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PREFACE X

m publishing such an odd venture Other papers have been
published 1n the Bulletin of the World Health Orgamzatson, the
Indian Journal of Malartology and the Proccedings of the Royal
Soctety of Medicine 'This matenial has been drawn on n making
the present wider statement of the subject and Dr Wilcocks has
permutted reproduction of one section and several illustrations,
for which I thank him My grateful thanks are also due to the
Director General of the World Health Organization, to the Chief
of the Technical Publications Section and Dr E ] Pampana,
Chief of the Malara Section, for permussion to reproduce
Figures 8 and g from the Bullenn of the World Health Orgamza-
tron, detals of the Busuine and Nash techmque from the
Fifth Report of the Expert Commuttec on Malana, and the
detadls of chemical tests of insecticides 1n Appendix II which
are extracted from Spectficattons for pesticides, nsecticides, rodents-
ades, molluscicides, and spraymg and dusting apparatus 1 am also
much indebted to Miss E M Bulter for her interest, capability
and sndustry 1n preparation of the script

The deliberate ntention of the short list of references at the
end of each chapter 1s not to be all inclusive but prmarily to refer
the reader to sources from which he may extend his studies In
selecting references preference has been given to those which
review knowledge and which include a considerable bibliography
Our knowledge of epid logy 1s founded on a great la-
tton of facts and there 15 no collection of matenal and source of
factual information comparable with that in Boyd’s Malariology
to which the reader may always usefully refer, and several chapters
of which are quoted A smaller but still extensive source 15 1n
Pracical Malanology by Russell, West and Manwell This
primary objective of the references 1s supplemented by a secondary
objective of referring to key papers on the subject discussed in the
relevant chapter and often published after the main reviews
mentioned, and hence a number of indtvidual papers or reports
are quoted Since the development of the approach has been for
some years the man concern of my close colleague Mr G
Davidson and for some time that of Dr C C Draper, 1t 1s natural
that their publications should be frequently mentioned
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Altogether I have received much help, but I cannot for that
reason disclaim responsibility for the whole, which 1s 2 new prcture
of malaria and 1ts control as seen by an epidemiologist with many
valued friends and helpers

G MACDONALD

Ross Institute of Tropical Hygiene,

London School of Hygiene and Tropical Medicine,
Keppel Street, London, W C 1

Fune, 1957



Entract from The prevention of malaria by Sir Ronald
Ross, 2nd Edition, 1911, p 651

“66 Theory of Happemngs (1) Previous Work —The mathe-
matical treatment adopted 1n section 28 has been met with some
questioning by cntics Some have approved of 1t, but others think
that 1t 15 scarcely feasible owing to the large number of variables
which must be considered As a matter of fact all eprdermiology,
concerned as 1t 1s with the vanation of disease from time to time
or from place to place, must be considered mathematically, how-
ever many vanables are imphcated, 1f 1t 1s to be considered
scientifically at all To sav that a disease depends upon certam
factors 1s not to say much, until we can also form an estimate as
to how largely each factor influences the whole result And the
mathematical method of treatment 15 really nothing but the

pplication of careful r g to the problems at issue ”







CHAPTER I
THE FORDMS OF EPIDEMIOLOGY

TH1s book 1s largely an experiment 1n putting forward a novel
attitude to the eprdemiology of malaria, being the presentation 1n
ordinary language of the products of a mathematical study This
has seemed to gne some new and frumtful concepts of the
eptdemologieal features of msect-borne disease, and malania
particular, which deserve mterpretation from their onginal
techmeal form 1nto one suitable for everyday use

To explun them and show the ways in which a new attitude
might be helpful demands some preliminary consideration of the
nature of epidemiology 1tself The science as a whole deals with
the reasons for the prevalence of disease and the nature and causes
of vanations 1n 1t It 1s one of the oldest medical studies, having
onginated 1n a scientific form 1n the time of Hippocrates From
that time up to the middle of the mineteenth century it was
concerned very largely with the circumstances 1n which disease
occurred, erther 1n a static form or as epidemucs, and 1t might be
properly called arr 12l epid logy It reached a con-
siderable degree of understanding  indeed a classical malana
survey made over a century ago by Baker, Dempster, and Yule
and based solely on circumstantial evidence without knowledge
of erther parasite or vector could hardly be bettered to day The
authors were able to define the communal charactersstics of the
disease, to measure 1ts prevalence by means of the spleen rate
which they dewised, to understand the surroundings which
favoured 1ts production, and to prescribe the measures which
would be necessary to reduce 1ts incidence i the area which they
studied or to prevent outbreaks following irngation work 1n
other simular ones There were considerable generalisations from
this type of cireumstantial knowledge which made 1t possible to
avod the disease and 1n some cases to control 1t Those who doubt

s mught well refer to the voluminous writings of Hirsch

In the second half of the mineteenth century circumstantial
midy was first supplemented and later largely replaced by
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was doubled? Or if the number remamed unchanged, but they
took to biting man twice as frequently as before? Clearly the
amount of malaria would rise, but biologteal data give us no 1dea
of the proportion which the rise would bear to the increase i the
number of mosquitoes or the frequency of feeding on man, and
not even an indication whether the rise would be the same
following either of these two happenings The explanation of the
relattonship between one event and another 1s the sense of
proportion which 1s lacking It can only be supplied by the
addition of a third type of epidemiology—the mathematical
branch It 1s the object of the present work to describe the
epidemiology and control of malaria with the help of the additional
light which mathematical epidemiology can throw on them

The aim of mathematical epidemiology 1s to integrate biologtcal
and circumstanttal data into one coherent whole, with the other
two branches 1t completes the science of epidemiology Emphati-
cally 1t gives a sense of proportion, relating the various factors of
the transmisston cycle to each other and to relevant biological
charactenstics of the mosquito It can show the scale of changes
1n infection rates to be expected following changes m one of the
transmussion factors, and why this scale should differ greatly
under different conditions It can supply the prmeiple which
connects happenings 1n two countries and explamn the detail of
happenings 1n any individual country It does not attempt to
usurp the place of either of the other branches, being dependent
on both, but to round them off 2s a complete whole, giving 2
rational understanding of disease

Some mathematical ability 15 an essental part of the stock-in-
trade of the man who would develop or criticise the subject,
though hittle 1s demanded of him who would only wish to under-
stand 1ts mmplications and conclusions The only essentials for
this are a willingness to tackle a strange subject, an understanding
of metnic and logarithmic graphs, and an occasional effort to
utilise a formula simphfied by tables of the value of its mamn
component parts It 1s hoped that as many as possible will
attempt the full understanding and that others will surmount the
il Ahepardoc 1 therr wav To this end the verbal and algebraic
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statements are separated cxcept for the occasionil use of an
algebraic expression 1n the text

The development of the epidenological approach can be studied i —
Hirrocrates With an English translation by W, H 8 Jones A,
teaters, places, 1, 71-137, and Epidemies, 1, 147-185 London
Wilham Heinemann, 1923
Baker, W E, Demrester, T E & Yurr, H Report of a commuttee
assembled to report on the causes of unhealthiness which has
existed at Kurnaul 1847, reprinted 1929, Rec, Malar Surv India,
1, No 2, 1-68 (The ongin of the spleen rate 1s on pp 69-85)
Hirscn, A Handbook of geographical and historical pathology Trans-
lated by Charles Cresghton, 1, Chapter VII London New
Sydenham Soctety, 1883
GiLL, C A The genests of eptdemcs and the natural history of disease
London Bailliere, Tindall & Cox, 1928
Hamer, Sir WiLLiam Eprdemiology, old and new London Kegan Paul,
Trench, Trubner & Co Ltd, 1928
and there 1s an excellent review of des towards epidemology
m—
Russerr, P F Man's mastery of malana London Oxford University
Press, 1955
The history of the mathematical analysis of malaria can be traced
m—
Ross, R The prevention of malaria, pp 651-686 2nd edstion London
John Murray, 1911
Ross, R An apphication of the theory of probabilities to the study of
a priont pathometry, Pt T 1916, Proc roy Soc, A, 92, 204-230
Warre, H Mosquitoes and malania 1910, Brometrika, 7, 421~436
Lotka, A J Contnbution to the analysis of malana epidemiology
V Summary 1923 Amer ¥ Hyg , 3, January supplement, r13-121
Kermack, W O & McKenprick, A G A contnbution to the
mathematical theory of epidemics 1927, Proc roy Soc, A, 115,
700721
The papers on which the present expositions are based are
listed 1n the bibliography at the end of Appendix I




CHAPTER I1
THE CYCLE OF TRANSMISSION
STAGES IN MAN

MALARIA 1n man 1s the state of mfection with one of the four
plasmodia  Plasmodium falewparum, P vivax, P malarae or
P ovale, the Iife history of each of which 1s similar 1n principle
though there are considerable differences mn detail After mocula-
tion of sporozoites there 1s 2 preliminary stage of development 1
the hver of exo-erythrocytic forms during a “pre-patent” period,
which may be prolonged 1n vivax mnfections, and which ends with
the Iiberation of merozoites into the blood where they mnvade the
red cells The mmtial hberatton 1s too small in number to give
either climcal effects or an observable parasitaemia by microscoptc
exarmunation, though it can be demonstrated by sub inoculation
of blood into susceptible persons These erythrocytic forms
multiply, and at first apparently 1n an unrestricted manner with
the result that 1n a few days observable parasitaemia and chinical
effects are produced Within about a week of first patency there 1s
a marked reduction i the rate of this multipheation, and 1n this
way some balance of numbers 1s reached, usually with a farly
dense parasitaemua approaching 100,000 parasites per mm® of
blood The mutial period of parasitaemia thus launched continues
for a varable but usually lengthy pertod of time 1n which an
early immumty 1s demonstrated by a slow and irregular decrease
in parasite density It 1s followed by a period of irregular para
sitaemia consisting of pertods m which parasites are alternately
present 1n and absent from the blood, but with a general tendency
towards a decrease 1n numbers of parasites, increase in the length
of parastte-free periods, and shortening of the pertods of patency
In the case of P falcaparum there 1s no fresh source of erythro-
cytic forms after the termnation of the first pre erythrocytic
cycle, the entire period of infection 1s 1n reality one of continuous
parasitaemua, though the varying numbers of parasites m the
peripheral blood give a picture of alternate infection and freedom
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from 1t It 1s certain 1n the case of P virax, and probable 1n the
case of the other two parasites, that secondary exo erythrocytic
forms develop and subsequently liberate merozoites to infect red
cells and start new gencrations of patent parasites, so that there
probably are 1n these nfections penods of true freedom from
parasitaema separating the patent intervals

The duration of parasitaemia 1s variable It 18 probably shortest
m the case of falesparum infections Direct measurement in
hmuted series 1n Amernica showed that with onc stramn of this
parasite the mean frequency was 222 days, the longest observed
being 480 days, whilst with another stramn the mean was 280 days
with a maximum of 503 days, but 1t must not be taken that these
limted series include the extremes which may be found in nature
‘The normal duration of vivax infections 1s probably of the order
of two and a half or three years, though, again, some may persist
for a considerably longer time P malartae probably usually
persists for considerably longer there are many records of long
duration and one of persistence for 3z years There 1s httle
knowledge of the longevity of ovale infections

The pattern of relapse 1n vivax mfections may also differ from
that described There are certainly many widely differing strains
of the parasite and they appear to be divided mto two groups
In one there 15 a marked tendency to prolonged latency, sometimes
as a greatly prolonged incubation period, and in the form of an
interval of the order of 30 or 40 weeks between the ongnal attack
and the first relapse, n the other there 1s a more random distribu-
tion of relapses resembling the pattern found in faloiparum
mfections

Gametocytes are a product of the asexual forms appearing 1n
the blood stream and hence 1t 1s probable that their appearance 1s
always to some extent delayed after first parasitaemua In vivax
nfections, however, the delay 1s very slight, and for practical
purposes 1t may be taken that sexual and asexual forms appear 1n
the blood at roughly the same time, each crop of asexual parasites
m turn producing g ytes so that par 15 usually
synonymous with gametocytaerma In falaiparum infections the
position 1s very different Gametocytes do not appear in the blood
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until 10 to 12 days after the first appearance of asexual parasites
they are not infective for 2 to 4 days after therr first appearance
and they persist in the blood for considerably shorter times than
do the trophozoites, tending to occur 1n waves separated by
wntervals in which they may not be present The total duration of
gametocytaemua 1s therefore considerably less than of parasitaemia
They are most numerous during the early stages of the mfection
when they may well exceed 1,000 per mm? for several weeks, but
thereafter they dechne in numbers and in long-established
wfections 10 per mm? 13 a normal figure and 100 per mm® very
rare

The infecttvity of the gametocyte to mosquitoes 1s roughly but
not absolutely related to the numbers 1n the blood, there being
some inexplicable cases where density has been high and where
1t has been impossible to nfect mosquitoes from them During
the 1tial stages of wnfection, however, 50 per cent or more of
susceptible mosquitoes fed on a case usually become infected,
though i the later stages this may dimimsh to 10 per cent or
even less There does, however, appear to be considerable
vartation between strains of parasite m this respect, as there 1s
also 1n the susceptibihity of different anophelines

For the purposes of analysis these characterstics must be
rendered tn some numerical form, and although description of one
case 1n this way may be very difficult 1t 1s possible to devise 2
reasonable form when considering numbers of cases whose
nfections were dertved at different times The simplest expresston
15 the mean duration of parasttaemia, or numbers of days on which
parasttes appear in the peripheral blood regardless of whether they
are consecutive or not For analytical purposes it 1 often more
convenient to use the reciprocal of this, or the probable proportion
of cases which will become negative during a period of one day,
and this form 1s adopted n the analyses presented here It may
be used to represent a recovery rate either from parasitaemia or
from gametocytaemia, but the case 1s shghtly more difficult 1n
considering infectivity because an individual s not wholly
wnfective on any day in the sense that he infects all mosquitoes
feeding on him Properly there should be a double representation
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of a duration of gametocytaemia together with 2 figure representing
the mean proportion of anophelines feeding on the ndividual
duning gametocytaemia which become infected This rather
complicated double figure can, however, be condensed back into
a smgle one 1f 1t 15 remembered that 1t represents the compound,
this rather ssimplified form 1s used, a recovery rate being expressed
for infecttvity just as for g ytaemia Of par The
actual values of these recovery rates differ with species of parasite
and, indeed, with each stramn, but on a review of natural happenings
1t has seemed reasonable to adopt figures considered as representa-
e of many natural conditrons for use when numerical examples
have to be worked For this purpose 1t has been assumed that the
mean duration of parastaemia 1n a non-immune person 1s of the
order of 200 days and of infectivity about 8o days, giving recovery
rates respectnely of o 005 and o o125

Epidemiological happentngs are inevitably greatly influenced by
the occurrence or non-accurrence of superinfection Infection
with P t1eax confers an early immumity agamst superimfection or
reinfection with that particular strain of parastte, without at first
a heterologous immumty against other strains Repeated 1infection
with different strains, however, builds up a heterologous immunity
which eventually becomes general and the mdividual becomes
resistant to infection with the species Supennfection with the
same stramn of parasite 13 rarely, 1f ever, possible though 1t may
occur with other stramns of the parasite before firm immunity
1s acqured The picture in falaparum malania 1s sumlar m
principle though different 1n degree Stimulation of smmunity 1s
much slower and a patient has been supeninfected experimentally
on three occasions with the same stramn of parasite However, 2
homologous tmmunity to the onginal stran does eventually
develop, restricting the possibility of supeninfection except by
other strawns, and ulumately resulting i considerable resistance
to further infection with any strain The possibility of repeated
supeninfection with different strains of parastte has been amply
demonstrated 1n monkey malana, 1n nature there are probably a
number of strains and species of human parasite transmutted at
any one and patural happenings cannot be explained
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except on the basis that supeninfection 1s a common occurrence 1n
the field The subject 1s chiefly of smportance 1n attempting to
understand happenings 1n places where malaria 1s hyperendemc
and P faleparum predomimates In such places 1t 18 rational to
assume that certamly during the first few years of life and perhaps
m some places for much longer times the occurrence of one
mfection with falciparum makes no matenal alteration to the
probability of another during 1ts course, and that fresh infections
during this time are marked by a fresh onset of parasitaema
matenally unaffected by the previous one

STAGES IN THE MOSQUITO

There was for long considerable doubt about variation m the
susceptibility of anophelines until the answer was established by
experiments 1n which different species of anophelines were fed
simultaneously on the same patient, and the proportion m each
group which became infected was noted The position 1s very

phcated as the ptibility of any anopheline varses with the
species of parasite to which 1t 1s exposed and mdeed with the
strain of parastte, so that one mosquito may be quite susceptible
to P falesparum derived from one country and resistant to
mfection with a strain ongmating elsewhere In some cases
refractormess 1s virtually complete and 1n this context the species
can be considered as not being a vector, but where there 1s any
matenal susceptibility the range of vanation 15 not great and
probably has 2 much lesser influence on transmisston than other
varmables such as longevity and man biting habtt Assumung that
infection 1s estabiished 1 the mosquito, the time taken for the
completion of sporogony to the stage of mnvasion of the saltvary
glands by the sporozoites 1s dependent on temperature, while the
weight of evidence shows that atmospheric conditions such as
humdity are of httle importance, though they may affect the
mosquite’s expectation of life and so prevent completion of the
cyele There are mmmum temperatures below which development
1s indefinitely retarded, 19°C for P falaparum and 15° C for
P wwax High temperatures are lethal to the parasité, the
proportion surviving decreasing rapldly at temperatures Over
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32°C Within the Itmts thus set the rate of development 1s a
function of temperature Collation of all the avulable evidence
suggests that 1t 15 in the form shown m Figure 1 for P falesparum
and P eriax Data are nsufficient on which to present even a
tentatne curve for the other two parasites The mimmum
temperature permitting development of P malaniae 1s probably
of the same order of that for P erzax, though the time of develop-
ment of the former 15 probably very much longer

s

o
o

TEMPERATURE °C
~
]

20

10 15 29 25 30
DAYS

Fig 1 The penod of extrinsic development of P falaparum and
P uax

‘The invasion of the salivary glands by sporozoites 15 a necessity
for infectivity but 1s by no means synonymous with 1t, a proportion
of fallures being invanable 1n expenimental 1noculation and more
common 1n faleiparum infections than 1n vivax The mosquito 15
not infective unless sporozoites are present n the duct as well as
the cells of the gland Infectivity 1s then related to the numbers of
sporozoites present In experimental work, where infections are
usually heavy, a relationship has been shown and mosquitoes with
over 50 oBicysts on the stomach convey infection to about half the
people they bite, whilst those with smaller numbers nfect very
much lower proportions There 1s no avalable experimental



evidence on the infectivity of mosquitoes with very small numbers
of oocysts, such as are usual m many permanently malartous
areas, but reasonable extrapolation from experimental data suggests
that the proportion of sporozoite-mfected mosquitoes which
actually convey imnfection must in many of these places be very
small Even when the infection 1s heavy, repeated biting depletes
the numbers of sporozoites 1n the salivary glands and thereby
causes a progressive loss of infectivity Sporozoies are also
thought to undergo degeneration after some time and to become
non-infective, and 1t has been asserted that a considerable propor-
tion of sparozoite-infected mosquitoes 1 nature show degenerated
sporozoutes only, though 1t 1s difficult to check the vahdity of this
statement In general it must be taken that infection of the
salivary gland 1s not necessanly synonymous with mvariable or
even with usual infectivity on biting, and since direct evidence 1s
unobtainable the collection of mndirect data on the proportion of
mosquitoes which are actually infective 1s fully justifiable
Completion of sporogony to the development of sporozottes 1s
dependent to a minor extent only on the viability and nutntton
of the parasite 1tself, because most infections in the mosquite run
to completton if the mosquito survives The prospect of survival
of the mosquito 1s incomparably the most important determing
factor, and although 1t 1s one of the most important aspects of
epidemiology, 1t has recerved extraordinanily little study and the
known efforts at measurement are very few There are two aspects
the pattern of mortality and the mortality rate The pattern 15 10
principle probably much the same for most ammal species
Immediately after emergence the mosquito 1s delicate and
exposed to constderable hazards so that the death rate in the first
few hours or possibly the first day or two 1s probably high
Thereafter there ts a long period during which death from natural
causes 15 uncommon until a termmal age 15 reached when 1t
becomes increasingly frequent The numerous studies of the
maximum time of survival of anophelines mamtaned with caré
in nsectartes show that this termmal stage 1s not reached untl
two, three or even more months after emergence Mosquitoes 10
nature are, however, exposed to constderable nisk and most
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deaths are undoubtedly duc to causes other than degeneration
and lack of vizbility The great bulk of the population 1n nature
15 10 an age peniod when viabihity 15 more or less constant and
death 15 generally due to hazard of chmate, natural enemy or
other external circumstances falling almost equally on all It 18
therefore rational to look on mosquitoes as subject to a risk of
death within any Iimited period which 15 independent of their age
at the time It 15 hnown that this 1s not a precise representation of
happenings, but experience with many colomes, some of which
have been kept for this speaific purpose, shows that 1t 13 a very
near approach It can be used with confidence unless the group of
anophelines concerning which conclusions are to be drawn 18 a
very young one, mostly less than a couple of days old

It 1s convemient to express mortality as a probability of survival
rather than as a probability of death within any given pertod
The form here adopted 1s a probability of survival through one
day, which 1s given the symbol p 1n the text and tn all expressions
Thus a probability of survival of o g5 means that on the average
95 per cent sunvnve through one day, and the daily mortality 1s
5 per cent

On this understanding 1t 1s possible to give fanly simple
expressions for probability of survival and for expectation of
life which, though not precisely correct, are sufficiently so for
all normal purposes

1 The probability of surviving through n days 1s pn

2 The expectation of Iife 15

e
—log.p —2 303 logy,p
3 The expectation of Iife after survival through n days 1s
L
~log.p

These 1dentities remain substantnally true whatever the age of
the mosquito when 1t 18 first observed and may be applied to any
population whatever 1ts composition The natural logarthm
(log,) 15 here tntroduced and 1s used consistently hereafter, 1t 13
the same as the ordinary or Napienan loganthm multiplied by
2 303 and like any loganthm 1s itself negative when 1t refers to a
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A fi A A sacharorr, A labranchiae,
and A darlng: throughout most of their natural range Others
have a distinct preference for lower ammals, some never biting
man and so not coming within the picture of transmission of
malarta There are a number which will take man as a second
alternatnne, normally feeding only occasionally on him but being
prepared 1n the absence of the preferred host to tahe 2 preponderant
diet of human blood They may thus be attracted to man or to
ammals according to their availability Many of the important
malaria carners are within this group, their importance turning
largely on the frequency with which they select man under any
gnen set of circumstances Included 1n this group are such
important carriers as A mumimus flavirostrss, A hyrcanus sinensis,
A maculatus A cubcrfactes, A stephenss, A superprctus, A
atropartus, A quadr ! A alb A aguasals and 2
number of others The biting habit 15 an extremely important
characteristic and can only be determined by local studies
utilising the preapitin test It 1s worth remembering, however,
that the only information the malanologist requires 1s whether
human blood 1s selected or not, and that considerable elaboration
of technique 1n order to deternune the precise nature of other
sources of food 1s quite unnecessary

The cycle of transmssion 15 deseribed n full detasl and with full
documentation in —
Boro M F Malanology Chapters 25 and 26, Volume I, 551-697
Philadelphta and London W B Saunders Co, 1949
and excellently but more briefly in —

Russerr, P F West L S & Manwewy, R D Practical malartology
Philadelphia and London W B Saunders Co 1946

Some of the special aspects here described can be studied 1n —

Macponatd G The analysis of malana parasite rates tn infants 1950,
Trop Du Bull, 47 915938

