrimaculatus, at different infection levels - as 

measured by the arithmetic mean of the oocyst counts in the 

infected females of Ae. aegypti. 	The numbers of cysts 

recorded in each mosquito population are included in the 
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appendix (table III). 	It is apparent that, for both 

species, at all levels of infection the distributions are 

not normal. Under conditions of high intensity of infection 

in Ae. aegypti the distribution is appreciably asymmetrical 

and can be considered as being positively skewed. 	In the 

remaining frequency diagrams, the asymmetry is extreme and 

they conform to the reverse J shaped type. 

It can be seen, from the form of these distributions, 

that the arithmetic mean does not convey any useful 

information about the level of infection in the population. 

Neither can the comparative methods of parametric statistics 

be applied to the data in this form. 	The variance and 

standard deviation of the oocyst numbers recorded in each 

infection experiment were calculated and, for both species, 

the standard deviation was found to vary directly as the 

arithmetic mean cyst count (See figure 3). 	The fact that 

these parameters are related in this way indicates that 

transformation of the data to the logarithm of the cyst 

numbers would provide a more sensitive basis for subsequent 

tests ( bnedecor, P. 320). 	Because many of the cyst counts 

were less than 10, the data were transformed to log(n + 1), 

such a transformation acting like the square root 

transformation for numbers up to 10 and differing little 

from a logarithmic transformation thereafter (Steel and 

Torrie, 1960 p. 157). 	figure 4 shows the distribution of 
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log(n + 1) of the cyst numbers whose frequency is 

represented in figure 2. 

The effect of the transformation is to produce an 

approximation to normality which is adequate for the 

application of standard statistical methods. 	Moreover, the 

mean of the logarithms provides a measure of central 

tendency. 	This corresponds to the geometric mean of the 

original cyst counts and, unless otherwise stated, the 

geometric mean of the cyst numbers is used to represent 

the intensity of infection in a mosquito population. 

Two parameters therefore normally used to describe 

the malaria infection in a mosquito population are, namely, 

the geometric mean cyst count of the infected individuals 

and the percentage of the population which becomes infected. 

a2) The relationship between the incidence and 

intensity of infection in both Aedes aegypti 

and Anopheles guadrimaculatus. 

The relationship between the percentage of the 

population infected and the mean cyst count is shown, for 

both mosquito species, in figure 5. 	The two measures 

of susceptibility are similarly related in both Ae. aegypti 

and A. quadrimaculatu.ss as the mean cyst count increases 

so also does the proportion of the population which becomes 

infected. 	An estimate of the degree of association between 

these parameters was obtained by poarman'e method of rank 

* hen the term 'mean' is used without qualification it 

refers to the geometric mean of the cyst numbers in 

infected individuals. 
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correlation (Snedecor p. 190). 	A non-parametric method 

was used because the product moment correlation is 

inappropriate to the data, neither variable being normally 

distributed. 	The values of r0, calculated for the two 

species, together with the 95% confidence limits and 

significance levels are given in Table 2, 

Table 2 

Species stimate oi r 95 	Confidence 
limits 

Signifi- 
canoe level 

D.f. 

Aedesaegypti + 0.87 +0.76 & +0.93 < 1% 34 

Anophe 1 es 

a1air11?ciLatu.s + 0.49 +0.19 & +0.(0 34 

The difference in the size of the two correlation 

coefficients was tested by a method described in 

Snedecor (p. 178)9  and was found to be highly significant, 

D- = 0.0012. 	It may be concluded that, although in both 

species there is a positive relationship between the 

incidence and intensity of infection, it is less strong 

in A. guadrimaculatus than in As. aegypti, 

a3) Infections. in Aedes aegypti compared with 

infections in Anopheles gu.adrimacalatas. 

Figure 5 shows that there is a clear separation in 

the susceptibilities of populations of Ae. aegypti and 

A. quadrimaculatas to infection with the 8B strain of 
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P glliaoeum. 	Infections in A. gu.adrimaoulatus are, 

for the most part, of fairly low intensity and only in 

nine of the 36 trials was it possible to infect 50% or 

more of the population. 	The distribution of points on 

the graph of infections in this species indicates that, 

in the event of high infection, an increase in the mean 

cyst count was not accompanied by a corresponding increase 

in the proportion of individuals infected. 	The maximum 

proportion of the anopheline population which it was 

possible to infect was 72%. 	The  99% confidence limits 

of this estimate, which is based on a sample of 50 

individuals, are 53% and 86% (Snedecor, P.  5), and the 

presence of an entirely refractory element in the population 

is therefore very strongly indicated. 	In contrast, 

Ae. aegypti is highly susceptible to infection with this 

strain of the parasites in 18 of the 36 experiments the 

whole population was infected. 	Evidently the development 

of the 8B strain of P. galliaaceuin can proceed, at least 

to the oocyst stage, in all individuals of this mosquito 

species. 

Although figure 5 illustrates that there is a 

difference in the susceptibilities of the two species, 

it civea no indication of how the level of infection in 

Ae. aeyptj is related to the infection level in 
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A1 guadrimacu.latue under the same conditions of infection. 

The relationship between the incidence of infections in 

populations of Ae. aegypti and A. guadrimaoulatu.s, fed on 

the same infected chicken, is shown in figure 6. 

Figure 7 illustrates the relationship between the mean cyst 

counts in infected individuals of the two species. 

Spearman's method of rank correlation was again 

u.tilised to estimate the degree of association between 

these quantities. 	Table 3 summarizes the results of this 

analysis. 

Table 3 

Uoiparison 95clo Confidence igni-. D. f. 
o:C 	rç  J..:Laits iicance 

Incidence of 1vel 
infection in  
e. 	aegypti + • 62 27 	+0. 7 1p 34 
and A. Qadri1aculatus 

Intensity of 
infection in 
infected individuals +0.42 +0.11 & +0.65 34 
of Ae. aegypti and 
A. 	aj.iadrimacu.latus 

There is no significant difference between these 

estimates of r5. 	There is thus a general tendency for a 

high incidence and intensity of infection in Ae. aegypti 

to be associated with a high incidence and intensity of 

infection in A. gu.adrimaculatus and for low infections in 

the two species to be similarly related. 



0 20 40 60 80 100 

Percentage Infection in Anopheles quadrimacuIatu 

FIGURE 6 The relationship between the percentage infection in samples 
of Ae. aegypti and A. quadrimaculatus fed in paired groups 
on different chicks with different levels of infection. 



(40 
a- 
0' 
0 

120 
70 

0 
(00 

U 

so 
L 

60 

.4- 
0 	40 

100 

00  
ato  2: 

0 	20 	40 	60 	80 	100 

Geometric Mean of Cyst Numbers in 

Infected Anopheles guadrimaculatus 

FIGURE 7 The relationship between the geometric means of 000yst numbers 
in samples of Ae. aegypti and A. quadrinaculatus fed in paired 
groups on different chicks with different levels of infection. 



-42-. 

The range of cyst numbers in the anopieline 

populations was frequently considerably less than the range 

in the corresponding populations of Ae. aegypti. 	In some 

experiments, however, the cyst maxima in A. guadrimaculata 

equalled, and sometimes exceeded, the maximum cyst count 

in Ae. aegypti. 	Under certain conditions of infection, 

therefore, there are individuals in the anopheline species 

whose susceptibility to infection is as great as, or greater 

than, that of tue generally more susceptible cu.licine 

:osqmito. 	LL:;hiy infected females are few in number and 

their presence in a population merely lengthens the tail 

without affecting the shape of the frequency distribution 

of cysts. 	This is illustrated by the frequency histograms 

in figure 2. 

b) Infections in Aedes aegypti and Anopheles 

uadrimaculatus and their relationship to the 

number of gametocytes in the infecting blood meal 

and to the stage of the infection in the chicken. 

Populations of Ae. aegypti and. A. gwdrimaculatus 

were fed together daily over the range of the infection in 

three chickens. 	An etimate was made, at the same time 

each day, of the numbers of red cells in the blOod and a 

blood film, for the determination of parasite numbers, was 

also made. 	The mosquitoes were allowed to feed for thirty 

minutes and those which had engorged fully were then 
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collected. 	The experiment was continued until terminated 

by either recovery or death. 	The mosquitoes were dissected 

after maintenance for 7 days at 2500,  and counts made of 

the numbers of uninfected individuals and the numbers of 

'-'cysts on the guts of those individuals which became 

infected. 

The data from these three experiments are presented 

graphically in figures 8, 9 and 10 with error bars 

representing 950/lo confidence limits. 	The confidence limits 

for the percentage estimates were taken from table 1.3.1. 

in Snedecor's Statistical Methods and are calculated on 

the basis of a binomial sampling distribution. 	The 95% 

confidence limits for the geometric mean of the cyst 

counts were calculated, by the usual methods, from the 

transformed data and then re—transformed to the original 

units. 	The 95% confidence limits of the estimates of 

the numbers of gametocytes in one cubic millimeter of 

blood were calculated in the following manner. Because 

in any sample of infected blood the incidence of 

gametocytes is very low (up to 3% of total parasites,v.i.) 

it was assumed that the distribution of counts would be 

Poissonian in form. 	The procedure used to obtain the 

confidence interval for the mean of a Poisson distribution 

is given by Fisher and Yates (1957). 	The values for the 

errors obtained thus were converted to a percentage of the 
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observed value and 2.5 added to each percentage error. 

2.5% is the maximum error associated with counting red 

cells in the Celloscope. 	The confidence interval for 

each estimate was then derived from the composite 

roentage error. 

bl) 	The characteristics of the Plasmodium 

gallinaceuni infections in the three experimental 

chickens. 

The chickens used in these experiments were of 

similar age and all were infected by the intramuscular 

inoculation of parasitized blood. 	The resultant 

infections differ with respect to the rate of increase of 

the parasite after its appearance in the blood and also in 

the ultimate effect of the parasite upon the chicken. 

In experiment 1 the parasitaemia increased relatively 

slowly, reached its maximum level when 55% of the erythrocytes 

contained parasites, and the chicken then recovered. 	The 

bird used in experiment 3 was similar in terms of the 

maximum intensity and outcome of the infection, but the 

parasite increased In numbers more rapidly. 	The proportion 

of red cells parasitized rose from 4 to 57% over a period 

of 3 days. 	The same increase in parasitaemia was recorded 

in the first experiment between days 8 and 13 - a time 

interval of 5 days. 

In the second experiment of the series, the number of 

parasites in the blood increased very rapidly and the bird 

died on the day following that on which the last reading was 
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taken. 

In figures 8, 9  and 10 the gametocyte counts are 

combined with the red cell counts to provide an estimate of 

the numbers of gametocytes in one cubic millimeter of blood. 

It is this quantity which is important in terms of the resultant 

infection in the mosquitoes since it gives an indication of the 

numbers of gametocytes in the infective blood meal. 	The daily 

counts of gametocyte numbers, expressed both as the number 

per 5,000 erythrocytes and as a percentage of total parasites, 

are shown in Table 4. 

No gametocytes were encountered in 5,000 red cells, on the 

first day on which mosquitoes fed in experiments 1 and 3. 

The gametocytes represented a low proportion of the total 

parasites in all three experiments but the data indicate a 

greater abundance of sexual forms in the infection used in 

experiment 2. 	In view of the large errors associated with 

counting gametocytes however, and the fact that it was only 

possible to make three estimates of the gaetocyte numbers in 

this infected chicken, definite conclusions cannot be reached. 

The changes in red cell number were similar in all three 

experimental animals. There was a gradual fall in the red cell 

count as the numbers of parasites increased. 	The daily estimates 

of red cell numbers are shown in Table 5. 
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Table J 

DM OIT EX-1 	IMN 

Experiment 5 6 7 8 9 10 II 12 13 JJ 15 
Number  

Gametocytes in 
5,000 red blood - 1 3 5 9 17 35 48 23 37 
celle 

95 	Confidence 
limits - 0-6 1-9 2- 

12 
4- 
17 

- 
27 

22- 
49 

34- 
64 

13- 
35 

24- 
51 

Gaznetocytes as a 3. 
percentage of 
total parasites - 0.9 1.3 1.1 0.9 1.2 1.5 1.8 0.9 1.4 

Gametocytes in 
5,000 red blood 
cells - 18 37 60  

95 	Confidence 21- 44,- 
limits - 9- 51 77 

2 
28 

Gametocytes 86 

a percentage of 
total parasites - 2.8 2,1 1.7 

Gainetocytee in 
5,000 red blood 
cells - 10 17 21 17 

95 	Confidence 
limits - 3.- 

18 
E- 

. 27 
- 

32 
8- 
27  

3 

G&netocytes as 
percentage of 
total parasites - 0.9 0,9 0.8 1.5 
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rfl-1- - - 	c 

xt. 6 7 8 9 10 11 12 13 14 15 
:o. 	of 
Red cells 1 2.0 1.(F-)' 1.7 1.6 1-5 1-3 1-3 1-1 1.5 1.11  
X 4 	.LJ 	in 
1 mm3  

2.1 1.7 1.6 1.3 1.3 blood 

b2) 	The incidence and intensity of infection in 

Aedes aei"yoti and Anohe1es civadrimaculatus -------------- .--- 	- --- --------- ------- 

b2.l.) 	The analZsis of the data 

In order to determine whether the geometric mean values 

obtained for the cyst counts in the mosquito populations 

infected on different days were differentiated by causes 

other than sampling fluctuations the method of analysis of 

variance (Snedecor ch. 10) was applied to the transformed 

data for each of the three experiments. 	Bartlett's test for 

homogeneity of variance (Snedecor p. 287) was first used to 

test whether the sample variances were sufficiently alike to 

warrant the assumption that they are independent estimates 

of the same population variance. 	The chi - square values 

obtained are listed in Table 6. 

Because there is evidence from Bartlett's test that the 

variances of the populations of Ae._aqgypti in experiment 2, 
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and of 	ouacirirnacuJLatus in experiaent 5, 	, 

form of the analysis of variance was used ior 	 of 

data (Sned.ecor p.  288). 	The P values, numbers of degrees 

of freedom and significance levels are shown in table 7. 

Table 6 

eu cejti rie 1 eaadriiaaculatus 

.f. . robabi1it 	f 
reater Value 

/2 D. f. babi.lity of 
ooater Value _ 

1 j, .259 0.25 11.94 0 

- 

2 9.41 2 0.01 3.72 2 0.25 

3 (7.005 

* In one population in this seies all the at 

infected with the same number of cysts. 	Hence this 

sample could not be included in the analysis. 

PDh]c 7 

A.edes Aegjpti AiioieJes audruucu1atue 

iixpt. 1?1.j.fj D.f2  ignii- 
CoiCe 
7LovJ.. 

i D.f D,f, Signifi—
cance 
level 

1 9 23 0.57: 1. 	J. 25' 

2 16.90 2 56 0.5 1.11 

3 1.1.' 4 213 25/" 2.66 3. 



Hence the sub-samples of Ae. aegypti in experiment 3 could all 

have been drawn from the same parent population and the same 

is true of the sub-samples of A. guadrimaculatus in 

experiment 1 and in experiment 2. 	In those experiments in 

which there is convincing evidence of differences amongst 

the means a method described in Snedecor (p.  251) was 

utilised to determine the number of differences. 	The results 

of this analysis for the As. aegypti samples in experiment 1 

are included in the appendix (Table 4). 	The main point to 

be noted here is that the infection intensity on day 13 was 

significantly lower (c 5% level) than it vas on days 8 and 15. 

A significant difference was found between all the mean cyst 

counts for the As. aegypti samples in experiment 2. 	It was 

not found possible, using this method, to detect significant 

differences between any of the mean cyst counts for the 

A. guadriinaculatue populations in experiment 3. 

The data on the incidence of infection in each mosquito 

population on different days of the experiments were analysed 

as follows. 	The proportion of the populations with and without 

oocysts on each day were compared with the mean proportions for 

the whole experiment, using the chi-square statistic. 

Table 8 shows the calculated values of chi-square for the 

three experiments. 
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Table _2 

Ade a aegypti A.nophel 	cmxadrimaculatus 

D. f. Probability 
Greater Value 

D.t. ±obability of 
(rea:ter Value 

I 2 0.0)5 7 	14 0.005 

2 2 	o 2 0.005 1. 606 2 0.5 

3 15.33 4 u.OUS 29.10, 4 0.005 

Thus for ike. aegypti in all three experiments and for 

A. guarimaculatu.s in experiments 1 and 2 the proportions of 

the populations which became infected on different days show 

significant variations about their mean value. 

b2.2.) The infections in Aedes aegypti 

In all three experiments there is a close correspondence 

between the changes in the geometric mean cyst count and in the 

percentage of the population infected. 	Only in experiment 1 

are there sufficient readings to permit an estimate to be 

made of the degree of association between these measures. 

The method of rank correlation (Snedecor p. 190) was applied 

to this data and a value of +0.94 obtained for r0 (p 0.99) 

with 95% confidence limits of +0.76 and +0.99. 	It is thus 

reasonable to consider changes in either parameter to be 

representative of changes in the infection of the whole 

population. 	This point is especially relevant to experiment 

3 in which no difference could be detected between the mean 
Eq cyst counts but where the percentage of the population 

`4 

.. 

Li~ 

infected showed significant variations. 
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Only in experiment 19  in which the largest range of days 

of infection was covered was it possible to observe an 

initial increase in the infection in the mosquitoes as 

the numbers of gametocytes increased. 	The main trend which 

is apparent in all three experiments is a decreasing 

intensity of infection in the mosquito population coincident 

with a continuing increase in the numbers of gametocytes 

in the blood. 	In those experiments in which the chicken 

recovered, the lowest infections in the mosquitoes were 

recorded on the day on which the highest numbers of 

gametocytes were recorded in the chicken. 	This was one 

day prior to what was estimated to be the peak of 

parasitaemia. 	After this time the incidence and intensity 

of infection in this mosquito species began to increase. 

b2.3.) The infections in Anopheles guadrimaouiatus 

- The correspondence between the geometric mean cyst count 

and the percentage of the population which became infected 

on a given day, is for this species, obviously less close 

than it is for Ae. aegypti. 	For experiment 1 the 

calculated value of r5  was +0.13 with 95% confidence 

limits of +0.70 and -0.54, which indicates practically 

no relationship between the two measures of infection. 

Because it was not possible to show a significant difference 

between the daily mean cyst counts in this, or any other 
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experiment the validity of applying this statistical 

test is open to question. 

The mean cyst count canges little during the 

course of an experiment. 	where is, however, in contrast 

to the situation in Ac. aegypti, a tendency for the 

highest mean cyst count to coincide with the highest 

numbers of gametocytes. 	The proportion of the population 

which becomes infected begins to decrease some days before 

the peak of parasitaeniia. 	Comparison of the timing of 

this decrease with the decrease in infection incidence 

in Ac. aegypti is difficult because, once 10Qk infection 

has been achieved in Aedes, no change can be recorded 

until the level again falls below lOO, 	If the mean 

cyst count in Ae. aegypti is taken as an equally valid 

measure of infection then the level of infection in 

populations of A. quadrimaculatus begins to decrease later 

than it does in AC. aegypti 

Whereas the infections in Ae. aegypti began to 

increase after the peak of parasitaemia in experiments 1 

and 3 the portion of the A. quadrimacu.latu.s population 

which became infected continued to decrease. 

One very interesting finding of this experirnentil 

series is that on one day in each experiment the 

infections in the two mosquito species, as measured by the 

mean oocyst count, reach very similar levels. 	This occurs 



on the day prior to the peak of parasitaemia in experiments 

1 and 3 and on the day prior to the death of the bird in 

experiment 2. 

b24) 	The frequency distributions of cyst numbers in 

Aedes aeypti and Anopheles Quadrimaculatue 

The geometric mean of cyst numbers provides a measure of 

infection in a mosquito population and facilitates comparisons 

at different stagee of the infection in the chicken. 	An 

indication of the response of the individual mosquito to 

variations in quantity and quality (Cantrell and Jordan, 1946) 

of the gametocytes is given by the frequency distributions of 

the cyst numbers recorded on each day of the experiment. 