Macponarp, G The analysis of the sporozoite rate 1952, Trop Dis
Bull 49 569-586

Evies D E & Youne, M P Thed of d or 1nad ]

treated Plasmodium falciparum infe 1n the human host. 19 511,
J nat Malor Soc, 10, 327 336
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Jerrery, G M & Evies, D E The duration 1n the human host of
infections with a Panama strain of Plasmodium falesparum 1954
Amer ¥ trop Med, 3, 219-224

Jerrery, G M & EvLes, D E Infectivity to mosquitoes of Plasmodium
falaparum as related to gametocyte density and duration of
infection 1955, Amer ¥ trop Med, 4, 781789

and two full field surveys based on the present approach are described

m—

DavipsoN, G & Draper, C C Field studies of some of the bastc factors
concerned 1n the transmussion of malarnia 1953, Trans roy Soc
trop Med Hyg, 47, 522-535

Davipson, G Further studies on the basic factors concerned 1n the
transmusston of malaria 1955, Trans roy Soc trop Med Hyg,
49 339-350



CHAPTER III

QUANTITATIVE ASPECTS OF
TRANSMISSION

INTERACTION OF TRANSMISSION FACTORS
REPRODUCTION RATES

A NUMBER of concepts and mutual relationships can be derived
from the chain of transmssion which has been described Therr
denvation 15 by mathematical techniques which are set out
detail 1n Appendix I but which are explained here 1n a colloquial
form The most important 1s the concept of a reproduction rate
One may imagine an individual suffering from falcrparum
nfection who 1s infective to all the mosquitoes which feed on him
dunng 80 days (or half of those which feed on hum for 160)
If 10 bite each day he ongmnally infects 8oo mosquitoes These
mght have a probability of survival through one day of o9,
if the temperature were such that the extrinsic cycle lasted 12
days, 28 per cent. of these (Table 1) would survive to the
development of sporozoites and they would have a subsequent
expectation of life of 10 days If the mosquito were entirely
anthropophtlic, feeding once every 2 days on man, the survivors
would on the average each convey the infection to § people
Through this mechanism 1,120 infections mught be distnbuted
in the population from the primary case In the immediate
context 1t 1s no matter that a number of these infections would
be nullified by overlapping on the same individual Obwviously
nothing approaching such a rate of multiplication could go on
uncheched for long and there are three brakes on multiplication
which eventually restran 1t They are the development of
mmunity m a population which restricts the duration of
wfectivity the existence of previous infections in individuals
receving infective bites which may not therefore apparently
produce new cases of the disease, and the occurrence of super-
nfection 1n the mosquito which may have previous infections so

that subsequent ones do not matenally increase 1ts infectinity
2
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These factors together reduce the gross reproduction rate to
net one which may be much lower Should this fall below one
successive generations of cases would be smaller than ther
predecessors and the disease would disappear, should 1t be
greater than one, successive generations would increase and the
disease would mount 1n the population Obwiously the object of all
control 1s to heep the reproduction rate below one so that
successive generattons decrease 1n size and the disease disappears
Since n the last resort when malaria 1s 1n process of disappear
ing the gross and net reproduction rates are the same 1t can be
satd from the start that the object 1s to reduce the gross repro
duction rate below one

THE CRITICAL LEVEL

The 1dea of a critical level follows from this It 1s not necessary
to eliminate transmission completely in order to get disappearance
of the disease but only to reduce 1t below some significant level
after which the disease will decrease indefinitely This 1s 2 most
mmportant concept 1 epidemiology, particularly 1n that of
malaria, and explams the occurrence m some parts of the world of
anophelism without malaria, transmussion having occurred 4t
such a low rate that the disease automatically extinguished atself

THE SPOROZOITE RATE

This depends on the chance of the mosquito taking nfective
feeds, on the peniod of the extrinsic cycle, and on the mortaltty
rate of the mosquitoes, 1n a manner 1llustrated 1n Figure 2, which
1s an 1llustration of expression (7) 1n Appendix I The graphs have
been developed as a result of theoretical working which has been
well checked 1 the field and shown to be substantially correct
In the most malartous conditions of Africa the sporozoite rate 1?
usually of the order of 10 per cent, which represents a surviva
rate of about o gs, that 1s to say a 5 per cent daily mortality, 2
12-day extrinsic cycle, and about a 1 per cent chance of 2 mosquit®
biting an actually infective person on any particular day, for 1
these condittons 1n Africa the prevalence of infective people 1
reduced by the occurrence of immumty In parts of Indi2 wher¢
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maliria s transmutted by 4 culictfacies very much lower sporozoite
rates of the order of o1 per cent are often recorded In an
extensve series of surveys made by Russell and his co worhers
Madras the rate was o 064 per cent , this was attrsbutable to a
22 5 percent daily mortahty of the mosquito which, on the average,
took only 1 out of 40 of 1ts feeds on man an extnnsic cycle for
P wirav of about g drys and a gametocyte rate in the popul::uon
of about 13 per cent
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Dus Bull 1952 49 569)

THE PARASITE RATE

Having analysed the relationship of the sporozate rate to the
gametocyte rate, the next point 1s to examine the parasite rates
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which would be given by a constant inoculation rate. The subject
is examined mathematically in Appendix I and illustrated in 2
series of graphs in Figure 3. These show how the parasite rate in
infants might be expected to mount with passing time and
increasing probability of infection according to the inoculation
rate to which they are exposed. In each case the curve mounts toz
plateau. Where the inoculation rate is lower than the recovery
rate’ this plateau is below the level of 100 per cent. infections.

0 50 100 150 200 300 400 s00 600
AGE IN DAYS

Fig 3. The infant parasite rate in relation to inoculation rate. Each graph
refers to a given daily inoculation rate shown on 1t,

PROPORTION POSITIVE
a
o

000125

In other cases the parasite rate rises rapidly to 100 per ijn.t. and
subsequently remains at that level, the majority of individuals
actually suffering from two or more concurrent infections. These
theoretical graphs have been checked against similar curves
observed among infants in nature, an example being shown in
Figure 4.
EPIDEMICS

In nature the parasite and sporozoite rates are depe{ldent on
each other. An increase in the parasite rate automatica‘lly increases
the sporozoite rate, which in turn increases the parasite ratc, am:_
so on until the brakes on multiplication, the occurrence o
superinfection in man and the mosquito, bring it to an end. trhﬂ
next process in analysis is to examine the form of happenings
when both the parasite rate and the sporozoite rate arc.allowed 1!]0
vary in a manner dependent upon each other. Assuming for the
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sake of illustration that there has been some mild malaria in a
community and thus a reservoir from which the disease can arise,
and that transmission is abruptly increased, an epidemic results.
The mathematical expression of an epidemic is extremely
compheated and for long defied working. The complication arises
from the influence of the incubation period, or actually a longer
period than that usually known by this name, the interval between
the occurrence of infective gametocytes in a case and their
appearance in an infective form in a secondary case derived from
it. In order to indicate this enlarged scope it is described hence-
forth as the incubation interval. Neither in fact nor in theory do
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Fig 4 Actualinfant parasite rates wath a fitted curve  Actual data are
from records i Kenya by Gamham Observed and calculated values
are —

Age Median age, Proportion pontie
corrected Actual Caleulated
Days
©~ 1 month 20 © 095 o122
2= 3 months 82 o039 0414
=5 . 142 obo o oby
7 203 o070 ©734
-9 264 °g90 o821
10-11

325 08y o880
(Trop. Dus. Bull, 1950, 47, 929 )
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cases occur during an epidemic 1n the form of a smooth cune
which might be expressed by a single formula, but they come 2
a series of generations of cases, the numbers of which i each
generation require separate description Expresstons for them are
given 1n Appendix I, and there 1s a separate and somewhat
simplified description 1n Chapter V which deals with the special
case of epidencs ansing from small origins such as might be 2
problem during eradication programmes Happenings may be
outlined as follows 1f a pre existing equilibrium of transmission
1s disturbed by an increase n transmussion, there will be no
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Fig 5 Epidenuc curves showing the proportion of persons mm::cd
and the incidence of new mfections The curves are diagramum at
ilustrating the cham of events following an ncrease 1n tmnsms;:wma
zero days indicated by an arrow The tume scale and the he ght the
curves nise would depend on the value of several variables

bation
3 but
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further multiplication of cases for the duration of one 1ncu
mterval, during which time transmusston wall be n progres
not complete n the form of manifest cases During the se
tncubatton nterval there 1s an merease of cases but they ms:‘
from a reservoir of gametocyte carriers which was static throughot
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the mterval during which the anophelines were acquinng their
infection If the start of the creased transmisston was sharply
defined the daily access of new cases would be approximately the
same throughout this second incubation interval, a fact which 1s
represented 1n many natural epidemic curves by a cunous step or
hesiation at the beginning of the eprdemic curve In the third

CASE INCIDENCE per 1000 per day
N WA O - W

o 5 10 15 20 25
WEEKS
Fig 6 Separate and bined curves of due to P falep,
and P vivax The p curve an ! as it 1s

usually scen 1n nature  Factors precipitating the eplde;mc are assumed

ta operate from zero time, indicated by an arrow
incubation interval cases anse from a gametocyte reservoir in the
previous one which was steadily increasing, with the consequence
that the daily number of new cases increases progressively through-
out this mterval In the fourth and subsequent intervals this
multiphcation 1s exaggerated There result epidemmc curves of
the type shown in Figure 5, one of which refers to the access of
new cases and the other to the increasing proportion of the
population which 15 mfected, and of course including both new
and old cases

The incubation intervals 1n vivax and faleiparum nfections are
very different, due to the shightly longer period of the extrnsic
cycle n faleiparum anfections, and to the considerable prolonga-
tion of the period before infective gametocytes appear in the
blood in the latter disease
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The difference 1 the mcubation interval greatly influences
the iming of epidemics of the two diseases Most natural eptdemcs
consist of mixed outbreaks of vivax and falciparum malara a0d
m reality there are two separate epsdemics which together forma
combined curve like the upper one in Figure 6 This may be
compared with actual happenings 1n nature In every one of the
local Ceylon eprdemics of 1934/35, and 1n most subsequent ones
one can trace the same general form Almost all patural epidenucs
do 1n fact constst of two separate curves, as has been shown, and
the occurrence of a very abrupt start, the preliminary appearance
of P viwax and the subsequent appearance of P falaparum with
a Ingh mortality are accepted features With this venfication it has
been possible to fit theoretical curves to the actual curves of 2
major eprdemic 1 Ceylon, as m Figure 7, and from this process
of fitting find the order of events, the amount of multiphication of
mosqurtoes necessary to produce such 2 catastrophe

[

10 15 20 25
WEEKS

Fg 7 An actual epidemic curve from the Deduru Oya Basin (;eylan
1 1934 35 (A) and a synthetic curve (B) buslt to resemble 1t nmder
latter each fresh infection has been credited with 1 8 attendances mﬁ ¢
to bring the total of attendances 1n the two occurrences to the same g\”o
The final increase 1n the synthetic curve 1s due to late appeannrées)
P falesparum wfect ons (Redrawn from Trop Des Bull 1953 50 87.

EQUILIBRIUM

ate
Epidemics reflect two factors new cases and the parast;t: l; e
The latter mounts from the start of the epidemic to ac &
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plateau, which may be at or below 100 per cent of the population,
as n the case of the infant parasite rate It 1s represented by
expresston (26), given 1n Appendix I, which cannot be easily
cheched 1n nature because when this steady stage 1s reached
immunty sets 1n, alters the value of one of the factors involved—
the duration of the disease—and invalidates direct companson
The expression might therefore remain one of academic interest
except that 1t can be used in subsequent examunation of the
stability of equilibrium, 2 very tmportant concept which may be
illustrated by a mechamical analogy no engine however well
governed runs perpetually at the same speed, an increase of the
load on 1t produces some shight decrease in speed though this
may later be adjusted by the governing mechantsm Now imagine
two engines one of which 1s fitted with a reasonably efficient
governor which keeps 1t runming at roughly the same speed
whatever the load that may be put upon 1t, and another which
has an extremely ineffictent governor so that with vanation of the
load ot the amount of fuel supplied the speed shows great diver-
gences from the normal The speed of the first 1s fairly stable and
of the second unstable Such a mechanusm happens 1n any nsect-
borne disease according to the efficiency of the brakes mentioned
earher The brake of cancellation of infections falling on already
mfected people 15 always the same The brake to multiphcation
applied by the probability that infections would fall on mosquitoes
whxch are already infected will vary very greatly with the
wstics of the q and the probability of its taking
more than one infective feed Theory suggests that the greater
the probability of the mosquito biting man, 1n the form of 1its
biting habit, choice of man, and length of hife 1n which to bite, the
greater will be the overlap of tnfections in the mosquito and the
more efficient the governing mechanism, resulting 1n a much more
stable eprdemiological condition with less tendency to vary from
the mean It 1s 1n exactly this charactenstic of degree of vanation
zbout the mean that natural conditions differ so markedly from
each other In some places malara repeats itself annually with
astorushing regulanty, and in parts of the perennally warm
tropics the disease shows very little variation over several years
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However, 1n other places, such as northern Indsa, parts of Pakistan
and 1n Ceylon, the varations from year to year are extreme
In some places there 1s a periodic varation with a cycle of zbout
8 to 20 years, but apart from this good and bad years follow each
other 1 an 1rregular manner Lxamunation of the vectors of
malana shows that these two characterstics do 1n fact depend on
the longevity and the biting habit of the mosquito as theory had
mdicated they would

THE EFFECT OF ACQUIRED IMMUNITY

There are several actual or assumed types of immunty
certainly there 1s some degree of natural genetic mmmunity to
P vwaxr amongst some Africans whether still resident m that
continent or not It has been postulated, though on evidence still
inadequate, that there 1s some passive transmission of maternal
immunty to the infant which may persist for some months and
it has been proven n antmals and postulated 1n man that there
may be a dietary immunity amongst those living on an exclusive
rilk dret which prevents—or perhaps may retard—the growth of
the malania parasite ‘The present concern, however, 1s solely with
acquired immumty Expermmental inoculation shows that nfection
with P vwax confers a homologous immurnty preventing Super
mfection or subsequent remnfection with parasites of the same
strain though not necessanly with other strams of the same
species A small degree of heterologous immunity to other strains
1s produced and repeated infecton with several strains may
ultimately produce a firm heterologous immumnity to all In the
case of P falciparum the general picture 1s somewhat simular, but
the degree of :immunity conferred 15 considerably less

The clear-cut effects of mfection with particular strains cannot
be observed mn the field, but only the general effect of oculation
with parasites of two or more species and of an unknown number
of stramns of each The subject has been most studied 1n ares
where malaria 15 mntense and roughly perenmial and where P
Jalasparum is the predominant parasite In such circumstances these
can be httle doubt that superinfection that 1s the imposition of 2
second tnfecton on a first before 1t has died out commonly occurs
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Events 1n such places are illustrated in Tables 2 and 3 The
sequel to infection 1n the youngest infants under about 6 months
of age 15 a moderately intense parisitaemua averaging perhaps
4,000 parasttes per mm® Amongst slightly older children, between
6 and 12 months, the sequel 1s a more intense parasitaemia averag-
ing perhaps 6,000 to 10,000 per mm3. There have been con-
siderable discussions on the reason for this apparent wncrease 1n
susceptibthity, but the evidence on which to distinguish between
the results of loss of passively transferred smmunity, dietary
change, and the contrast between the effects of the single and
multiple infection 1s quite 1nadequate Typically, intense para-
sitaemia continues 1n the children up to the age of 2 or 3

TasLE 2

Changes n parasite density n relation to duration of pertod of
exposure to infection
[Data from Chnstophers § R (1924) Indanj med Res, 12,273]

Period of | Percentage Average
residence | nfected | PAFSNES
per mm’

Under 1 year] 74 4 688

¥ year 02 10 659

2 years 100 7124

3 87 1 082

4 8y 726

, 94 810

6-10 years 96 1070

About this time a crists occurs, immumty becomes considerably
reinforced, and the parasite density decreases to about one-tenth of
1ts previous value Throughout subsequent childhood intermuttent
parasitzemua occurs, children may show high parasite densities
occastonally and probably following a fresh infection, more usually
they show few parasites 1n the blood, and there may be many
days on which none can be found by usual techmques Under
these conditions wirtually all the children are infected with
malana and the frequency with which they show parasites in their
penipheral blood reflects the intensity of infection and the number
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of concurrent infections, new and old, which they may have
As they grow older thetr immunity grows firmer and more geners!
the frequency of periods of freedom from parasitaemia increases
and 1n consequence the general parasite rate of the older group
and of adults decreases

This 1s the common picture of the development of immunity
seen 1n the field, but there 15 another aspect which s less
frequently remarked upon but which from the communal pomt
of view 1s probably much more important The ability to restra
the production of gametocytes comes much earhier than that to
restrain schizonts In epidemics amongst non tmmune people
gametocytes are extremely common, appearing 1n all age groups
and the majonity of infected persons show them In places where
malaria 1s endemic but at a low level of transmisston gametocytes
are also frequent in all age-groups, occurning 1 about 3o to 40
per cent of those with asexual P falesparum parasstes, but 1
places such as those now described where transmussion 1s con
tinuous and mtense there 1s a very marked restriction of heavy
gametocytaema to the youngest age group, and the peak of
gametocytaemia 15 passed long before that of parasitaemma as 3
whole 1s reached Relatively dense infestations with gametocytes
become restricted to the first year of Ife, to the first 6 months o
even 1n one extreme case recorded by Dawidson, and recorded 1n
Table 3, to the first 3 months of hfe In this example the entical
fall 1n the density of schizonts did not occur until after 2 years
of age

The presence of sporozottes in an anopheline’s salivary gl
not synonymous with infectivity to man any more than gametd
cytaemua 1s synonymous with mfectivity to mosquitoes In both
cases imfectivity depends on a number of factors, extremely
1mportant ones being the number of gametocytes m the onginal
host and the number of sporozoites developed from them The
ranty of heavy gametocyte infestations in all but the very youngest
who are themselves few 1n pumbers, greatly reduces the reservoir
of infective cases available to the anopheline The very low
gametocyte densitzes that prevail in young and old alike also
reduce the average density of nfection 1n such anophelines &

and 18
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become infected, and thereby reduce their infectivity to man
The effect of this dual reduction 1n infectivity 1n the two stages
of infection of the mosquito and of man 1s immense In the survey
just referred to only about 4 per cent of feeds on man by
anophelines caused infection of the anophel though scl

were present mn about 5o per cent Moreover only about 1 1n 20
bites by mosquitoes with sporozoites n ther glands resulted in
infection of the mdividual bitten

TaBLE 3
Relation of density of falaparum schizonts and gametocytes to age
mac ty subject to holo-endemic malaria
[Data from Davidson G (1955) Trans roy Soc trop Med Hsg 49 339
Percentage
Percentage | Mean density | Percentage showing over 100
Age of schuzonts showing
positive er mm? | gametocytes gametocytes
P per mm?

2 weeks— 66 7 000 41 13
4 months- 83 15 000 44 3
6 months— 9o 13 000 (13 2
9 months- 99 13 oo0 44 3
12 months— 98 10 oo 44 2
18 months— 98 11 000 36 2
24 months 97 5 000 35 o
5 years— 94 2000 28 T
10~15 years 88 1 000 15 o
Orer 15 years 31 100 5 o

The working of this process constitutes a very delicately
balanced goverming h If, na y subject to
fairly constant transmussion, the frequency of transmission 1s
tncreased there results a restriction of gametocytaemia and
particularly of high gametacyte density ta ever younger and smaller
age groups This in turn Limits transmission, and brings 1t back
to near its original value, the net effective reproduction rate
remaining much the same and usually at a value of about 1 2,
just above the eritical level at which transmission would end
Both before and after the change there 1s therefore a state of
balance 1n which transmusston 15 very closely related to the
history of immunity 1n the population and the latter’s ability to
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bear the disease The chief differences after the sncrease are an
earlier lihelshood of infection 1n nfants, an earhier peak and crists
n the inttial period of high gametocytaemta, and probably some
adjustment 1 the immunity of older children and adults, further
restricting the periods sn which they show gametocytes and
asexual parasites 1 the blood

In places where malara 15 1rregular 1n occurrence there 1s no
marked hmutation of susceptibility to the youngest age groups the
extent to which 1t accurs depending on the length and regulanty
of the penod of transmussion There may grow up n such aress
considerable groups of people with no resistance to the disease
Should an eprdemic occur the multiplication of cases 1s for some
tume unfettered by smmunity, which takes time to develop, and
the net effective reproduction rate may reach very much hugher
levels than are ever seen m places of continuous transmission
Immumty, however, ulumately develops and restrction of
gametocytes develops fauly early It appears in response to an
unrestramed stimulus which far exceeds the normal for the area
and the consequent smmumity ss considerably more than 15
necessary to lumit the normal degree of transmussion As a result
there may be, after the epidemtc, an abnormal reduction of the
disease which, under some conditions, goes to the extent of
achieving local elimnation In this way epidemics may be
followed by an apparently spontancous disappearance of the
disease, as has happened many tumes mn northern Europe and
elsewhere It 15 probable that severe epidemucs such as those 0n¢®
well known m northern India are often followed by locd
elimation 1n a consderable proportion of the villages which wete
affected, but that these are mterspersed with others in which
some residusl transmission remams In the immedsately followas
years there may be a patchwork condition with transrussiof m
some areas and none n others, a happening well known 1
Holland Persistence 15 most Iikely 1n those places where communal
mmunity s most rapidly dduted by the birth of new nfants of
arrival of other immugrants and in the Dutch example continud”
tion was 1 those places where there were most children After
a period of quiescence the disease spreads slowly over the
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countryside agun and flares up ultimately nto an epidemic to
be agun followed by the same sequence of events

Just as this form of immumity phys 1 very considerable part in
fimiting the nfluence of any increase in malariogentc conditions,
0 does 1t play an important part n himiting the cffect of control
mesures Any decrease 1n transmission 1n 1 place where immunity
15 playing an important role mcvitably results 1n a decrease 1 the
immumty and a relative increase i the gametocyte reservorr,
restoring the net reproduction rate to very much the same level as
prevalled beforchand This balancing mechamsm continues and
the results of an insufficiently thorough contral campargn may be
most disappointing, marhed by considerable decreases 1n
anopheline prevalence and in the 1noculation rate as recorded by
entomological means, but by only small changes in the human
picture There are fortunately, however, limts to the reduction
1n resistance, and a time comes when a further decrease 1n trans-
mission 1s not matched 1n this way The net effecttve reproduction
rate 1s then brought quite abruptly below s critical level of 1 o,
and malaria 1s on 1ts way to elmuination in that locality Such
ehminaton however, 1s hikely to be at first Jocal and patchy 1n
distribution  If control were to be stopped reinvasion would be
probable, though not perhaps in the dramatic form which has been
very freely forecast but has not been seen 1n areas in Central
Africa where control has been discontinued A relatively slow
disserunation of the disease, a multplication of foct and their
coalescence again to form a uniform endemucity represents more
accurately what has usually been seen The prevention of such
recrudescence demands active work to search out and eliminate
the residual foe, turning the local elimination 1nto a more ample
regional eradication throughout an area which 1t 15 economically
possible to protect against further invasion

The snfluence of immumty on restriction of gamelocyte output ts
analysed i —

Senvrrner W A P Two subjects relating to the eptdemiology

of malara 1919 repnnted 1938, § Malar Inst India, 1
221-256
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CHAPTER IV

EQUILIBRIUM
BACKGROUND

ACCORDING to the argument which has been developed any great
difference tn the ayverage number of feeds t1ken on man between
mosquito species should have matenal effects on the basic
reproduction rate and on the stability of malaria A couple of
examples will illustrate the degree of difference between notorious
vectors, both responsible for producing high endemicities In
Madras the probability of survival of 4 culierfacies through one
day has been measured as o 775, the expectation of life 1s about
38 days, and 1n the same surroundings the probability of its
feeding on man 1n one day 1s about o o125, 1t follows that the
chance of the mosquito tahing a bite on man during a normal
lifetime 1s about o 0475 It has similarly been shown that the
expectation of life of 4 gambiae 1n East Afnica 1s about 13 days,
and the probability of its feeding on man on any one day o3,
the chance of feeding on man dunng a normal lifetime 1s therefore
about 6 5 some 136 times as great as for 4 culicifacres