Figures 11, 12 and 13 show the distributions for both 

species in the three experiments. 	Most were of the reverie 

J type, the nearest approximation to normality being found in 

the first As. aegypti populations infected in experiments 2 and 

3 when gametocytes were most infectious. As the infection level 

in the chickens rose, there was a progressive lengthening of 

the tail of the distributions coincident with an increase in 

the proportion of individuals with low cyst counts. Apparently, 

during the course of chick infection individual mosquitoes 

respond differently to the changing situation: when infections 

in most culicines are decreasing, the most susceptible are 

becoming increasingly heavily infected. 	There did not seem, 

to be a consistent relationship in these three experiments between 
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the day on which the most intense girt infections were recorded 

and the peak of either paraeitaemia or gametocytaemia. 

Distributions of cyst numbers in populations of 

A. guadrimaculatue fed at intervals during the course of 

infection in the chicken, showed changes similar to those 

described for As. aegypti. 	In experiment 1, infections 

were of low intensity and the numbers of infected individuals 

insufficient to permit comparison of cyst number distributions 

within the series. An increasing range of infection intensity 

was however apparent in experiments 2 and 3 as the numbers of 

gametocytes in the infecting blood meals rose. When gametocytes 

were most abundant, maximal infections in A. guadrixnacu.latus 

equalled or exceeded those in As. aegypti. 

b3) 	Changes in Infectivity of Gametocytes 

The preceding sections have been concerned with 

changes in the infection of mosquito populations fed at 24 

hour intervals during the course of an infection in the chicken. 

Visual comparison of the graphs of mosquito infection and 

gametocyte density indicated that cianges in the former were 

not always rel:ted to changes in gametocyte numbers. 	The ratio 

of oocyst to gametocyte numbers was calculated for each day of 

the three experiments and the values obtained are shown, plotted 

against time, in figure 14. 

A single measure of mosquito infection was obtained by 

taking the geometric mean of the numbers of ooeysts (n + 1) 

recorded for all individuals, both infected and non-infected. 
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The oocyst-gametocyte ratio was then calculated as equal to - 

geometric mean cyst count for total population 

number of gametocytes in 1 cu. mm. of blood 

The changes which occurred in this quantity gave an indication 

of the relative infectiousness of gametocytes at different 

times during the infection in the chicken. 

Experiment 1 provided the fullest record of these changes. 

A decline in infectivity was apparent from the time when 

gametocytes could first be detected in the blood and 

infectivity was lowest on day 13 when gametocytes were most 

abundant. Infections in both mosquito species reflected this 

decreasing infectivity* on day 13 the oocyet-gametocyte ratio 

was reduced to 1% of its day 7 value for Ae. aegypti and to 0 

of its day 7 value for A. Quadrimaculatus. This indicates a 

greater decrease in infectivity for Ae. aegypti but the oocyst-

gainetocyte ratio is not a highly accurate measure and definite 

conclusions cannot be drawn. The graphs for experiments 2 

and 3 each correspond to a part of total graph for experiment 1. 

The phase of rapidly decreasing infectivity was recorded in 

experiment 2. Experiment 3 confirmed the increased infectivity 

for Ae. aegypti after the peak of gametocyte production. 	Again 

the gametocytes did not appear to become more infective for 

A. guadrimaculatils. 
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c) 	Short term changes in the infectiousness of the bloo4. 

Experiments were carried out to determine whether there were 

large changes in the ability of the parasite to infect mosquitoes 

during a time interval of one hour. Counts were made of the 

numbers of red cells, asexual parasites and gaetocytee in the 

blood of an infected chicken and populations of As. aegypti fed 

for consecutive 30 minute periods. Blood samples for parasite 

counts were taken every 60 minutes and a second estimate of 

red cell numbers made at the end of each experiment. Fed 

mosquitoes were maintained at 2500  for 7 days, dissected, and 

000yst numbers recorded. After testing the tranformed data 

(log (11. + 1)) for homogeneity of variance (Snedocor p.  96)9  

t-statistics were calculated for the difference between mean 

values, using the appropriate form of the t test (Snedecor oh. 4). 

The results of four experiments, each of which comprised 

two feedings, are given in table 9. 	Red cell, parasite and 

gametocyte numbers showed only small fluctuations and no 

differences were apparent in mosquito infections. 

Figure 15 acioww data from two experiments in which ten 

separate populations of Ae. aegypti were Led over a period of 

five hours. No large changes in red cell numbers were recorded 

in either experiment and the proportion of parasitized 

erythrocytes remained fairly constant. Gametocyte counts 

were less regular but the changes in mosquito infection did 

not appear to be related in any way to changes in gametocyte 
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- 
Experiment I Experiment 2 Experiment 3 Experiment 4 

Time Time Time Time Time Time Time Time 
0 +60 0 +60 0 +60 0 +60 

mine mine 
1,10. 	of A 
passages 
after 
mosquito 7 
infect i.c- 
(days)  

Age of 
chicken 7 P l() 10 

infect 
(days) 

Age of 
infectLrr 7 
in ohic1ei 
(days)  

Rod cells fl3 1j3 38.4 39.1 IF,P 11 hO 0.9 
infected 

o. of 
gametocytes 5 7 PR P7 0 8 0 0 
in 5,000 
Red. cells 

No. of Red 1.Sx 1. 8x 1. 5x L 5 1.8r L9r '...:: 
coils in 
1 me3 blood io6  i$ io6  icy 

B No. 
dissected 50 50 50 50 SC) 50 30 30 

No. 
infected 45 46 49 47 47 44 15 16 

Ceome 1. ric 
mean cyst 21.9 P 31.9 2!. C 1. &7 1' 

t = 0.257 t = 0.564 t = 0.5.57 t = 0.101 
p 	0.500 p = 0.500 p = 0.500 p = 0.500 

A - Infect ion in the chickens 

B - Infection in 
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number. 	The overall tendency in experiment 3. was for the 

infection level in the mosquitoes to decrease during the five 

hour period; no trend was apparent in experiment 2. Because 

it was here the intention to determine whether significantly 

different infection levels could occur in mosquito populations 

which ingested blood whose infection age differed by an average 

of only 30 minutes, t-statistics were calculated for the 

differences between consecutive mean cyst counts. Changes 

whose probability was 0.05 or less are shown as broken lines 

on the graph of mean cyst counts in figure 15. 	On three 

occasions the infection level showed a significant 

depression and on two a significant increase. 

The results obtained from a total of 22 comparisons 

of two populations of As. aegypti, fed within 60 minutes of 

each other, indicate that significant differences in mosquito 

infection levels may be recorded within this comparatively 

short space of time but increase and decrease are equally 

probably events. 

d) The development of Plasmodium galllnaceu.min 

Aedes aegypti and Anopheles Qu.adrimacu.latus after 

the parasite has become established on the gut wall 

Large populations of As. aegypti and A. guadriniacalatue 

were fed together on the same infected chick, collected 

and maintained at a temperature of 28°C. Pour days after 



feeding and for -61-lie following five days samples of 

25 individuals of each species were dissected and after 

staining the mid-guts were examined for oocysts. 	Cyst 

diameters were measured with an eye-piece micrometer at 

a magnification of X240. 	Twentyfive measurements were 

made on each mid-gut unless less than this number of 

cysts were present when they were all measured. 	Care 

was taken to ensure that the fluid under the cover-

glass was sufficient to prevent it from flattening the 

gut and distorting the oocysts. 	After the sample had 

been measured a count was made of the number of cysts 

present. 

On the sixth day after infection and on every 

subsequent day until day 10 the salivary glands were 

examined for the presence of sporozoites. 

Data on cyst diameter were analysed in micrometer 

units - 1 micrometer unit equals 2.7&. 	The oocyst 

diameter was taken to be characteristic of its size and 

diameter and size are here used synonomou.sly. 

l) Variation in size of oocysts in Aedes aegypti 

and Anopheles guadrimaculatus. 

There was considerable variation in cyst size 

within individuals of both species. 	The arithmetic 

mean and standard deviation of cyst diameters are listed 
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in table V in the appendix. 	Also included in this table 

are the total numbers of cysts present in each infected 

mosquito. 

The arithmetic mean cyst sizes in different 

individuals of the same species/day group also showed 

large variations. 	The frequeney distributions of these 

mean cyst diarnters are shown, for both species, in 

figure 16. 	To determine whether the variation between 

individuals was significantly greater than the within 

individual variation an analysis of variance was applied 

to the data for days 4, 5 and 6. The data were first 

tested for homogeneity of variance using Bartlett's test 

and the results are shown in table 10. 
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iaodified form of the analysis of viriance (Cnedecor 

P. 288) was used for those populations in which the variance 

was heterogeneous. 	The values of P obtained, degrees of 

freedom and signifianee levels are listed in table 11. 
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Table LI 
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variance was between individuals and it can be concluded that the 

mean oocyst sizes in different mo3quitoes were differentiated by 

causes other than random sampling effects. 

d.2) 	The relationship between cyst size and intensity of infection 

The method of regression analysis (Snedecor oh. 6) was used 

to determine whether the mean cyst size in an individual mosquito 

was in any way related to the number of cysts on the gut wall. 

The intensity of infection in each mosquito, transformed to 

log(n + 1), was taken to be the independent variable (X) and the 

mean cyst diameter as the dependent variable (Y). 	Figure 17 

shows how these quantities were related in the two species on the 

first three days of the experiment. The regression coefficient (b) 

was calculated for each set of data and a test of significance 

made. 	The sample regression of Y on X is drawn on each graph 

but only on day 4 in As. aeypti was there a sod fit between the 

regression line and the data. 
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A measure of the degree of association between the mean 

cyst diameter and log (n + 1) was obtained by calculating the 

sample correlation coefficient (nedecor p. 162). 	The values 

obtained for r, their 95% confidence limits and significance 

levels are shown in table 12. 

12 
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I 

day 4 her w 	a high positive correiHt1ox beteei cyst 

size and number (log(n + 1)) in individuals of Ae. aegypti but 

this relationship was no longer apparent on days 5 and. 6. 

There was no significant association between infection intensity 

and mean cyst diameter in A. Qu.qdrimaculatu.s, 

d3) 	Changes in cyst size over time in nede aeFiijti and 

Anopheles guadrimaculatus. 

The size distributions of all cysts ireastred on each 

day of the experiment are shown for both species in figure 18. 
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In Ae. aegypti there was a greater range of cyst size on all 

days except day 4 and an initially normal distribution became 

increasingly negatively skewed. 	vident1y not all cysts were 

growing at the same rate. 	On day 10 there were still many 

small cysts in the population, some no bigger than the smallest 

size recorded on the first day of the experiment. 	A similar, 

but considerably less marked distribution shift was apparent 

in A. gudrimacu.1atu.s and the frequency of small cysts was 

low. 

The histograms in figure 18 were formed by the summation 

of all the individual frequency distributions and the 

contribution made by each mosquito can be seen for days 4, 

7 and 8 in figure 19. 	The individuals are listed in order of 

increasing infection intensity. It can be seen that the 

composite frequency diagrams reflect the distribution of cyst 

size in most As. aegypti. 	Cysts of 9 unite or less in 

diameter (24.3 or less) were present in nearly all 

individuals on days 6, 7 and 8, although some contributed 

more than others to the tail of the total distribution. 

In contrast, very few A. quadrimaculatus contained cysts of 

tais size and those which did tended to be the ones which 

were most highly infected. 

Examination of the histograms in figure 18 suggests 

that, although there were more small cysts in Ae. aegypti, 
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than there were in A. guadrimaculatus, the majority of 

cysts in the culicine mosquitoes were growing more quickly 

than they were in the anopheline species. 	On day 4 the 

modes of these size distributions occurred for both species 

between 10 and 12 units (27 - 32.4 ). 	The size at which 

cysts were found with greatest frequency increased daily, 

reached its maximum in Ae, aegypti on day 6 and was little 

enanged thereafter. In A. quadrirnaculatas the mode moved 

more slowly than in Ae, aegypti and did not reach its final 

position until day 7 when cysts in both species were found 

in greatest frequency in the size range of 18 - 21 unite 

(48.6 - 56.7 .). 

Ruptured cysts were first seen on day 7 	in 1are 

numbers in most Ae. aegypti and in small numbers in some 

A. quadrimacu.latus. 	An estimate was made of the numbers 

of cysts lost from the population on each day by comparing 

the daily counts of intact cysts. 	The differences between 

consecutive counts were converted to a proportion of the 

measured sample and the values obtained are shown as shaded 

areas on the histograms. 	Although these estimates are 

innaccurate in that they are influenced by differences in 

infection intensity encountered in different mosquito 

samples they give an indication of the proportion and the 

size of the cysts present on one day which were not 

represented in the distribution on the next day. 



About 600/a of the cysts were estimated to have ruptured 

in Ae. aegypti between days 6 and 7 compared with only 2114 in 

A. quadrimaculatus, bt the cyst numbers in the anopheline 

mosquitoes fell by 70% during the next 24 hour period. It 

can therefore be concluded that, although some cysts in 

A. guadrimacu_latus ruptured between dtye 6 and 79  the 

majority of cysts in this species took a longer time -to reach 

maturity than did most cysts in Ae. aegypti. 

A similar series of measurements of cysts growing in 

Aso  aegypti at 25°C showed that, at this temperature also, 

some cysts in most individuals grew very slowl;, or not 

at all, during the time taken by the majority of cysts to 

reach maturity. 	Cysts began to rupture between days 9 

and 10 9  and on these, and subsequent days, occurred with 

maximum frequency between 20 and. 21 unite (54 - 56.7 .t). 

d4) 	Salivary Gland Infections in Aedee aer,ypti  and 

Anopheles quadrimaculatu.s. 

Sporozoites were found in the salivary glands of 

individuals of both species on day 7. 	The results of 

the salivary gland dissections are summarized in table 13. 
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Table 13 

. 	q 

9 Ho 	with 
i)i_s- :L T L 	0OCy' 	t3 :>ijoro- jJis - itii 	67U 	H' te poro- 

zoites in ected zoites in 
6alivary a1ivary 

Lencts 

6 75 25 0 25 16 () 
(lo u) (6 4) 

7 25 25 22 25 17 5 
(68) (29%)* 

0 25 25 25 25 16 4 
(1o0) ( j2) (641 ) (25,)* 

9 25 25 25 25 1.9 11 
(i00%) (iOu%)  

25 25 25 17 15 

* 	Oal("u.Ia L e,  '11  a S a )rOe2It:,e o  iniecod i:iaiviuials. 

Although the greater part of the cuilcine populations 

showed positive salivary glands on day 7, 1)0% infections were 

not encountered until day 9. 	Pew individu.1s of A. gupdrimacu.latus 

had positive glands on days 7 and 8 but the incidence of gland 

infection was considerably higher on days 9 and 10. 	Some 

ruptured and apparently empty cysts were found on the guts of 

A. quadrimaculatus when no sporozoites could be detected in the 

salivary glands. 	Up to five ruptured cysts were present 
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in 6 of 12 individuals with negative salivary glands on 

day 7 and in 8 of 12 such individuals on day B. 	There 

appeared to be no clear relationship between salivary gland 

infection in A. guadrimaculatus and oocyst numbers. 

Of the five individuals with positive salivary glands on 

day 7 9  three were heavily infected (54, 96 and 152 cysts), 

one had a fairly low infection (12 cysts) and one appeared 

to have contained only one cyst. 

d5) 	The incidence of black spores in Ae. aegypti and 

A. guadrirnacuJ.atiis. 

One series of dissections was carried out to 

determine the incidence of black spores In infected individuals 

of the two species. 	Populations of As. aegypti and 

A. guadrimaculatus were fed toeiher, maintained at 

2500 and a sample of 50 individuals of each species 

dissected 7 days after feeding. Counts were made on this 

day of the number of cysts present on each gut wall. 

Eight days later a further 50 individuals of the two 

species ers diFJsecl:eJ, the ,uts examined for evidence of 

the iia1erzLa intection, and the numbers of black spores 

counted. A search was also made for sporozoites in the 

salivary glands. The data from this experiment are shown 

in table 14. 
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Table 14 

DAY 7 

.ÜLL 

b4 D • 
:iii- o. i. L'- tr 

Y all 
i_fl ci .0 :LLi10.fl 

1 i)D)': 

DAY 15 

As. aegypti A. 	guadriniaculatu.s 

O. 
1:ck with 

e 	't lcc r)rr' i a- "t 'oreB 3poro- 
A. zoites 

1) .j 11- in. 	aI- .:apu.- in Sal- 
ii 	i 1.tion ivary 

Glands 

.35 25 15 28 

) ,i......, ) (7,:) j:L.:.) (so%)* 

* Calculated as a percentage of infected individuals. 

An estimate of the proportion of oocysts which had been 

converted into black spores was obtained by comparing the 

number of 000yste in the population on day 7 with the number 

of black spores on day 15. 	Black spores in As. aegypti 

represented about 5% of the original cyst population and 

were found in 62% of infected individuals. 	In A. guadrimacu.latue 
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black spores were present in 71% of the infected individuals 

and approximately 4% of the cysts were converted into these 

structures. 	There was thus no evidence for a species 

difference in either incidence or intensity of 'black spore 

formation. 

In addition to black spores there were structures on 

many infected guts which appeared to be degenerating 

oocyets. 	They had dense contents, an uneven outline and 

were often small. 	They were present in most Ae. aegypti 

and in some A.uadrimaculatua, 

46) 	Transmission of the parasite by Aedes aegypti and 

Anopheles guadrimaoulatu.s 

No attempt was made to determine the relative 

infectivity of the sporozoites produced in Ae. aegypti 

and A. gu.adrimaculatae but when infected individuals 

of either species were allowed to bite a young chick 

transmission was always achieved. 
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CHAPTER IV 

RESULTS II 

EXPERIMENTAL STUDIES OF RACTORS AFFECTING MOSQUITO INFECTION 

a) The influence on the infection in the mosquitp of substances 

introduced into the blood of the infected vertebrate. 

In this experimental series comparisons were made between 

infections in mosquito populations fed immediately before and 

after intravenous injection of the substance under test. 

Mosquitoes were allowed to feed for 25 minutes on a chicken whose 

infection level had been previously determined and the test 

material then injected into the brachial vein. A second 

mosquito population also fed for 25 minutes and the numbers of 
gaxnetocytes and 
Aasexual parasites in the blood were counted again at the end 

of the experiment. In experiments which involved both Ae. aegypti 

and A.  quadrimaculatue, the species were fed together, and the 

time interval between the first and last mosquitoes feeding was 

never more than 60 minutes. 

Fed mosquitoes were collected, maintained at 250C, and 

dissected 6 or 7 days later. 	Mid-guts were examined for oocysts, 

the number of cysts in each infected individual recorded and the 

data analysed after log transformation (it + 1). Each set of 

data was tested for homogeneity of variance (Snedecor p.  96) 



and the appropriate form of the t-test (Snedecor oh. 4) used 

to determine the significance of differences between mean cyst 

counts in populations fed before and after injection. The 

proportions of infected and non-infected individuals in 

A. giiad.rimaoulatus were compared by calculating 	statistics. 

In the following sections, statements about changes in mosquito 

infection are made with reference to the infection levels in 

the population fed before injection of the test substance. 

al) Heparin 

Prior to feeding the first mosquito populations the 

infected chicken was weighed and the time taken for the blood 

to coagulate at 2500 determined by the capillary tube method 

described by Quick (1957). 	Heparin, obtained in crystalline 

form from Boots Pure Drug Co. Ltd., Nottingham, was dissolved 

in physiological saline to give a concentration of 40 units/mi. 