There should then be a radical difference between malana in
East Africa and 1n Madras In the former, 2 brake should operate
to make the human infection rate relatively unresponsive to
changes 1n transmusston factors, whilst in the latter 1t should
respond to them n an exaggerated way This 1s 1n fact the primary
distinction between the two epidemiologies, malara 1n equatorral
Afncas charactensed by an absence of epidemics and sluggishness
in ats vanations 1n Madras by epidemics, appearances and
disappearances, and a general mercurial nature The comparison
can be carned much further by a mathematical analysis of
expected cntical densities and of the effect of changes in mosquito
density, probabihty of survival, penod of the extnnsic cycle, and
biting habit on the human infection rate The mathematical forms
of these influences are worked out tn Appendix 1 and some of
their implications may be put verbally

3
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They suggest that the degrees of equilibrum seen 1n nature
should make a continuous series, of which the two extremes can
be termed stable and unstable malarta and which mathematical
analysis alone indicates should have the following charactersstics

STABLE MALARIA

Determmning causes Transmussion by a vector with a frequent
man-biting habit, with a moderate to high longewity, at a
temperature favourable to rapid completion of the extrinstc cycle

Anopheline density needed to maintamn transmussion  Very low,
of the order of 0 025 bites on the average person each might, or
even less

Endemicity Anopheltsm wrthout malaria would probably be
unknown Low to moderate endemicities would probably be
found, but very high endemicities would be common

Seasonal changes Reduction of temperature below about 15° C
would stop transmission, a seasonal epidemic occurnng during the
warm weather, starting at a relatively low temperature and only
terminated by low temperature Seasonal conditions unfavourable
to breeding or to prolonged adult survival would not be Iikely to
terminate transmission completely unless the reduction of breeding
was extremely marked

Fluctuations m wmedence Fluctuations other than normel
seasonal changes are not likely to be marked except 1n the presence
of obvtous causes Eprdemics would be very unlihely to occur

Effect of cool weather Transmussion 1s likely to continue at
almost all temperatures permitting completion of the extrinsic
cycle, and therefore tends to occur at high altitudes and latitudes
within the range of the vector In cool weather the sensitvity to
changes 1n probability of mosquito survival becomes exaggerated
so that marked fluctuations and epidemics might occur it such
places Sensitivity to changes in anopheline density remaims
matersally unaltered by cool weather

Immumty of population 'The regulanty of transmussion 18 Tikely
to ensure a stable immumty, varying 1n degree from place t0
place, but all except the youngest children will have some
expertence of malaria and resistance to it
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Amenabihty to control Very difficult to control Control by
presention of breeding would not be effective unless near-
perfectton 1s achieved, transmission continuing 1n the presence of
very small residual breeding Control by imagicides would be
relatnely difficult, to be effective nceding the achievement of a
40 or 5o per cent dauly mortality among the vectors Control
falling only slightly short of the neceseary quality 1s not lihely to
produce much apparent result The “wearing out” of imagicidal
control would be apparent at an early stage and would produce
eptdemics which would be severe but not necessanily abrupt 1n
theirr tming

UNSTABLE MALARIA

Determmng causes Transmussion by a vector which bites man
relatively nfrequently If the vector were short-lived, or the
temperature unfavourable to rapid completion of the extrinsic
cycle, the characteristics of the type would be exaggerated These
fast two factors alone, without the ranty of feeding on man, would
produce an termediate type between this and stable malarna

Anopheline density needed to mamtan transmussion Relatively
tugh, of the order of 1 to 10 or even more butes on each person
each might

Endemictty Anopheltsm without malaria would probably occur
n some localities, perhaps over constderable areas, as a result of
breeding being insufficient to maintamn the high densities needed
for transmussion In other places low to moderate endemicities
would occur but would not necessarly predominate High
endemicities might be common

Seasonal changes Lakely to be very marked, 1n response to
temperature changes, unfavourable breeding conditions or dryness
of the atmosphere S ! eprd would not be likely to
occur till the temperature 1s relatively high, and would be likely
to be brought quickly to an end by a drop in temperature
Seasonal eprdemics would be very abrupt and severe when they
do occur, despite their late appearance

Fluctuations sn snerdence Lakely to be very marked, at times
they would be due to causes 5o small as to be tnapparent except
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They suggest that the degrees of equilibrium seen 1n nature
should make a continuous series, of which the two extremes can
be termed stable and unstable malaria and which mathematical
analysts alone indicates should have the following characteristies

STABLE MALARIA

Determimng causes Transmussion by a vector with a frequent
man-biting habit, with a moderate to high longewity, at 2
temperature favourable to rapid completion of the extrinsic cycle

Anophelne density needed to mamtam transmussion  Very low
of the order of o025 bites on the average person each mght, or
even less

Endemcity  Anophehsm without malaria would probably be
unknown Low to moderate endemicittes would probably be
found, but very high endemicities would be common

Seasonal changes Reduction of temperature below about 15°C
would stop transmission, a seasonal eptdemic occurring duning the
warm weather, starting at a relatively low temperature and only
terminated by low temperature Seasonal conditions unfavourable
to breeding or to prolonged adult survival would not be likely to
terminate transmission completely unless the reductton of breeding
was extremely marked

Fluctuations 1n ncidence  Fluctuations other than normal
seasonal changes are not likely to be marked except in the presence
of obvtous causes Epidemics would be very unlikely to occut

Effect of cool weather Transmusston 15 likely to continue at
almost all temperatures permtting completion of the extrinsic
cycle, and therefore tends to occur at high alutudes and latitudes
within the range of the vector In cool weather the senstivity 1o
changes 1n probability of mosquito survival becomes exaggerﬂtﬂd
so that marked fluctuations and epidemics mught occur 1 such
places Sensitivity to changes i anopheline density remans
materially unaltered by cool weather

Immumty of population The regulanty of transmission 18 Iikely
to ensure a stable immunity, varymg 1n degree from place to
place, but all except the youngest children will have some
expertence of malara and resistance to it
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Amenabihty to control Very difficult to control Control by
prevention of breeding would not be effective unless near-
perfection 1s achieved, transmisston continusng in the presence of
very small residual breeding Control by smagicides would be
relatnvely difficult, to be effective needing the achievement of a
40 or 50 per cent daily mortality 1mong the vectors Control
falling only slightly short of the necessary quality 1s not likely to
produce much apparent result The “wearing out” of imagicidal
control would be apparent at an early stage and would produce
epidermics which would be severe but not necessanily abrupt n
their ttming

UNSTABLE MALARIA

Determmung causes Transmusston by a vector which bites man
relatively infrequently If the vector were short-lived, or the
temperature unfavourable to rapid completion of the extrinsic
cycle, the characteristics of the type would be exaggerated These
last two factors alone, without the ranty of feeding on man, would
produce an intermediate type between this and stable malana

Anopheline density needed to mamntamn transmission Relatively
hugh, of the order of 1 to 10 or even more bites on each person
each might

Endemicsty Anophelism without malarta would probably occur
in some localities, perhaps over considerable areas, as a result of
breeding being msufficient to mantain the hugh densities needed
for transmussion In other places low to moderate endemucities
would occur but would not necessanly predomunate High

d tes might be

Seasonal changes Likely to be very marked, 1n response to
temperature changes, unfavourable breeding conditions or dryness
of the atmosphere S 1 epid would not be likely to
occur till the temperature 1s relatively hugh, and would be Likely
to be brought quickly to an end by a drop mn temperature
Seasonal epidemics would be very abrupt and severe when they
do occur, despite their late appearance

Fluctuations n sncsdence Likely to be very marked, at times
they would be due to causes so small as to be inapparent except
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otherwise attam, and which 1t in fact often secures in stable
conditions This 1s not, however, invanable , transmisston may be
brief 1n some areas of stability, being limited by temperature or
other ruling factor, and when this 1s the case P vreav gains the
ascendancy, as for instance 1n many parts of southern Europe

HAPPENINGS IN NATURL

The full companson of these two theoretically denved types
with actual happenings 1n nature may be pursued on the two
spectes which have already been named, 4 gambiae and A4
cuhcifactes 'The conformuty 1n full detail 1s very close indeed

A gambiae appears to be highly anthropophilic, though 1t
may be zoophilic 1n the extremes of its range The sporozote
rates commonly recorded in coastal equatorial Afnica are only
explicable on the basis of both a high anthropophilic index and
a high longevity The normal mean temperature of that region
1s about 26° C, which probably permuts the completion of the
extrinsic cycle of Plasmodium faleiparum n 12 days The critical
density 15 certainly below o029 as Walton showed that this
mean density permitted the continued transmission of malania
Anophelism without malarta has not been recorded Very lugh
endemicities are extremely common, but are not invanable
Seasonal changes other than temperature changes alter the
amount of transmission, but rarely bring 1t to a complete end,
entirely non-malarious seasons during the warm weather bemng
very rare In those places where there 1s a winter the picture 1s
complicated by cessation of breeding, but it seems that trans-
mission starts soon after the advent of surtable temperatures
Within the equatonal zone at low levels the stabilty of malara
carned by 4 gambiae 1s well known and acknowledged, marked
changes from year to year being almost unknown Within this
zone there 15 no recorded epidemic tendency The disease occurs
at high alutudes, reachung 6000 feet and someumes greater
heights Lpidemics occur at these high altitudes and at the
extremes of its distnbution The epidermcs at high alttudes
are attnbuted mainly to vanauons in the probabhty of survival,
and A gambiae may be zoophilic 1n these areas, the evidence 1s
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not convincing, but 1f 1t were, 1t would give addttional explana
tion of the epidemics The studies of Wilson which show the
common acquisition of considerable resistance to infection are
well known, and though the present wnter disputes some deduc
tions from 1t he does not dispute the essential fact The difficulty
of control by prevention of breeding 1s well established Control
by imagicides has had a variable degree of success

Malana carnied by A enlicifacies, A stephenss, A philippmenss
and 4 superpictus closely resembles the description of unstable
malaria  Although he has no personal experience of them the
present writer thinks that the eptdemtologres of malaria carmed
by the followmng anophelnes also conform to thus general
description A maculatus, A acomstus, A annulars, 4 punclula
tus, A mmtmus var flaptrostrss, A albimanus and 4 aguasalis

A4 cuhafaces malana will be gwven as a sole example The
spectes 15 zoophihic but may feed predommantly on man when
insufficrent animal food 1s available Over long seasons of mafan3
transmusston 1t 1s typically very short-lived, but when suntable
climatic conditions, which are rather cool, occur 1t may be long
hived The summer temperature over most of 1ts range 18 hot
enough to permut rapid completion of the extrmsic cycle The
critical density 15 hgh, represented mn Madras by catches of
between 7-10 and 17~20 per man-hour, but 1t 18 probably con
stderably lower elsewhere, as there 1s evidence that the extremely
low anthropophiltc mndices and longevity recorded i Madrss
are below the average Anophelism without malana s well knownt
In malarious localittes hugh endemucities are quite common—
a large part of Ceylon was hyperendemic until controlled—
but low endemicities are also common The occurrence ©
seasonal varations in response to factors other than tempesaturé
change 1s very marked Different parts of Ceylon expenente
quite different seasons owing to differences m season of m;l
or humidity which are not themselves always marked, m fa
the physical or climatie differences between neighbounng “"’;I
malarious and highly malarious areas are often very dufficy
to discern Seasonal eprdemucs are typrcally very abrupt Fluctid
tions 1n incidence are extremely marked There are well know?
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eprdemic areas n the Punjab 1nd Ceylon, less well known ones
i the Central Provinces of India and n Travancore, and
Chnstophers and Sinton describe the eprdemiology of malana
over a very large part of 1ts range s being liable to fluctuations
It does not occur at any considerable altitude, normally ending
between 2,000 and 3 000 fect above sea level, but the vahdity
of this as evidence 1s marred by the fact that this 1s near the
upper humit of breeding The insecure mmunty of the popula-
tion 1n areas subject to this malana has been descnbed by Gill
Personal experience shows that 1t 15 more amenable to control
by prevention of breeding than malana carried by either 4
or A gambiae Control by des has been brilliantly
successful 1n a number of places, especially Ceylon
Malaria 1 the area fested by 4 gambiae 1s pred ly
due to P falaparum, other species only contnbuting a small
fraction of the total, whereas 1n areas infested by 4 cultcafactes
1t 15 usual for P erzax to predominate This 1s consistent with
the expected distribution of the two spectes in relation to the
stability of malama but the possibility of natural immumty
playing a part off<ets its value as evidence of cause and effect
‘There are not many spectes for which such a full companson
could be made but for several the general nature of biting habt,
longevity, and associated epidemiological type of malaria are
known and an estimate of longewity can be denived from the
relation between oocyst and sporozarte rates In all cases examed
it has seemed that there 1s an equivalent conformity between
expected happenings and the actual In fact when classification
of malana 1s attempted 1n this way a great number of hitherto
inexpheable and apparently unrelated epidemiological features of
the disease are shown to be closely related, so that the prcture of
epidemuology falls into an orderly form This conformuty 1s much
teo close and detailed to be explaned on chance, and mathematical
theory must be considered as confirmed by 1t So far as 1t relates
to equihibrium 1t demonstrates the following key points which are
most important 1n the epidemiology of malana and of other insect
borne diseases If the basic reproduction rate 1s below 1ts critical
salue of 10, malana will not remain conunuously n the
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population If 1t continuously exceeds this critrcal value, malans
will persist but its eprdemuological characteristics wall be largely
determuned by the biting habit and longevity of the mosquto
When these together result 1n the average mosquito taking many
blood meals on man n a normal lifetime, malaria will have the
charactenistics described as constituting stable malarra, and when
they result 1n the average number of blood meals on man beng
very few, 1t will be unstable

MEASURES OF STABILITY

The types of malarta seen throughout the world range as a long
series between the extremes of very high stability, as recogmused
1n equatortal Africa, and the extremely unstable form occurnng
mn northern India and 1 Ceylon A measure of stability has betn
used 1n South America, utilising the variation i the spleen rate
the ratio of the maximum to the mmmum rate observed m fie
years’ time 15 described as the condition of malaria and indrcates
the degree of fluctuation observed In Venezuela, where the rat¢
was described by Gabaldon, it varied between 7 and I In Inda
the coefficient of variation of the fever mortality has been widely
used as a sumilar ndex, figures 1n the Punjab varying from 3110
106 These are direct measures of actual vanation, but demst
data for 2 number of consecuttve years which may not always be
available, and a measure mdicating the probable stability of
malarta, dertved from more readily collected formation, would
be of value The most appropriate 1s an estumate of the number ©
bites on man taken by an average mosquito during 2 normal llft(;
tume, which demands study of longevity, anthropophalism, 3‘;‘
feeding habit The greater this value the more stable 13 1 :
malania conveyed likely to be The range in naturc amongs!
known vectors probably varies from a maximum of about 10 down
to o1 or even less It may be referred to as the stability andex
and the following classification can be used —

Stability Index
Undero s sndicating nstability
ostozs " medium stabiity
Overz g . stability
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Thus classtficatton 1s empirical, dividing up a continuous series,
but 1t wiil be found that spectes which have 1 high anthropophtltsm
and high probability of survival fall into the stable group, those
1n which one of these factors 1s low usually fall into the inter-
mediate, and those 1n which both are low fall mto the unstable
group No exact classification of mosquitocs 1s possible, as for
many of them our knowledge on these subjects 1s rudimentary,
but a tentatn e classtfication of some notorious vectors 1s given to
show relatnve positions 1n the scale

Vectors of unstable malaria
A cubeifaces
A philippinensis
A maculatus
A munimus flavirostris
A stephens
A messeae
A aquasahs
Vectors of malaria of medwum stability
A atroparvus
A quadrimaculatus
A darling:
A pharoensis
A hyrcanus smensis
Vectors of stable malaria
A gambige and A melas
A funestus
A rmunimus mnymus
A fluviatths
A sacharor:
A labranciiae

CYCLICAL CHANGES
Another aspect of equilibnum 1s a tendency to pertodic change
i the prevalence of malara, apparently irrespective of changes in
the controlling factors Recurning cycles with peaks at intervals
varying from g to 20 years have been observed 1 many parts of the
world, 1n Europe, the U S A, the Canbbean area, some parts of
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and s elaborated i —

Ross, R The preventron of malara, pp 651-686 2nd edinon London
John Murray, 1911

and the mathematical relationships are elaborated m —

Macponawd, G The analysis of equilibrium i malana 1952, Trop
Dis Bull, 49, 813-829

The working of the critical density may be seen m —

Russeee, P F & Rao, T R A study of density of A culaifacres 1n
relation to malana endemicity 1942, Amer J trop Med, 22,
535-558

and the nature of long term and ¢yclical vanations i —

Faust, E C Chinzeal and public health aspects of malaria in the Unated
States from an historical perspective 1945, Amer ¥ trop Med,
25, 185-201

GaBaLpoN, A Malana mnaidence in the West Indies and South
Amenca Chapter 31 n M F Boyd's Malarrology Philadelplia
and London W B Saunders Co, 1949

Swaroop, S Forecasting of epidemic malana i the Punyab, India
1949 Amer J trop Med, 29, 1-17

SweLtenresel, N H The malaria epidemic of 1943-46 i the
Province of North Holland. 1950, Trans roy Soc trop Med Hyg,
43 4457464

There are good accounts of stable and unstable malarta 1n —

CurisTOPHERS, S R The mechanism of immunity against malana in
communities hving under hyper endemic conditions 1924, Indian
F med Res, 12, 273-2094

GiLr, C A. The genes of eprdemics and the natural history of disease
London Balliére, Tindall & Cox, 1928

Witson, D BacsTer Impl of malaria 1n East Afnica
1939 Trans roy Soc trop Med Hyg, 32, 435-446

DaviosoN, G Further studies on the basic factors concerned 1n the

transnussion of malana 1955, Trans roy Soc trop Med Hyg,
49 339-350




42 EQUILIBRIUM

South America, Inda and Ceylon, and are a very common feature
of malaria, as of other diseases carrted directly from man to man

If a stimulus, such as nfectton, produces a restrammg
mechanism such as immumnity, and the growth of the restramng
mechanism 18 synchronous with the stimulus, a true equilibrun
will be established with the two n balance If the reaction does
not occur simultaneously with the sttmulus, true equiibrum
cannot be established and some degree of perodic change 15
mevitable Stimulus and reaction are separated by a time which
appears to be about two months 1n vivax malaria and longer
falerparum malaria The stimulus, beng temporanly unrestrained
passes the degree at which equilibrium would be established f
the reaction were simultaneous, and the immumty ultimately
developed 1s commensurate with this excessive stymulus mort
than sufficient to restran nfection to the patural point of
equbibrium In this way a seesaw motion 1s set up, infection
passing the median pomt, resistance depressing 1t below that
point, then dilution of resistance, and again exaggerated sumulu;
to 1ts production In some degree this must happen malarta ©
all types, but mathematical analysis shows that the tendency
likely to be very much more marked in assoctation with unstal;fe
malaria Once agamn this conforms to happenings 11 nature the
extreme cases of periodic movement occur where malam:h’i
notortously unstable and has the characters descrtbed 11 1’
connection, they are best known 1n northern Indiz and 1 Ceylon
where the vector 1s 4 culicifacies Other examples come from
places where equilibrrum 1s moderately unstable, and there arz
no known ones from places where 1t 1s stable, spectfically there !
no mdication of sts happening wn the central African range ©
A gambae or n that of 4 mummus, which are most markedly
associated with the stable form of the disease A tendeﬂcfi tz
oscillation or periodic movement must therefore be sncluded
the charactenstics of the unstable form

The oniginal concept of equabibrium 15 in —

0
Ross, R Report on the prevention of malaria 1 Maurstis PP 30-4
London Waterlow & Sons, 1908
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and 1s elaborated m —

Ross, R The preention of malana, pp 651-686 2nd ediion London
John Murray, 1911

and the mathematical relationships are elaborated in —

Macpowatp, G The analysis of equilibnium 1n malania 1952, Trop
Dis Bull, 49, 813-829
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relation to malana endemucity 1942, Amer J trop Med, 22,
535-558

and the nature of long term and cycheal variations m —

Faust, E C Chmeal and public health aspects of malana in the Unuted
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25, 185-201

GasaLpoN, A Malana incidence in the West Indies and South
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and London W. B Saunders Co, 1949
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cause has an abrupt onset This 1s usually the casc 1n eprdemics
precipitated by ramfall providing fresh breeding places, the
emergence of the first new crop of anophelines often being
roughly simultancous In epidemics due to slowly operating
causes, such as increase of humudity increasing anopheline
longevity, the start 1s gradual and the step-lke character 15 often
blurred A part of Ceylon had the misfortune to supply epidemic
data for many years, the typical form was visible 1n about half the
cases, compnsing those attributable to excess of breeding in the
spring, and blurred 1n the other half following excess humidity in
the autumn

Epidernics are common only 1n zones of unstable malana, where
very slight modification 1n any of the transmission factors may
completely upset equilibrium, and where the restraining influence
of immumty may be negligible or absent, and they therefore show
a very marhed geographical distnbution Much of the history of
South East Asa 1s recorded 1n terms of epidernics, whilst they are
less commion 1n the Mediterranean lands and the Americas and
are wvirtually unknown in most parts of tropical Africa The
exceptions to these statements demonstrate the general validity of
the statement, epidemic malana does occur n parts of tropical
Africa, around the fringes of the main endemic area, both to 1ts
north and south, and at high altitudes where dryness or coolness
shorten anopheline life or lengthen the period of the extninsic
cycle 1n relation to which 1t must always be considered

The apparent severty of an epidermnic 1s a poor guide to the
imcrease 1n transmission which has caused 1t Even small increases
n transmisston may in the end produce grossly disabling epidemics
which seem dramatic to those who suffer them The distinction
between those due to small and large causes lies very much more
mn the lapse of time between the first onset of the precipitating
cause and the production of the epidemic peah, and even this may
not differ very obviously unless the epidemic anses from a truly
small ongin It 1s usual for the 1mnal phases, which may be
prolonged, as 1s illustrated 1n Figure 8 (p 58), to be overlooked,
after which the drama of one due to a four-fold increase 1n trans-
mussion may approach that of one due te a forty-fold increase
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It 15 nevertheless of nterest and value to try to decipher the
scale of events which have precipitated epidemics i the pust. Ip
1934-35 Ceylon suffered dramatic epidemics which attracted
world-wide attention and which have been carefully documentel
by Brierchiffe Construction of a synthetic curve which core.
sponded 1n form and scale with that actually occurnng requred
the assumption that the reproduction rate had been increased t
shghtly over five times that ruling normally 1n the arez, from 14
to 79, and that at the time when epidemic conditions began the
parasite rate 1n the population was of the order of 5 per cent,?
very probable figure mn those circumstances Comparable though
stmpler examunation of many natural eprdemics suggests that most
are due to mncreases of this order, or even less, which m unstable
conditions 1s quite suffictent to precipitate an outbreak of dramatic
severity

TYPES

Lpidemics can be classed as long term, pertodic, and 1rregulat
and these last may be further described accordmg to thett
immediate cause Long-term eptdemics may be so pmlonged that1t
1s hard to see them 1n perspective, though this does not affect thes
exstence or importance Celli studed the history of malam:
Italy, showing four prolonged waves of icidence, separated by
times of relative salubrity, since the beginming of the Chnst;ﬂ
era The picture throughout Curope has probably been much ‘he
same but only the decline of the last epidemic, from 1750 10 i ;
present time, 1s well known Durning this time malarna has rece tc
from a position of very general dsstribution and wide m\P"m“;
to a few limuted foc1 and now perhaps to extinction Recessien ™
mterrupted by many recrudescences and epidemcs Some ©
them showed a periodic tendency with a cycle of about 20 Y“:
and some occurred 1rregularly and often in association with “":
or other domestic distress, charactenistics which have persjs*
up to the last war 1n the remarning foct of mfection The 1\1‘: '
American continent has been the scene of a great epdeme Wi t
started early i the seventeenth century, reached its peak abot
1870, and then progressively declined until it was abm}}l)cz
terminated by the U S A Malana Eradication Proj e wht
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It 15 nevertheless of nterest and value to try to decipher the
scale of events which have precipitated epidemics 1n the past In
1934-35 Ceylon suffered dramatic epidemics which attracted
world-wide attention and which have been corefully documented
by Brierchiffe Construction of a synthetic curve which corre-
sponded 1n form and scale with that actually cccurning required
the assumption that the reproduction rate had been increased to
shghtly aver five times that ruling normally in the area, from 14
to 7 9, and that at the time when epidermic conditions began the
parastte rate in the population was of the order of 5 per cent, a
very probable figure i those circumstances Comparable though
stmpler examnation of many natural epidermics suggests that most
are due to ncreases of this order, or even less, which in unstable
conditions 1s quite sufficient to precipitate an outbreak of dramatic
seventy

TYPES

Eptdemics can be classed as long-term, pertadic, and irregular,
and these last may be further described according to therr
immedate cause Long-term eprds may be so prolonged that 1t
1s hard to see them in perspective, though this does not affect thetr
existence or smportance Celli studed the history of malara
Ttaly, showing four prolonged waves of incidence, separated by
times of relative salubrity, since the beginming of the Christian
era The picture throughout Europe has probably been much the
same but only the decline of the last eprdemc, from 1750 to the
present time, 15 well known Dunng this ttime malania has receded
from a position of very general distnbution and wide smportance
to a few humted foct and now perhaps to extinction Recesston was
interrupted by many recrud and emd Some of
them showed a periodic tendency with a cycle of about 20 years
and some occurred wregularly and often 1 association with wars
or other domestrc distress, characteristics which have persisted
up to the last war in the remmnung foct of mfection The North
Amencan continent has been the scene of 2 great epdemic which
started early 1n the seventeenth century, reached its peak about

1870, and then progressively dechined until 3t was abruptly
y terminated by the U S A Malana Eradication Programme which
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began 1n 1947 A briefer wave started 1n the Malay Pennsula 1n
the last years of the ninctecnth century, causing great suffering
The sevenity of the epidemic was mauntained up to 1932, when
progressnve dechine started It was interrupted on a number of
occasions and notably at the start of the Japanese occupation 1n
1942 stnce when however, 1t has decreased steadily The causes
of these long waves cannot be certainly determined and must
largely remamn the subject of inspired guesswork It 1s certain
that they were on the whole small, representing minor increases
and decreases n the factlity of transmusston, which expluns the
difficulty n discerning them accurately Dechne has been
commonly 1ssocrated with improvement in the social and economic
welfare of the people but the exact aspect of that improvement
which has produced the result 1s not known Anyone with too
ready an answer might consult the highly analytical study by
Brumpt which demonstrates the invahdity of most accepted
theories 1n one place or another Probably the major influence 1n
causing a decline has been a change in agricultural pattern which
has resulted 1n some deviation of anophelines from man to cattle,
but the influence of changing population pattern with a smaller
reservoir of non mmmune infants 1n countries with a low birth
rate, and that of migration 1n upsetting the balance of immunity,
are not to be ignored

Cyclical changes in the endemicity of malana producing
pertodic eptdemcs, and less well noted periodic times of relative
freedom are very well known and probably occur 1n some degree
m most parts of the world affected by unstable malarta An
explanation for them has already been put forward in Chapter I11
They have been documented 1n the U S A , the Canbbean region,
i much of South America and especially the Argentine, n
Ceylon and 1n India The degree of cyclical change vartes con-
siderably The places where 1t 1s great have become notorious
epidemic centres happenings in which have given nise to descrip-
tions of a special type of eprdemic known as fulminant, the best
known being 1n India and Ceylon The man Indian centre 1s 1n
the Punjab where disabling eptdemucs have occurred as far as can
be traced back i history at intervals of about 8 years That of
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recent control schemes brought malana to a virtual end The
neighbouring 1sland of Reunton was affected simlarly shortly
afterwards Comparable severe outbreaks of malaria occurred 1n
1906-7 m Durban, which had previously been free from the
disease, and they were probably due to a simular tnvasion These
recorded examples probably represent a general happening during
the last century 1n many parts of the present southern range of
A gambae The same quito, normally limited to Africa, was
found 1n Natal, Brazil, 1n 1931 having mugrated by ship Localised
epidermucs of extreme severity happened at the time of 1ts first
discovery, after which there was a steady extension of 1ts range
until in 1938 1t had tnfested a strip of coastland some 5,000 squarc
miles 1n extent In that year d ing eprdemics
by very high death rates occurred throughout the mfested area
and led to the fear that 4 gambiae might become dissermunated
throughout South Amenica and reduce 1t to the malanal state of
Afnca This emergency was met by a successful gambiae eradica-
tion scheme based on larvicidal practice, using Paris green and
the adminsstrative techniques developed n the eradication of
Aédes aegypts, and ended 1n the destruction of all members of the
species, thereby setting a pattern used 1n later anopheline eradica-
tion schemes These happenings were almost repeated when 1n
1942 severe epidemics of malaria in Upper Egypt from the
Sudanese frontier to Assiut drew attention to the wide prevalence
of A gambiae which had not previously been recorded from this
area and must clearly have mugrated from the south The deduc-
tion was made that ivasion had occurred at that ttme but the
Iustory of the rate of extension 1n Brazil and other places makes 1t
more probable that the first introducton had occurred some
considerable time before The emergency was met by an eradica-
tion scheme closely resembling that carried out 1n Brazil, and with
equally successful results

These mugrations have been made dramatic by the extreme
potency of 4 gambiae as a vector and have been facilitated by 1ts
cathohic choice of breeding places, but they probably only repre-
sent the more recent and dramatic examples of many migrations,
most of which can only be seen dimly 1n the past It 1s for instance
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tughly Iikely that 4 sacharovt has made comparable migrations
Certainly one of the most malarious foct 1n the Levant, the
neighbourhaod of Lake Huleh where 1t 15 the vector, was regarded
by the Romans and by crusading armues m the Middle Agesasa
health sesort for some centuries before 1t suddenly became
wmsalubrious The principal risk of future happentngs hes n
Australasia and the Pacific, and 1 the possible migration of 4
panctulatus punctudatus 1nto lands apparently swtable for st but
now free from important vectors

Abnormal increases 1n anopheline density producing epidesmics
may be due to natural factors causing 2 multiphication of hreeding
places of the vector species, and at times to factors which would
not at first thought be suspected In Ceylon the stage 1s set by
drought, and 1t 18 only the final raising of the curtain that can be
attributed to light ramfall replemshing the pools tn dried up
nver beds which are favoured as breeding places by the local
veetor, A hetfe Most ¢ Iy h the abnormal
muitipheation of mosquitoes ts due to human activity, and the
resultant eprdemucs are properly described as man-made malana
As with all causes the effects are s praportion to the mstability
of the disease and the risk ss much greater 1n some fands than i
others South East Asi has suffered partieularly, and much from
the construction engitieer whose borraw-pits and obstructions to
patural dranage by roads, rmiways and ili-lad culverts have
provided innumerable breeding places for 4 culicifactes and other
carners The health of the entire State of Bengal, for mstance,
detertorated during the last century largely owing to this cause.
Other actvities snd other people have, however, produced
comparable results The mdiscrmunate cleating of jungle, and
consequent expasure of streams to the sun, by planters m Indis
and Malaya led to the multiphication of A fluveatilis, A mnsmus and
A maculatus until the telation between cause and effect i the
shape of eprdemic malana was recogmsed In the Americas
the impaunding of water has provided lakestde breeding places
of A guadrimaculatus and the construction of wrrgation systems
made deal sites i which 4 darlings prohferated, to the extreme
disadvantage of neighbouring people Such examples could be
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multiphed indefinitely, they have led to wide condemnation of
the activity of the engineer, who has often retaliated with comment
on the uncooperative attitude of the malariologist and medical
man To some extent the engineer 1s nght, development means
engineering which should be directed 1n this respect and not
obstructed One of the most helpful mechamsms for direction has
been the nstitution of systematic courses 1n the eptdemiology of
malaria for engineers, which are now very commonly attended 1n
India and are becorming appreciated elsewhere

Increase of the man-biting habit by deviation of anophelines
from ammals to man may occur in the countryside following
deprivation of cattle, or 1n towns where they are not normally
present i numbers In the countryside deprivation has often been
due to war, exacerbation of malana in Ohinawa following the last
war and due to this cause 1s well documented, there have been
many outbreaks in Europe during both the great wars of this
century, attnbutable to normally zoophilic members of the
macultpennus group such as A messeae turmng perforcedly to man
for food Such deviation 1s probably a major element 1n the malarsa
of labour forces, which 1n their early stages do not typically own
cattle though they may create breeding places One of the
precipitating causes of Punjab epidemics 1s economic hardship
amongst the people and 1t has been reasonably postulated that the
mechamsm 1s through reduction m the numbers of cattle The
spread of zoophilic species 1nto town areas has a like effect, which
has been documented in connection with the spread of 4
eubesfacies m Delhy, and A hyreanus smensts in Indo-China, 1n
each case with a demonstration of the enhanced anthropophilism
which led to severe outbreaks A stephenst 1s usually highly
zoophlic, 2nd 1n the countryside of Bombay State conveys a very
unstable malania or none at all, but within the city 1t can find
breeding places and even a small preyalence causes severe endemic
malana

Interest in therelation betw eenchanging longevity and epidenmics
was first aroused in the Punjab where 1t was shown by Gill that
floods precipitated epidemics though they did not cause a mulu-
plication of breeding places for the local carner Their influence
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be cut short by chmatic changes before 1t has reached 1ts peak
[n such places 1 prolong of the tr 1 scason
by climatic varations leads to epidemucs, which are well known
n Morocco 1n years when warm weather 1s prolonged unusually
nto the autumn

EPIDEMICS DURING OR AFTER ERADICATION
OF MALARIA

‘There 1s httle expenience of this form of eprdemic but 1t may
well become the most common or almost the only type Any
recrudescence during an eradication programme would be an
epidemic, and a main object of workers in such a programme
would be to discover the eprdemic whilst 1t was still of what would
n other circumstances be called neghgible size The type there-
fore deserves some considerable analysis 1n an effort to foresee
he order of events which mught be expected and to plan to
recognize examples,

Such epidemics would differ from most others 1n the past 1n
hat they would anse from very small ongins, perhaps from one
or two 1ndividuals 1n a commuruty, and mught occur 1n areas
previously subject to exther stable or unstable malaria In principle
they would resemble any others but there might well be con-
siderable differences tn degree The original source would probably
be a chromc case, erther a late vivax relapse or an old faleiparum
infection, perhaps 1n an immugrant The source 1s likely to be
2 person with some immumty which would protect him from
clinical effects and mught well therefore lead to his escaping
detection This immunity would probably also make the onginal
case relatively poorly infective, with a low density of gameto-
cytaemua resulting 1n the infection of only a small proportion of
the anophelines feeding on 1t, and in only low grade infections 1n
most of the mosquitoes infected, resulting 1n their poor infectivity
to man The numbers of secondanes ansing directly from this
source 15 therefore [ikely to be relatively small These secondaries,
though not numerous, would probably be non-immune and
display the charactenisics of a fresh infection, notably the
prevalence of large numbers of highly infective gametocytes 1n
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the blood for a considerable period of time. The true growth of as
epidemic through the population may be considered as arising
from them.

Happenings from this starting point would follow the principles
described in Chapter III, through a series of phases repre-
sentative of the incubation interval, in the first of which there is
no increase, in the second an arithmetical increase, and in the third
and subsequent ones a geometrical increase in the daily increment
of new cases, the ratio of increase growing greater in each interval,
The length of the incubation interval and the nature of the
reproduction rate determine the scale of multiplication. The
mathematical background, which is set out in Appendix 1, is
complicated. A large number of synthetic curves have however
been warked out in full, and in the process it has been observed
that, until the incidence becomes high, progression is very
regular and nearly of 2 simple multiplicative type. In dealing with
the small origins of epidemics rather than with the detail of their
peaks it is reasonable to make a simplification expressing the
approximate course of events and this is here presented in an
empirical statement, the justification for which is given in the
mathematical section.

Happenings may first be considered for an incubation imer‘{al
of 20 days, which is taken as generally applicable for vivax malaria.
Infective cases occur at zero time, For the periog of one incuba-
tion interval there would be no secondasies. In the second interval
they would occur, and in such numbers that at the end of it the
proportion of the population affected would be represented by:

%y = ;o225 + ©-8)
where x, is the proportion affected at the end of the period
#, is the proportion originally (the primary cases}
and  z is the reproduction rate.
In successive intervals after this the proportion affected wmﬂf:‘
be multiplied in a very similar manner, except that the value o

the factor by which z, the reproduction rate, is to b? multiplied
varies with the value of that rate in roughly the following form:—
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Reproduction rate Multsplying factor

1~ 3 020
47 018
8-17 016
18-49 o4
50 and over o012

Thus 1if the reproduction rate were 50, and the onginal cases
amounted to one 1n a thousand of the population or o co1, the
parasite rate might rise 1n one interval to 0 001 X 11 8 or 0 0118
In the subsequent interval this would be multiphed by 6 8 to 0 08,
and agan m the next to about o 55 or §5 per cent The epidemic
would then be at its peak some 8o days after the occurrence of
primary cases and 6o days after the appearance of secondary cases
demved from them Tor a reproduction rate of 20 the course of
events would be roughly as follows at the end of the first interval
o0 001, at the end of the second o 0052, this value being multiphied
by 36 (1e 28 + o 8)1n each subsequent interval to give parasite
rates of about 0 019, 0 067, 0 243 and o 84 at the end of each In
this case the apex of the epidemic would be reached near the end
of the sixth interval, 112 days from the occurrence of the primanies
and 92 days after the first appearance of secondaries In thus series
the successive generations of secondary cases represent 0.4 per
cent , 1 4 per cent., 4 g per cent , 17 § per cent, and 63 1 per cent
of new cases 1n the population It 1s clear that the last would
constitute a locally calamitous eptdemic of great seventy, the fact
that 1t arose from a low reproduction rate being revealed much
more by the relatively prolonged period of genests than by any
muldness n the epiderme which would ultimately result It would
clearly be the fonction of a survedllance service to detect such an
outbreak 1n the period of genesss, and certamnly within the first
two generations of secondary cases

Comparable synthetic figures can be calculated for any value
of the reproduction rate, but to save laborious tables of figures a
number have been constructed as epidemic curves m Figure 8
These represent the total cases or parasite rate; the proportion of
new cases 1n any interval 1s calculable by companson of the
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largely been tempered by commumal immunity restricting
the reservoir of infection and thus the speed of development
of epidemics

CONTROL

There are only two radical mens of dealing with epidemics;
one 1s to recognise them in their very carly stages, before any
notable part of the population 15 affected and to prevent thest
further spread, the other 1s to stop them with drugs Any measure
of mosquito control must be sccondary to drug treatment or
prophylaxis once an epidemic 1s cstablished 1f necdless suffering
15 to be avoided Even immediate imagicidal control leaves many
incubating the disease, and larvicidal control cannot be expected
1o nfluence the epidemic for at least a month and perhaps longer
‘The most valuable drugs are those which can cure 1n the smallest
possible number of doses, and which combine curative and
preventive properties  For most circumstances the 4-amino-
qutnolines are the most appropnate, chloroquine or amodiaquine
m 2 single dose of 0 6 G of the base immedrately to sufferers,
and 1n weekly doses of 03 and 04 G respectively to others,
with appropnate modifications for people of different ages
Mepacrine has proven too toxic for use in such conditions,
unusual numbers of cases of 1ill-effect bemng perhaps connected
with mat 3 often d with the epid disease
Pynmethamine 1n doses of 25 mg, and proguanil mn doses of
03 G, have not the same general applicability as their curative
rvalue aganst some stramns of malana may be low, but 1in some
places they may be equally useful and 1 others they are hikely to
be of some value if the 4-amino-quinclines are not available An
mmmediate ending to dramatic happenings can be expected to
follow, but radical cure of vivax infections wall not follow such
treatment and other mechanisms to mahe fuller treatment available
will usually be needed

The mathematucal theory here described s elaborated n —

MacpoNarp, G The analysis of malaria eprdemics 1953, Trop Dis
Bull | 50, 871889 K
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of epdemics due to t, occurning when roughly 50 per cent of the
population 1s infected, must mevitably be later than that due to
vivax malarsa, even when transmussion ss mtense There is in both
cases 8 phase of relatively slow growth, representative of the il
broken step often seen in epidemic curves, but this may be followed
by a sudden transttion to a dramatic rise When the ongns are
small as here postulated this only occurs at once if the reproduction
rate 1s high, but 1t can also occur when epidenucs due to fower
rates spring from larger ongins The ininal relatively slow stage
1s @ warmng of what 18 to come and towards its end 1t 15 2 warning
of what 15 already mncubating 1n man and mosquite If secondary
cases are recogrused there should clearly be an urgent study of
their numbers and the pertod for which they have been prevalent
which will dictate the urgency wath which emergency msecticidal
and perhaps mass therapeutic measures should be undertaken
Therapeutic measures may be urgently indicated 1f st 15 feared
that any notable propartion of the people are mcubating falciparum
malania, though if vivax malaria only 13 to be feared t may be
preferable to permat the demonstration of actual cases at the tme
when special treatment facihities can be given, rather than prolong
the ncubation penod for months by abortive prophylaxis and
cause a Jater outbreak of relapses after the sense of urgency had
passed

In many countries transmussion 3s humted by season the
epidenme curves here tflustrated being cut short after a varying
penod, often of about 150 days in the malarous Mederraneis
zone, when the mmportance of recrudescence would tusn targely
on the sevenity of transmussion and on the time of ats corpmence
ment The past story of much of the Mediterrancan landg
suggests that normally there has been ample tme for the fu
development of vivax epidemics within the season They hav;
however, usually ansen from greater ongins than here postulate
and those from really small ongins might well be cut off before
reaching thetr summit Past records of the summer parasite rate
amongst young cluldren, and especally of the relative prevalence
of vivax and falesparum malana will throw some hght on thxse.
though it 1s to be remembered that past happentngs hav
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largely been tempered by communal immunity restricting
the reservoir of infection and thus the speed of development
of eprdemics

CONTROL

There are only two radical means of deahing with epidemics,
one 1s to recogmse them n their very early stages, before any
notable part of the population 1s affected and to prevent therr
further spread, the other 1s to stop them with drugs Any measure
of mosquito control must be sccondary to drug treatment or
prophylaxis once an epidermic 1s estabhshed 1f necdless suffering
15 to be avouded Even immediate imagieidal control leaves many
ncubating the disease, and larvicidal control cannot be expected
to influence the eprdemuc for at least a month and perhaps longer
‘The most valuable drugs are those which can cure in the smallest
possible number of doses, and which combine curative and
preventine properties For most crcumstances the 4-amino-
quinolines are the most appropnate, chloroquine or amediaquine
m 2 single dose of 0 6 G of the base immediately to sufferers,
and 1n weekly doses of 03 and 04 G respectively to others,
with appropnate modificattans for people of different ages
Mepacrine has proven too toxic for use in such conditions,
unusual numbers of cases of 1ll-effect bemng perhaps connected
with mat Y often d with the eprdermic disease
Pynimethamine 1n doses of 25 mg, and proguaml m doses of
03 G, have not the same general applicability as their curative
value against some strains of malana may be low, but 1n some
places they may be equally useful and n others they are likely to
be of some value 1f the 4-amino quinolines are not avalable An
immediate ending to dramatic happenings can be expected to
follow, but radical cure of vivax infections will not follow such
treatment and other mechanisms to make fuller treatment available
will usually be needed

The mathematical theory here described 15 elaborated 1n —

MACDONALD, G The analysis of malana epidemics 1953, Trop Dis
Bull, 50 871-88¢
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MacponaLp, G Theory of the eradication of malana 1956, Bull Wi
Hltk Org | 13, 369-387

ArMiTaGE, P A nate on the epidenuology of malana 1953, Trop Dis
Bull, 5o, 8g0-892

Long term eprdemcs can be studied 1 —

Boyp, M F An historical sketch of the prevalence of malana i North
America 1941, Amer ¥ trop Med , 21, 223244

Crrrs, A The hustory of malarsa sn the Roman Campagna from anoemt
times  Edited and enlarped by Anna Celli-Fraentzel London
John Bale, Sons and Damelsson, 1933

The saentsfic siudy of the epsdemic onginates i —

CurisTOPHERS, S R Malarsa n the Punyab Scientific Memorrs by
Officers of the Medical and Sanitary Department of the Govern
ment of India New Seres No 46, 1911

which s, however, hard to obtam

There are general studses 1 —

CuristoruEers, 8 R Ende and eprdeme prevale Chapter 2710
M F Boyd's Malarsology Philadelphta and London W B
Saunders Co, 1949

Gui, C A The seasonal periodiaty of malana and the mechansm o
the eprdemtc wave London J & A Churchdi, 1938

and excellent deterled studres of mdiwidual eprdemcs tn —

BRIERCLIFFE, R The Ceylon malaria epsdemics 1934-5 Ceylon Sessional
Paper XII Colombo, 1935

Coverr, G & Baiy, ] D The study of a regional eprdemic of malans
i Northern Sind 1932, Rec Malar Surv India, 3 279-3%2

Gancia Sastag, L Notas sobre ef paludismo en lasla de Gran Canatid
1045, Rev Samd Hig publ (Madr), 19, 257-27%

Rayenpram § & Javewickmeme, S H Malana in Ceylon. Pt T Ti:)ef
control and prevention of epidemse malana by residual spraying
houses with DDT 1931, Indian § Malar , 5, 1-73

Rico AveLLo ¥ Rico, C La epsdemsa de paludismo de Ja postguerss
1950, Rev Sared Hig pibl (Madr ), 24 701737




CHAPTER VI
LOCAL TEATURES OF' MALARIA
(1) GENERAL CONSIDERATIONS
GENERAL DISTRIBUTION

1ALARIA 15 not transmitted except at temperatures exceeding
5°C, and this temperature must be maintained for a month or
nore for 1t to become established even when potent vectors are
resent The less potent ones do not usually maintain transmission
nless a somewhat higher temperature 1s kept up for a longer time
n consequence the extreme limits of malaria in the northern
emusphere lte within the July 15° C 1sotherm and are almost
dentical with 1t In the south they do not reach this 1sotherm,
argely owing to the absence of potent vectors in the areas
pproaching 1t Within the extreme lruts there are many non-
nalarious zones, some free because they are and and provide
lerther breeding places nor environment appropriate for trans-
nission, and others because they have not been 1nvaded by ano-
heltnes which are fully adapted to transmusston The first include
lesert zones such as the Sahara and the second a large part of the
acific archipelago ncluding most 1slands east of Australia except
he Solomons and the New Hebrides Altitude Limits distribution
n avanable way as 1t influences breeding conditions and 1n a more
egular way as 1t 1s associated with temperature variations Where
»otent vectors are present the disease occurs at constderable
1eights in the tropics at 7,000 feet 1n Kenya where 1t 1s carried
y A gambiae and A funestus, at 6,000 feet within the zone of
4 mmmus in the Indo Chinese ils and at 7,000 feet within
he Andean distribution of A pseudopunctipennss Elsewhere the
hisease usually comes to an end at lesser heights, varying with
atitude and hence with the temperature at different heights, the
xccurrence of the types of breeding place which are approprate
o the vector and their occurrence 1n mountamns, and with the
potency of the vector A mosquito which, owing to 1ts typically
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short life or zoophilic habst 15 a poor vector, will cease to be
effective 1n mamtaiming transmssion following 2 lesser reduction
of temperature, and therefore at lower altstudes, than a well
adapted veetor Thus, 1n the Lebanon 4 sacharom carrted the
disease {until the era of control) at a greater height—s3,000 feet—
than A superprctus which could not keep up transmussion sbove
2,000 feet, though at sea level they were hoth wmportant carners