Between 100 and 200 units of heparin per kilogram of 'body 

weight were injected and, since the chickens used weighed from 

90 to 120 gins,, the injection volume was between 0.4 and 0.5 ml. 

of solution. 	This quantity of heparin was such that, in all 

experiments, blood withdrawn immediately after injection, failed 

to coagulate for at least 30 hours when incubated at 2500. 

Data from four experiments in which both species were used 

are given in table 15 and the frequency distributions of cyst 

numbers in populations infected before and after injection are 



Rn.L!I__  

of 0.5 ml, of heparinsolution (concentration 40 units I ml.) 

criment Laeriment 2 Exverimit 3 cveriinnt 4 

A Before After Before After Before After Before After 
inject- inject- inject- inject- inject inject.- inject.- inject- 
ion ion ion ion ion ion ion 

No. of passages 
after sporozoite 
infection 33 9 14 20 

Age of chicken 
at infection 
(days) 7 10 7 10 

Age of infection 
in chicken (days, 5 5 8 6 

% of?,DC 
infected 12.0 11.7 34.0 36.0 45.0 44.5 7,7 8.2 

No. gametocytes 
/ 5000 FWC 5 6 19 16 25 27 4 14. 

Blood coagulation 
time in mins. S 1800+ 3 1800+ 12 1803+ 7 1800. 

B No. dissected 50 50 50 50 50 50 50 50 

No, infected 50 42 50 44 45 35 50 46 

Geometric mean 
cyst count 64.3 11.3 93.9 14.6 23.6 8,4 94.5 21,8 

t.7.610 p.0.001 t.7.560 	p.0.001 t.'4.132 	p.0.001 to5.875 	p-0. 001 

NO. dissected 80 80 50 50 60 - 6c so 50 

iso. infected 12 7 25 24 15 7 24 9 

)iil.493 	pu.0.250 40.04 	p.0.90 a.3.56 	p.0.100 /.10.176 	p.0.005 

Geometric mean 
cyst count 114 3.1 10.1 15.0 4,5 6.9 12.0 4.5 

t..2.252 	p.0.05 tumO.742 	p.0.5 t=0.753 p.0.5 t.l,796 	p.0.1 

- 	Infection In the chicken 

- 	Infection in Ac. aegypti 
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FIGURE 20 Frequency distributions of oocyst numbers in samples of 
Ae. aegypti and A. quadrimaculatus fed before and after 
intravenous injection of a solution of heparin in 0. 
sodium chloride solution. 

Horizontal axis - Number of oocysts 
Vertical axis - Number of ind.iviials 
N 	= Number in sample 
N. I. = Number in sample Infected. 
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shown in figure 20. Populations of As. aegypti which ingested 

heparin in the blood meal developed significantly lower infections 

than did those which fed on the same chicken before injection. 

The results for A. gaadrimaculatus were less consistent, 

infections levels being significantly depressed after heparin 

injection in experiments 1 and 2 only. There was no evidence 

for changes in red osli, gametocyte or parasite numbers in the 

infected chickens during the course of any experiment. 

a2) Salt solutions 

Red osU counts made before and after injection stowed no 

gross variations and infection intensity in the chickens remained 

unchanged in all experiments. 

a21) 0.9% Sodium chloride solution 

A series of experiments was carried out to determine the 

effect of the addition of a small volume of 0.9$ sodium 

chloride solution to the infecting blood meal. 	In six trials, 

three involving both Ae. aegypti and A. Quadrimaoua t, and 

three Ae. aegypti only, mosquitoes were fed before and after 

intravenous injection of 0.5 ml. of 0.9% sodium chloride 

solution. The data are iven in tables 16a and l6b and 

f igures 2]a and 21'o. 

A significant reduction in infection was recorded in all 

populations of A. gu.adrimaculatu$ Led after injection and in 

three of the six As. aegypti populations also. 



- 
Table 16a 	Data from experiments in which samples of Ae. agypti and 

A. gu.adrimaculatus were fed together on an infected chick before and 

after intravenous injection of 0.5 ml. of 0.9%  Ivan solution. 

xperiment 1 Experiment 2 Experiment 3 

Before After Before After Before After 
inject- inject- inject- inject- inject- inject- - ion ion ion ion ion ion 

A No. of passages - after sporozoite 
infection 19 23 26 

Age of chicken at 
infection (days) 7 10 10 

Age of infection 
in cnicken (days) 6 6 7 

RIM) infected 48.2 47.5 18.7 19.8 29.2 28.5 

No. of gametocytes 
/ 5,00 RBC 25 26 7 7 15 17 

RBO count 
3  No. in 1 mm 	blood 1.253 x 1.225 x 1.987 x 2.014 x 1.533 x 1.475 x 

10  10   10  i 6  1o6  106  

B No. 	dissected 32 32 50 50 50 50 

No. infected 32 32 50 50 50 50 

Geometric mean 
cyst count 77.3 68.6 62.2 62.9 72.6 34.5 

t=0.287 	p=0.5 t=0.051 	p=0.5 t=3.070 	p=0.005 

C No. 	dissected 60 60 50 50 50 50 

No. 	infected 30 5 36 28 19 4 

x2=25.2 	=0.005 x2=2.8 	p=0.100 \2=9.0 	p=0.005 

Geometric mean 
:113.5 cyst count 23.6 24.0 10.() 5.8 6.7 

t=0.595 	p=0.5 t=2.267 	p=.05 t=0.260 	p=0.5 

- infection in the chicken. B - Infection in Ae. aegypti 

- infection in A. guadrimaculatu.s 
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FIGtJE 21a Frequency distributions of oocyst numbers in samples of 
and A. cuadrirnaculatus fed before and after. 

intravenous injection of 0.5 mis. of 0.9;,,f sodium 
chloride solution. 

Horizontal axis - Number of oocysts 
Vertical axis(F)- Number of individuals 
N. - = Number in sample 



Table 16b 	Data from experiments in which Ae. aegyti fed on an 

infected chick before and after intravenous injection of 0.5 ml. of 

0LIa01 solution. 

Experiment]. Experiment 2 rirnt 3 

Before After Before After Before After 
inject- inject- inject- inject- inject- injeci- 
ion ion ion ion ion ion 

A No. of passages - after sporozoite 
infection 20 22 23 

Age of chicken 
at infection(days) 10 8 10 

Age of infection 
in chicken (days) 8 6 7 

HBO infected48.0 47.5 40.3 41.2 47.1 47.2 

Jo. 	of, g;aetocytes / 5,0uO ABC 23 24 17 19 19 19 

fTo. R30 in 

1 mm3  blood 1.364 x 1.336 x 1.473 x 1.44k x 1.079 x 1.174 

10  106 10  10  1.06 10  

B -'No. 	dissected 50 50 50 50 50 50 

No. infected 50 50 50 48 44 45 

Geometric mean 
cyst count 155.7 84.0 35.1 29.1 27.2 13.7 

=2.901 	p=0.01 t=0.744 	p=0.5 t2.756 	p=O.Oi 

A - Infection in the chieen 

B - 	Infection in Ae. ae,ypti 
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FIGURE 21b Frequency distributions of 000yst numbers in samples of 
fed before and after intravenous injection 

of 0.5 mis. of 0.9r. sodium chloride solution. 

Horizontal axis - Number of oocysts 
Vertical axis(P)- Number of individuals 
N 	= Number in sample 
N. I. 	= Nuxiber in sample Infected 
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In two further experiments, involving As. aegypti only, 

the volume of sodium chloride solution injected was increased 

to 1 ml. 	Data from both trials, given in table-,  17 and 

figure 22, show significantly lower infection levels in mosquitoes 

fed after injection. 

0.9% Potassium chloride solution 

The effect, on the infection of Ae. aegypti, of the 

introduction of a 0.5 ml. volume of 0.9$ potassium chloride 

solution into the circulation of the infected chicken was 

determined in three experiments, 	The data obtained are 

given in table 18 and figure 23. 	In one of the three trials 

infection levels in As. aegypti fed after injection were 

significantly lowered. 

Chick ringer solution * 

Data from three experiments in which As. aegypti 

populations were fed before and after injection of 0.5 ml. 

of chick ringer solution are given in table 19 and figure 2A. 

Infections in mosquitoes fed after injection were, in one trial 

depressed, and in two trials unaltered. 

Thus, in all experimental series involving injection of 

a 0.5 ml. volume of salt solution, significantly reduced infection 

levels in As. aegypti population were recorded after injection 

in some trials, whilst in others no effect was apparent. 

* A solution of 7.19 gins NaCl, 0.37 gins 1(01, and 0.18 gins. 0a012  

in 1000 mis distilled water, the standard solution used in 

this laboratory for chick embryo culture. 



Table 17 	Data from experiments in which samples of Ae. aegypt 

were fed on an infected chick before and after intravenous injection 

of 1 ml. of 0.9% NaCl solution 

Experiment I 

Before 	After 
TnjtAnrt In4nt1nn 

Experiment 2 

Before 	After 
IY1jtt1nn L1Aj.actio.0 

No. passages 
after sporozoite 24 25 
infection  

Age of chicken 
at infection,days 10 10 

Age of infection 
in ohicen, days 7 7 

% red cells infectedl 7.3 7.3 2.9 2.5 

No. gametocytes 
/5,000RBO. 4 4 2 2 

! No. dissected 50 50 50 50 

No. infected 50 50 50 50 

eometrio mean 
cyst count 55.4 35.2 88.6 55.5 

ta.2.069 	pm0.05 
J 

t=.687 	p=0,01 

A - tteetion in chicken 

B.- Infection in As. aegypti 
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FIGURE 22 Frequency distributions of oocyst riuxabers in samples of 
Ae. aerpti fed before and after intravenous injection 
of 1.0 ml. of 0. e,, sodium chloride solution. 

Horizontal axis - Number of oocysts 
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Table 18 Data from exeriments in which samples of Ae. aegypti were 

fed on an infected chick before and after intravenous injection of 

0.5 ml. of 0.9 KC1 solution. 

Experiment 1 Experiment 2 .Experiment 3 - Before After Before After Before After 
inject- inject- inject- inject- iljeot- inject- 
ion ion ion ion ion ion 

A No. of passages - after sporozoite 
infection 25 34 35 

Age of chicken 
at infection(dar.) 10 10 8 

Age of infection 
in. chicken (days) 7 7 6 

Prcentage of red 
cells infected 17.1 18.4 22.0 21.5 49,9 49,3 

No. of gametocytee 
in 5,000 red cells 6 8 9 10 25 26 

No. of red cells 

in 1 rum3  blood. 2.134 x 2.093 x 1.743 x 1.706 x 1.210 x 1.189 
10  10  1-06 10  10  10  

No. dissected 50 50 50 50 50 50 

No. infected 50 50 50 50 50 36 

Geometric mean 
cyst count 29.7 21.2 81.4 84.0 32,3 11.9 

- t=1.524 	p=0.20 t=0.142 	p=0.50 t=3.901 p=u.00l 

A - Infection in the Chicken 

B - Infection in .ae. aeiyptl 
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FIGURE 23 Frequency distributions of oocyst numbers in samples of 
Ae. aegy-pti fed before and after intravenous injection 
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Table 19 Data from experinients in which eailes of As. aerpti were fed 

on an infected, chick before and after intravenous injection of 0.5 nil, of 

Chick Ringer 

- Ex 	riment 1 Exerinient 2 ExDeriment 3 

Before After Before After Before After 
inject- inject- inject- inject- irect- inject 
ion ion ion ion ion ion 

A No. of passages 
after sporozoite 
infection 26 26 27 

Age of chicken 
at infection (days) 10 10 8 

Age of infection in 
chicken (days) 7 10 7 

Percentage of 
red cells infected 38.6 39.2 12.1 11.8 30.7 30.5 

No. of gametocytes 
in 5,000 red. cells 14 14 5 6 12 11 

No. 	of 	ed cells 1.373 x 1.414 x 1.124 x 1.064 x 1.397 x 1.405 x 
in 1 mm-' blood 6 10 6 10 6 10 6 10 6 10 6 10 

B No. dissected 50 50 50 50 50 50 

No. 	infected 50 50 50 50 50 50 

Geometric mean 
cyst count 71.6 77.0 69.4 45.6 36.9 35.9 

t=0.291 	p=0.5 t=2.03 	p=0.05 t=0.325 	p=0.5 

A - Infection in the Chicken 

B - Infection in Ae, aeypti 
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FIGURE 24 Frequency distributions of 000yst numbers in samples of 
Ae. aegypti fed before and after intravenous injection 
of 0.5 mis. of Chick Ringer. 
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Mosquito infection levels appeared to be least influenced after 

injection of 0.5 ml. of chick ringer. 	Depression of infection 

was not related to changes in red cell, parasite or gametocyte 

numbers nor apparently to differences between birds in age of 

parsite or level of infection. 

a3) Mosquito tissue suspensions 

Tissues were dissected out into 0.9% sodium chloride 

solution and transferred immediately, by means of a fine camel 

hair brush, to a few drops of distilled water in a solid watch 

glass. The watch glass was covered with a piece of fine 

gauze and left at room temperature for the water to evaporate. 

Twenty four hours later, 0.3 ml. of the suspending solution, 

either 0.9% sodium chloride solution or chick ringer ', 

was added to the dried tissue and the debris rubbed down with 

a ground glass rod. The resultant suspension was drawn up 

into a 1 ml. tuberculin syringe, the watch glass washed with 

a further 0.2 ml, of solution, and this also taken up into the 

syringe. The injection volume was then made up to exactly 

0.5 ml. 

* 	Although the preceding body of evidence indicates that 

mosquito infection may be significantly reduced after injection 

of a 0.5 ml. volume of sodium chloride solution, this fact did 

not become apparent until a number of trials had been conducted 

with mosquito tissue. Physiological saline was assumed to be a 

suitable suspending solution after two experiments showed no 

reduction of infection levels in As. aegypti fed after injection 

of a 0.5 ml-volume. The influence of sodium chloride solution was 
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There was no evidence for a change in the numbers of 

asexual parasites or gametocytes in the infected birds during 

the course of any experiment in this series. 

a3l) 	3a1i'v-ary glands of female Anopheles guadrimaculatus 

Six experiments, divided into three groups, differentiated 

by the number of glands Injected and the nature of the suspending 

solution, were carried out. The blood coagulation time at 

250C was measured before and after injection in each trial. 

Group A comprised two experiment, in each of which the 

glands of 100 females in 0.9% sodium chloride solution were 

used and Ae. aegypti only fed. 	The results are given in Table 20 

and figure 25. 	The characteristics of the malaria infection 

in the chickens remained unchanged but the blood coagulation 

time was extended, after injection, by 15 minutes in experiment 1 

and by 20 minutes in experiment 2. 	In both experiments 

considerably lower gut infections were recorded in mosquiee 

whose infecting blood meal contained suspended anopheline 

salivary gland tissue. 

A suspension of the tissue from 50 sets of glands was 

used in each of the remaining experiments: in Group B the 

suspending solution was 0.9% sodium chloride solution and in 

Group 0 it was chick ringer. Data from two Group B experiments 

* further investigated after certain anomolous results were 

obtained in this experimental series. 
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Table 20 	Data from exprimenta in which samples of As. aegypti 

were fed on an infected chick before and after intravenous injection 

of a suspension of salivary 1and tissue from female A. quadrimaculatus. 

Group A Experiments - 100 pairs of glands in 0.5 ml. 
0.9% NaGi solution. 

Faxperiment 1 	 Experiment 2 

Before After Before After 
Injection Injection Injection Injection 

No. of passages 

A after sporozoite - infection 6 12 

Age of chicken 
at infection(days) 10 8 

Age of infection 
in chicken (days) 6 6 

% of R30 infected 30.1 31.5 13.2 12.6 

No. of gametocytes / 5,000 RBC. 13 12 3 5 

Blood coagulation 
time in minutes 7 27 10 25 

- No. dissected 50 50 50 50 

No. infected 50 6 50 33 

Geometric mean 
cyst count 80.9 5.5 124.8 34.6 

t=4.520 	px0.001 t=5.075 	p0.001 

- Infection in the chicken 

B 	- Infection in Ae. aeyoti. 
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in which both species were used are given in table 21 and 

figure 26. 	The blood coagulation times were unaffected by 

injection of this quantity of gland material but infections 

in both As, aegypti and A. guadrimaculatus were considerably 

depressed. 

The results of the two Group C experiments in which only 

Ae. aegypti fed are given in table 22 and figure 27., 	Blood 

coagulation times and parasite and gametocyte counts ;ere 

similar before and after injection and so also, in one 

experiment, were infection levels in As. aegypti. Reduced 

infections in the mosquito population fed after introduction 

of the salivary gland material were however recorded in the 

second experiment. 

Thus, in five of the six comparisons, the malaria parasite 

proved to be considerably less infeotious for As. aegypti 

populations which ingested material from anopheline salivary 

glands together with the infecting blood meal. 	The data 

indicate that,, within each group, injection of salivary gland 

material had a greater influence when the level of infection in 

the experimental chicken was high and gametocytes less infective. 

In Group 0 experiment 1, where no change in mosquito infection 

was recorded after injection, few gametocytes were present in 

the infecting blood and the parasite proved to be very 

infectious for Ae. aegypti, as evidenced by the high mean cyst 

count and the near normality of the frequency distribution of 

cyst numbers in the population. 



Table 21 Data from experiments in which samples of Ae. aerpti and 

A. QuadimaculatUB were fed on an infected chick before and after 

intravenous injection of a suspension of sa1ivargland tissue from 

female A. guadrimaculatas. 

Group B Experiments - 50 pairs of glands in 0.5 ml. 0.9% NaCl solution 

ExerImentl Exriment2 

Before 
Injection 

After 
Injection 

Before 
Injection 

After 
Injection 

A jr0 	of passages 
after sporozoite 
infection 10 14 

Age of ohicen 
at infection 

(days) 7 10 

ie of infection 
in chicken (days) 7 6 

% RBC infected 32.0 32.5 26.1 25.7 

No. gametocytes 
/ 5 9000 1BC 16 14 7 9 

Blood coagulation 
time in mine. 5 5 12 10 

B No. dissected 50 50 50 50 

No. infected 50 3 50 47 

Geometric mean 
cyst count 55.2 3.4 130.2 76.1 

t=9.992 	p=0.001 t==.959 	p=0.005 

No. 	dissected 50 50 50 50 

No. infected 15 3 20 15 

29.756 	p=0.005 %2 i.09 	1?=0.50 

Geometric mean 
cyst count 5.3 2.3 17.3 3.3 

t=1.945 	p=0.l t=4.522 	p=O.00l 

A - Infection in Chicken B Infection in Ae.cregypti 	
C -  Infection in 



	

ExDeriment I 
	

Experiment 2 

	

Aedes  cegypti 
	

Aedes aegypti 
Before Injection 	After Injection 

	
Before Injection 	After Injection 

	

20 	 20- 

	

F 10 	 F 

	

oin 	 o I L 

	

I 251 	 01 251 

	

N:50 	 N.50 

	

1`11% 50 	 NI: 19 

F 10 

I 251 501 
N z 50 
N I 50 

20 

F 10- 

0I] 

01 251 501 
N = 50 
NI: 47 

Anopheles quadrlmoculatus 
	

Anopheles quadrimaculatus 

Before Injection 	After Injection 
	

Before Injection 	After Injection 

50- 

40- 

30- 

0

40

30- 	 30 	 30 

	

20 	 20 	 20 

F10]]I 	 F 10 	 F10 

	

0 	 0 	 0 1 

01 251 	 01 251 	 01 251 501  

N:50 	 N:50 	 N:50 
Ni: I5 	 N13 	 NI -20 

FIGURE 26 Frequency distributions of 000yst rnimbers in samples of 
Ae. aeyptj and A. quadr:Lmacllatu fed together before 
and after intravenous injection of a suspension of 50 
pairs of female A. quadrinacua 	salivary glands in 0.5 mis. of 0.odjurn chloride —solution.  

40- 

30- 

20- 

F 10 

0..

30

20

F10  

0 

01 251 

N: 50 
NI: 15 

Horizontal axis - Number of 000ystz 
Vertical axis(F)_ Number of individuals  N. 	Number in sample 
N. I. = Number in sample Infected 



86.. 

Table 22 	Data from sxperiments in which sainpleeof As. aegypti 

were fed on an infected chick before and after intravenous injection 

of a suspension of salivary gland tissue from female A. puadrimaculatue. 

Group 0 xeriments - 50 pairs of glands in chick ringer. 

Eporiment 1 Bxjeriment 2 

Before After Before After 
Injection Injection Injection Injection 

A No. passages 
after eporozoite 22 25 
infection 

Age of chicken 
at infectionidayo 10 10 

Age of infection 
in chicken, (days) 4 7 

% red cells 
infected 8.9 9,3 62.4 62.2 

No. gametocytes 
/ 59000 RBO. 4 4 37 35 

Blood coagulation 
times in mine. 8 9 9 7 

No. dissected 50 50 50 50 

No. infected 50 50 50 50 

Geometric mean 
cyst count 182.7 205.6 198 118.8 

ta1.008 	p=0.4 t=2.413 	p0.025 

- Infection in the chicken 

- Infection in Ae. aegypti 
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a32) Mid-guts of female Anopheles guadrimaculatu.s 

The activity of suspensions of mid-gut tissue of female 

anophelines was tested in three experiments. 	Material from 

50 mid-gu.ts was injected in each trial, the suspending solution 

being 0.9%  sodium chloride solution in experiment 1 and chick 

ringer in experiments 2 and 3. Care was taken during 

dissection to ensure that mid-gut tissue only was removed from 

each mosquito and that there were no adherent fragments of 

the maiphigian tubules. 	The data from these experiments in 

which Ae. aeypti only fed are given in table 23 and figure 2, 

and show a consistently lower infection level in mosquitoes 

fed after injection of the gut suspensions. 	There appeared, 

in these experiments also, to be a relationship between the 

effect of the material injected and the initial level of 

infection in the mosquito population: reduction was least 

when infection was initially highest (experiment 3). 

o33) 	Thoracic muscle of female Anophelescdrimaciüatu 

In two experiments a suspension of the thoraoio muscles 

of 50 female anophelines was tested for activity. 	Muscle 

tissue was dissected from the thorax after removal of the 

salivary glands and the entire gut. 	The tissue suspension 

was made up in. 0,0 sodium chloride solution in both experiments 

the results of which are summarised in table 24 and figure 29. 

Reduced infection in populations of Ae. aegypti fed after 



Table 23 Data from experiments in which samples of Ae, a2fZpti  

were fed on an infected chick before and after intravenous injection 

of a suopension of mid-gut tissue from 50 female A. oj.adrimaculatu.s. 

- Experiment 1 JJxoeriment2 Experiment 3 

- Suspending Suspending Suspending 
solution - solution - solution - 
U.Sirii. 	0.9% 0.5rqi. 	chick 0.5m1. chick 
NaCl solution ringer ringer 

Before after Before After Before Alter 
inject- inject- inject- inject- inject- injects 
ion ion ion ion ion ion 

A No. passages 
atter sporozoite 
infection 12 23 26 

Age of chicken 
at infection (days 10 10 10 

A,3, --e 	of infection 
in chicken (d.ays) 6 8 12 

% of IiBC infected 16.7 16.9 8.9 9.2 55.5 55.4 

No. of gametocytes / 5,OuO RBC 16 16 2 4 22 23 

B No. 	dissected 50 50 50 50 50 50 

No. infected 50 37 50 49 50 50 

Geometric mean 
cyst count 121.7 12.5 82.6 15.5 268.7 156.7 

t=9.506 	p=0.001 t=8.291 	p=O.0)l t=.211 	p=0.050 

A - Infection in the chicken 

B 	- Infection in Ae. aey >ti 
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Table 24 	Data from experiments in which eaples of &e. aegypti 

were fed on an infected chick before and after intravenous injection 

of thoracic muscle tissue from 50 female A. quadrimaculatus suspended 

in 0.5 ml. 0.9g NaCl solution. 

- Experiment 1 Experiment 2 

Before 
Injection 

After 
Injection 

Before 
Injection 

After 
Injection 

A - No. passages 
after eporozoite 
infection 

16 32 

Age of chicken 
at infection, (days 10 10 

Age of infection 
in chicken, (days) 7 7 

% RBC's infected 20.0 19.8 40.9 40.8 

No. gametocytes 
/ 5,000 RBO. 16 14 14 13 

B No. dissected 50 50 50 50 

No. infected 50 50 50 50 

Geometric mean 
cyst count. 235.4 175.2 79.56 46.3 

t--l-937 	p0.2. t=2.589 	p0.025 

- Infection in the chicken 

- Infection in As. aegypti 
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injection of muscle suspension were recorded in both experimeits 

but there was a significant difference between the geometric 

mean cyst counts in experiments 2 only. 	The parasite utilised 

in experiment 1 was much more highly infectious to the mosquito 

population fed before injection than was that used in experiment 

2 in which significant depression occurred. 

a34) Mid-guts of male Anopheles quadriinaculatus 

The relts of two experiments in which 50 male anopheline 

guts suspended in 0.9% sodium chloride solution were injected 

are given in table 25 and figure 30 together with data from a 

single experiment in which the number of guts was increased to 

100. 	The suspending solution was again 0.9% sodium chloride 

solution. 	Only Ae. aeypi were fed and infections in this 

species were considerably reduced after injection of material 

from 10() guts but depression was not significant when only 

50 guts wore used. 

R35) Salivary glands of female Aedee aegypti 

Three experiments using As, aegypti were carried out to 

determine the activity of the female ou.lioine salivary glands. 

One hundred pairs of glands were injected In all trials but 

the suspending solution in e'crimenta 1 and 2 was 0.9% sodium 

chloride solution whereas in exeriinent 3 it was chick ringer. 

The results of these oxerirnents are shown in table 26 and 

figure 31, 



Table 25 Data from experiments in which samples of Ae. .egypti were 

fed on an infected chick before and after intravenous injection of a 

suspension of mid-gut  tissue from male A. gdrimaoulatas._ 

riment 1 Experiment 2 	- Experiment 3 

50 mid-guts 50 mid-guts 100 mid-guts 
suspended in suspended in susiended in 
0.5m1. 	of 0.9% 0.5 ml. 	of 0.9% 0.5m1. of 0.9% 
NaCl solution NaCl solution NaCl solution 

Before After Before After Before After 
inject- inject- inject- inject- inject- inject- 
ion ion ion ion ion ion 

A No. of passages 
after sporozoite 
injettion 16 23 27 

Age of chicken 
at infection (days) 10 8 8 

Age of infection 
in chicken (days) 7 8 6 

Percentage of red 
cells infected 37.9 37.7 317 32.0 44.1 44.2 

No, of gametocytes 
in 5,0uO red cells 12 13 13 13 20 20 

B No. 	dissected 50 50 50 50 50 50 

No. infected 50 50 50 46 50 48 

Geometric mean 
cyst count 97.6 81.1 39.3 21.2 62.5 19.7 

F_ 	t=0.882 	p=0.4 t=1.395 	p=0.2 t=2.551 	p=0.025 

A - Infection in the chicken 

- Infection in Ae. aegypti 
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Table 26 Data from experiments in which "samples of ke. a;yptj were 

fed on an infected chicken before and after intravenous injection of a 

suspension of salivary gland tiF;sie from 100 female Ae,agyptj. 

- 
Experiment 1 Ex1eriment 2 Experiment 3 

Suspending Suspending Suspending 
solution 0.5m1. solution 0.5 A. solution 
of 0.95 NaCl of 0.9% NaOl 0.5 ml. chick 
solution solution ringer 

Before After Before After Before After 
inject- inject- inject- inject- inject- injec 
ion ion ion ion ion ion 

A No. of passages 
after sporozoite 
infection 15 22 22 
Age of chicken 
at infection (days) 8 10 10 

Age of infection 
in chicken (days) 5 7 7 
Percentage of red 
cells infected 245 25.1 38.9 38.5 4.4 4.2 

No. of gametocytes 
in 5,000 red cello 6 7 20 21 3 3 

B No. dissected 50 50 50 50 50 50 

No. infected 50 50 50 50 50 50 

Geometric mean 
cyst count 98.5 34.6 114.2 148 62.9 76.2 

04.975 	p=O.00i 	
It 
-1.186 	p=0.4 t=0.856 	p=0.4 

A - Infection in the chicken 

- 	Infection in Ae. aejypti 
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A significant redaction in the mean cyst count was 

recorded in experiment 1 in the mosquito population which fed 

after injection of Ae. aegypti salivary gland material. 

In experiments 2 and 3, comparisons of infection levels in 

mosquito populations fed before and after injection showed no 

change. 

a36) 	Mid-s of fePiale,  Aede8aogypti 

The effect of adding saspensiong 	the culicine mid-gut 

tissue to the blood meals of the homologous females on the 

intensity of infection developed within them was invetigated 

in three experiments. 	In two, 50 mid-guts in 0.9%  sodium 

chloride solution were injected and in the third experiment 

50 mid-guts suspended in chick ringer. The data obtained are 

shown in table 27 and figure .32 

No decrease in Ae. aegypti infections occurred after 

intravenous injection of a suspension of the mid-gut tissue 

from 50 females of the same species. 	Infection levels were 

significantly higher after injection in experiment 1 but this 

change could not be related to a changing level of infection 

in the blood. 
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Table 27 Data from experiments in which samples of Ae. aeypti were 

fed on an infected chicken before and after intravenous injection of 

a suspension of_pLi4rgut tissue from 50 female Ae.aegypti. 

Experiment 1 Experiment 2 Experiment 3 - 
Suspending Suspending Su$pending 
solution - 0.5m1. solution - 0.5rnl solution - 
of 0.9% NaCl of 0.9% NaCl 0.5 ml. Chick 
solution solution ringer 

Before After Before After Before After 
inject- inject- inject- inject- inject- inject- 
ion ion ion ion ion ion 

No. of passages 
after sporozoite 
infection 22 23 19 

Age of chicken 
at infection (days) 8 10 8 

Age of infection 
in chicken (days) 6 7 13 

Percentage of red 
cells infected 8.6 8.2 30.5 30.9 6.1 5.8 

No. of gametocytes 
in 5,000 red cells 4 2 18 19 3 3 

No. 	dissected 50 50 50 50 50 50 
No. 	infected 43 50 50 50 50 50 
Geometric mean 
C,y8t count 34.6 65.2 108.6 101.3 118.9 111.8 

t=3.062 	p=0.0o5 t=0.285 	p=0.5 t=0.328 	p=0.5 

A 	- Infection in 

- 
the chicken 

Infection In Ae tj 



Experiment I 	 Experiment 2 	 Experiment 3 

Before Injection 

20- 

F 10

0...

F 10 

oil 
01 251 

N:50 

After Injection  

Before Injection 

F 10 

I 251 501 751 
N '50 

NI-50 

After Injection  

Before Injection 

F 10- 

OAM--r 
I 251 501 
N:50 

NI-50 

After Injection 

Fi0:I 
	 F 

10 

0 *-M~ 
I 251 	 I 251 501 751 
N:50 	 N:50 
NI:50 	 NI:50 

FIGURE 32 Frequency distributions of oocyst numbers in samples of 
Ae. aegypti fed before and after intravenous injection 
of a suspension of mid-gut tissue from 50 female 
Ae. aegypti. In experiments 1 and. 2 the suspending 
solution was 0. 5 mis. of 0.9% sodium chloride solution 
and, in experiment 3, 0.5 mis. of Chick Ringer. 

F 10 

I 251 501 
N:50 

NI-50 

Horizontal axis - Number of oocysts 
Vertical axis(F)- Number of individuals 
N. 	= Number in sample 
N. I. = Number in sample Infected 



-95-- 

b) The effect of transferring gametocytes to a new host. 

Mosquitoes were fed for 25 minutes on a heavily infected 

bird which was then killed by exposure to ether vapour. Blood, 

removed by heart puncture, was mixed with a solution of heparin 

in physiological saline (concentration 40 units/mi.) in 

proportions of 9 parts blood to 1 part heparin solution. 

Immediately after removal, volumes of 1 ml. of the heparinised 

blood were injected intravenously into a number of chicks of 

similar age and weight. Blood films were made 2 minutes after 

injection and mosquitoes were fed on each chick for 25 minutes. 

When both Ae, aegypti and A. guadrimaculatus were axed in an 

experiment they were fed together. Fed mosquitoes were collected 

and dissected after 7 days maintenance at 25°C when the incidence 

and intensity of infection in the population was recorded. 

Group differences were compared by using t-statistics, or 

analysis of variance when more than two groups were involved, 

after testing the transformed (log (n + 1)) data for homogeneity 

of variance. The proportions of infected and non-infected 

individuals in a population were compared by calculating 

statistics. 

bi) Infections produced in the chickens and their 

infectivity for Aedes aegypti, 

Two chicks in experiments 1 and 2 and four chicks in 

experiment 3 each received 1 ml. volumes of heavily infected 
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blood. The results are given in table 28 and the frequency 

distributions of cyst numbers are shown in figure 33. 

Mosquitoes were not fed on the donor bird in experiment 1. 

In all experiments, chickens which received equal 

volumes of the same infected blood exhibited immediate 

parasitaemias of comparable intensity and were equally 

infectious for populations of As. aegypti. 

b2) EnhRneement of infectivity ee. 

Comparison of infections levels in mosquitoes which fed 

on the donor bird in experiments 2 and 3 with infections in 

those which fed on the recipients shows an increase in the 

infectiousness of the parasite after passage. 	This change is 

evidenced by an increased incidence of infections In mosquito 

pooulations that ingeuted a greatly reduced number of 

gametocytes. 

To study this enhancement further, three experiments 

were carried out using both As. aegypti and A. qudrImaculatue. 

After feeding Individuals of both species on the donor bird, 

1 ml. of beparinised blood was transferred to an uninfected 

chick and a second group of the two species fed. 	The results 

of those experiments are shown in table 29 and figure 34. 

When mosquito populations were infected from the donor 

birds infection intensity in 	Quadrimaculatus equalled that 

in As. aegypti although there was a lower incidence of 

infection in the anopheline species. 	After transfer of the 



uninfected chicks and snp1es of Ae1. aevvti were fed on donor and recirient birds. (Group 1) 

xperiment 1 Eeinent II Experiment III 

Chicken number 2664 2693 2437 2813 2853 2781 2844 1150 8547 8622 190  
DonorRecip- Recip- Donor Recip- Recip-. Donor Recip- Recip- Recip- Tech 

lent lent lent lent lent lent lent lent 

A No, of passages 
after mosquito 
infection 51 52 52 52 53 53 21 22 22 22 22 

Age of chicken at 
infection (days) 10 12 12 8 11 11 9 12 12 12 12 

Age of infection 
in chicken (days) 9 <3cmths <3CiiIns. 10 <3omins <3 iins. 5 < 3Cmins <3cniins <31mire <3() 

Percentage of red 
cells infected 71 2.4 2.0 82.9 2.0 2.6 88.3 1.8 2.5 26 2 

No. of gametocytes 
in5,000 red cells 48 2 2 32 2 3 85 2 3 3 3 

Eo. dissected 50 50 50 50 50 50 50 50 50 50 
B 

No, infected 47 45 4 40 42 5 38 30 33 36 

Geometric mean 
cyst count 20,9 13.8 34 5.8 7.7 2.3 4,4 4,2 4.8 5 

t = 1.901 t - 1.562 F - 	0.998 	p - > 025 
p - 0.1  p a 0.2  Df1 	134 	D.f2:3 

04 
- 	Infection in the chicken 

- 	Infection in Ae. aejpti 
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Experiment 3 

2844 Donor 
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FIGURE 33 Frequency distributions of oocyst numbers in samples of 
Ae. aegypti fed on a heavily infected bird and after 
transfer of the parasite to a series of uninfected- 
chicks. 

Horizontal axis - Number of oocysts 
Vertical axis(F)- Number of individuals 
N. 	= Number in sample 
N I. = Number in sample Infected 
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jableL29 Data from !.priments  in which blood from a heavily infected , 

cnickwas transferred to an uninfected chick and samples of Ae.aypti 

and A. qirimaca1atu.s were fed on donor and recipient birds. (Group 2) 

Experiment 1 Experiment2 Experiment 

- 
Ohicken No. 4369 

Donor 
4389 
Recipient 

7172 
Donor 

7286 
Recipient 

7366 
Donor 

7603 
Recipient 

No. of passages 
after sporozoite 
infection 8 9 21 22 24 2 

Age of chicken 
at infection(days) 8 10 10 11 7 11 

Age of infection 
in enicken (days 8 <30 

mine, 
8 '30 

mine, 
5 <30 

mine. 

iB0 infected 68.8 4.3 54.8 3.8 88.7 4.9 

io. 	gametocytes 
/ 5 900u ABU 35 3 26 2 80 4 

B No. 	dissected 50 50 50 50 50 50 

No. infected 50 50 50 50 44 50 

Geometric moan 
cyst count 45.0 141.1 54.6 97.8 17.3 95.2 

t5.145 p=0.001 t=2.)d2 p=U.025 t=7.795 	P=-'-/. 001 

O No. 	dissected 35 25 50 50 so so 

No. infected 21 22 34 30 18 34 

x2=4.36 p=0.05 x2=O.69 	p=0.5 x2=10.256 p=0,005 

Geometric mean 
cyst count 61.3 14.7 74.0 12.5 13.9 22.5 

t=2.568 p=0.025 t=4.045 p=0.001 t=0.385 	p=0.5 

A 	- 	Infection in the chicken 

B 	- 	Infection in Ae.aeryt,i 

- 	Infection in A. quadrimacuLtus 
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Aedes aegypti Anopheles 
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F 	 F 

20- 

:L 
I 251 501 	01 251 
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Experiment 
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'00~ 

01 501 1,001 

N'35 Nt=2I 

FIGURE 34 Frequency distributions of oocyst numbers in samples of 
Ae. aegypti and A. quadrimaculatus fed on a heavily 
infected bird and immediately after transfer of the 
parasite to an uninfected chick. 

Horizontal axis - Number of oocysts 
Vertical axis(F)- Number of individuals 
N. 	Number in sample 
N T - u,ihr. 4 -1- T,.,P...1.. 
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parasite to a new host infections in As. aegypti were 

increased whilst those in A. guadrimacula-tus were reduced 

in experiments 1 and 2 and unchanged in experiment 3. 

The proportion of the A. guadrimaculatus population which 

became infected was, however, increased in experiments 1 

and 3 and unchanged in experiment 2. 

To obtain an estimate of the magnitude of the changes 

in gametocyte infectivity the ratio of 000yst to gemetocyte 

numbers was oalculzted. 	Because red cell counts were not 

made in these experiments the 000yst-gametocyte ratio was 

here calculated as:- 

Geometric moan cyst count for total population 

Gametocytes in 5,000 red cells 

In the diluted parasitaemias of recipient birds 

gametocyte counts lose acow:acy, 	Hence q  although these 

counts are given in tables 28 and 29 the oocystgametocyte 

ratio was calculated using an estimate of gametocyte numbers 

derived from the gametocyte/asexual parasite ratio of the 

paraeitaemia of the donor bird. 	The oocyst-gametocyte 

ratios for each experiment are given in table 30 together with 

the values obtained by pooling data from the recipients. 