ANOPHELISM WITHOUT MALARIA

Within the Jimits of malarzal transtussian there are many places
nfected by an apparently approprate vector, which enjoy 2
suitable temperature and other cnvironmental condstions, m
which malana does not prevail and from which 1t tends to die out
if troduced The state 15 known as anophelism without malana
and has attracted much attention It 15 widespread 1n Europe, and
was wmexplicable unts] the d ration that the lip
group of mosquitoes was not homogeneous but meluded many
maosquitaes of different charactenstics appeared to supply an
answer, m that the distribution of malaria roughly followed that
of the more potent vectors The explanation proved mn the end
to be only partsal, 4 ntroparous 1s an efficrent vector member of
the group but, as was pomnted out by Hackett, there are numerous
areas of atroparvism without malarta, and 1 fact the disease only
occurs within 2 very small part of that mosquite’s range Some of
the other members, such as 4 messeae, are 1n some clrcumstances
catrters, and the rest of the areas they infest must be Jooked o0 38
areas of anophelism withaut malana Such healthy places are v el
known n Indta Russell and s co-workers studied large mafant
free parts of Madras and established the fact that the mosquic
which infested them, 4 culierfacses, was m fact the same species
as that which infested nesghbouring malarous zones and 25
susceptible a carrier There are enormous tracts of healthy fand
within the range of 4 quadrimaculatus 10 North America, many
within the distribution of 4 aguasals and A albumanus in Central
Amenica 4 fuspamola carnes the disease within only a very
Iuntted part of ws range 1n North Aftica, 4 superpuctus carnes
the warmer parts only of the Mediterranean region, A punctulatut
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faraut: has caused wide outbreaks m Austrahia but 1s not normally
associited with transmisston

These examples could be repeated round much of the world,
but repetition would come to an end once examples were looked
for 1n others Anophelism without malana does not happen in the
range of A sacharort or A labranchiae, and 13 unknown within
that of A gambrac or of A Itisaph associated
with nstabihty of malana and occurs where the vector 1s short-
Iived, or 1s zoophilic, or where cool temperature extends the
extrinsic cycle of the parasite to make the anopheline short-lived
n companson with 1t It 15 demonstrable evidence of the critical
density of mosquitoes, the areas free from malaria are those 1n
which prevathing conditions do not bring the reproduction rate
above the critical level, indeed, Russell was able to demonstrate a
critical level 1n the Madras examples which have been quoted
Within the range of zoophilic or short-lived mosquitoes—and
those 1n Russell s case were both—the critical density 1s high and
such that breeding often occurs without being sufficient to bring
the density above 1t For 4 gambue 1n most of 1its range the
cntical density 1s very low, experiment has shown that 1t 1s
under one mosquito to 30 people 1n one place, and such that
1f breeding 15 occurring the density 1s almost invariably exceeded
though there 1s a theoretical mimmal level 1t 1s not observed n
nature

The condition represents a potential nsk in that quahtative
changes in the area may readily lead to the critical density being
passed and transmussion being established, and such has often
happened Lpidemics which are very difficult to explain may
anse as a result, often they temporanly establish an endemiaity
which may, however, diminish as imperceptibly and unaccountably
as 1t arose Some matenal change in the locality may lead to the
long establishment of malania which may be very severe Faults
i the Cauvery Canal irngation project led, for instance, to the
establishment of severe malana 1n large parts of Madras which
had previously expenzenced anophelism without malana, but in
most of these places the disease died down 10 to 20 years later,
quite inexplicably except on the basts that a communal immumty

5
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had by then been built up which was sufficient to bring the repro
duction rate down below 1ts critical level again

REGIONAL DISTRIBUTION

The map presented mn the endpapers shows twelve malanous
regtons and one non-malarious area bordering them The map
has been drawn with an awareness of the zoo geographical regions
of the world, withmn which amimal species mcluding anophelines
tend to be irmited There has, however, been no detailed following
of those regions, but rather an attempt to define areas n which
the epidemiology of malaria 1s of the same nature throughout and
this turns on temperature, rawnfall, seasons, phystcal features of
the land and other factors as well as on the distribution of ano
pheline spectes The zones shown are eprdemiologieally distinct
and happenings 1 one may be in marked contrast with those m
1ts neighbours though there 1s a certain homogeneity within ezch
of them The sections which follow give an outline of happenings
1n each, but the student who may have a particular concerst with
one of them 1s recommended to elaborate his reading considerably
for which he may find some of the literature quoted at the end of
the sections helpful

Anophelism without malaria 1s described in —

Brumet, E Anophelisme sans paludisme et regression spontanc
paludisme 1944-5, Ann Parasit hum comp 20 67-91
Hackerr, L W Malaria in Turope Londen Oxford University Press

1937

Russen, P F & Rao T R A study of the density of Anopheles
culicifacies 1n relation to malaria endemcity 1942, Amer ¥ trop

Med , 22, 535-558
James, S P The disappearance of malaria from England 1929
roy Soc Med, 23 71-85

e du

Proc

hugh altitude malaria 15 described m —

Garwuam, P C C The inaidence of malana at high alttudes 1948
¥ nat Malar Soc, 7, 275-284

HackerT, L. W 'The malana of the Andean Region of South Amenca
1945, Rev Inst Salubr Enferm trop (Mex), 6 239-252
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and the gencral distribution 1s well documented in —

Hackert, L W Distnibutton of malana Chapter 28, pp 722 735 in
M F. Boyds Malanology Phildelphta and London W. B
Saunders Co, 1949

(z) THY AMI'RICAS

In the three zones indicated 1n the Americas the epidemiology
of mnlama 1s fortunately now becoming largely a matter of
lustorical and academic rather than practical nterest, because
campagns carrted out since 1945 have eliminated much of 1t and
the decision of the Pan-Amernican Samitary Bureau in 1955 to
co-ordinate efforts at total eridication may well soon result 1n the
disappearance of most of the rest The history of the northern
zone has been outlined, m1ston early 1n the seventeenth century
was followed by spread to the limits indicated 1 1870, since when
there has been a steady decline In 1947 malana affected some of
the southern parts of the US A but an eradication campaign
started 1n that year has since ended it The chief carner was
A guadrimaculatus, a zoophilic mosquito which turns to man
the absence of its preferred hosts, and maimntains an endemicity
of intermediate stabihity A4 freeborn: had at one time also been a
carrier of very unstable malana 1n the western states but only
where conditions were made peculiarly favourable for 1t to do so,
especially by the development of extensive rice cultivation
unassoctated with ammal farming Both these mosquitoes are

bers of the Lip group, and favour the peripheral
vegetation areas of impounded waters and swamps as breeding
places, malaria tending to be associated with such water types
The disease was seasonal, occurning as summer waves which were
prolonged in the south It was much exacerbated by water develop-
ment P wzax predominated throughout most of the zone but
P falesparum was plentiful in the southern states The control
scheme operated by the Tennessee Valley Authonty on a series
of great lales which it had created became very widely known for
1ts extent, the mtegration of ing and health , and
the orginality of some of the methods used In common with all
others 1t was superseded by the national campaign of 1947 which
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2}‘:& 22 exzdicetion of the disezse. Control was concentrated in
oosesiztes where moniabity figures indicated a material prevalence,
& szried with 2 geners! attack by means of residual insecticidesin
#eed i, which was discontinued when endemiciy
renched neglzible levels, and replaced by an individual case
semmeling zod trestment mechanism, Successive areas haie been
Ceclared frer and only one notable recrudescence has occurred
€sspite the importation of many thousands of infected soldiers
swho have suffered from relapses of vivax malaria contracted in
Korez.

The central American zone is tropical, and temperature would
permit transmission M most parts of it throughout much of the
vear. The principal vector is . albimanus, essentially 2 non-
darnastic species which infrequently enters houses, though when
it does so it bites man readily, Precipitin tests have shown as many
25 34 per oent. to have taken human blood but this may reflect the
place of capture more than the general source of food. Recorded
spompite rates are all Jow, usually below o6 per cent. 1t breeds
by preference in sunlit pools and has a wide distribution through-
out centeal America, in the Caribbean, and in the north-wester
avistal areas of South America, It is aided as a vector by other
peciess by 4. el in mony coastal areas and by A
pumctiseacnlz in Panama and pechaps elsewhere; 4. da_"”’.&" 152
veetor in parts of the isthmus, and . estecus maintains 2 Tow
endemicity of vivax malaria at considersble heights—up {0
Be0 feet of more—in pasts of Mexico. .

Malaria is generally moderate in incidence, rard)e  aching ihe

hyperendemic levels common in Africa, n_nd - demelg
wstable in type. Epidemics, the alternatio ¥ and o
unhealthy years, cydles of incidence and 2 tha
walatia are all kno d, as is chamcteristic my

harw has been emics of the dis

vanations i { p!act_: to place
prevalence of b »asls also uss
pioture, st vivay predomi
ix seoupdary o it is Tare, but t
cuamples of ishan from P, ef
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past has been largely by anti-larval means and has not on the
whole assumed great urgency except i spectal arers such as
around the Panama Canal Mexico has now, however, embarked
on a national scheme for the eradication of malara with the ad
of WHO and UNICEF, the principle has been generally accepted
and there are programmes of control 1n most of the 1slands, which
may be expected to extend to all of them during the next few years
In South Amernca the man carner 1s A. darling:, which 13
widely distributed 1n Brazil and the parts north of 1t, though not
on the western coast It has been reasonably postulated that its
natural home lies in central Brazil, where 1t feeds on both man and
amimals and rests both 1n houses and outdoors, but that extension
from this centre has been by specifically anthropophilic stramns
following man untl the mosquito attamned us present spread
Away from the centre 4 darlings 1s very firmly anthropophilic
and closely associated with man, resting almost 1nvarrably in his
houses and shelters and feeding almost exclusively upon him
Despite this the malana carried 1s never as severe as that seen in
Africa and 1s only moderately stable, fluctuations and epidemics
being common, while sporozoite rates are generally low It seems
probable, but 1t 1s not confirmed, that the mosquito 1s generally
short-lived Itis mainly a lowland species, prospering in the plains,
breeding in swamps 1rngation channels and 1n the neighbourhood
of tall v egetation, but sometimes 1n the grassy edges of nvers and
occastonally even in stony nivers Choice of breeding place 1s
partly determined by the reaction of the water and there are rivers
in the northern coastal area in which the water 1s of high pH and
which are unsuitable for 1t They are 1dentifiable because the water
15 often black and their unsuitability has been utilised 1n establish-
1ng quarantine zones to prevent re-invasion of areas freed from it
Other vectors include 4 albimanus, which has been mentioned
describing the central American zone, which 1s present 1n the
coastal belt of the north and east, A aguasals, 4 pseudopunct:-
penms and members of the Aerteszta group A bellator and A
eruzt A aquasalis breeds in saline water and 1s confined to coastal
districts except for occasional foct 1n inland places where waters
are sahne Within the coastal zone 1ts larvae are found 1n swamps,
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streams, and even minor depressions and often 1n thick vegetation
It 1 hughly zoophiltc, evidence suggests that normally 1t 1s very
short-lived and may suffer a daily mortality of 30 per cent or
more, 1t bites out of doors and 1s not associated closely with man
On all counts 1t should be an extremely poor vector, and n fact
1t only gamns importance by the vast numbers in which 1t may
occur near favourable breeding sites, and even so this importance
1s strongly influenced by the availability of animal food Sporo-
zoite rates are invartably extremely low, even below o o1 per cent,
and many surveys have ended without the recogmtion of an
mfective mosquito The nature of the breeding place, the need
for very large numbers to heep transmission up, and the common
avoudance of houses, all tend to make control by drainage preferred
to 1magicidal techmques Often, however, control may be unneces-
sary as this species may sometimes only perpetuate 2 transmission
established by another spectes

A pseudopunctrpennss 1s the vector of the Andean slopes and the
west coast, from northern Chile to Venezuela, and in the Andean
area 1t may maintain transmission up to heights of over 7,000 feet
It has been suggested that 1t represents a complex of spectes of
strains because 1ts habuts vary greatly from place to place In the
southern and Andean parts of 1ts distribution 1t 15 anthropophilic
and a potent carrter, 1n Venezuela 1t 1s zoophilic and a poor one,
while 1n the 1slands 1t 1s Jooked on as ummportant Its nfluence
1s hmated by 1ts demands of breeding places, largely pools 1n the
beds of rivers and streams from which 1t 15 displaced by flood so
that breeding 1s favoured by dry weather

Two members of the Kertesza graup, 4 bellator and A erum
are important vectors, and one—A Jomunculus—may be They
are charactenised primanly by therr choice of breeding Pk‘“hm
water resting 1n bromeliad plants, epiphytes hving on the branci :S
or trunks of trees and tndependent of the soil Mosquitoes of the
group bite out of doors and in broad daylight, and are eﬂegltwe
vectors of malana By these characteristics they present a pro er:
which 1s quite different from any malara problem elsc:\vherefla
the world The bromeliad 1s dependent on the mamtenance 0 :
water reservoir for its metabolism and 1s confined to wet an
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humd districts where 1t becomes established on trees of certain
spectes, with the result that bromeliad malana 1s a disease of
coastal areas m Tritudad and Brazil, 1ts local distnibution being
determuned by the nature of climate and of vegetation To a
considerable extent 1t 1s an occupational discase, affecting workers
on plantations, and 1t presents specnal problems of control which
may be by the destruction of bromehads or of the trees on which
they find support

Full general descriptive accounts, with much documentation, are to
be found 1 —

Faust, E C Malana inaidence in North Amernica Chapter 30, pp
749-763, in M F Boyd s Malartology Philadelphia and London
W B Saunders Co, 1949

Gaearoon, A Malana inerdence 1n the West Indies and South America
Chapter 31, pp 764-787,1n M I Boyd's Malariology Philadelphia
and London W B Saunders Co, 1949

Accounts of aspects shich are of special interest are to be seen in —

Borp M F An historical shetch of the prevalence of malana in North
Amenca 1941, Amer ¥ trop Med, 21, 223-244

Downs, W G & Prrrenprictt, C S Malana transmitted by bromeliad-
breeding anophelines Chapter 29 m M F Boyd s Malariology
Philadelphia and London W B Saunders Co, 1949

Kuyr, T van pEr Contrbution to the study of the malarial eprdemsology
n Surinam honinklyke Vereemging Indisch Instituut, Mededeling
No LMXXAIX, Afdeling Tropische Hygiene No 18 19350

and especrally interesting accounts of control it —

GaBaLpow, A. The nation wide campaign against malana in Venezuela
1949 Trans roy Soc trop Med Hyg, 43 113-160

Russery, P F, Arxprews, ] M, GaeaLoow, A, Gigriout, G, PrmotTi,
M & Sorer, F L Symposium Nation wide malana eradication
projects in the Americas 1951, J nat Malar Soc, 10, No 2

(3) EUROPE AND NORTHERN ASIA
NORTH EUROPEAN AND ASIATIC ZONE

The primary charactenstic of this zone 1s that a long cold winter
prevents transmission for at least half of the year and that for part
of the remainder the temperature 1s below the optimal It les
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withm the palaearctic region but 1s separated from an important
part of 1t described later as the Mediterranean zone because the
epidenuology of malara 1s greatly different m the two parts

The normal brevity of the season and the coolness of much of it
deters the multplication of P falesparum which 1s rare 1 mast
parts of the area except southern China, P wrwax being everywhere
predommnant and i many places the only parasite present,
Malaria has been widely distubuted within the area It has
disappeared from most of Europe in a spontaneous recesston
covertng a couple of centurtes, to which reference has already
been made, but the continued susceptibility of the area to
endemucity has been demonstrated by many local outbreahs during
the Jast two great wars Apart from these outbreaks, which have
been widespread n central and eastern Europe and 1n Span, the
last remaning foct have been 1n the Danube Basin, i Holland,
Portugal and Spamn

The potentral vectors which are present are not espectally
attracted to man, with the posstble exception of 4 sacharous which
1s satd to be present 1n parts of China The commonest carner 1s
4 atroparvus, which 1s long lived and feeds readily on man if no
other source of food 1s easily avatlable It can therefore become 2
potent carrier though 1t may not be one when numerous cattle are
avatlable as a source of food It breeds most readiy in shightly
saline water and 1s 1n consequence on the whole a coastal species,
prevalent around estuarmne marshes and 1n areas hable to tidal
nundation, from which 1t 1s bemng slowly expelled by land reclama
tion A messeae 15 a capable vector, and 1s widespread because 1t
has no preference for saltmity 1 1ts breeding places, but 15 much
less ready to turn to man as a source of food There have bi;ﬂ
many outbreaks of malaria attributable to 1t, perhaps much of y e
old endemicity was maintamed by 1t, but recent transmsston has
only been tn areas where breeding was profuse and cattle were
absent

The extent of penetration of these species to the east 18 not
properly hnown In the far east, in China, 4 sackarout 15 rEPO":;‘:
as present, but 4 pattom 1s probably the mam casrer i
northern parts and 4 Ayreanus smensss 1 the sontbern parts
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mcluded within this area Both are swamp breeding species and
prmanly zoophilic, but turn to man when nced be and then
transmut malarma of an intermediate stability

THE MEDITERRANEAN 7ZONE

This zone includes Turope south of the Alps, and also the
Levant to and shghtly beyond the Caspian Sea The summer
climate 1s hot, full transmussion of P falsparum 1s possible, the
marn vectors are anthropophilic and malara 15 of a seasonal but
stable type Lxcept for the influence of control, annual epidemics
would recur throughout the districts where there are suitable
breeding places and with httle vamation from year to year
Anophelism without malania 1s unknown, P falaparum and P
cieax are typically present in varying proportions, there has been
no recession comparable to that in northern Europe, until recently
no general control was secured, and all the charactenistics of
stability are evident The two most important vectors are 4
sacharoviand A labranchiae which overlap 1n Italy, the first being
prevalent further east whilst the second species predomunates tn
Ttaly and to the south and west of that country Their breeding
places are stmilar, permanent and usually well vegetated water,
with the consequence that malaria 1s often associated with swamps,
springs and marshes, to which fact it owes 1ts alternative name
of paludism (L palus, gen paludis, a swamp or marsh) The
normal range of flight of these mosquitoes 1s considerable, malana
beng commonly transmitted withm three kilometres of major
breeding places and sometimes beyond that distance, while
4 sacharovt makes a prelibernation flight of g to 10 Km which s
not, however, associated with the carnage of malana

A superprctus 15 a subsidiary but still very important malana
carnier 1n the lands east of Italy, 1ts local distribution 1s very much
determined by 1ts choice of breeding places, typically 1n cool
moving water often free from vegetation, and best represented by
the shingly river bed It 1s less anthropophilic than the two main
vectors, feeding very readily on horses and cattle, and the malana
!t conveys 1s unstable, occurring as severe epidemcs varying
greatly from year to year, transmission 1s more readily brought to
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within the palaearctic region but 1s separated from an rmportant
part of it described later as the Mediterranean zone because the
epidemeology of malarsa 1s greatly different in the two parts

The normal brevity of the season and the coolness of much of st
deters the multiphication of P falesparum which 1s rare 1n most
parts of the area except seuthern China, P z1zas being everywheee
predomunant and 1n many places the only parasite present.
Malaria has been widely distributed wathin the area It has
disappeared from most of Curope in a spontaneous recession
covering & couple of centuries, to which reference has already
been made, but the continued susceptibility of the area to
endemicity has been demonstrated by many Jocal outbreaks duning
the last two great wars Apart from these outbreaks, which have
been widespread m central and eastern Europe and s Spam, the
last remaining foct have been 1n the Danube Basin, i Holland,
Portugal and Spam

The potential vectors which are present are not especilly
attracted to man, with the possible exception of 4 sackarovt which
15 saxd to be present in parts of Cluna The commonest carnier 8
A atroparvus, which 1s long lved and feeds readsly on man xf ne
other source of faod 1s easily avalable It can therefore become 2
potent carrier though 1t may not be one when numerous catde are
avatlable as a source of food It breeds most readily m shghtly
saline water and 1s 1n consequence on the whole a coastal species
prevalent around estuarine marshes and i areas lable to tycal
1nundation, from which 1t 1s being slon Iy expelled by land reclama
tion A wesseqe 15 & capable vector, and 15 widespread becavse 3t
has no preference for salmuty in 1ts breedmng places, but ss much
less ready to turn to man as a source of food There have b:;ﬂ
many outbresks of malara atirbutable tot, perhaps much of the
old endemicity was mantained by it, but recent transmussion has
only been 1n areas where breeding was profuse and cattle were
absent ot

The extent of penetration of these specics to the east 18 nd
properly known In the far east, n China, 4 sacharotzis rC‘PD"‘;c
as present, but A patton: 15 probably the mam earner i 4
northern parts and A Ayreanus smensis in the southern parts
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mcluded within this area Both are swamp breeding species and
prnmanly zoophilic, but turn to man when nced be and then
transmut malana of an intermediate stabhty

THE MEDITERRANEAN ZONL

This zone includes Curope south of the Alps, and also the
Levant to and shightly beyond the Caspran Sca The summer
climate 15 hot, full transmission of P falesparum 1s possible, the
main vectors are anthropophilic and malaria 1s of a seasonal but
stable type Lxcept for the influence of control, annual epidemics
would recur throughout the distnicts where there are suitable
breeding places and with httle vanation from year to year
Anophelism without malana 1s unhnown, P faleparum and P
vrvax are typically present in varying proportions, there has been
no recession comparable to that 1n northern Europe, untl recently
no general control was secured, and all the charactenstics of
stability are enident The two most important vectors are 4
sacharovi and A labrancliae which overlap 1n Italy, the first being
prevalent further east whilst the second species predominates m
Ttaly and to the south and west of that country Their breeding
places are simular, permanent and usually well vegetated water,
with the consequence that malania 1s often associated with swamps,
sprnings and marshes, to which fact 1t owes 1its alternative name
of paludism (L palus, gen paludss, a swamp or marsh) The
normal range of flight of these mosquitoes 1s considerable, malana
being commonly transmutted within three hilometres of major
breeding places and sometimes beyond that distance, while
4 sacharovr makes a prelibernation flight of g to 10 Km whichas
not, however, associated with the carrage of malana

A superprctus 1s a subsidiary but stll very mportant malana
carrer 1n the lands east of Italy, its local distrsbution 1s very much
determined by its choice of breeding places, typically . cool
moving water often free from vegetation, and best represented by
the shingly river bed It 1s less anthropophilic than the two mamn
vectors, feeding very readily on horses and cattle, and the malara
it comveys 15 unstable, occurnng as severe epidemics varying
greatly from year to year, transmission is more readily brought to
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An impresston of the long term history can be gamed from —

Criry, A The lustory of malaria in the Roman Campagna from ancrent
times Ldited and enlarged by Anna Celli-Fraentzel London
John Bale, Sons and Damelsson, 1933

HirscH, A Handbook of geographical and historscal pathology Trans-
lated by Charles Creighton 1, Chapter VII London New
Sydenham Society, 1883

ard of tts modern contenuatton tn —

SweLtenGrinel, N H The malana epidemic of 1943-46 in the
Province of North Holland 1950, Trans roy Soc trop Med g,
43 445404