It is evident that, after transfer of the parasite to a 

new host, a greatly increased proportion of the gametocytes 

successfully established on the gut walls of both mosquito 

species, the increase being greater for As. aegypti than for 



- 100 - 

TABLE 30 

Aedea aegypti Lnopheles Inadrimaculatus 

Oocyet-game tocyte 
Ratios 

000yetgamet.oyte 
Ratios 

Expt, Donor Recip- Pooled Increase Donor Reoip Increase 
ients Value ienta 

Rocip- 
__________  lente 

2 0.03 4.08 5.29 1 176 
Group 5.57 

3 0.01 1.22 1.26 1 126 
0.91 
1.67 
1.43 

1 1.29 64.14 - 1 50 0.34 4.52 I 13 

Group 2 2.10 
2 

54.33 0 X 26 0.72 2.27 1 	3 

3 0.17 21.64 - 1 127 0.04 206 1 52 
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A. quadrimaculatu.s. 	Apparently, :for both species, the lower 

the initial infectivity of the parasite the greater the 

enhancement after passage. 

b3) The frequency distributions of cyst numbers in 

populations Infected before and after passage. 

Figures 33 and. 34 show extreme asymmetry in the frequency 

distributions of cyst numbers in mosquitoes which took a blood 

meal from the heavily infected donor birds. 	In Group 2 

experiments distributions were the same for both species, 

reverse J-.shaped with a long tail of high counts, the range of 

cyst numbers being greater in A. g2adrimao1atus. After 

passage the shape of the distributions was unchanged for 

A. qjadrimaculatus but the length of the tail was reduced. 

For As, aegypti the distributions in populations infected 

from the recipients, although still asymmetrical, more 

nearly approached normality and there was a reduced range of 

infection intensity in experiments 1 and 2. 	In contrast to 

the situation before passage where the most heavily infected 

mosquitoes were individual A. guadrirnaculatue, after transfer, 

the highest gut infections were encountered in As, aegypti. 

There was an extremely low incidence and intensity of 

infection in mosquitoes fed on the donor birds in Group 1 

experiments and frequency distributions of cyst numbers in 

mosquitoes fed on the recipients were all reverse J—shaped. 
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Infectivity, although very much enhanced, was still 

comparatively low after passage in these experiments. 

o) The influence of anopheline tissue suspensions on 

the infection of Aedee aegyptj after transfer of the 

parasite to a new host. 

Blood, withdrawn from the donor bird, was heparinised 

and divided into four equal volumes of 0.85 ml. The 

mosquito tissue suspensions were prepared in chick rinser and 

added to the blood before injection. 	The four recipient 

birds used in this experiment are listed in table 31 in order 

of infection together with the components of the material 

injected. 	The time interval between the first and last 

injections was approximately 5 minutes. 

The results of this experiment are given in table 32 and 
figure 35. 	The four recipient chickens exhibited the same 

level of infection and there was no difference in the infection 

of groups of Ae. aegypti fed upon them. Evidently, under the 

conditions of this experiment, the anopheine tissue 

suspensions were inactive or their influence was too small 

to be detected. 	The number of gametocytes in the donor 

bird was exceptionally small, only 0.2% of total parasite and 

therefore, after passage, very few gametocytes were present in 

the infecting blood meals. 	Table 33 gives the calculated 

values of the oocyst-gametocyte ratios which were high for 

mosquitoes fed from the recipient birds. 
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Table 31 

Components—of Injection 

Bird Blood Ohick Mosquito Total Number Ringer Tissue Volume 

3133 (Control.  
No tissue) 0.85m1s 0.15mla - 1 ml 

3096 0.85m1s 0.151uls 50 1 ml 
A. quadri— 
maculatus female 
mid—guts  

3130 0.85m1s 0.15rals 50 pairs 
A. cu.adri— 1 ml 
maculatu.s female 
salivary glands  

3138 (Control 
No tissue) 0.85mls 0.15mle - 1 ml 
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ra3JDatafrneperiments in which blood from a heavy infected blood was  

arsferreato 4 unjnt'ected chicks. two of wjch received suspensions of fer.ale 

ts t isjn add iton to the infec4ng b1od. 	p1sof  

Chicken 	nwrber 2701 3133 3096 3130 3138 
Donor Recii.ient Uecipient ?ecipient Recipient 

I II IV 
Blood and Blood and Blood and Blood and Chick 
Chick lUnger Chick linger Chick Ringer 2inge 

and mid-gut and salivary 
tissue gland tissue 

No. of passages 
after sporozote 
infection 2 3 3 3 3 

Age of chicka 
at infection(days) 10 U U 

Me )f infection 
Li chicken (darsi 6 <30 jrAns. < 3B mine.<30 mine. <30 mins. 

Frcntage of red 
cells infected 59.9 2.9 2,9 2.6 2.7 

No. of gmebcytes 
in 5,000 red cells 6 0 0 0 1 

IL No. dissected 50 50 50 50 50 

No, infected 50 48 48 50 49 

Geometric mean 
cynt count 27.1 10.4 14.3 11.3 12,5 

D.f, = 	3 
- F 	2.2)65 	 D.f2. = 	191 

A - 	Infection in the chw&en  

B - 	Infection in Ae, aoyptj 
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FIGURE 35 Frequency distributions of oocyst numbers in samples of Ae.aegypti 

fed on a heavily infected bird and immediately after transfer of the 
parasite to a series of uninfected chickens. Chickens No. 3096 and. 
3130 respectively received suspensions of 50 female A. quadrimaculais 
mid-guts and 50 pairs of female Aquadrimacu1atus salivary glands in 
addition to the infecting blood. 

N1=49 

Horizontal axis - Number of cocysts 
Vertical axis(F) - Number of individuals 
N. 	= Number in sample 
N. I. = Number in sample Infeöted. 
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Table 33 

Aedee aegyptl 

Ooc,rt-gametocyte ratio 

Donor Recipients Oozabined value incre•ee 
Recipients 

4.52 31.66 37.7 1 8 
42.73 
37.67 
39.70  
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CHAPTER V 

DISCUSSION 

The measurement of susceptibility of a mosquito species 

to infection with a given species of Plasmodium is complicated 

by the multiplicity of factors which influence the relationship 

between host and parasite. 	The nature of these factors has been 

indicated in the introduction to this study and it is evident 

from a consideration of their effects that the incidence and 

intensity of infection in any sample of mosquitoes will depend 

as much upon external as upon internal influences. 

In the laboratory the temperature and humidity of the 

mosquitoes' environment can be monitored and maintained within 

limits which have been shown o be suitable for the growth and 

development of the malaria parasite under consideration. 

Factors associated with the vertebrate and invertebrate hosts 

and the parasite are less easily controlled and their influence 

can often be only Indirectly determined. 

When environmental conditions are favourable the infection 

of a mosquito will depend upon its innate susceptibility and 

upon the ability of the gametocytes which it ingests to develop 

and establish an infection. An estimate may be made of the 

numbers of gametocytes in the infecting blood meal but their 

ability to infect must be determined ultimately in terms of 

mosquito infections. Thus, the two parameters, the percentage 
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of the population infected and the geometric mean of oocyst 

numbers in infected individuals, used to describe mosquito 

infections in this study, are measurements of the interaction 

between the infectiousness of the parasite and the susceptibility 

of the mosquito species. 

Within a single infection experiment the variation 

associated with the vertebrate host and parasite can be held 

relatively constant and an estimate made of the variation in 

susceptibility both within and between species. 	Under these 

conditions individual differences in infection reflect qualitative 

and quantitative differences in susceptibility within the sample. 

The presence of oocysts in a mosquito is proof of susceptibility 

and their number a measure of its degree, 	But, failure of the 

parasite to invade the gut wall does not of necessity indicate 

total insusceptibility on the part of the mosquito. 	The 

conditions may hve been unsuitable for the infection of an 

individual of relatively low susceptibility. 

In this study oocyst number in mosquitoes which had been 

given equal opportunity to become infected was a highly variable 

character, suggesting large within species differences in 

susceptibility. 	The asymmetry of the frequency distributions 

of oocyst nubers within a sample indicated a predominance in 

both species of individuals of relatively low susceptibility 

and the presence of a small number of very highly susceptible 

individuals whose level of infection appeared to be well outwith 

the range of other mosquitoes in the same sample. 	Individuals 
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of this latter category were partioularly conspicuous in 

populations of A. guadrimaculatixs. 

The strain of Ae. aegypti maintained in this laboratory 

iS potentially wholly susceptible to infection with P. gallinaoeum. 

An increasing intensity of infection in this species was 

associated with an increase in infection incidence until, when the 

geometric mean of oocyst numbers exceeded 50, all individuals were 

infected. 

Infection incidence and intensity were also positively 

related in A. guadriinaculatus (r8  = + 0.49) but less closely 

so than in Ae. aegypti (r9  = + 0.87). 	Under comparable 

conditions for infection the percentage infection in anopheline 

rnoeqdtoes was always less than in the culicines showing 

A. ajiadrimaoulatus to be, in this respect, a less susceptible 

species than Ae. aegypti. 	The fact that it was not possible, 

in 36 infection experiments,to infect more than 72% of an 

A. qu.adrimaoulatus sample suggests that some individuals are 

completely refractory to P. gallinaceum. 	These findings confirm 

the results of previous comparative studies of the relative 

susceptibilities of these mosquito species to P. allinaoeum 

infection (Cantrell and Jordan, (1949): Terzian, Stahler and 

Ward (1952): Eyles (1952o)). 

A positive relationship between Ae. aegypti and 

A. guadrimacu.latus was evident in terms of both incidence and 

intensity of infection. But when these quantities were 



measured at intervals against a background of increasing 

gametocyte number and infection level in a chicken it became 

apparent that the between species relationship was not entirely 

consistent. 	The changes in infection incidence and intensity 

in As. aegypti followed a patternjn11ar to that already recorded 

by Lurnsden and Bertram (1940), Cantrell and Jordan (1946) and 

Huff and Marohbank (1955). 	After an initial increase, 

which oocu.rred in only one experiment, both quantities decreased 

steadily until they reached their lowest level at the peak of 

gametocytaemia, For A. qu.adrimaculatua however, the two 

measures of infection showed changes which did not appear to be 

related one to the other. 	Whilst infection incidence in this 

species began to decrease early in the experiment, infection 

intensity rose steadily reaching a maximum value on the day when 

gametocytes were most abundant. 	On this day the two species 

were indistinguishable in terms of infection intensity although 

the incidence of infection was lower in A. puadrimaculatus. 

This trend was apparent in all experiments, but there was in 

none of them a significant difference between the geometric 

means of oocyst numbers on different days. Data obtained in 

subsequent experiments, however, show the result to have been a 

real one. When samples of e. aegypti and A guadrimaoulatu.e 

were fed together on a heavily infected bird and on an 

uninfected bird which had received a 1 ml. transfusion of the 
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infected blood the changes which were seen to occur during 

the course of infection in a single chicken were exactly 

reproduced. 	The association of a low incidence and a high 

intensity of infection in A. guadrimaculatus fed at or near 

the peak of gametocytaemia explains why these quantities are 

less highly correlated in this species than in Ae.aegypti. 

The frequency distributions and range of oocyet numbers in 

mosquito samples which had ingested widely different numbers of 

gametocyte suggest that the response of an individual to changes in 

the quality and quantity of gametocytes in the blood meal depends 

upon its relative eusoeptibility to infection. 	It is here 

assumed that the dissected samples were representative of the 

various susceptibility levels within the species and that the 

same result would have been obtained had it been possible to 

infect the same mosquito more than once. 	The majority of both 

species responded to an increase in gametocyte numbers by 

becoming lees heavily infected but oocyst numbers increased 

in those individuals which apeared most susceptible to infection. 

When garnetocyte numbers were high, only the more susceptible 

anopnelines were infected and the changes in the geometric mean 

of oocyat numbers reflected their increasing level of infection. 

Under the same conditions, however, the less susceptible 

individual ouliojnea did not fail to become infected but contained 

a small number of oocysts, thus contributing to the mean value for 

oocyat numbers which decreased as a result of their influence. 
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Considered in terms of the ratio of oocyst to gametocyte 

numbers, a value which relates output to input in this system, 

the infectivity of P. gallinaceum was seen to decline rapidly 

for both species as the number of gametocytes increased 

But, a decrease in gametocyte numbers in infections progressing 

to recovery, Was associated with increased infectivity for 

As. aegypti although for A. guadrimaculatus there was no change. 

The increasing infectivity after the peak of gametooytaemia was 

not simply a relative phenomenon but was also seen as an 

absolute increase in the infection of As. ae!c.yTpti samples. 

A similar inverse relationship between oocyst and gametocyte 

numbers in this host-parasite combination can be seen in the 

figures published by Huff, Marchbank and Shiroishi (1958) but they 

do not comment upon its occurrence or significance. 

A number of theories have been postulated to account for 

the decreasing infectivity of P.,.Sallinaecum gametocytes. 

Cantrell and Jordan (1946) suggested several possible 

mechanisms including senility of gametocytes or their failure 

to mature in the vertebrate host as a result of either the 

depletion of the blood of essential nutrients or the development 

of immunity. 	The data obtained in this study is contra - 
indicatory to any hypothesis which suggests a permanent 

influence on the gametocytes within the heavily infected host. 

After transfer to an uninfected bird the infectiousness of 

P. gallinaceuxn gametocytes for Ae. aegypti was greatly enhanced. 
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Their infectivity incre3sed by as much as 176 times its level 

in the highly infected donor bird, a change which is entirely 

comparable in size to the overall decrease in infectivity 

of x 100 which occurred during the measured course of infection 

within one bird. This indicates no difference between the 

gametocytes present at early and late stages of the vertebrate 

infection in their potential ability to infect mosqiitoes. 

Whatever the factor which determines the decline in gametocyte 

infectivity it neither damages nor influences the development 

of these forms within the vertebrate host. Changes in the 

environment of the parasite prior to its ingestion by mosquitoes 

may alter the ability of gametocytes to infect but these 

factors must operate within the mid-gut of the mosquito. 

Here either a deficiency of the blood or the presence of a 

substance inimical to the parasite might be reflected in a 

reduction of the number of gametocytes which develop 

successfully and invade the gut wall to become ooeyste. 

Several attempts have been made to distinguish between 

host deficiency and host immunity as determinants of the 

observed decrease in gametocyte infectivity but much of the 

evidence obtained is consistent with either hypothesis and 

is incapable of discriminating between them. 	Cantrell and. 

Jordan (1946) showed increased gametocyte infectivity after 

transfusion of normal blood into a heavily infected host. 

The transfer of gametocytes from a heavily infected to a 

non-infected chick in this study is essentially the same 
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treatment and it elicited a 	:Lir, but conidhly 

greater, resjoilse. 	Eyles (1952h), using in vitro feeding 

methods, reported that substitution of serum from normal 

chic.ns for that of heavily infected blood and the addition 

of normal erythrocytes to infected blood both enhnced the 

infectivity of P. gllinaceum for Ae. aeypt1. 	The 

effects of all these treatments can be interpreted as 

resulting from either the dilution or removal of deleterious 

substances in the blood or the addition of essential 

substances, although Eyles' data require the latter to be 

present in both red cells and serum. 

The general conclusions of Huff, LIarchbank and Shiroishi 

(1958) after a number of attempts to enhance infectivity 

by the addition of supplements to the infected bird, were 

that their results could be better explained on the hypothesis 

tiiat active immunity is the major factor in decreasing the 

infectivity of garrietocytes. 	They considered that exposure 

of gametocytes to freshly injected blood for a 5 minute 

period was unlikely to have an immediate effect on their 

ability to infect mosquitoes, and evidently failed to 

appreciate that, even within the mosquito, gametogenesie, 

fertilisation and ooicinete formation all take place in the 

blood of the vertebrate host. 	Apparently these authors 

were thinking in terms of an influence on gametocytes only 

prior to ingestion by mosquitoes but theirs is still a 

remarkable statement in view of the fact that they transferred 
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gametocytes of P. gallinaceum from a heavily infected bird to 

clean chicks and observed them to be more infectious to 

Ae. aegypti. 

If host immunity is the major determining factor in the 

decline of gametocyte infectivity it is difficult to account 

for its increase for Ae. aegypti after the peak of gametooytaeria 

(see figs. 8, 10 and 14) since it occurred at a time when one 

would expect a high immune status in the infected animal. 

Possibly, however, the post peak parasite population contained 

an antigenic variant to which immunity had not been acquired. 

The gametocytes did not become more infectious for 

A. 2aadrimaculatus as their numbers declined, but t'h 	ecies 

appears lees sensitive to change than Ae. aegypti, and had the 

experiments been continued longer increased infections might 

have been observed. When gametocyte numbers were increasing 

the overall decline in their infectivity was less for 

A. guadrimaeulatu.s than for Ac. aegypti and after transfer to 

a new host their infectivity was less enhanced for the 

anopheline species. 	Evidently the extent of the change whicii  

occurs is dependent upon the mosquito species used to measure 

that change. 

The data indicate that the infection of a mosquito may be 

regarded as being determined by three factors: one tending to 

increase infection level; and two to reduce it. 	Gametocyte 

number is a purely quantitative phenomenon and in the absence 

of other influences a greater number of gametocytes is 

associated with a higher level of infection. 	The innate 
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resistance of the mosquito operates against invasion by the 

parasite and, for each individual, exerts a constant influence. 

But, there is a threshold number of gametocytes above which the 

barrier is penetrated and an infection established. 	The 

third factor, that which reduces gametocyte viability, has an 

increasing influence as the level of infection in the vertebrate 

rises and its action is to antagonise the effect of increasing 

gametocyte numbers. 	It operates first to decrease the rate 

of increase, then to limit and finally to reduce the level of 

infection within the mosquito. 

Each mosquito wuld appear to have its own characteristic 

response to changes in the quantity and quality of gametocytes 

in the blood meal. 	There is an initial phase when gametocyte 

nubers are subliminal: a phase when the challenge Is 

sufficiently high for an infection to betablished and oocyst 

number increases with increasing gametocyte numbers but at a 

decreasing rate until: eventually the final phase is reached 

when the invasiveness of the parasite is reduced to such an 

extent that infection level starts to deore,ase and the mosquito 

once more remains uninfected. 	The exact timing of these phases 

will be determined by the level of resistance of the mosquito. 

In a highly susceptible mosquito the final phase of response 

may In practice never be elicited, in an individual of low 

susceptibility the phase of increasing infection level may be 

transitory and in an individual which appears entirely refractory 

the number of viable gametocytes is never sufficient to exceed 

the infection threshold. 
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If the combined influence of increasing gametocyte numbers 

and increasing 'anti—infectivity' factor within the vertebrate 

host is considered as an asymmetrical wave of parasite 

infectiousness then the action of the mosquito is analogous to 

that of a triode valves the grid, voltage represents 

susceptibility level and the voltage across the valve the parasite 

infectiousness. 

Since individual susceptibilities differ the Waves of response' 

of different mosquitoes will be out of phase and it is the phasing 

of the several 'response waves' which determine the Incidence 

and intensity of infection In a population of the same species 

when all individuals have ingested a similar number of gametocyte. 

There appears, however, to be i4addition a difference between 

the species since the influence of the factor that reduces 

gametocyte viability is evidenced later in A. quadrimaculatus 

than it is In Ae. aegypti. 	The incidence of infection in the 

anopheline species continues to increase after As. aegypti 

infections are decreasing and, although A. guadrimaculatus 

appears, when gametocyte numbers are low, to be in all respects 

a less susceptible species, when gametocyte numbers are high (at 

or near the peak of parasitaemia) its range and intensity of 

infection equals or exceeds that in Ae. aegypti. 	Evidently the 

factor that is limiting Infection level in the more susceptible 

individual culicines has a later influence on the more susceptible 

individual anopnelines and as a result they become eventually 

equally heavily infected. 
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This difference is rather surprising because in the less 

susceptible species, as in the less susceptible individual 

Ae. aegypti, an earlier influence of declining gametocyte 

infectivity would be expected. 	Since A. guadrimaculatus is a 

bigger species and ingests a greater volume of blood (Jeffery, 

1956)) it is possible that the larger number of gametocytes in 

the gut may be the important difference. Although the 

proportion of viable gametocytes in the blood meal may be 

decreasing through the action of the vertebrate host factor 

the number of viable gametes in A. guadrimaculatu.s is, under 

the same conditions for infection, always higher than in 

Ae. aegypti. 	Thus, for the anopheline species, the effective 

decrease - the point at wnlch increasinr vertebrate host factor 

and the mosquito resistance factor together counter balance the 

increase in gametocyte numbers - occurs later. 

A source of variation within this system which has not yet 

been considered is associated with long term change in 

experimental material. 	The chickens were always of the same 

breed and age and mosquitoes were reared in the largest possible 

numbers to reduce the probability of inadvertent selection within 

the colony. 	Transmission by transfer of infected blood may 

initiate and propagate changes within the parasite and a 

morphological difference in a line of P. gallinaceum which has 

been maintained in this laboratory by repeated blood passage 18 

described in the a3pendix to this study. 	Other changes could 

affect the ability of the parasite to infect mosqLiitoes although 

decreased infectivity has not been evident in these experiments 
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in lines which were maintained by blood transfer for up to 

twelve months. 	Continuous cyclical transmission reduces the 

possibility of loss of infectivity but may not ensure stability 

since passage through, and consequent selection within, one 

mosquito species could influence the infectivity of the parasite 

for other species. 

The influence of factors which might be related to mosquito 

resistance was determined by comparison of oocyst numbers in 

mosquito samples fed before and after intravenous injection of 

the test substance. Although no more than 60 minutes elapsed 

between feeding the first and last mosquitoes in any experiment, 

it was found that, in the absence of any treatment, the parasite 

could change sufficiently during this time to influence the 

infection of Ae. aegypti. 	Significant differences (5% level) 

in the numbers of oocysta developed in to samples of this species 

which had fed on the same chicken for consecutive 30 minute 

periods, were obtained in 5 out of 22 comparisons. 	Since these 

changes could not be related to any differences in the directly 

measurable characteristics of the vertebrate infection neither 

their occurrence nor influence in subsequent experiments were 

predictable. 	The data indicate, however, that the probability 

of a change in the infectiousness of the parasite in a single 

experiment is about 1 in 4 and that an increase or decrease in 

infection of Ae. aegypti is equally likely to occur. 
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Initially the test substance was either dissolved or suspended 

in 0.5 mis. of U,9%  sodium chloride solution, but it was 

subsequently found that, what had at first appeared to be an inert 

vehicle could, under certain circumstances, actively influence 

mosquito infections. 	Injection of 0.5 mis of sodium chloride 

solution resulted in a reduction of 000yst numbers in Ae. aegypti 

in three out of six trials whilst infection levels in 

A. ajadrimacu1atus were decreased in all of three experiments 

involving this species. 	Depression of Ae, ae,ypti infections, 

occurred too frequently to be accounted for by changes in the 

parasite and this indicates a real influence of sodium chloride 

solution. 

Infection levels in Ae. aeypti were similarly reduced in 

one out of three experiments, after intravenous injection of 

0.5 mis of 0.96 potassium chloride solution. 	Although chick 

ringer solution appeared to have a lesser influence a small, but 

significant (54 level) depression of infection in As. ae•ypti was 

recorded in one of three trials. 

The pH of the sodium chloride solution was found to be 6.5, 

and therefore lower than that of chicken blod, which according 

to Bishop and il1e0onnachie (1956) lies within the range of 7.38 

to 7.46. 	These authors snowed, however, that intravenous injection 

of 0.05 rnls/20 gins body weight of heparin solution of pH 6.13 to 

6.30 had no effect on the pH of chicken blood. 	Presumably, in 

this study also, the buffering action of blood was sufficient to 

neutralise any differences in pH between it and the substance injected. 
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The immediate effect of introducing 0.5 mis of saline 

solutions into the host circulation is to reduce the concentration 

of most of the blood components. 	Mosquitoes feeding on 

infected hosts would ingest fewer red cells, and hence fewer 

gametocytes, than those which fed on the untreated bird. 	The 

total blood of a 2 to 3 week old chick represents approximately 

10% of its body weight (Medway and Kare (1959)). 	3inoe the 

weight of the chicks used 'ae in the region of 100 gms the 

dilution of the parasite should have been small (about 20:21) 

and red cell counts before and after injection were not 

demonstrably different. 	In view of the large number of 

gametocytes which the mosquito ingests and the small number of 

oocysts which become established in the gut wall it seems highly 

unlikely that a small reduction in gametocyte numbers could be 

responsible for the large changes in mosquito infection. 

A simple salt solution is an unsuile medium for the 

development of P. gallinaceum in Ae. aegypti. 	Eyles (1952a) 

reported infection of As. aegrpti which had fed through a 

membrane on parasitised corpuscles suspended in saline, although 

their level of infection was less than that of the control 

group which had received defibrinated blood. 	Since he could 

find no differences in the nunibers of ookinetes developed in 

samples which had ingested either saline suspended erythrocytes 

or defibrinated blood Eyles considered that the factor 

responsible for lower infections was acting after fertilisation. 

Subsequently Bishop and McOonnachie (1956, 1,.?60) showed that 
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in vitro few gametocytes of P. gallinaoeum emerged in a 

solution of sodium chloride and that normal emergence and 

development required the presence of H003 	'ions. 	They 

suggest that the different results of Eyles are a conequenoe 

of the delay in his experiments between the removal of blood 

and suspension of the corpuscles in saline, the gametocytes 

being in normal blood for sufficient time to permit development. 

It appears therefore, that gametocyte emergence and male 

exflageflatjon depend upon the presence of specific ions in 

the medium but optimal development thereafter requires other 

constituents of blood plasma. 	Serum albuxjiin was shown by 

Byles (1952a) and later by Behin (1968) to be the most 

favourable single serum fraction for oocyst development. But, 

since it was less effective than whole serum, Behin concluded 

that it is the total protein in the vertebrate host serum 

which has the maximum effect in supporting development of 

malarial parasites. 

Although a solution of sodium chloride is itself 

inadequate to support development of P. gallinaceuni in 

As, aegypti it is not immediately apparent why the introduction 

of a mere 0.5 mis into the total blood volume of a chicken 

should result in reduced Infections in Ae aegypti in soiae 

experiments. 	It is probable that the salt solution inI'luertes 

the parasite by upsetting the critical balance of the blood 

components in some hosts. 	This supposition is partially 
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substantiated by the fact that two trials in which 1 ml. 

of sodium chloride solution was injected both resulted in a 

reduction of Ae. aegypti infections. 	Parasite dilution 

might have been expected to play a slightly greater role 

here although it was still small (10:11). 

The introduction of a solution of one salt will effectively 

reduce the concentration of all other ions in the plasma. 

Possibly it was this change which resulted in reduction of 

infections in mosquitoes after injection of either sodium or 

potassium chloride solutions since a more complex salt solution, 

containing chlorides of sodium potassium and calcium was 

observed to have a lessor influence. 	The data of Bishop 

and ivlc0onnachie (1960) show that gross differences in the 

relative proportions of two ions may be critical for the ea33y 

developmental stages of P. gallinaceum. They found that, 

whilst emergence and exflag.11ation occurred normally in a 

medium containing K and Na+  in ratio of 4:21 an excess of K+ 

over Na (ratio 21:4) inhibited exflagellation although 

emergence of gametocytes from the red cells was unaffected. 

If smaller variations in the relative proportions of two or 

more ions in the medium can influence paracite development within 

the mosquito then any treatment which upsets ionic balance could 

be expected to affect mosquito infection. 	This hypothesis 

requires, in addition, differences in ionic background in 

different chickens to account for the apparent lack of 

influence in some experiments. 	That this may occur was shown 
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by Overman, Bass and Tomlinson (1950) who demonstrated a 

progressive reduction in plasma Na+ and 01 and an increase 

in plasma K+  in chickens infected with P. gallinaoeuxn, 

Persian and Stahier (1)60) found that fewer oocysts 

of P0  gallinaceum were developed in Ae, aegypti which had been 

maintained during the preinfection period on diets which 

included 0.1M solutions of either sodium, potassium, calcium 

or magnesium chloride in addition to the standard 4% sugar 

solution. 	They considered this to be an effect on host 

susceptibility due essentially to the action of the particular 

ions ingested: an interpretation which infers inability 

on thó part of the mosquito to regulate its own ionic 

composition. 	After ingestion by the mosquito, fluids 

containing sugar are stored in the ventral oesophageal 

diverticulum from which they pass to the mid-gut for absorpon 

(Bishop and Gilchrist (1946)). 	Thus, in the experiments 

of Persian and Stahler, the infecting blood could have become 

mixed with some of the previously ingested salt solution in 

the mid-guts of the mosquitoes producing a situation similar 

to the one described here. 	It is evident, however, that 

whether the different ions act directly in the infecting blood 

or whether their influence is through tie mosquito, they 

ultimately affect the ability of the parasite to establish an 

infection. 

It would be of interest to investigate the influence 

of other salts and combinations of salts in the infecting blood 
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meal of Ac. aegypti. 	It seems probable that a solution which 

contains ions in proportions which approximate most closely 

to those of normal chick plasma would have least effect on 

mosquito infection. 	Since, however, sodium chloride solution 

is not entirely without influence the interpretation of data 

obtained in experiments in which it alone was used as carrier 

for the test substances requires caution. 

One physiological variable which distinguishes Ac, aegypti 

from A. guadrimaoulatue is the different action of their salivary 

secretions on blood. 	The salivary glands of female 

A. guadrimaculatus contain a powerful anticoagulant and an 

agglutinin which is active in the blood of many mammals but which 

does not cause agglutination of chicken erythrocytes 

(Metcalf, (1945)). 	The available evidence as to the inflae 

of the salivary secretions of Ac. aegypti Is contradictory. 

According to Yorke and Macf ie (1924) and Metcalf (1945) salivary 

agglutinin and anticoagulant are lacking, but fudeon (1964) 

claims to have detected the action of both in human blood after 

ingestion by Ac. aegypti, 	In vitro tests made in this study 

using the capillary tube method of Cornwall and Patton (1914) 

confirmed the anticoagulant activity of A. guadrimaou.latus 

salivary glands but, under the same conditons, suspensions of 

the glands of As. aegypti always failed to delay coagulation. 

Possibly the culicine anticoagulant is active only after 

secretion, but examination of the mid-guts of Ac. aegypti one 

hour after feeding revealed a slid mass of blood which could 
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not easily be broken up with dissecting needles. 	In the 

anopheline species the blood had obviously been oonoentrted, 

but, when the mid-gut was pierced, the red cells flowed 

freely into the saline. 	It appears therefore that there is 

a large qualitative if not a quantitative difference in the 

action of the salivary secretions of the two species on chicken 

blood: in As. aegypti blood is coagulated but not agglutinated 

and in A. guadrimaculatus it is neither coagulated nor agglutinated. 

Clearly physical differences in the environment of the parasites 

in the mid-gut of the mosquito could influence their ability 

to establish and account for at least some of the between 

species difference in susceptibility. 

The influence of blood coagulation was investigated by 

feeding non-coagulable blood, from heparin treated hosts, to 

both Ae. aegypti and A. civadrimaoulatus. The level of infection 

in samples of the oulicine mosquitoes which received heparin 

in the infectin# blood meal was always considerably reduced, 

while depression of infection was evident in two out of four 

trials with A. guadrimaculatus. 	It can be concluded, therefore, 

that the introduction of heparin in sodium chloride solution 

into the blood has a deleterious affect on the ability of the 

parasite to infect mosquitoes, its influence being greater for 

Ae1  aegypti than for A. guadrimaculatus. It is, however, 

noteworthy that, in the anopheline mosquitoes the effect of 

sodium chloride solution alone appeared greater than its combined 

influence with heparin. 
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If the only effect of heparin is to prevent coagulation 

in Ae. aegypti and to reinforce the natural anticoagulant of 

A.quadrimaculatus, then this data is entirely consistent with 

the hypothesis that non-coagulated blood is a less su.itble 

environment for the development of the parasite within mosquitoes. 

Counter-evidence is, however, provided by the work of 

Eyles (1952a) who investigated the influence of heparinisation 

and mechanical defibrination of blood on the Infection of 

Ae. aegypti with P. gallinaceum. 	Mosquitoes received the 

treated blood through membranes and their infection level was 

compared with a sample of the same species which had fed on 

the infected chicken before removal of blood. Although he 

found consistently reduced number of oocysts in Ae. aegypti 

samples which had ingested heparinised blood, defibrination 

appeared to have no effect, Indicating that blood coagulation 

exrte no mechanical influence on the parasite. 	The findings 

of Eyles were subsequently confirmed by Ward (1966) using the 

same host-parasite combination. 	Heparin must therefore 

depress oocyst numbers through a direct action on the parasite 

in the mid-gut of the mosquito. 

A dilute solution of1ieparin was shown by HeIlbrun and 

Wilson (1949) to block division of Ohaetopterus eggs, an effect 

which proved to be reversible and wis  Interpreted as an 

inhibition of mitotic gelation analogous to the influence of 

heparin on blood coagulation. 	If heparin can enter a cell and 
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inhibit protoplasmic coagulation then it might also suppress 

nuclear division in other organisms including the male 

gametocytes of malaria parasites. But, in a study of the 

factors affecting the emergence of the gametocytes of P. gallinaoeu.m 

and the exflagellation of the male gametes, Bishop and 

McConnaohie (1956) observed that exflagellation took place 

in vitro as rapidly in heparinised as in untreated blood, 

Heilbrun and Wilson also stated that heparin inhibited 

fertilisation of Ohaetopterus eggs, but did not comment on the 

significance of this effect which appears unlikely to be, due 

to its anticoagulant properties. 	It is probably that the 

influence of heparin in these experiments is through its 

lethal action on the parasite rather than through an 

inhibition of division. 

To obtain an indication of whether the activity of female 

A.quadrimaculatu.s salivary glands could be associated with 

the lower susceptibility of the anopheline species to 

P. gallinaceum infection, suspensions of anopheline salivary 

gland tissue were introduced into the infecting blood meals 

of As. aegypti. 	In five out of six trials infection levels 

in the ou.licine mosquitoes were reduced after this treatment 

providing good evidence for the presence of a factor which 

depresses the infectivity of P. gallinaceum gametocytes. 

The salivary gland suspensions were active in concentrations 

too low to have a measurable influence on the coagulation time 

of the blood. 



This work was then extended to other anopheline tissues 

and the presence of a factor which reduces the number of 

parasites capable of establishment in As. aegypti was indicated 

in all tissues tested. 	A large influence was evident from 

female mid-gut tissue and a small effect was obtained with 

thoracic muscle. A suspension of 50 male A. quadrimaculatus 

mid-guts did not markedly affect Ae. aegypti infections but 

when the tissue from 100 mid-guts was injected a large depression 

was obtained. 	The results of experiments which utilised female 

anopheline muscle and male anopheline mid-guts are open to 

question since these tissues were suspended in sodium chloride 

solution only and were not repeated with chick ringer as the 

suspending solution. 	Possibly, therefore, the significant 

depressions in Ae. aegypti infection levels observed were a 

result of influences other than that of the tissue under test. 

The infections in Ae. aegypti were, in four out of six 

experiments, uninfluenced by the presence of a suspension of 

tissues from females of the same species in the infecting 

blood meal. 	Increased infections were recorded in one 

experiment which used tissue from 50 mid-guts and reduced 

infections in one trial with 100 pairs of salivary glands. 

The latter tissue was suspended in sodium chloride solution 

and, in two further experiments, one using sodium chloride 

and the other chick ringer as the suspending solution, 

there was no evident effect from the same number of salivary 

glands. 	It seems highly probable, therefore, that the influence 

in the first experiments was that of the sodium chloride solution 
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or a change in the parasite rather than that of the tissue. 

Because the intravenous injection teat system is subject 

to influence from sources other than that of the substance 

under test it is only adequate for preliminary studies and for 

demonstrating large differences. An attempt was therefore made 

to develop a more sensitive system which could be more easily 

controlled. 	It was found that infections of comparable intensity 

could be obtained in a series of chicks by the Intravenous 

injection of equivalent volumes of heavily infected blood. 

These immediate infections proved to be equally and highly 

infectious for samples of Ae. aegypti and this therefore 

constitutes an entirely suitable test system since the number 

of control and experimental birds is limited only by the 

available volume of heavily infected blood. 

After transfer to a new host the infectivity of P. gallinacelam  

gametocytes was not reduced when suspension of either 50 mid-guts 

or 50 pairs of salivary glands from female A. gu.adrimaculatus 

were included with the transferred blood. 	The anopheline 

tissues were prepared in the usual way and were not treated 

differently from those used In previous experiments but it is 

possible that their activity had been lost before injection. 

The data obtained after Introduction of tissue suspensions into 

an already infected bird indicate, however, that the extent of 

the influence of anopheline tissues depends lkkpon the initial 

infectioLsness of the parasite. 	In all comparative groups, 

when Ae. aepypti Infection levels were high In the sample fed 
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before injection, the consequent reduction in oocyst number was 

lees. 	In one experiment when gametocytes were very infective, 

In the early stages of the vertebrate infection, a suspension 

of 50 pairs of anopheline salivary glands had no detectable 

influence. 	It is probable therefore that, after transfer 

of the gametocytes to a new host; a greater concentration of 

the anopheline tissue factor, is required to demonstrably 

depress gametocyte infectivity. This suggests that, in the 

mid-gut of the moeqito, when the viability of gametooytes is 

reduced by the factor in the vertebrate blood they are more 

easily Influenced by a given level of anopheline tissue factor. 

The data Indicate a qualitative, or large quantitative, 

difference between As. aegypti and A. guadrimaculatue in a 

factor (or factors) which Is deleterious to the development 

of P. gallinaceum in Ae. aegypti. 	This factor(s) appears to 

be present in all the anopheline tissues studied and it Is 

probable that it is this tissue component which is responsible 

for the lower susceptibility of A. quadrimaculatus to 

P. gallinaoeuin infection. 

Anopheline resistance appears, therefore, to be due not 

to a lack of required substances but to the action of this 

antagonistic and potentially lethal factor. 	The experiments 

of Weathersby (1952, 19549  1960, 19669  196 1) have demonstrated 

the antiblastic nature of immunity to P. gallinaceum in the 

totally refractory species 0. pIpiens and the results of this 

study indicate a similar basis for resistance in a species of 

low susceptibility. 	It may be suggested that differences 

* Weathersby and McCall (1968) 
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in individual susceptibility within A. gu.adrimacu.latu.s represent 

quantitative differences in the level of this tissue factor. 

In the absence of information about the concentration-

activity relations of the anopheline tissue component no 

definite statements can be made about differences between 

tissues. 	The evidence available suggests a greater concentration 

of the depressant factor in tissues of the alimentary tract. 

The parasite is exposed to the secretions of the salivary glands 

and mid-gut during development within the blood meal but the 

anopheline tissue factor is not a proven component of secretions 
may 

and the salivary glands p1ay no active role in the resistance 

of the mosquito to infection. 	It is possible that the tissue 

factor only influences the parasite when it comes into close 

association with the mid-gut wall, either during penetration or 

soon after etab1ishmnent. 	It is not known where in the early 

development of the parasite the factor responsible for 

anopheline resistance acts. 	Eylee (1952a) considers it 

unlikely that failure to develop to any important degree occurs 

before the ookinete stage and he observed that, in some 

instances, ookinetes penetrated the but of A. guadrimaculatus 

but ceased development after becoming established. 