Accounts of spectal local snterest are in —

Hourr, G La lutte antipaludique au Maroc 1954, Maroc méd , 33,
860-872

Leson, H S, Lumsprn, W H R, Yorr, ] & Macan, T T Anopheles
and malana i the Near East Memoir No 7%, London School of
Hygene and Tropical Medicine London H K Lews 1950

PRINGLE, G A summary of malana and malana control in Iraq before
1946, and the national malana programme, Progress reports 1946~
1952 Tand II 1955, Bull endem Dis Baghdad, 1,2 45 and 187~
236

and the followmng are of nterest for ther storical sigmficance —

Marcrtarasa, E & Biovamt, A Translation by Harry Thomson On
ngnmer-aummn malarial fevers London New Sydenham Society,
1994

SercexT, Epvt & Er & ParROT, L La découverte de Laveran, 6
November 1880 Pans, Masson et Ce, 1929

A classical desersption of an attempt to eradicate an anophelne

species an this sone 15 grzen 1 —

LoGaN, ] A The Sardiman Project Balumore Johns Hopkins Press

1953

(4) AFRICA AND ARABIA
THE DESERT ZONE

A great tract of northern Africa and Arabia 1s almost rainless,
but mvers flow through i, there are springs and oases, and
parts there 15 an occastonal ranfall feeding swamps or temporary
streams, the water 1n which 1s often conserved to ingate a lntle
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an end by cool weather, whether 1n terms of time, of altitude or of
latitude, and 1s most feared 1n mudsummer, mn the warmer parts
of the zone, and near sea level There are a number of other
vectors of less importance, A elaviger, especially n towns where
water 1s stored tn cisterns, A huspamola, which may carry a very
unstable disease 1 Algena and Morocco, and A messeae under
special conditions 1n Italy and the Balkans

Most of the classical knowledge of malaria ongmated from
this area The first recogmsable descriptions of the disease and the
circumstances mn which 1t occurs are 1 the Hippocratic writings
describing happenings on the Aegean Islands The causative role
of the parasite was described by Laveran 1n Constantine, Algena
m 1880 Much of the original study of the parasite was m Italy by
Marchiafava, Bignami and others, from which country, too, many
of our ideas on epidermology sprang and from which the name
malaria comes (Ital mala = bad, aria = ar) The transmssion
cycle, described 1n India by Ross, was confirmed m Italy by
Grass: and others and the eprdermological picture which 1t
disclosed was very much elaborated in Mediterranean lands
Perhaps the first wide scale civilian control by DDT was carried
out by UNRRA 1n Greece and the first achievement of malari2
climination by 1ts use 1n Crete This fertility of knowledge and
practice arose from the prevalence of malara and the quality of
the people who studied 1t, but the first 1s now gone Malana has
been effectively controlled throughout most of the area, 1n Cyprus
and Sardimia by anti-larval techmiques aming at anOPhd"‘;
eradication and certamly securing therr virtual elimnation a0
m other countries by imagicidal campaigns which now aim at
eradication of malana It would be difficult now without Tughly
specialised and up to date local knowledge to say where within
the area malaria can be found complying with the many descrip
tions which have been made of 1t in the past

re
A fascinatimg and wnstructive account of general eprdenolog) befo

control 1 Europe 1s to be found m —
S
Hackerr L W Malaria n Europe London Osxford Unnersity Pres
1937
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An impression of the long term hustory can be gamned from —

Crirt, A The lustors of malaria in the Roman Campagna from ancient
tmes Ldited and enlarged by Anna Celli-Fraentzel London
John Bale, Sons and Damelsson, 1933

Hirscu, A Handbook of geographical and Iistorscal pathology Trans-
lated by Charles Creighton 1, Chapter VII Iondon New
Sydenham Society, 1883

and of 1ts modern continuatron ;m —

SweLtencrepel, N H The malana epidemic of 1943-46 in the
Province of North Holland 19350, Trans roy Soc trop Med Hyg,
43 445-404

Accounts of speaial local anterest are in —

HouvrL, G La lutte antipatudique au Maroc 1954, Maroc méd, 33,
860-872

Leeson, H S, Luvsoey, W H R, Yorg, ] & Macan, T T Anopheles
and malana 1n the Near East Memoir No 7, London School of
Hjgiene and Tropical Medicine London H K Lewss, 1950

PrivGie, G A summary of malania and malana control 1n Iraq before
1946, and the national malana programme, Progress reports 1946~
1952, L and I 1955, Bull endem Dis Baghdad, 1,2 45and 187-
236

and the followmg are of nterest for ther hstorical sigmficance —

Marcurarasa, E & Bignamy, A Translauon by Harry Thomson On
summer-autumn malarial fevers London New Sydenham Society,
1894

Sergent, EDv & ET & Parrot, L La decouverte de Lateran, 6
November 1880 Pans, Masson et Cie, 1929

A classical description of an attempt to eradicate an anopheline

species this zone 15 guenin —

Locax, ] A The Sardiman Project Balimore Johns Hopkins Press,

1953

(4) AFRICA AND ARABIA
THE DESERT ZONE

A great tract of northern Africa and Arabia 1s almost rainless,
but mvers flow through 1t, there are springs and oases, and in
Parts there 1s an occasional rainfall feeding swamps or temporary
streams, the water 1n which 1s often conserved to ingate a little
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control of A pharoensts malina 1n Fgypt through residual
insectictdes A general control programme 1s 1n train in the Sudan,
and between them these cover most of the malarious parts of the
desert area which may well soon be substantially freed from the
disease

THF FTHIOPIAN ZONE

This zone 1s roughly co-termimous with the zoo-geographical
Ethiopian region Its malariological characteristics are set by the
anophelines present, therc are many more species of firmly
anthropophilic anophelines 1n this area than n any other, some
of them arc widespread, 1n many localities they are numerous, and
certainly some of the most prevalent are on the whole very long-
Iived Throughout much of the zone, temperature permits trans-
musston through all or a large part of the year and adequate ranfall
provides plentiful breeding places

The two chief vectors are 4 gambiac and A funestus, both
widely distibuted A gambrae 1s catholic 1n 1ts chotce of breeding
place with a bias towards sunlit open pools and A funestus 15
associated with vegetated swamps grassy niversides and such-like
water Their likes are such that except in dense forest there are
few places where one or the other, if not both, are not prevalent
Both are generally firmly orientated towards man breeding 1n his
vicinity, biting hum readily, and sheltering 1n s houses, though
1t has lately been realised that there are exceptions to this state-
ment 1n the case of 4 gambiae 1t may be zoophilic and exophilic
in some places, both 1ts importance and 1ts susceptibility to
magicidal control being then different from the normal as
represented by the anthropophilic and house resting type The
difference may lie in climatic factors certain temperature and
humidity conditions may lead to an external and zoophilic habat,
and 1t has been suggested but not proved that strains or races of
the spectes may have different habits

Most measurements 1n both speeies in the equatonial zone show
that anthropophilism 1s nearly complete There are rehable data
on which to make estimates of longewity in many places, and
throughout the equatonal zone 1t 1s considerable, daily mortalities
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The prevalence of splentc enlargement does, however, mdieate
the mtensity of smfection to which the commumty 1 subject,
and the spleen rate has become a traditronal and still valusble
measure of 1t
In later childhood and n adult hie the enhancement of immuniy
continues, with a further decrease 1 parastte denaty and m the
parasite rate, and a stexdy dechne wm the spleen rate The position
then 1s apparently an exaggeration of that m childhood true
freedom from infection 15 probably relatwely rare though the
demonstrable signs of nfection become steadily less frequent
Oce 1 bouts of par: accur but they are usually
very brief, and survey will only show high parasite counts 1 3
very small proportion of the people The dechne in the spleen and
parasite rates depends largely on the ntensity of mfection to
which the people are exposed, bemg more rapid when the
stimulus to tamumity 18 great There thus anses a system of
fassification of end y, the most intense degree of which s
represented by hugh spleen and parasite rates m the chuld associted
with low vafues in the adult, the next degree s represented by
high rates 1n both, and Jesser degrees by lower values n both Al
of these degrees seem to the wnter to run Imto one consecutne
sertes There 1, however, some convenence 1n classification which
1s harmless provided no emphasts 1s placed on the lines of dwision
of categories That r ded by the First African Molaa
Conference n 1950 recogmsed four types —

Holoendemse malara, with a spleen rate . the 2-10 3¢
group constantly over 73 per cent and a fow spleen rate:m
adults,

Hyperendemuc malenia, c¢mld spleen rate constantly over
50 per cent , adult spleen rate high,

Mesoendeme malaria, chuld spleen rate 11-50 per €28t

Hypoendemuc smalarsa, child spleen rate o-to per cent

nd
The first two of these names have come into common use 2

4
may well be adopted 1 2 colloguial form, while the last two h;;c
not recesved any general acceptance and do pot deserve it o
classification was made 1 Afriea and withw that conunent &8
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a reasonable system of comparison but when applied elsewhere 1t
may result in the false alignment of very different conditions

The chinteal effect of these severe endemicities has been the
source of much, often litter, controversy One protagonist says
there 15 no statistically sigmificant evidence of high mortalities
caused by the highest mtensity, whilst the other says that the
person who would measure them 1s the person who might prevent
them and inhumamty has not extended to permitting deaths 1n
order to ensure a proper dignosis of cause Malarin control
programmes, whether by drugs, larvicidal or imagreidal measures,
do however, cause a very significant drop in the death rate
particularly amongst young children It was shown 1n Frectown
that elimination of the seasonal peak m malaria by larval control
caused a reduction of 100 per 1,000 per annum mn the mfant
mortality rate, and the same result was secured 1n the Belgian
Congo by wide distribution of prophylactic drugs These findings
are parallel to others from elsewhere and there seems reason to
accept them as general Certamnly some infants suffer severe
chimcal effects and some die, but the frequency of severe illness
and of death falls off rapdly after the second year of Life, giing
way m childhood to disturbing but not necessarily distressing
fever, and later to transient malase It 15 probable that some
degree of susceptibihty remains throughout hife, and 1t was noted
in the war that malaria proved to be a common cause of fever even
amongst those African soldiers who came from holoendemic
2reas and had never gone far from therr homes It would be very
difficult to deny that this degree of endemicity has always been
connected with bachwardness 1 economic and social progress, and
10 such an extent that the assocration has been included 1n an
authoryates e defintcan of hyperendemicity

The contro! of malania 1n the Lthiopian regron has had many
setbacks Tt 35 very difficult to achieve by prevention of mosquito
breeding and was not completely established even by a reduction of
the room density of 4 gambiae to 0 03 1n Treetown There has,
however, been 5 partial samtation of many areas by this method
and both the routine control of A gambiae and the special control
of A melas by tide management haye been shown possible There

3
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were early falures with residual msecticrdes, particularly m 5
systematic trial set up 1n Uganda and in expeniments in Tanganytka
which led to the behef that the residual insectserdes could not
control African malara  The research which followed these
farlures has, however, shown the reason for them, the previous
lack of appreciation of the interaction between some mud sutfaces
and mnsecticides which might lead to the inactivation of the fatter
and of the relatively very hugh mortality and therefore efficiency
of msecticide needed to secure that end 1 Africa The necessary
daily mortality 1s probably often of the order of 65 per cent or
even higher An account 1s given elsewhere of the mortales
actually achteved by insecttetdes, from whch 1t 18 clear that DDT
may sometimes fail 1n adequacy, though a sufficient degree may
be achieved by BHC and dieldrin These conclusions have beea
substantially supported by practice in 2 number of schemes Where
endemicity 1s not extreme, as m the southern range of malana 1
the Rhodestas and South Africa, normal programmes of control
using DDT hase been as effective as elseshere s the world bat
they have sometimes fatled in the central equatonal belt How
ever, BHC and dieldrin have achieved control and there are now
remarkable schemes 1n the Congo, I'rench Equatorsal and West
Afrsca, m Libersa and elsewhere

1t cannot be demed that there are difficultses 1n control n Affica
such as are not met elsewhere and which must lead to that
continent being behind the world 1n this respect Promnent among
them are adminustrational difficultses due to the poor state of
development of the country of government services, of commuit
cations and other aspects of the background on which any
programme must be built Second 15 the very figh endemicity
which must be countered, and which demands a much higher and
better sustamned efficiency than 1s usually needed elsewhere, there
follow the normal difficultses which may be encountered anywhere
mncluding resistance by the msect, and mteraction of surfaces “ld;
the 1nsecticide which plays a Jasger part in Africa than 10 places ©
more sophisticated housing condstions

There 15 one pomnt 1n which Africa may have the advantag®
P wva 1s rare and P falosparum predommates While there 1s 7o
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drug which can be widely distributed without medical supervision
to secure the radical cure of vivax infections, there are such drugs
available for faleiparum infections It 1s concetvable thata combina-
tion of mmagmecidal control combined with emultancous mass
treatment mught secure local eradication of maliria 1n a short
time, and though 1t 15 not certamn the prima facie case 1s sound
enough as a foundation for pilot trials to elaborate and test 1t
Prelimunary work with pyrimethamine 1n the Congo and with
amodiaquine 1n Indo-Chna lends encouragement to the 1dea, and
1s described 1 the sectton dealing with the role of drugs 1n control
Extenston of such progrimmes would demand the close integra-
tion of aress of action to butld up a series of small schemes 1nto
one large one, and would need considerable admunistrative as well
as techmeal expenment Success would, however, so materally
reduce the ultrmate cost of control that the effort would be more
than justified

General eprdemiological characters are described and well documented
m—

Wison, D B Malana incidence 1n Central and South Africa Chapter
33 pp 8oo-8cg in M F Boyd s Malarology Philadelphta and
London W B Saunders Co, 1949

The following two papers describe surveys based on the present

approach —

DavipsoN, G & Drarer C C Field studies of some of the basic
factors concerned 1n the transrussion of malania 1953 Trans roy
Soc trop Med Hyg, 47, 522-535

DaviosoN, G Further studies on the basic factors concerned in the
transmussion of malana 1955, Trans roy Soc trop Med Hyg,
49 339-350

and the following are local surveys of more than local significance —

WiLson, D BagsTer Implications of malana endermcity in East Africa
1939 Trans roy Soc trop Med Hyg,32 435-446

Barser M A & Ouincer, M T Studies on malana i Southern
Nigena 1931, Ann trop Med Parasit, 25, 461-501

Barsen, M A & Ricr, ] B A sunvey of malana o Egypt 1937, Amer
J trop Med, 17, 413, 436

Yone M P & Jomson, T H (Jr) A malana sunvey of Libena
1949 J nat Malar Soc, 8, 247-266
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Some of the problems of control can be studied 1 —

Bauce Cuwarr, L ] et ol An experimental malaria control scheme o
dfara Malaria Service, Department of Medical Services Federaton
of Nigeria  Information Bulletin No 3 1955

Feunirar, F et al Progres recents dans Ja lutte ant malanenne 2y
Katangu 1953, Aun Soc belge Med trop, 33 621-653

(s) SOUTH AND EAST ASIA

South Last Aswa meludes most of the oriental zoo-geogeaphicel
region The greater number of mcriminated vectors and the great
vartety of types of epideriology encountered make description 8
a whole impossible, while description i terms of mdindual
countnes produces artificial distinctions and results 1n a tiresome
catalogue 'The are1 considered, howeser, comprnses four climatc
zones differng radically from each other and corresponding
approumately to the distribution of partteular vectors and types
of eprdemuclogy The rough boundanes of these zones ar¢ shown
on the map 1o the endpapers

The greater part of India, Ceylon, Fast Pakistan, and the
countries on the shores of the Persian Gulf expenence 2 04
monsoon climate characterised by a sharply defined seasonal raim
fall Iimited to a few of the summer months dunng which the
precipitation 15 not heavy, bemng usually below a total of 50
inches 4

To the east of this area 1 2 great mountun mass comprisig 2
of the Himalayan foothdls, Assam, and the hills of Bumm2
Thatland Indo China and the southern provinces of China @
which ramfall s spread over a considerable past of the sprng
summer and autumn months and 1s for the most part bf‘“?a
though there are relatively arid regtons in the upper part of Bur:;t
and the Shan States This country 15 radically different from
of the true monsoon area and sts anophehne fauna differs cotte
spondingt

pThe t%uid area hes further south and east, it has an equmm;
oceanic chimate with Iittle annual varation m tem}')cl’ﬂt‘“;]:“a
prolonged ratns over much of the year It includes Malay
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Indonesia, Borneo and the Philippine Islands, and also the coast-
lands of a part of India, Burma, Thailand and Indo Chima In
these coastal dustricts the chmate 1s oceamic and the picture of
malara 1n them from Hong Kong round to the mouths of the
Ganges corsesponds to that 1n the Last Indian 1slands

The fourth area to the north cast includes part of China, Korea
and Japan It1s well out of the true tropical zone, expertencing a
seasonal chimate with marked range of temperature and a faurly
general distributton of rainfall

INDO PERSIAN ZONE

Thus zone, numbered 8 on the map, covers the distribution of
A cdliafacies and A stephenst which between them determine the
general pattern of malaria as 1t affects the densely populated plains
Within thus area there are large hull tracts where the pattern 1s
predomnantly set by 4 fluvatths, and lesser vectors may aid
them 1n some places, notably 4 annulars 1n the coastal parts of
Madras and Kerala (Travancore) and 4 waruna in the hills of
Onssa The other great vectors in India, 4 philippinensis and 4
sundascus i Bengal and 4 mpumus 1n Assam, are largely outside
the zone, 1n those described as the Malaysian and the Indo Chunese
hulls respectively, but to some extent overlap into this zone on the
north eastern border, the range of 4 munmus stretching along 2
considerable part of the Himalayan foothills

A cuberfacies 1s by nature a strongly zoophilic species anthro-
pophulic indices are usually low, of the order of 10 to 15 per cent,
and one of 2 § per cent was recorded 1n a considerable series 1n
Madras It apparently turns to man only when cattle food 1s
relatively hard to come by, but under these circumstances may
perforce feed chiefly on ham In towns the species 1s thus deviated
to man, and the evidence of the very high sporozorte rates recorded
1n a Sind epidemic by Covell and Bailey shows 1t must there have
fed almost exclusively on lim  Although widely distnbuted over
the hot plains of India 1t 15 not fully adapted to high temperatures
and survives best at temperatures well below the summer normal
of most of India Its expectation of Life during the malana trans-
nussion season 1s short, direct measurement and the evidence of
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plains, so that throughout most of India these two spectes are
complementary to each other, the one or the other usually being
present, but rarely the two

A stephens: 15 essentially a zoophilic species and in rural
surroundings—where an anthropophihic index of 1 4 per cent has
been recorded—probably feeds very largely on anmimals In such
places 1t has httle influence on malana but 1t becomes important
when 1t 18 deviated to man by the absence of cattle It 1s the only
oriental vector fully adaptable to urban lifc and can multiply 1n
the centre of large cities such as Bombay, where 1t 1s perforce
dewviated to man and becomes a dangerous vector Under normal
conditions its critical density 1s very high and index of stability low

A varuna to some extent resembles A4 fluvzatilis It 1s highly
anthropophilic and probably long-lived, 1t breeds more commonly
than 4 fluvratslis in apparently stagnant water and usually in the
presence of vegetation Though 1ts total distribution in peminsular
India 15 broad the areas which 1t influences are smaller than 1n the
case of the two main species

The eprdemological charactenstics of malaria in this area are
determined by the seasons, the climate, and the local factors
determiming the presence of breeding places for one or other of
the species Throughout the areas influenced by 4 culierfactes,
which are chiefly the plains of India, malaria 1s extremely unstable
and characterised by great vanations 1n mcidence A progressive
dechine has certainly been occurning over the last 70 or 8o years
i the Punjab, but 1t 1s marked by an epidemic pertodicity over an
eight-year cycle, the outbreaks sometimes being of the most
dramatic seventy, the epidemuic of 1go8 stmulated pioneer
research by Christophers which 1s the basis of our knowledge of
eprderic happemngs A similar marked periodicity sometimes
nsing to disastrous epidemics, as in 1934-35, occurs in Ceylon
Between these two mam eprdemic foct the disease 13 very vanable
and there are smaller places 1n central India Liable to dramauc
happenings—in Madhya Pradesh, Andra Pradesh, Sind, and Rajas-
than, similar outbreaks have also occurred 1n Kerala, though they
have not been properly documented The mechanism of these
periodic epidermcs has been the subject of much study by Gill,
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with very much larger populations to cover, 13 still concerned
with the primary object of full control A national malana pro-
gramme was formulated and has been incorporated mn two
successive 'tve Years’ Plans It 1s based on myor pilot trals,
promnent amongst which was that 1n Bombay, and the successive
formation 1n more or less military manner of control umts each
capable of undertahing the protection of about a mullion people,
and nearly 200 of which were in the field by 1956 When this
programme 1s complete the object of eradication 1s to be reviewed
In Iran there s also a national programme and in Pakistan
major schemes have been started especially in the epidemic areas
around the capital, Lahore The total size of these schemes 1s
enormous and covers very large populations Therr final outcome
15 still to be foreseen but there can be very little doubt that they
are at least radically altering a picture whtch may soon be chiefly of
historical interest

THE INDO-CHINESE HILL ZONE

This regton extends through the hill land from the Himalayan
foothulls 1n Uttar Pradesh to southern China, and southward to
the limts of the hills in Burma, Thailand and Inde-China Within
this area which 1s numbered g on the map the malanious zone
extends to over 6,000 feet The characteristics of malarra are
determuned by those of the principal vector A4 mummus, and the
main subsidiary 4 leucosphyrus Both of them are highly anthro-
pophtlic There 1s good evidence that 4 mmumus 1s not readily
dewviated to cattle and that 1t 1s normally long-lived The trans-
mission season 1s long, more than 6 months throughout most of
the area and perenmal in some parts of it Both of the main v ectors
are highly selective 1n their choice of breeding place, A minimus
selects cool water with marginal vegetation which 1s to be found
m summer 1n open sunlit streams and seepages, and 1n winter 1n
a much larger vanety of water types A leucosphyrus 1s restricted
to dense yungle and forest areas, breeding in deeply shaded pools
and seepages These breeding requirements are not umversally
met and 1n consequence 1n some hill areas the population lives free
from the disease The clearance of forest from these areas almost
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Brerchffe and Ryjendram and Jayewickreme There s always some
peniodic oscrllation, but when favouring chmatic conditions co-
merde with the natural pessod, fulminant outbreaks occur In
northern Inda the favouring chmatsc condstions are prolongation
of the monsoon by early rans, and ranfall before the actual mon
soon providing an opportunity for prelmunary multipheation of
the parasste 'The operating mechamsm 1s thought to be a pro
longation of mosquuie hife by reason of the increased humidity
associated with unusual ramfall, but 1t seems very probable thata
prolongation of the season beyond 1ts normal of under two months
1 the Punjab alsa aperates by giving time for fulf development of
the eprdemic In Ceylon pertodic eprdenucs are accentuated by
drought followed by Iight ram which together lead to the
production of :deal breeding places for 4 culicsfacres Examunation
of the records of many of these eprdemics m Ceylon suggests
that though this mechanism s chiefly responsible for outbreaks
occurring m the spring months, some of those occurnng m the
autumn are constderably favoured by excessive ranfall and prob-
ably through the effect of hunmdsty on mosquito Jongevity

Al degrees of severity are found i thus zone Anophelism with-
out malana 15 well achnowledged and occurs mn many parts of
eastern India In some places normally free from malaria there may
be occasional recrudescences when conditions are particularly
favourable The detail of such recrudescences 1 central Ind
was described by Viswanathan, and the outbreahs of malana
following the construction of the Cauvery Canal system were of
the same nature In places where the criscat level 1s first exceeded
malana may reach all degrees of seventy, and north-eastern
Ceylon was depopulated some centuries ago by such fresh
establishment of malana The charactertstics of malana i such
areas though conformung to definttions of hy perendemicity, differ
from those seen 0 places of stable malaria, and particularly by the
accurrence of great fluctuations in endemucity and the failure of
acquisstion of complete inmunity by the adult population