A more comprehensive study of the parasite in the blood 

meals of A. gu.adrimaculatus is required before the developmental 

stage at which the anopheline tissue factor first manifests 

an influence can be identified. 	The anopheline species together 

with Ae. aegypti which have ingested normal infected blood 
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and the same blood together with an anopheline tissue suspension 

should provide a suitable comparative system for this study. 

The rate of development of the malarial oocyst, after it 

has become established within the mosquito, is probably 

influenced more by temperature than by any other single factor. 

Within certain limits the duration of eporogony varies inversely 

with the environmental temperature, and outwith those limits 

development is completely inhibited (Boyd (1949)). 	In this 

study, oocysts growing in As. aegypti took three days longer to 

reach maturity at 25°C than they did at 28°C. 

Under controlled environmental conditions, however, it 

becomes evident that factors other than temperature may 

influence the growth of oocysts. 	Measurements of oocyst 

diameter in Ae. aegypti  and A. ciugdrimacu.latus revealed 

large variations in cyst size on all days after feeding. 

Within both species the greater variation was found to be 

between individuals, indicating a host influence on the mean 

size attained by the oocysts developing within it. 	A between 

species difference in rate of growth was also apparent, most 

oocysts in A. guadrirnaculatus being smaller than oocysts in 

Ae. aegypti and reaching maturity later. 

Variation in parasite size must result from genetic and 

environmental influences. Each mosquito ingests a heterogeneous 

population of gametocytes and, whilst only in: ture forms will 

continue to develop, they will show a natural size variability. 

Factors associated with the vertebrate blood may influence 
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growth and development of the parasite within the gut contents 

and, depending on their distance from the gut wall and speed 

of movement there will be a time difference in establishment 

of ookinetes. All such influences will operate to increase siz3 

variation in newly established oocysts. 

In the gut wall the circumstances influencing growth must 

change, since here the parasites become more fully dependent 

upon the mosquito. 	Not all oocysts will be equally suited to 

grow and develop within the environment provided by a single 

mosquito and hosts may differ in their ability to support 

growth of the oocysts established within them. 	Differences 

between oocysts in different mosquitoes have been shown to 

contribute to the total within species variation in oocyst size, 

but the factor which differentiates these cysts is not of 

necessity associated exclusively with host characteristics. 

Since parasites in the same mosquito will compete for essential 

nutrients it is possible that a greater level of infection may 

be associated with slower rate of growth. 	Ghosh and Ray (1951) 

sowed that the rate of growth of P. gallinaceum oocysts was 

accelerated if Ae. aegypti were given a blood meal subsequent 

to infection. 

If infection intensity is the important determining 

factor then a negative correlation between oocyst size and 

number is to be expected. Such a relationship was observed 

by Cantrell and Jordan (149) for oocysts of P. gallinaoewvi 

growing at 29°C in Ae. aegypti, 120 hours after feeding. 
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But, Huff (1941) and Huff and .Larchbank (1955) failed to find 

any relation between mean size of oocysts of P#  cathemeriurn 

and degree of infection in C. pins. 	In this study a significant 

positive correlation between the mean size of oocysts and 

intensity of infection in Ae.aegypti was found on day 4 of 

the experiment, whilst on subsequent days no significant 

relationship was apparent. 	No form of association was evident 

between 000yst size and number in A. guadrimaculatue. 

The finding of differences in the mean size of oocysts 

in different mosquitoes in the absence of any correlation between 

oocyst size and number indicates that host factors must operate 

to retard growth in some individuals. 	The evidence of Ward 1966) 

suggests that, in Ae.. ae'ypti, these factors may be related to 

those which determine the size of the established infection. 

He found that oocysts of P. galllnaceum grew more slowly and 

attained a mature size one day later than in the parent strain 

in a line of Ae. aegpti selected for low susceptibility to 

infection. 	The data obtained in this study indicate an 

initial advantage for the parasites in the more susceptible 

individual Ae. aeypti and Ward (1966) also found a positive 

association between oocyst count and mean oocyst size in this 

species although it was significant in only 2 out of 7 experiments. 

If the factors which determine the host influences on 

oocyst number and size are related it is necessary to assume 

the action of another factor to account for the absence of a 

positive correlation between oocyst size and number, or its loss 
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in these experiments after 24 hours. 	This could be the 

influence of crowding of oocysts on the gut wall either, when 

infection intensity is high or as a localised effect since a 

small number of oocysts developing in close association may 

mutually inhibit growth. 

If we turn now to differences between species, 

A. guadrimaoulatuS, in addition to being lees susceptible than 

As. aegypt is also less suitable for the growth of oocysts of 

P. gallinaoeuin. 	But, whilst most oocysts in the culicine 

mosquitoes grew more rapidly than oocysts in A. gupdrimaculatua 

some appeared to grow more slowly. 	There was, thus, a greater 

range of oocyst size in Ae. aegypti on all days of the experiment 

except the first day 	day 4). Frequency distribution of oocyei 

size in the two species became increasingly negatively skewed 

as development proceeded but the change was more marked for 

000ysts in As. aegypti. 	The increased variation in As. aegypti 

originated from the presence of 'small' oocysts in most 

individuals whereas in A. gu.adrimaoulatu.s, 'small' oocysts were 

evident only in the more heavily infected mosquitoes. 	The 

population established within A. gugdrimaculatus would, 

therefore, appear to have been more similar in terms of growth 

potential than those which infected Ae. aeypti. 	Possibly 	in 

the more susceptible species, and in the more susceptible 

individual anophelines, less efficient selection at the level 

of the gut wall enabled a more heterogeneous population of 

parasites to become established. 	Differences in viability 
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would then be evidenced by less rapid growth of some oocysts 

within the host rather than failure to invade host tissues. 

Shute and iiaryon (1952) commented on differences in rate 

of growth of oocysts of human malaria parasites in reasonably 

heavily infected mosquitoes (So plus oocysts) and stated that 

most of the slowly developing oocysts eventually reached 

maturity and produced sporozoi-tes. 	This is probably true of 

many of the 'small' oocysts measured in this study since only 
the 

101A,  of the total parasites remained in both species onAlast 

day of measurement and some of these were evidently ne::ir 

maturity. 	Some of the oocysts observed at this time, were, 

however, no larger than the smallest oocysts measured four days 

after feeding and it is doubtful whether they exhibited any 

further growth. 	In a subsequent series of dissections, 

structures which resembled degenerating oocysts were seen in 

a number of Ae. :ypti and A. guadrimaculatus 15 days after 

feeding. 	Ward, Bell and Schneider (1960) also recorded that, 

in their experiments, 6% of the oocysts of P. gallinaoeam 

growing in Ae. a.Typti failed to grow beyond a size of 30 

and did not reach maturity. 

The maximum diameter of an unruptured oocyst in Ae. aegypti 

was found to be 72.9L (27 micrometer units), when the 

environmental temperature waw either 2500  or  2800. 	Variation 

in the size of the fully mature oocysts is to be expected but 

the range of mature size is difficult to define from the data 
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obtained in this study. 	An estimated 60010 of the oocysts 

in Ae. aegypti ruptured between days 6 and 7 and if these were 

the larger oocysts on day 6 then day 7 observations were made 

on cysts which 24 hours earlier must have measured 48t or less 

(see fig. 18). 	We may thus estimate the minimum mature size 

of oocysts of P. gallinaoeum as approximately 48g. 

There is a large difference between these values and those 

of Shute and Maryon (1952) who recorded a maximum diameter of 

344 for oocysts of P. gallinaoeu.m developing in As, aegypti at 

25°C. 	In their study the oocysts were not stained but a drop 

of fixative was added to the preparation and the mid-gut flattened 

between a slide and a coverelip before measurements were made. 

It appeared unlikely that differences in technique alone could 

produce a difference of this magnitude but a check was made to 

ensure that the stain mercurochrome used in this study was not 

affecting oocyst size. 	No difference could be detected however, 

between the diameters of oocysts measured first in 0.94 sodium 

chloride solution and again after staining for 10 minutes with 

a 2% solution of mercurochrome. 

The size difference must, therefore, be explained on the 

basis of differences in experimental material. 	Shute and 

iviaryon, presumably worked with the Brumpt isolate of P. gallinaceum 

whilst these experiments utilised the more recent Dhanapala 

isolate, the 8B strain. 	Working in this laboratory Gallie (1963) 

measured oocysts in Ae.aegypti of a line of P. gallinacewn 

derived from the Dhanapala isolate and his estimate of 000yst 
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size are in agreement with those of this study although he 

records a maximum diameter of 94g. 	There is, however, little 

evidence of a strain difference in oocyst size since the data 

of Cantrell and Jordan (1949) and Ward, Bell and Schneider 

(1960) indicate that oocysts of the Brumpt isolate of 

P. gallinaceum can achieve a considerably larger size than those 

measured by Shute and. Maryon. After 120 hours incubation at 

2900 Cantrell and Jordan record a mean oocyst diameter in 

Ae, aegypti of 37.9 ± 085p& with a range of 31.9 - 46.5g. 

Similar results were obtained 120 hours after feeding (day 5) 

in this experiment for oocysts growing in Ae. aegypti at a 

temperature of 28°C, the mean oocyst diameter being 35.8 ± 0.35 

and the range 26.5 - 44.8. 	Ward, Bell and bchneider measured 

000y ste in Ae. aegypti up to and beyond the time when they 

began to rupture and found that at a temperature of 27°C 

sporozoites were released between days 8 and 9. 	They record 

a mean oocyst diameter, on day 8, of 49t with a standard 

deviation of logt oocysta of at least 69m in diameter must 

therefore have been present in the population. 

All measurements referred to here have been made on 000ysts 

developing in the same mosquito species but the possibility 

exists that strain diffeenoes in the invertebrate host night 

influence the size at which the oocyst reaches maturity. 

Individuals of the same laboratory strain, when infected and 

maintained under identical conditions, show significant 
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differences in the mean size of the oocyets developed within 

them. This was shown by Huff (1940) for P.cathemarium in 

0. pipiens and confirmed here for P. gallinacium in Ae. aegypti. 

In this study individual host differences were large and on 

the sixth day after feeding mean 000yst size in .ke. Tgypti 

ranged from 23.2 to 59.4&. 	A strain of Ae, aegypti may 

therefore exist which is composed entirely of individuals in 

which the size attined by mature ooeysts of P. gallinaoeum is 

reduced. Reference has already been made to this property 

in the low susceptibility line of Ae.aegypti derived by 

artificial selection from a Malayan isolate of this species 

(Ward (1966)). 	Even within this extremely unfavorable host 

environment, however, oocyats achieved a greater size than that 

recorded by Shute and Maryon. 	It must therefore be concluded 

that strain differences in invertebrate hosts are alone unlikely 

to be responsible for the small size attained by 000yste of 

P. gallinaceum in their study. 

'Black spores' were not seen after 10 days incubation 

at 280 but in a further series of dissections of mosquitoes 

which had been maintained at 250C for 15 days after feeding they 

were found in some individuals of both species. 	Oooysts in 

68% of infected Ae. aegypti and 71% of infected A. civadrirnaculatu.s 

had been converted into these structures and It was estimated 

that, In both species, they represented about 5% of the 

original cocyst pooui.ation. 	This result is rather surprising 

since Eyles (19520) found 'Black pores' in 84% of infected 
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A. quadrimaculatus, but in only 25% of Ae. aegypti. 	It is 

not clear whether his observations were made on samples of 

the two species which had received the same infecting blood 

and, since the data obtained here suggest that the number of 

'black spores' formed in a susceptible species may be determined 

as much by the parasite as by the mosquito, it is possible 

that his data are not directly comparable. 

When the environmental temperature was maintained at 

2800, sporozoites invaded the salivary glands of some 

individuals of both species on the 7th day after infection. 

The glands of 22 out of 25 Ae. aeypti examined on this day 

contained sporozoites but 100% salivary gland infections were 

evident only on the 9th day of the experiment. 	Samples of 

A. quadrimacu.latus always showed a loer incidence of salivary 

gland infection and even on the 10th day after feeding 

sporozoites were seen in only 15 of the 17 individuals which 

showed evidence of having been infected with oocysts. 	A 

further series of dissections of mosquitoes maintained for 15 

days at 250C showed that, after this time lapse, sporozoites 

had reached the salivary glands of only 28 of 35 infected 

A. guadriniaculatu.s whilst all Ae. aegypti examined had gland 

infections. 	No estimate was made of sporozoito numbers but 

the salivary glands of A. guadrimaculatu.s samples appeared less 

heavily infected than those of e. aeypti. 	These observations 

confirm the findiis of the Rockefeller Foundation workers 

(1948) and .y1es (1952c) that sporozoites do not reach the 
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glands of A. guadrirnaculatus in proportion to the numbers of 

oocysts developed in the gut wall. 	This may to some extent 

reflect the smaller size of oocysts in A. guadrimaculatus, 

and the Rockerfeller foundation workers found that a 

supplemental blood meal given to this species when oocysts were 

maturing resulted in a marked increase in the number of 

sporozoites reaching the salivary glands. 

The presence of obviously ruptured oocysts in many 

individuals (6 out of 12 on day 7, and 8 out of 12 on day a) 

with non-infected salivary glands suggests that there may be 

a time delay in sporozoites reaching the salivary glands of 

A. Quadr].maculatus. 	Additional evidence for this is protided 

by the fact that, although the major lose (an estimated 70%) 

of oocysts from the population growing in this species occurred, 

at 2800  between days 7 and 8 there was no evident increase 

in the proportion of infected salivary glands durin; this 

time. 

A. Quadrimaculatus pr)vides therefore an environment which 

is, in all respects, loss suitabl for the growth and development 

of P. galliriaceuin than that of the more susceptible oulicine 

species. 	These experiments indicate that anopheline resistance 

to invasion results from the presence of a factor in the tissues 

of the alimentary tract which depresses parasite infectivity. 

This factor may be a component of salivary gland and mid-gut 

secretions or it may act only after the ookinete becomes closely 

associated with the mid-gut wall. 	After establishment growth 

is retarded and the oocysts reach maturity later and at a 
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smaller size than in Ae. aegypti. 	The evidence of the 

Rockefeller Foundation workers (1948) suggests that the host 

influence here may be partially due to a lack of required 

substances but the depressant factor could also act. 

Sporozoites reach the salivary glands in smaller numbers 

and appear to be delayed in their passage through the 

anopheline tissues and although this may result from reduced 

sporozoite viability initiated in the oocyet there is probably 

an additional host influence after release. 	The ability of 

the sporozoites in A. guadrimaoulatu.s salivary glands to 

infect chickens has been demonstrated but their 

infectiousness relative to sporozoitoe in As. aegypti is not 

known. 

The experiments conducted with a view to determining the 

basis for A. gixadrimaculatus resistance to infection with 

P. gallinaceuni are preliminary and their contribution is one 

of recognition rather than definition, 	It should, however, 

now be the aim to identify the anopheline tissue component 

and to determine its time and mode of action on the parasite. 
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This This thesis reports on a study of factors which influence the infection 

of Aedes aepti (]iinn.) and Anohe1es quadri 	tus (Say) with the 

I*ianapela isolate of Plasmodium gallixiaceum (Brumpt). 

The infection characteristics in the two species were determined 

from experiments in which paired groups fed together on a series of chicks 

with different infection levels. The percentage of individuals infected 

and the geometric mean of oocyst numbers were used to describe the 

infection in mosquito samples. These parameters were similarly and 

positively related for both species but their association was closer for 

Die. aeti. 	When infection intensity was high all Ae. aegypti were 

infected showing total susceptibility within the species. Infection 

incidence was always lower in A. MEdEjMSu._1&Ls and never exceeded 72i. 

The intensity of infection was usually lower in A. quadrimaculatu than 

in Ac, aegypti but, under certain conditions, infection intensity and 

range in infected anophelines equalled or exceeded that in Ac. aegynti. 

The changes in the incidence, intensity and range of infection 

in mosquito samples fed at intervals during the course of infections in 

three chickens are described. 	The infectivity of P. gallinaceum 

gametocytes declined for both species as gametocyte numbers increased 

and, for Ac. aegypti only, infectivity increased as gametocyte numbers 

decreased in infections progressing to recovery. 

5) 	Dilution of gametocytes in normal blood after transfer to a new 
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host host enhanced gametocyte infectivity for both mosquito species but the 

increase was greater for As. aeg.ypti. The changes in infection inoi& 

ence, intensity and range in the two species reflected the changes which 

occurred during the course of infection in a single chicken. 	Chicks 

which received equal volumes of the same infecting blood shored 

comparable infection levels and were equally and highly infectious for 

samples of As. aeg.yiti. 	It is concluded that the factor in the 

vertebrate host which depresses gametocyte infectivity has no permanent 

influence within the chicken and mist therefore operate within the mid-

gut of the mosquito. 

A theoretical pattern of mosquito infection is advanced to explain 
is 

the changes observed and it,00ncluded that As. aeyti is intrinsically 

a more susceptible host than A. ua3rimpulatus but that the inter—

notion of gametocyte infectivity and infection numbers results in the 

establishment of infection equilibria at different positions for the 

two species and for different individuals within them, 

An influence on mosquito infections of heparin, salt solutions 

and suspensions of mosquito tissues introduced into the blood meal by 

intravenous injection of the infected thicken was demonstrated. The 

results of these experiments are discussed and it is concluded that 

anopheline resistance to infection probably results from the presence 

in the tissues of a factor(s)which depresses the infectivity of the 

parasite. 



- 145- 45- 

6) 6) 	In addition to being less susceptible to infection A. quaa.rimao- 

ulatus is less suitable than he. aegypti for the growth and development 

of oocysta of P. gallinaceua. 	Oooysts grew more slowly and reached 

maturity later and at a smaller size in the anopheline mosquitoes. 