Both Ceylon and India have started programumes which aim at
gaining complete control of the disease, that m Ceylon accepted
the object of total eradication as early as 1954, while that in India,
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with very much larger populations to cover, 1s stull concerned
with the primary object of full control A national malana pro-
gramme was formulated and has been incorporated in two
successive Five Years’ Plans It 1s based on mnjor pilot trals,
prominent amongst which was that in Bombay, and the successive
formation 1n more or less mulitary manner of control umts each
capable of undertaking the protection of about a million people,
and nearly 200 of which were in the field by 1956 When this
programme 1s complete the object of eradication 1s to be reviewed
In Iran there 1s also a national programme and in Pakistan
major schemes have been started especially in the epidemic areas
around the capital, Lahore The tota]l size of these schemes 1s
enormous and covers very large populations Their final outcome
15 still to be foreseen but there can be very httle doubt that they
are at least radically altering a picture which may soon be chiefly of
historical interest

THE INDO CHINESE HILL ZONE

This region extends through the il land from the Himalayan
foothulls m Uttar Pradesh to southern China, and southward to
the hmuts of the hills in Burma, Thatland and Inde China Within
this area which 1s numbered g on the map the malarnous zone
extends to over 6,000 feet The charactenstics of malana are
determuned by those of the principal vector 4 mimmus, and the
main subsidiary 4 leucosphyrus Both of them are highly anthro
pophilic There 1s good evidence that 4 muntmus 15 not reacily
deviated to cattle and that 1t 1s normally long lived The trans-
mission season 1s long, more than 6 months throughout most of
the area and perennial 1n some parts of it Both of the main vectors
are highly selective 1n their chorce of breeding place, A mummus
selects cool water with marginal vegetation which 1s to be found
m summer tn open sunlit streams and seepages, and 1n winter 1n
a much larger vartety of water types A leucosphyrus 1s restricted
to dense jungle and forest areas, breeding 1n deeply shaded pools
and seepages These breeding requirements are not unnersally
met and 1n consequence 1n some hill areas the population lives free
from the disease ‘The clearance of forest from these areas almost
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plams from South China to Bengal Lprdemiological conditions
are nearly the same throughout 1t The temperature 1s perennially,
or very nearly so, adequate for transmission of both P ¢1zax and
P falesparum Ramnfall 1s considerable and humidity high, and 1
consequence conditions are 1deal for breeding and long survival
of many species of mosquito It appears that only one of these,
A leucosphyrus balabacensis, has the charactenstics of anthro-
pophilism and longevity y for the tr of stable
malania, and this spccnes has a hmuted distribution It 1s a forest
3 ed with dense shading vegetation and so 13 not
seen 1 developed agricultural areas, and has only been incnim-
nated as an important vector in the forested parts of Sarawak and
Borneo Full data on which to define the feeding habits and
longevity of the other vectors of malana 1s laching but 1t appears
that they are mostly zoophilic, and the malania they convey s of a
very unstable type Atmospheric and breeding conditions are so
favourable for the 1ce of heline populations that a
considerable number of species whxch might not be capable of
transmutting under less favourable circumstances act as vectors
They include A sundaeus, A maculatus, A hyrcanus smensis,
4 brosus, A tus, A flavirostris, A philippinensis
and A barbirostris
The species of most general importance 1s A  sundarcus,
restricted by 1ts preference for saline water to coastal regions, but
lent 1n coastal ps throughout the whole region except
the Philippines It 15 associated with severe epidemcs of malana
which are almost always, however, intermittent, some separated
by peniods of virtual freedom and others by times of low trans-
mussion Precipitin tests indicate that it 1s anthropophilic but it has
been suggested on the basis of field observation that 1t 1s normally
short lived, which would explan the very marked instability of
the malaria with which 1t 13 associated
A maculatus which breeds in sunlit streams and seepages, 13
the principal yector of the hill areas of Malaya and Indonesia and
has been incnmunated elsewhere as a local carner It 15 essentially
zoophulic and may have an anthropophilic mndex as low as 3 per
cent It 13 also probably farly delicate and may be less long-lived
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than some other species In places where cattle are kept and a
muxed agriculture s practised 1t transmuts an unstable vanety of
malania charactensed by epidemucs but also by frequent ano-
phelism without malana It 1s, however, readdy deviated to man
when cattle are not present and the anthropophtlic mdex may then
approach 100 per cent Such deviation associated with the
multiplication of breeding places occurred on a very large scale
during estate development wn Malaya and Indonesia, with the
resultant temporary production of a stable form of malana The
settfement of estates and perhaps particularly the increase m
numbers of cattle has generally allowed it to recover sts more
typical habit of zoophihsm and the ble form of malana 1s
now replacing the stable

A hyreanus sinensis frequents a different type of breeding place,
typically exposed standing water as 1n rice fields, and 1t 1s therefore
prevalent i a different type of country from A maculatus but
otherwise 1t has very sumlar charactenistics, recorded anthropo-
phihc indices vary from 1 to 73 per cent , theur values apparently
depending Jargely on the numbers of cattle avaifable as 2 source
of food There are many extensive areas infested by this species
which are entirely free from malana, but mn some places,
notably i Indonesia, sts denssty 1s often suffictent to mamtam
transmission, typieally mn the form of recurning epidemics or 2
very fluctuating endemicity of both P falsparum and £ vax
The fact that transmussion 1s never as mtense as n the areas of
A gambiae or A mmumus 18 shown by the fatlure of adults to gan
full immumty Expenence has shown that reduction in numbers of
the species can readily homt transmussion which s also abruptly
ended by the use of residual msectiades A novumbrosus, A
acomtus, and A barbirostres have hinuted sigmficance as vectors i
isolated areas of Indonesta, m Malaya and possibly efsewhere
A acontus and A barbirostns resemble A maculatus 1 that they
are essentially zoophilic but may be deviated to man, under which
circumstances they become vectors A novumbrosus 18 restacted
to forest areas and so can have httle significance in developed
country at its extreme peniphe T ¢ ole record of precipitin
reactions gives a b opo of g5 per cent, but
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evidence 1s insuffictent to show with any certainty the type of
malaria 1t carries

A mmumus flaztrostris 1s the principal vector of the Philippines
It differs radically from the type form 1n that 1t 1s essentuwlly
zoophilic Its breeding places resemble those of the type form, and
1n consequence of these charactenistics the malaria it carries in the
Philippines 1s rregular in distribution and unstable 1n character,
endemicity being sometimes high but with 1 tendency to fluctuate,
and the disease 1s fairly readily controllable by attach on breeding
places or on the adult mosquito Considerable trials of control
of malana by agnicultural means, leading to reduction of suitable
breeding places and deviation to cattle, have had some success,
and 1t seems probable that further development along these lines
might well provide an ultimate protection against malana carried
by this mosquito Such methods must however, be slow n
develog and application, and could not be made generally
effectine for many years, whereas control by insecticides can be
immediate and fully effective The Philippine Government has
undertaken an eradication programme based on the use of these
msectictdes, to which the methods of biological control form a
background

A philipprnenss 1s hnown to be an important vector only 1n
Bengal and throughout the rest of its range 1t does not act as a
carrier Though 1t rests 1n houses 1t 1s zoophilic, an anthropophilic
index of 6 4 per cent has been recorded It appears that a century
ago 1t was not of great significance even tn Bengal malana having
developed into an important problem only following the multiplica-
tion of roads and railways and changes in the nvers leading to
great increase 1n breeding of this species There are still areas of
anophelism without malana and the disease 1t carnies 1s typically
unstable and readily amenable to control

THE CHINESE ZONE

Fhis includes a part of China up to southern Manchuria, horea
and the southern part of Japan It merges gradually into the Indo-
Chinese Hill Region, the charactenstics and vectors of which
extend some way into China itself The season 1s relatively short
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evidence 1s sufficient to show with any certainty the type of
malania 1t carries

A mmumus flavtrostns 1s the principal vector of the Philippines
It differs radically from the type form in that 1t 1s essentially
zoophilic Its breeding places resemble those of the type form, and
1 consequence of these characteristics the malara 1t carries in the
Philippines 1s srregular 1n distribution and unstable 1n character,
endemicity bemng sometimes high but with a tendency to fluctuate,
and the disease 1s fairly readily controllable by attack on breeding
places or on the adult mosquito  Considerable trials of control
of malana by agnicultural means, leading to reduction of smitable
breeding places and deviation to cattle, have had some success,
and it seems probable that further development along these lines
mght well provide an ultimate protection aganst malana carried
by this mosquite Such methods must, however, be slow in
development and application, and could not be made generally
effective for many years, whereas control by insecticides can be
immediate and fully effectne The Phihppine Government has
undertaken an eradication programme based on the use of these
msecticides, to which the methods of biological control form a
background

A phlippinensis 1s hnown to be an important vector only 1n
Bengal and throughout the rest of 1ts range 1t does not act as a
carnier Though 1t rests 1n houses 1t 1s zoophilic, an anthropophilic
index of 6 4 per cent has been recorded It appears that a century
ago 1t was not of great sigmficance even 1n Bengal, malana having
developed into an important problem only follow ing the multiplica-
tion of roads and railnays and changes in the rvers leading to
great increase 1n breeding of this species There are still areas of
anophelism without malaria and the disease 1t carries 1s typically
unstable and readily amenable to control

THE CHINESE ZONE

“T'hus includes a part of China up to southern Manchuria, Korea
and the southern part of Japan It merges gradually into the Indo-
Chinese Hill Region, the charactersstics and vectors of which
extend some way into China itself ‘The season 15 relatively short
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Gir, C A The mode of onsct of the malaria epidemic 1n Ceylon
1936, Trans roy Soc trop Med I3z, 30, 101-107

and ther forecasting and control m —

Swaroor, S Torccasting of eprdemic malaria i the Punjab, India
1949, Amer § trop Med , 29, 1-27

Rajenpras, S & JAvEWICKREME, S H Malana in Ceylon Pt I The
control and prevention of eprdemic malania by residual spraying of
houses with DDT 1951, Indian ¥ Malar, §, 1—73

The extent of malaria, and the problems and scale of control and

eradication schemes, are described i —

Vorip Hrartn ORGANIZATION Malaria Conference for the Western
Pacsfic and South East Asia Regrons W H O Techncal Report
Senies No 103, 1956

For numerous and detailed studies of malaria 1n this region the

reader 15 referred to the volumes of the —
Records of the Malana Survey of India 1929~1937
Journal of the Malana Institute of India 1938-1946
Indian Journal of Malariology 1947-onwards
which between them constitute a continuous serzes

(6) AUSTRALASIA AND THE PACIFIC

The Australasian region 1s sharply demarcated from South-
Last Asia or the Oriental region as there 1s a complete break
between their fauna, including the anophelines The dividing hine
runs to the east of Celebes Island and to the west of the Moluccas,
Seram, and Timor In the north-east, east and south of the region
there are great non-malarious areas Freedom from malaria 1n the
Pacific region 15 due to the absence of anophelines, mn Australia
ttself the poor vectoral capacity of the prevalent anophelines and
the dry climate have led to the disappearance of malana from all
except the northern parts of the continent

AUSTRALASIAN ZONE

To the north 1s a great archipelago which includes the Moluccas,
some lesser 1slands between the Moluccas and Celebes Island
including Soela and Peling, the great sland of New Guinea, the
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Bismarch Archipelago, the Solomon Islands and the New Hebrides,
together with all the smaller wslands sncluded 1 this area The
chmate 1s perennally warm, the rainfall 1s considerable and evenl)
distributed, and the humsdity 15 normally high In consequence
the chmate 1s almost 1deally sutted for the perenmal transmussion
of malara, and the disease 1s Jimited only by the ranty of breeding
places on some 1slands where the sosl 15 very porous and water
accumulations are infrequent

The biggest island, New Guinea, 15 only partially explored and
its malarial characterstics are not clearly hnown It appears, how-
ever, that malania 1s widespread except in the mountams, and that
1t 18 usually of a stable type, resembling that m the Afrscan region
and stimulating the production of a firm immunity in adults Some
mountanous parts of the island have, however, been free from
malana, or suffered hittle from 1t, and communal immunity 1s here
non-existent ov poor The process of development s, howeser,
leading to the introduction or extension of malaria 1 some of these
places with the production of eprdermcs Though ultimately these
mught be restramed by immunmity, the process would be slow, and
control 1s a necessary corollary to economic advance

The stability of the disease 1n New Guinea and some other parts
of the zone 1s determined by the charactersstics of the mam vector
A punctulatus punctulatus which ts hughly anthropophilic It ss to
some extent supported as a vector of the disease by 4 punciulatus
faroutz which, though closely related, 1s zoophilic, and when alone
transmuts an extremely unstable type of malania as 1n northers
Australia stself These two carriers may be remforced by others
when local conditions are particularly favourable to them They are
A annubipes, A bancroftn, A subpectus, A anuctus and 4 amctus
fill: The two principal vectors are pool breeders and have a
particular tendency to breed 1n domestic pools around habitations,
mcluding car trachs and hoof marks In consequence they arc
extremely cotamon n the sslands where the ramfall s heavy and
the so will retam water 2s pools In some sslands the soil 1s porous
and pools are rare, breeding 1s then scanty and malarsa may be Jess
severe P falaparum predominates throughout the entire zone
though both P vizavand P malarae are fasrly wadely distributed
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In Australia stself the eprdemmiological picture 1s different from
that 1n the islands Except 1n the northern part of Queensland the
climate 15 dry and the temperature has marked seasonal vanations
Malara 35 hmited almost entirely to north of latitude 20° S,
occurring 1n the northern parts of Queensland, the Northern
Terntories and Western Australia A marhed eprdemic character
with both major and minor waves has been observed for many
years A relatively large wave ended at the close of last century,
since when the disease has decreased rapidly, though with local
exacerbations, some of which have been due to chimatic changes
and others due to the constant mugration of mners from the
miming distnicts of New Gunea to those of Australia The
charactenistics of epidermucs have been greatly affected by the
extreme sparsity of population and consequent increased difficulty
in the spread of epidermucs from place to place, nevertheless once
ansen they have tended to diffuse over great areas of the country
It 1s possible that P falcparum may have been the principal
parasite in some of the eptdemics 1n the early part of this century,
but all of those recorded latterly have been due primanly to P
wuvax, P falaparum being rare or absent The last of these
eptdemnics was 1n the netghbourhood of Cairns 1n 1942, since which
time the disease has continued to decrease until the numbers of
cases now recorded 1n the contment are extremely small This
evanescent malaria with intermittent epidemics principally due to
P wzax 1s typical of the hughly unstable disease, which does not
penetrate mto the central or southern parts of Australia where the
season 15 abbreviated

The evanescent nature of the disease has made the demonstration
of sporozortes 1n any species of mosquito very difficult It has, how-
ever, been established that A punctulatus farauts 1s the mam
vector 1n northern fand and 1t 15 d on epid
logtcal grounds that 1t has also been the main carrser in other parts
of northern Austrahia It has been suggested but not substantiated
that other vectors might play a part, the species brought under
suspicion being 4 annulipes, A bancroftn A amictus, A amctus
hells and A meraukensis

7
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within the zone Lxpertence elsewhere suggests that if this were
to happen epidemics would result, but possibly after a Iengthy
penod, perhaps amounting to some years during which appropriate
preventne measures could be taken

General accounts may be seen in —

Forp, E The malana problem in Australia and the Austrahian Pacific,
1950, Med J Aust, 1, 749-760

Buack, R H Anophelism without malania in Northern Australia
a malaria sunvey of part of the Northern Terntory and the East
Kimberleys District 1950, Ann trop Med Parasit , 44, 207-211.

Mrrseraar, D A pilot project of restdual insecticide spraying n
Netherlands New Guinea Contribution to the knowledge of
holoendemic malana  Leiden, 1957

and local accounts of special interest in —
Sourn Pacrric CovmissioN ‘Technical papers

No 33 Brack, R H 1952 A survey of malaria 1 the Briish
Solomon Island Protectorate

No 60 BLack, R H 1954 Some aspects of malaria in the New
Hebrides

No 61 Brack, R H 1954 Malaria i the Trobriand Islands.

No 68 McKerras, M ] & Sanpers, D F 1954 Malana n the
Torres Strart Islands

No 80 Brack, R H 1955 Malara control and research n
Netherlands New Guinea

No 81 Brack, R H 1955 Malaria in the South-teest Pacific.
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serves largely to translate valuable information obtained from the
foregoing data into traditional but less informative terms

The epidemclogical picture denved from this information
needs expanston, if 1t 13 to form the bass of control, by a pre-
limunary reconnatssance of the resting and breeding places of the
vector, followed by a detailed study of either one or the other as
tmagicidal or Jarvicadal measures may scem appropriate If
1magictdal measures are to be undertaken there should be an
associated study of the mortality achieved by insecticides applied
under local conditions and on local materaals, and of the suscepti-
bility of the vector to the insectiade

A number of examinations of local conditions may be necessary
after these studies 1n order to appreciate the supply, transport,
and admmstrative problems of control, their nature will depend
on the method of control chosen and on local conditions As a
preliminary to residual insecticide programmes information would
be required on population, its arrangement in villages or other-
wise, the common type of house, the average number of occupants
and the internal surface area, the nature of other mosquito resting
places, the quality of roads and tracks, and the conventence of
supply pomnts on railways or other main routes, together with
other such-like matters Before larvicidal work 1s undertaken much
mapping of incimunated types of water 1s needed with assessment
of their areas, classification of their nature and appreciation of

the transport and adminstrative difficulties 1nvolved mn treatng
them

SEASON

The possible muts of the transmussion season may first be
Judged from examination of meteorological data, transmussion
being unlikely when the mean temperature falls below 18°C,
and probably shght except when st 1s over 21°C  Within the
broad limuts given by temperature transrmission may be deter-
mined, at imes decisively, by other factors The only sure guides
Lie 1n the imes when sporozoites can be found 1n actsve mosquitoes
and when infections appear 1n infants not previously exposed
Morbidity statistics alone may be most musleading because
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important 1n the context of some smaller area, and local study 1s
therefore essential

The rclationship between the sporozoite rate and the total
mosquito infection rate 18 closely dependent on the longevity of
the insect, which may be quite reasonably assessed from 1t
Lxamination for sporozoites should therefore be amplfied by
careful exarmination for obeysts, and three rates—obcyst, sporozoite
and total infection—should be recorded This clashes shightly
with the desire to dissect as soon as possible after capture, when
the stomachs of many mosquitoes may be distended with blood
and unsuited to examination The error introduced into the
sporozoite rate by a few hours’ delay 1s, however, small and
Justified by the additional knowledge gained, while an allowance
could be made for 1t from that additional knowledge to restore
precision 1f 1t were needed

MAN-BITING HABIT

A mosquito does not bite at random but 1n accordance with a
pentodically recurring hunger and 1 response to stimul,
admuttedly only poorly hnown, which direct it towards particular
food sources Hunger of the female for blood 1s closely connected
with the mtiation of egg development, the frequency of which
depends on temperature which largely determmes the rate of
growth These rates and frequencies vary with species but, at
troprcal temperatures exceeding about 24°C, 4 gambiae and
perhaps many other species feed on alternate days, whilst in
cooler weather the interval 1s lengthened to 3 days or even more

Attraction to a host may tahe the form of a strong inclination
towards man, towards other amimals to the exclusion of man, or
may be more general so that different mammahan sources seem
to be selected 1n proportion to their availabthty Determunation of
the habits of a vector can only be through 1dentification of blood
meals by the precipitin test combined with obsenation of the
alternati e sources of food available at the time the collections were
made

Such examinations need repetition in different locahties, for
habits may vary from place to place 1n accordance with vanations
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collection and preservation of matenals are the same, and they
are described together with a simple technique of the test in
Appendix 11

LONGEVITY

The density of vectors, their numerical prevalence in relation
to that of man, 1s the most difficult of all factors to measure with
any precsion, but to compensate for this there 1s usually no
necessity for precision, a reasonable estimate of density at the
season of greatest prevalence sufficing, and indirect approaches
may be used An estimate of the typical number of bites received
by an individual 1n one night 1s quite enough if 1t 1s remembered
that this represents the density multiplied by the biting habat, a
suitable correction being simple if the latter 1s known In the case
of species which bite mdoors a figure for the average number per
room corrected for the frequency of biting and the average number
of occupants 1s enough for any routine purpose, though the
precsion of entomological research may require special techmques
of trap huts and outdoor collection This density 1n relation to
that of man 1s given the symbol m, which frequently recurs mn
math al expr often 1n conjunction with the square
of the biting habut as ma?