Sporozoitea did not reach the salivary glands of all individuals of 

A, qua1rimacu1atus which were infected with 000ycta. 
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9pt the data obtained from 36 ppyaations of Aedea aeti fed 

on different chicks with different Jj=Lq of P1aaxiodium gallinaceurn infection. 
data is arranged in order of increasing geometric mean cyst count) 

No. No. >:, Pc Arith- Geo- Range 
lat ion metic metric of 

Dias- Inf- tnt- Mean Mean Oocyat 
ected acted acted Cyst Cyst Numbers 

Count Count 

50 33 86 12.7 8.2 3.- 	67 
50 39 70 20.2 11.1 1-114 
50 59 78 18.9 11.8 1- 99 
40 27 67.5 28.3 12.7 1-110 
50 39 78 25.5 32.8 1-130 
50 58 76 252 13.8 1-158 
50 39 78 24.5 15.4 1-82 
50 49 98 19.2 15.7 l- 55 
50 45 86 24.8 16.7 1 - 141 
50 48 96 21.7 17.1 1- 	55 
50 43 86 25.2 17.9 1-150 
50 38 72 40.2 18.4 1-400 
50 46 92 26.1 19.0 1-102 
50 48 96 39.5 19.9 1 - 327 
50 45 90 42.0 24.0 1-177 
50 50 100 50.1 25.3 1-287 
50 50 100 50.1 28.1 1-228 
50 50 100 51.2 32.4 1 - 195 
40 36 90 46.9 35.2 3-120 
40 36 90 52.7 53.4 1-152 
50 00 100 53.2 55.1 1-193 
40 59 97.5 75.0 37.1 2 - 282 
40 40 100 80.0 37.5 1 - 573 
50 50 100 83.5 54.9 1-526 
40 40 100 113.4 60.8 1-486 
40 40 100 92.1 61.7 1 - 270 
50 50 100 96.4 62.2 2 - 436 
50 50 3.00 97.2 65.6 4-303 
50 50 100 116.8 72.6 1 - 471 
50 50 100 324.2 73.4 U - 550 
40 40 100 99.6 75.5 4 - 247 
52 52 100 189.9 77.3 1 - 610 
50 50 100 141.1 93.8 3-475 
50 50 100 141.7 94.5 1-342 
40 40 100 195.7 109.9 2 - 630 
50 50 100 169.4 130.2 21-442 

* Infected individuals only. 
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TABLE II 

wvnry of the data obta.ined. from 36 populatio ns of Anopheles 	rimes.nzatu* 

fed on different ohicks with different IgnIg of P1a,&tum gU&naoe 

in?eotion. 
(These samples were fed with the Ag2  aegypti samples in Tab. I and are 
arranged in corresponding order) 

No. No. ,Popu... Arith- Geo. Range 
lation motto metric of 

Diss- Int In?- Mean Cyst Mean Cyst Oocyst 
acted ected. acted. Counts Count* Numbers 
50 7 14 10.5 9.0 1- 	22 

100 31 31 18.1 8.0 1-111 
50 7 14 3.4 3.8 1- 	, 
80 22 44 124.8 24.5 1 -1000 
50 6 12 6.0 5.0 1-21 
50 3 6 2.7 3.0 1- 	6 

100 46 46 13.4 8.0 1-200 
100 16 18 5.3 4.2 1- 	26 
100 24 24 7.1 5.6 1- 	36 
100 44 44 5.0 4.8 1-19 

80 10 20 5.7 4.2 1- 	9 
50 4 8 5.3 5.6 1- 	9 
50 5 10 3.0 200 1 
50 3 6 3.3 3.9 1- 	5 
60 15 25 13.1 4.5 1-141 
50 15 50 12.5 6.7 1- 48 
50 32 64 32.7 14.8 1-203 
50 13 26 5.8 4.5 1-14 
40 18 45 20.8 7.5 1 - 41 
40 13 32.5 2.2 2.9 1- 	6 
50 6 12 2.0 2.6 1- 	6 
40 10 25 2.0 2.6 1- 	7 
60 27 54 35.5 12.2 1-205 
50 15 30 6.1 5.3 1- 	24 
52 14 43.8 8.2 5.4 1- 	39 
40 23 57.5 7.5 518 1- 40 
50 36 72 60.4 24.3 1-389 
22 14 63.6 171.8 78.0 5 • 550 
so 19 38 12.2 5.9 1-116 
60 51 52 117.2 26.5 1 -1050 
50 21 42 52.2 15.6 1 - 312 
60 30 50 122.8 23.6 1-800 
50 25 50 76.9 10.1 1-600 
50 24 48 42,2 12.0 1 - 390 
26 17 65.4 208.7 84.6 2 - 860 
50 20 40 48.9 17.3 1-306 

* Infected individuals only 
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Oocyst numbers reccrdød in five experiment in which samj,les gt A, aeviti 

and  LL. qia 	8.tt!3 fed to 	on an infected chtok, 

Group 
I 
A. qualri- 

aeypti maculatua 

Group 
2 
A ctuadri- 

aegypi4 	inacu1atu 

Group 
S 
A. guadri- 

ae&mli rqu1atu 

o 0 0 0 0 0 0 0 1 1 0 0 
o 0 0 0 1 1 0 0 3 3 0 0 
o 0 0 0 1 3 0 0 4 6 0 0 
o 0 0 0 5 3 0 0 7 7 0 0 
o 0 C 0 4 8 0 0 9 10 0 0 
o o O 0 8 8 0 0 U 12 0 0 
o o 0 0 9 9 0 0 12 14 0 0 
o 0 0 0 10 11 0 0 16 16 0 0 
o i o o 11 14 0 0 17 18 0 0 
3. 1 0 0 15 17 0 0 19 26 1 1 
2 2 0 0 17 17 0 0 27 28 1 3. 
2 2 0 0 19 20 0 0 29 31 2 3 
2 2 0 0 20 20 0 0 32 35 3 4 
3 4 0 0 22 22 0 0 35 37 4 4 
4 5 0 0 23 23 1 1 41 42 5 6 
5 5 0 0 23 23 1 1 44 45 6 8 
6 6 0 C 24 24 2 2 45 56 9 U. 
8 9 0 Ci 25 27 2 2 56 60 32 18 
9 9 0 C 29 31 5 3 66 72 19 22 

10 12 0 0 35 33 4 4 75 90 25 26 
13 15 0 0 33 38 4 5 95 99 46 51 
16 19 0 1 41 42 5 6 99 105 52 58 
26 33 5 8 42 43 7 8 121 123 60 77 
34 38 9 10 43 45 9 10 152 154 92 94 
47 67 17 24 49 . 5_5 13 17 167 228 3.25 

12.7 	10.5 	21,7 	5.0 	- 50.1 	32,7 A. M, 

A, M, Arithmetic Mean of oocyst numbers 
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TABLE In ( Contimied) 

Group Group 
4 5 

Ago A. quari- A. qu133ri- 
aegypti macu1atu aegyti mtculatua 

2 3 0 0 21 24 0 0 
$ 8 0 0 25 28 0 0 

10 12 0 0 31 34 0 0 
17 17 0 0 34 41 0 0 
20 20 0 0 50 64 0 0 
24 30 0 0 70 74 0 0 
37 38 0 0 77 82 0 0 
40 42 1 1 95 105 0 0 
44 52 1 1 117 119 0 0 
54 57 2 2 119 120 0 0 
63 64 3 5 127 128 0 0 
68 74 8 9 128 136 0 0 
78 79 10 11 138 145 0 0 
92 92 13 14 150 171 0 0 
92 93 16 16 178 182 0 0 

112 118 17 23 190 197 1 1 
120 120 24 24 200 228 1 3 
122 122 36 54 232 237 3 5 
126 128 58 59 243 246 7 9 
133 140 62 65 250 254 10 U. 
145 165 74 79 283 285 12 31 
168 177 82 100 286 311 32 40 
182 222 135 148 314 340 46 70 
248 288 201 212 344 359 77 79 
322 45L 227 389, 4B 	442 194 306 

98.4 	 60.4 	169.4 - 	46.9 	A. M. 

A, M. * Arithmetic Mean of 000yst numbers 
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TAME IV 

The sigificanoo of differences teen th 	ntric means of occyst 

gogrg in .infecte AeL_aDti in ftmdWat..I (Qhper III, section b) 

Da1y of Experint 

7 	8 	9 	10 	11 	12 13 14 	15 

- 	- 	- 	- 	- <5  

< a 	a 	7 

- 	- 	- 	<5;  

- 	- 	<5; <5 <• 	- 
- 	<5: <5 - 	- 	10 Day of 

- - - 	- 	U Exeri- 

- 	- 	12 ment. 

- 	14 

- Not significant 
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TABLE V 

Data derived, from dafl,y measurements of oocyst.d eter in M. errti 

aM A. quadrimamaatus from the 4th to the 9th day after feodjg. 

Day4 Day Day  
No, of Mean cyst No. of Mean cyst No. of Mean cyst 
cysts diameter' cysts diametw& cysts diametei 

A 	3 8.0 *4.0 2 15.0 5 18.2 14.8 
4 8.0 ±1.1 2 16.0 9 16.1 ±4.6 
7 8.7 ±1.4 5 15.7 *4,4 10 120. 9 ±1.6 
9 10.0 ±1.7 6 14.2 ±1.6 13 16.2 ±3,2 

12 6.8 ±1.0 7 14.3 12.4 13 19.5 ±1,3 
12 8.8 ±1.0 10 13.5+-1.8 14 9.1 ±0.8 
16 10.4 ±1.0 U 12.9 ±1.6 19 12.5 ±2.0 
17 8.5 ti. 0 14 9.8 	±1.6 20 8.6 ±1.2 
19 7.9 t,  9 16 11,5 ±2.8 25 17.6 ti. 6 
26 9.4 ±0.9 18 12.6 ±2.0 27 15.8 12.2 
27 11.6 to. 9 28 15.7 ±1.6 28 15.8 ±1,6 
52 9.6 t,9 29 16.6 ±0.8 51 17.8 ±2.0 
37 9.5 ±1.0 32. 13.8 ±1.8 55 16,8 ±2,0 
41 10.9 ±0.7 35 14.2 ±1.0 33 16.4 ±1.2 
42 9.8 t9 55 11.9 ±1.8 34 17.5 12,2 
44 10.4 ±0.7 45 11.2 ±1.6 45 19.4 ±1,6 
45 10.8 ±0.6 56 15.5 ±1.6 57 15.6 12.2 
56 9.4 ±0.7 75 14.8 ±1.8 68 15.4 ±29 0 
60 10.6 ±1,0 96 14.3 ±1.8 71 17.8 ±1,8 
66 10.5 ±1.5 99 12.9 *1.6 72 17.1 ±2.4 
72 10.2 ±1.3 121 11.7 11.2 87 16.3 ±1.4 
90 10.4 ±0.9 123 11.6 ±1.0 91 19.3 ±1.6 
99 11.0 ±1.0 152 12.8 il.2 93 17.6 ±1.6 

105 10.4 tO.9 154 15.2 ±1.4 113 17.5 	2. 6 
167 10.1 ±0.8 228 12.3 ±1.4 138 19.4 ±1.6 

1 8.0 1 15.0 1 21.0 - 	3 9.7 ±2.9 1 18.0 6 15.8 ±0.6 
4 11.3 11.7 1 12.3 8 13.6 ±1.0 
5 9.8 11.5 2 11.5 ±5.0 9 15.3 ±1.6 
6 9.4 ±0.9 3 14.0 ±1.2 10 19.0 ±1.2 
9 9.1 ±1.5 4 13.3 ±1.4 10 15.7 13. 

19 8.9 ±0.8 4 12.5 12.4 10 16.2 ±2,4 
22 7.5 ±0,5 6 13.8 10.6 10 15,3 11,2 
26 11.6 ±0.7 8 10.9 011.0 12 14.7 ±1,4 
46 8,5 ±0.8 U 13,5 ±1.8 13 19.2 ±1,4 
60 11.6 to. 8 12 14.7 ±1.6 15 16,5 ±1.2 
77 9.5 ±0.6 18 U.S ±0.8 16 15.9 ±1.4 
92 9.6 ±0.8 23 8.8 	±0.4 19 15.4 ±1.2 

203 11.0 ±0.7 51 11.5 ±1.0 36 15.8 ±1.0 
52 13.7 ±0,6 55 18.0 ±1,2 
SB 12.5 ±0.6 68 10.8 ±0.6 
94 11.7±0.8 

125 12.8 ±0.8 

A - Ae. aeg,ypti B A. quadxirnaxu1atua 	* Micrometer *.nits 
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Table V (Continued 

Day  Day  Day9 
No. of Mean cyst No. of Mean cyst No. of Mean cyst 
cysts diameter* cysts diameter* cysts diameter* 

£ 	1 11.0 1 14.0 1 25.0 
- 	4 16.8 	A.0 1 1900 1 8.0 

4 95 ±2.4 1 16.0 2 7,5 ±3,Q 
4 15.8 2;7.8 2 16.5 ±9• 0 2 16.5 15•  0 
5 12.2 ±8.0 2 7.0 3 22.7 ±1.8 
5 13.4 ±5.6 2 17.0 iii. 3 3 16.0 ±3,0 
6 20;5 ±2.2 2 7.5 ±4,2 4 18.3 14.6 
7 15,0 	3.  8 3 1. 7 ±1.3 4 19.0 ±2.2 
7 15.3 ±3,4 4 12.5 ±7,3 4 7.8 ±1.0 
7 15.9 ±4,4 4 17.8 13  0 4 14.8 15,4 
9 15.7 13•  8 4 9.0 ±4.6 6 12.0 13,4 

11 16.0 ±2,4 5 16.0 t •  0 7 17.3 4,4 
16 15.3 ±3,0 5 17.0 ±3,6 7 8.8 il. 6 
16 15.6 12.4 6 15.5 ±1.8 8 14,5 14,2 
20 16.2 ±1.4 6 15.8 ±2.8 9 14.6 13.6 
23 17.4 ±1.6 7 15.1 ±4,8 40 18.5 ±1.6 
25 17.6 ±1.8 7 11.7 ±3,0 
27 18.9 12. 4 7 15.6 ±5,2 
28 13.7 ±1.4 9 12.6 13.6 
39 18.4 ±1.4 9 1 6 .6 ±4.0 
42 18.4 ±1.6 10 14.7 ±2.0 
42 17,8 ±1.8 10 17.8 ±3,8 
46 19,1 ±1.4 11 12.8 13.8 
48 19.3 ±1.4 12 13.8 12,6 
61 19.4 ±1.8 18 15.2 ±2.8 

B 	1 20.0 1 16.0 1 9.0 
- 	1 17.0 1 2010 1 21.0 

5 18.8 ±2,0 2 17.5 ±1.0 1 8,0 
6 13.0 ±2.4 2 17.5 ±3,0 1 1800 
7 19.0 ±2.4 2 19.0 ±4.0 1 7.0 

10 18.4 ±1.0. 2 19.0 ±2.0 1 10.0 
12 18.4 ±1,6 3 16.7 ±5.2 2 13.0 ±1.2 
13 19,0 ±2.0 5 16.4 4.6 2 17.0 ±2.0 
15 18.7 ±1.0 6 17.8 ±0.6 2 19.0 4,0 
21 17,2 ±1.4 7 16.4 ±2.8 4 19.3 13,4 
25 17,4 ±0.6 10 17.5 ±1.2 5 17.4 ±1.8 
28 17.2 ±0.8 13 15.8 ±2.2 5 20.6 ±1.6 
54 16.7 4.4 28 17.4 ±1.2 5 19.6 11.6 
96 17.8 ±1.6 42 17.0 4.6 7 17.0 ±4,2 

152 19.1 ±1.2 16 15.6 ±2.0 

A 	- Ae. aeyti 	B - acuiat 	* Micrometer units 
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VARIATION IN THE FORM OF GAMETOCYTES IN FLASDDItTM GALINAL)ETJM 

The identification of Plasmodiwn species telies in part on the 

morphology of the organism in stained preparations and, for avian ma].arias, 

a key character is gametocyte shape. Plasxnodinm galljnaoeum is 

characterised by "round, oval or irregularly oval" gametocytes which 

generally displace the nucleus of the host cell. Elongate gametocytes 

occur which do not displace, and sometimes completely encircle, the host 

cell nucleus; but such forms are atypical of the species (Dhariapala (196)). 

In this study it was noted that elongate gametocytes were the most abundant 

form. In a line of P. gallinaceum derived from the original Dhanapa].a 

isolate, therefore, the atypical had, become typical. 

The parasite was obtained from the London School of Hygiene and 

Tropical Medicine in October 1965 and two lines were established in this 

laboratory; one by uninterrupted blood inoculation and the other by blood 

inoculation after a single passage through Aedes aeriti. Both lines 

were maintained in 1 to 3 week old Brown Leghorn chicks, After 15 months 

(sa passages) it was observed that the lines differed: 707 of gametocytes 

in the line which had been derived and maintained by blood inoculation 

(subsequently termed the  'E' line) were considered to be elongate in 

contrast to 521 in the line established after mosquito passage. Since 

films of infected blood made when the parasite was first received showed 

only 207 elongate gametocytes a change had evidently occurred during the 

course of transmission of 'E' line parasites. 
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The estimates of the proportions of elonga,,ta gametocytes were obtained 

V examining a sample of 100 in (aemsa stained blood films. The criteria 

applied were shape and position in the host cell: a gametocyte was 

designated elongate only if it partially or completely surrounded the host 

cell nucleus and if this was not markedly displaced. Among those 

gametocytes which displaced the host cell nucleus, xnary tended to encircle 

it and a range of Intermediate forms occurred between what has here been 

classified as elongate and. what Brumpt (1935) figures as characteristic 

Of P. gallinaceum. 

Plate 1 illustrates the different shapes of gametocyte encountered 

in lines of the Dhanapala isolate maintained in this laboratory: the 

forms classified as elongate in this study are indicated. 

Since the line established after mosquito transmission had Shown little 

change the effect of passaging ']' line parasites through mosquitoes was 

tested. Elongate gametocytes were evident in sporozoite induced infections 

transmitted by either Ae, aegypti or M2])hele3 quadrimaculatus but they 

occurred much less frequently than in the parent line: 18.Z of gametocytes 

were elongate in an Ae. aeg"ti. transmitted infection and 231, in an infection 

transmitted by A. quadrimaculatq. 

Differential counts were next made at different levels of infection in 

a series of chickens to determine whether the proportion of elongate 

gametocytes might change during the course of a single infection. An 

Ae, aegypti sporozoite induced line (subsequently termed the 'N' line) 

was syringe passaged into four, 7 day old.,chicks each chick receiving 

approximately 3.6 X 108  infected red cells. At the same time 4 similar 
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chicks received an equivalent infective dose of 'B' line parasites. 

All infections were patent on the third day after injection. Blood film 

were made twice daily, at 10 a. m. and at 6 p.m., until the peak of 

parasitasmia and once daily thereafter. M estimate was made of the 

numbers of parasites and gametocytes and 100 gametocytes were examined and 

classified in each sample. The data are shown in figures 1 and. 2. 

All birds infected with 'B' line parasites died within 8 days of 

infection whereas the 'N' line infections were less rapidly fatal although 

peak parasitaemiaa occurred at about the same time in all birds. The 

proportion of elongate gametocytes fluctuated during the course of a 

single infection but whilst they always predominated in the 'B' line in 

'N' line infections they were in the minority. There was no evident 

systematic relationship between the stages of infection in the chickens 

and the proportion of elongate gametocytes. 

Variation in form applies to some extent to achizonts as well as to 

gametocytes and elongate schizonts were seen in both 'B' and 'N' line 

infections. Fifty of 100 'B' line sohionts examined were elongate and 

21 of 100 in the 'N' line indicating a further difference between the 

lines. The numbers of merozoitea in 50 elongate and 50 non-elongate 

mature sohizonts were counted and the mean xnerosoite numbers found to 

be respectively 25.5± 0.7 and 25.11  0.9 showing no difference in the 

number of merozoites produced. In all other respects the eytbrooytic 

parasites of the IEI and 'N' lines appeared. identical. The 

different stages of the parasite did not differ markedly in size, in 

the number shape and appearance of the pigment granules, or in the typ 
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of red cell infected. Walker (1968) measured the length of the asezual 

division cycle one sub-inoculation after mosquito transmission and after 

three years maintenance by blood inoculation. Both lines showed a 36 

hour periodicity typical of P. gaijinacewn (Lumaden and Bertram (1940)), 

although synchrony was lees evident after recent eporozoite transmission. 

Two possibilities could account for the differences observed. The 

first assumes a mixed infection in the original isolation and continued 

maintenance of wore than one Plasmodium species in laboratory hosts. 

The second suggests a change in the proportions of two naturally occurring 

forms of P. gaLinaoeurn gmetooyte, the elongate variant becoming dominant 

only after repeated transmission by blood inoculation. 

The Dhanapala isolate of I allinacen is thought to be morphologically 

identical with the Brumpt isolate (]Th*r*pala (1962)). Both Brumpt (1935) 

and Giovannola (1938) state that gametocytes, of P. saUinaoeum invariably 

displace the host cell nucleus but Corradetti and Balboni (1942) give a 

figure of Mra for gametocytes which did not displace the nucleus in 

chickens. By courtesy of Dr. P. H. Tuft of this department it was possible 

to ezwdm a film of chicken blood infected with the Brumpt isolate of 

P. callinaoetun made in 1946. In this 60 of the gametocytes were elongate. 

The passage history of this infection is not known but it indicates the 

Brunt isolate of P galliriaceum to be capable of variation similar to 

that already described for the Dhanapala isolate. In view of the evident 

gradation between elongate and other shapes of gametocyte and the 

similarities between two independent isolates of P.aUinaoeum it is 

highly unlikely that both isolates contain two morphologically distinct 

species. 
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