Mosquitoes die from many causes, old age 1s one, delicacy 1n
extreme youth 1s probably anather, but the principal causes of
death are almost certamnly hazards of daily life falling equally on
those of all ages They vary from time to time and especrally with
chimatic conditions, so that any precise statement of anopheline
mortality would be impossible except mn relation to some
particular place, time, and age group The study of many labora-
tory colontes, and of several populations in the field, leads however
to the conclusion that 1t 1s reasonable 1n any area to designate a
mortality rate representing an average Moreover, the weight of
evidence shows that 1t 1s reasonable to looh on mortality as falling
equally on all age groups, such deviation from the average as
there 13 with age being insuffictent to upset the picture Mortahty
rates are best considered 1n their converse form, as daly sunvaval
rates, because sunvnal males transmussion possible Hence the
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there rematn only indircct approaches which may, however, be
very valuable
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Fig 11 The ratio between immediate and delayed sporozoite rates and
s relation to mosquito longeviry

Indirect approaches depend on the fact that a reasonable
estimate can be made of the probability of survival if that propor-
tion of a population which 1s below, and that which 1s above a
particular age can be recogmised The search for a method turns on
recogmsing some diniding line separating age groups If a charac-
tenstic could be found such that all anophelines showing it were
above a defimte age and alf those without 1t were below, the task
would be easy Alternatively if two characterstics can be found
such that all showing one are above a certan age (though those
without 1t not necessanly below that age) and all showing the
second are abov e another age (agamn those without 1t not necessanly
below this other age) and the chances of acquining the character-
1stics are equal, then a good estimate can be made of longevity
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The probability of survival through one day recurs in almost
all relevant expresstons, where 1t 1s designated by the symbol p,
but rarely m 1ts simple unqualificd form A common form 1s the
probability of survival through n days, or p", and another
1s the expectation of lfe of the mosquito, or 1f(—log.p}
The values of these cxpressions for different values of p and
n can be read off from Table 1, no special calculation
usually being necded as intermediate values can be interpolated
graphacally

RESTING HABITS

Study of the resting habits of mosquitoes has assumed increased
importance since the introduction of imagterdal methods of
control and there are still many gaps in our knowledge, particularly
because some preconceptions on the subject have been proved
false by the present practices of control There are three types of
resting place to be considered  houses, cattle sheds or other man-
made shelters, and outdoor resting places For many purposes the
first two could be grouped together except that distribution
between them indicates where insectictdes should be most
vigorously apphed

Indoor resting places are easy to identify, outdoor ones are
harder to study Some light may be thrown on the proportion of
tme spent indoors and outdoors by study of the developmental
state of those indoors, for if substantial groups such as those with
developing eggs are disproportionately few, some considerable
degree of outdoor resting must be taking place Examtnations of
this sort cannot, however, tell the whole story because they omut
from observation those mosquitoes that spend the whole of the
gonotrophic cycle outside and probably bite outside also
Search must therefore be made for qi resting outd
and by techmiques which again are young Direct search may
be amplified by the construction of artifictal shelters simulating
those occurring 1n nature, a practice developed by Gillies This
technique 13 so far only established as apphicable to a few species,
but 15 a type which may profitably be developed for other
conditions
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PARASITE RATES

The parasite rate amongst snfants, preferably classified u
three-monthly age groups, gives more ndications of smmedute
parasttological happerungs than any other rate or combinaton
of them Its strength les 1n the fact that 1t gives a clear et
picture of what 1s happening or has recently happened Its
weakness hes m the fact that it gives no picture of anything but
recent happenings, for which reason 1t needs amphfication by 2
study of the past hustory of the disease, or by a companson of
parasite rates i children and adults to show the degree of
tmmumty developed by past experience The collection and
examunation of films need no spectal description, the possibilty
of making more than a guess at ages depends on Jocal conditions
but 1f 1t 15 needed & combrnation of practised judgement 2nd
observation of charactenstics such as teethung and walkewg should
gve a sufficiently close esumate

Whatever the findings, there should be an mnquiry mte past
happenings and particularly wnto the amount of varsation o
malana over the years The more obyjective the critera the better
Records of parasite rates taken at the same season over several
years would be of most value, particularly of they were taben
amongst mnfants or young children Changes 11 the spleen rate
have been much used m South America for this purpose, the
ratio of the fughest to the Jowest bemng considered as a measure
of the “condition" or stability of malaria Inguary will almost
always elieit usable mformatton on past vamations becaust
epudemics are always marked n people’s mmds, and usually
hospital and mortality records These latter were very profitably
used 1n epsdemuc areas 1n Indra, the ratio of mortality i eprdemic
months to that 1 others, termed the “eprdemuc figure,” showing
the seventy of seasonal outbreaks, and 1ts cocfficient of variation

over several years showing the vanability of t se
EFFICIEFY.  INSECTIC,
Measurement of th of nsec er local
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ecanomy m control, an ore bea malana-,
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survey. The effect of insecticides depends so much on quahties
of wall surface and the nature of chimate that results collected
far away can be taken as no more than a general guide, to be
refined by local trial The object of testing 13 to allow as many
local factors as possible to come into play and testing should be
carnied out i houses made of local materials and substantially to
local patterns The principle followed 15 that there should be free
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CHAPTER VIII

THL INTERPRETATION OF
SURVLY DATA

THE survey provides data which can be fitted together to build
up a complete eprdemiological picture They come 1n the form of
figures and the final picture 1s therefore numerical Expression
to several significant figures gives no more than a spurtous air of
accuracy, but a little expertence of working with this type of data
will show that the methods of calculation used do not magmfy
errors 1n onginal ebservation They can be used with confidence
and provided the final figures are rendered to no more than two
sigificant figures they can be looked on as realistic

The Leystone 1s the oniginal determination of the probability of
survival through one day, or p, and this being the case 1t 1s well to
check the degree of error introduced by errors of observation of
the ratio of sporozote to total infection rates, or immediate to
delayed rates It will be found that any probable degree of error
leads to a very small, or indeed negligible, difference n the result
because 1n fact a high power of p has been measured and extraction
of the minth or twelfth root has proportionately lessened any
error In two surveys used as a basis for this worh, the standard
error of the figure has been less than o o1

Knowing the value of p, the probability of survival through the
tme of the extnnsic cycle, p7, and the expectation of Lfe,
1f(~log, p), can be found by reference to Table 1 on p 14

The basic reproduction rate can now be tackled, either with
full mathematical vigour using expression (21) gnen in Appendix
1, or by the simple route of using Tigure 13 1n which much of the
work has been done beforehand It gives a figure for any value of p
which must be mul pleed, first by the qr density, m, and
then by the square of the biting habnt, a?, to give a basic reproduc-
tion rate The vigorous and the more craven approaches give the
same results within the range of values used in the figure and the
latter can be used with confidence It 1s to be remembered that
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In erther case the real curve can be compared with those 1n the
figure and the most similar of the latter sdentified as giving the
mnoculation rate, or by mterpolation an intermediate value can
be estimated If the natural curve shows a materal lag before
rising, the main part of 1t can be related to one of those 1llustrated

The 1noculation rate, esttmated by calculation or roughly by
the above means, represents the probabulity of a child receving a
successful tnoculation of malaria 1n one day, that 1s, an inoculation
which develops to parasitaemia One can judge the number of
moculations, successful or otherwise, which 1t receives by
estimation of the average number of bites each day and the pro-
portion of them which contain sporozotes, or mas Where malarta
1s mild this may be found to agree roughly with the inoculation
rate estimated from the infant parasite rate, but where endemcity
ts extreme there will usually be a marked discrepancy, the
entomologically estimated figure being even as much as 100 times
higher than the parasitological one Both rates are probably nearly
correct, the entomological approach has measured the total
moculations, the parasitological one the successful mnoculations,
which have been found to range 1n nature from 1 1to 100 I

The recovery rate figures much 1n mathematical expressions,
and an assumed value applicable to totally non-immune people
1s freely used 1n discussing the basic reproduction rate The ruling
value as influenced by immune reaction can be estimated from
the data provided, but mn ways which are beset with patfalls for
the unwary and, because the profit to be gamned 1s small, 1t 1s best
left alone except by the mathematically mclmed

Additional information can be gained from gametocyte counts
i anfants The earliest mmmune response 1s a reduction of
gametocyte output, and 1 ntensely malarious places 1t 15 vistble
by three months of age 1n the form of greatly reduced densities
without at first marked reduction of the rate The age at which
this occurs betrays clearly the load of mfectron under which
infants Iive, and thewr response to it It constrtutes the chief
governing mechanism whereby transmission s stabihsed at
tenable levels, hmiting both the infectiity of man and the
mfectivity of the mosquito by reduction of the ' of

.5
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sporozoites The vanation 1n the age at which the peak of
gametocytaemma 1s reached shows the working of the governor
and the location of the balance Diminution of the load on a
population results 1n an increase 1n the age at which the peak 18
reached, and a decrease in the discrepancy between the total and
successful moculation rates, before any other change 1s visible
The extent of these changes following control which 13 only
partially successful may be the only parasitological indication to
the puzzled malariclogist of the degtee of success he has achieved
If 1t 15 marked he cn foresee some slight enhancement of his
efficiency suddenly topphng the endemicity to nothung

Information on past history will give an indication of the
stability of the disease, 1n places where malania 1s truly stable 1t 1s
very hard to distinguish between one year and the next, whilst
unstable malana fluctuates from year to year, good and bad years,
epidemics and complete freedom jostle each other, with 2 common
tendency for the worst outbreaks to recur 1n cycles Two direct
measures have been given, the variations in the spleen rate and 1n
mortality, but an indirect and delicate measure 1s available

Stability 1s a product of anopheline longevity, man-biting
habut, and the length of the extrinsic cycle The relation to the
first two 1s very sumple, stability 1s directly related to the mean
number of feeds on man taken by a vector anopheline dunng its
hfetime An index of stability may be expressed 1n that way, or 1n
the equnalent mathematical expression (29) 1 Appendix I
For A gambiae 1 equatonial Africa 1t may be 5 or even 10, for
A cultctfacres n Madras 1t may be as low as o 05, and the stabihity
of the disease 1n these two places lies tn these ratios one or two
hundred to one Some people mught prefer an index of nstabihity
or sensitvity, for which the reciprocal of the above figure 1s
adequate, 0 1 to o 5 1 Africa and 20 1n Madras

Interpretations of this type have met a very understandable
scepticism from some who fear any mathematical treatment, and
matnly from those who do not understand that some degree of
error 1s achnowledged The assumptions used are not claimed
as preaise reflections of imvarable truth but as good working
generalisations of what 1s happeming, suffictently accurate to use
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relatively small; the reproduction rate varies directly with the
mean duration of infectivity, very great changes in which would be
necessary to reduce the high rates common in Africa and some
other places below the critical level. In the field the method has
proved disappointing when used alone but may return to favour
in conjunction with others.
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might cure the sick, and might reduce transmusston, 1t never
succeeded 1n reducing 1t to a neghgible level

The distnbution of gametocidal drugs has similarly been
proved a failure 1n most places where 1t has been tried, and largely
owing to the admmstratne difficulty of securing invarable
regular admimstration to the group which 18 most important—
the infants

Simultancous treatment of the entire population of an area with
curitne drugs has been tried many times, and recently with
promusing results m places where falciparum malaria predominates
The object has been to secure unmversal cure and so to end
gametocyte production and stop transmisston as an adjuvant to
imagicidal attack Tor the unaccompamied technique there 1s no
cenitical level of success other than cure of all potenttal gametocyte
carriers 10 the local population, for one persistent carrier could
start the cycle again once the mass treatment was over Despite a
promising start, therefore, the technique should be looked on as
an adjuvant only, designed to expedite the disappearance of
gametocytes from a population 1n which transmission 1s suspended
by imagiaidal attack

The policy of contral will turn on many things besides the
theoretical standards here described Though larvicidal measures
are on the whole less effective than imagicidal attack there are
arcumstances 1n which they are to be preferred, and the choice
may then depend largely on the relative ease, cost and permanence
of the two The place of theory 1s not to lay down mechamsms for
practice but in this context to show what could be hoped for from
the practice of each thus making the choice easter When a
method 1s chosen theory acts as a guide to the degree of efficiency
to be demanded of 1t and as a bachground to the examination of
both success and fallure helping to secure economy or to remedy
falure It can be trusted with good confidence to show the order
and scale of control needed and so to mahe the ratronal planning
of campaigns possible Sursey techniques can, however, never be
considered as entirely precise and so modification of technique
must be foreseen






CHAPTER X
INSCCTICIDES

IT 15 not only the nature of the substance but also the method of
its use which mahkes the distinction between residual and
immediate 1magiaides, and larvicides The termunology which
classifies matenals as one or the other, though inaccurate, 1s
however widely accepted and convenient and with this reservation
1t will be followed

MATERIALS USED

‘The substances in practical use as residual imagicides 1n malaria
control are all chlornated hydrocarbons, having as one of their
lecul ponents a b ring with one or more chlorine
atoms attached The simplest in nature, and one of the most
potent, 1s benzene hexachloride which occurs 1n several 1somenc

Cl c1 forms with different spatial arrangement
[V > ¢l ofthe hydrogenandchlorineatoms, clearly
C Cl demonstrable only 1n three-dimenstonal

models One of these, the gamma 1somer (yBHC), represents
about 13 per cent of the technical product, 1t 1s a powerful
msecticide and 1ncidentally 1s odourless, though other 1somers
present in the raw chemical are less efficient insecticides and have
a musty smell The gamma 1somer can be separated, but by
processes which add materally to the cost of the product, and a
variety of grades are 1n use 1n which 1t represents from 13 to over
99 per cent of the benzene hexachlonde present, the most refined
beng Loown 23 hndane  Caveful distinction should be made
between the technical product, known as BHC, and the gamma
somer, or yBHC, and dosage should always be described 1n terms
of the latter

¥BHC differs essentially from DDT and dieldnin in that 1t 1s
relatnvely volatle, a sufficient concentration of the vapour being
mamntuned 1n the neighbourhood of crystal films to poison

°
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and 1s stll the commonest Techmeal DDT contains tsomers
with different arrangement of the Cl atoms on the benzene nings
The 1somer with the arrangement shown, with the Cl atoms n
the para-para or p~p position, 1s much more effective an insecticide
than the others Routine spearfications require that the percentage
quantity of p-p 1somer should be shown on all packages of the
technical product, and 1t alone should be taken into account when
caleulating dosage DDT 1s wvirtually non-volatile and msoluble
i water, 1t enters the insect body through the cuticle after
solution 1 the waxy covening of the fect, 1t 13 1rritant and stimulates
the 1nsect to leave treated surfaces before 1 fully lethal dose has
been absorbed, and 1t enters 1nto cunous surface relations with
many wall matentals which result 1n a slow “sorption” of the
nsecticide

The virtual non-volatihty affects insecticidal action 1n several
ways Potsoning from an apphed film 1s by direct contact only,
and 15 prevented by any degree of separation, however small,
whether by adsorption or sorption into the wall, by the growth of
smohe films over 1t, or other means However, 1f the film remains
unabsorbed and uncovered 1t may persist for very long periods
and often until mechanically removed 1n cleaning or by vibration
There can therefore be no fully general statement on the duration
of efficacy of films, for 1t depends more on the nature of the surface
to which they are applied and the treatment they recerve than on
the properties of DDT 1tself

DDT powsoning 1n the mnsect 1s reversible, recovery after
Intoxication being common f absorption ends, and intovcation
1s marked by irmitation, the mam sign of which 1s disturbance of
rest and stimulation to flight, often ending 1n departure from the
treated shelter It 1s probable that most mosquitees are stimulated
to leave the treated surface before they have actually absorbed a
lethal dose and would recover if absorption were ended by their
fight The continuation of absorption suffictent to kil 1s only
ensured 1f the mosquito takes sufficient DDT away with 1,
which generally happens if the crystals are so small that some of
them become entangled 1n the harrs of the tarsi The lethal effect
of DDT films 1s consequence very closely bound up with the
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size of the crystals deposited, the smallest being the most lethal
There 15, however, some conflict here with another characterstic,
sorption 1nto wall surfaces, which mactivates the DDT and
occurs most rapidly with small crystals Some compromise which
secures both lethal action and persistence 1s desirable, and 15
secured 1f most crystals are between 10 and 3o microns i size
The films deposited from ol solutions, whether continuous or
as emulstons, contain crystals of a great range of dimenstons,
and they slowly decrease in size as time passes so that some
appropriate ones exist for as long as the film remarns, but wettable
powders may be made up of crystals of some predominant size
within or outside the useful range and so may differ very greatly
i kilhng power

The interactions with wall surfaces are complicated In
common with any other insecticide DD'T may be directly absorbed
wnto the wall 1f applied i solution and, unlike YBHC, 1s thereby
mactivated Crystals deposited on the surface, whether from
solutions or suspensions, may be further mfluenced by some
materials and notably by many of the types of mud used 1n house
constructton or as internal plasters This process, known as
sorption, consists mn the volatilisation of material from the crystal
and 1ts deposition agamn immedately below the surface It 15 2
physical effect of surface-acting forces, which varies constderably
with different materials The theory that mactivation 15 due o
chemical degradation of the msecticide under the catalytic effect
of mineral salts, particularly 1ron salts, 1s now largely abandoned,
and 1t 15 accepted as due to a physical process without necessary
chemical change Matersals differ 1n their sorptive capacity, sort’l'e
being rated 1n this respect as “active” and others as “mactive
Activity 1s related to the minute physical structure of the mud,
relatively dense aggregations accompanied by very small mnter-
particulate spaces leading to increased capillary activity and
mncreased sorptive activity An empirical measure of sorptive
capacity described by Barlow and Hadaway relates 1t to sorptive
capacity for other non-polar matersals, carbon tetrachloride being
used The sorl 1s mixed with suffictent water to give a thick plastic
mass and 1s pressed mnto cylindrical metal rings, 2 3 cm diameter
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and 12 cm deep After drying at room temperature the rings are
removed to yicld small blocks of soil A block 1s placed in a
desiccator over concentrated sulphuric acid for 24 hours and then
weighed It1s then placed 1n a desiceator over carbon tetrachlonde
for a further 24 hours and then reweighed The temperature of
the desiceator s kept at 25° C throughout Inactive soils absorb
little carbon tetrachloride, less than 10 per cent by waght, and
most highly active soils absorb larger amounts—from 1o to 30
per cent —but this 15 not invanable The test may therefore be
used to give prima facte evidence of sorptive capacity but should
be supported by biological tests The best are those 1 which
natural conditions are emulated as far as possible in test huts, the
mortality of insects entening beng estimated periodically by
techmques such as described 1n Appendix 11 Large numbers of
matenals cannot be examined in this way, for that purpose
standard mud blocks made 1n nings of about 12 cm diameter may
be treated with DDT, stored at an appropriate temperature, and
tested pertodically both visually and by noting the mortality
amongst mosquitoes held 1n contact with them for 30 minutes
under a glass funnel Mortality decreases rapidly on actnve muds
In the field and in the test hut the influence of sorption depends
on the volatility of the insecticide A non-volatile matenal such
as DDT or dieldnin 1s sorbed and quickly rendered ineffective
A volaule nsecticrde such as yBHC 1s sorbed but continues to
act in the gaseous form, some decrease of evaporation leading to
prolongation of its achon The msecticidal effect of non-volatile
materials 1s therefore reduced by activity of mud, and that of
volaule ones prolonged, a contrast well displayed n T'igure 12
DDT which has entered a wall surface may agamn move towards
and on to the surface by the process of blooming It does not
occur on mud surfaces, but 1s marked 1n some fibrous wall boards
and papers which imtully are very absorptine and which may
regain msecticidal properties which have been latent  The
property has been utilised by the incorporation of insecticdes 1n
urez formaldehy de resin, the use of which 15 described later
These many vanable factors influencing the availabihity and
lethal action of DDT make prediction of 1ts effect a hazardous
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affarr  Suspensions of wettable powders are more likely to be
effective than solutions or emulsions because they are less readily
absorbed, but need a check of crystal size by the sedimentatron
test Applied to hard non-absorbent surfaces they may be very
persistent and have been successfully used as films renewed at
intervals as long as 18 months and even 2 years It has been
demonstrated i British Guiana that a very lugh, probably nearly
complete, mortality 1s mamntamed for over two years tn houses
Iined with a non-absorbent hardwood to which about 1 5 g DDT
per m® has been applied On fibrous wall board surfaces persistence
may be very prolonged On the mud plaster which 1s the typeal
wall covering of many tropical houses persistence 1s much
decreased by sorption, though its degree may vary greatly from
place to place, resulting in 1nactivation of a 2 g per m? filmma
couple of months i some places and allowing contiuation of
action for six months or longer 1n others

It 15 probable that in such condiions the imtial mortahty
amongst entering mosquitoes 1s never complete and that even
good preparations do not kill more than 6o te 70 per cent, whlst
poor ones may not kill more than 30 per cent of them Disappear-
ance of the DDT depends on the nature of the surface, but before
it occurs there may be some symprovement in the mortahty
achieved by large crystal applications, presumably as a result of
dumnutton of crystal size during sorption Owing to the relatively
low mitial mortality 1n such conditions, DDT neser achieves the
onginal potency of yBHC, and may from the start be nadequate
to meet the needs of control 1n some highly malarious places
where the vector 1s partly exophilic The variables are, however,
so numerous and mnfluential that any major control scheme should
be accompanied by experimentation in the laboratory and 1n the
field

Several substances related to DDT have nsecticidal propertics
but have not achieved much prommence m malara control
The two which have been used on any materal scale are meth;
oxychlor and DDD which, though less potent against anophelines
than DDT, are less toxic to vertebrates and have been used where
a hazard 1s believed to exist, and notably i dary-cattle sheds 1n
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the US A where the absorption of DDT and excretion 1 mulk

18 feared

Ci;
Methoxy chlor

HCl,
DDD

Dieldrin 1s one of three closely related compounds known as
Dies-Alder condensation products which have marked nsecticidal
properties, dieldnn, aldnn and chlordane

a
a
ccl, | cH, 0
a
al

Dreldrin

Dieldrin 1s the most widely used 1n malana control It1s a very
potent insecticde, 1t 1s not volatile and apparently hills by contact
only, there may, however, be a lethal effect at some distance from
treated surfaces probably due to detachment of minute particles
of the insecticide and such detachment may be partly dependent
on cimatic conditions, being more marked when the air 1s humid
It s subject to absorption and sorption much as DDT and may be
removed from surfaces 1n the same way It 1s the most touc to
man and other vertebrates of the chlonnated hydrocarbons in
general use

The product of these quahities 1s that on hard non-absorbent
surfaces dieldnin may produce a high initial mortality, approaching
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I00 per cent, amongst entering mosquitoes and may maintain
this mortality for very long periods It has been shown expen
mentally to achieve over go per cent mortality for more than
eighteen months when applied to 2 mud wall n which gravel was
incorporated, and where the gravel doubtless gave the mpene
trable bachground which 1s so helpful to the action of such
products On plain mud surfaces, however, sorption may greatly
lessen the period of effecttve action to six ot even fewer months
There are unexplained reversals of activity and nactivity which
may be due to climatic conditions and particularly to humidity
favouring the aerial dispersion of particulate matter

Neither chlordane nor aldnn are as tovic to anophelines as
dieldrin and they have not come mto general use for this reason
They have had some vogue as alternatives to DDT to kill fes
resistant to that insecticrde, though the occurrence of resstance
to them has largely nullified theiwr value for this purpose, and
there does not seem at present any reason to mclude them in the
range of ant-anopheline msectictdes Thus verdict may posstbly
be revoked Iater, they are more volatile than dieldnin and mught
share the advantages of volatility enjoyed by yBHC

Certain organic phosphorus compounds have come mnto wide
use as 1nsecticides 1n agriculture, but have not so far attained any
position in malatia control, partly owing to thewr highly poisonous
nature and partly owing to the ready availability of relatively
non potsonous but very effective and more persistent COmpouﬂdS
This position 18 however, now changmng some relatvely non
toxic phosphorus insecticides have been produced and the
development of resistance to the chlormated hydrocarbons by
anophelmes will probably intensify the demand for unrelated
msectictdes The two most likely to secure trsal are diazinon and
malathton  relatively non toxic compounds which have been
proved effectve 1n the control of houseflies resstant to DDT,
and used erther mixed with bait as stomach possons or as wall
sprays for contact action Both can be appled erther 1n emulsions
or as suspenstons of wettable powders and the latter form aPPea'z
to be the more effecuve Decomposition of diazinon 1s au:ce:lera:}e1
by sunlight and by heat, and such data as exist suggest that the
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temperatures 1n some tropical countries might materrally shorten
its effective hife Malathion 1s decomposed by alkalis Deposits of
180 mg diazinon per ft? have in one case proved effective 1n fly
control for 49 and 47 d1ys In another a deposit of 100 mg per ft?
produced an mmtial lngh mortality taling off to a 45 per cent
Ml 1in 21 days, but activity and persistence were enhanced by
admrcture of a synergist, piperonyl butoxide 25 mg diazinon
with 100 mg piperonyl butouide secured a 45 per cent kill at
28 days Malathion applied in parallel with the diazinon showed
marhedly less persistence

The adaptation of these products and other phosphorus
msecticides to anophehine control 1s still in the very early experi-
mental stages and not even a prel yr datton can be
made on practice Experiment 1s, however, well justified

An extract of pyrethrum flowers contains four esters, pyrethrins
1 and II and cinenins I and I, which are acutely toxic to
mosquitoes and most insects, producing rapid knock-down and
death They are very unstable, being oxidised on exposure to aur,
and being readily hydrolysed by water Their sole field of utihty
n quito control 1s consequently as immediate nsecticides,
without residual effect, but in this field pyrethrum extract 1s
unexcelled as a space spray The mumumum effective dose, 1n
terms of pyrethrins, 15 extremely low, about 10 mg pyrethrins
per 28 m?® (1,000 ft?), which may be distributed 1n aerosol form
m avanety of ways and from a vanety of solutions It1s, howeser,
usual to distribute considerably larger quantities than this The
standard spray used 1n simple hand operated guns was a o 1 per
cent solution of pyrethrins 1n oil, sprayed at the rate of 10 ml
per m®, while the first pressure sprayers contained 1 per cent
Pyrethning, the spray being distributed at about o 1 ml per m?

Pyrethrum 1s expensive, and a number of synergsts have been
found which permit attainment of stmilar mortalities with smaller
quanuties The inclusion of DDT has this effect and a solution
containing 3 per cent DDT and o4 per cent pyrethrins s
equnalent to one of 1 per cent pyrethnins alone Most space
sprays now contain DDT added for this purpose, but with no
expectation that a residual effect will follow their use Other
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100 per cent, amongst entering mosquitoes and may maintamn
this mortality for very long periods It has been shown expen
mentally to achieve over go per cent mortality for more than
eighteen months when apphed to 2 mud wall in which gravel vas
incorporated, and where the gravel doubtless gave the mmpene
trable bachground which 1s so helpful to the action of such
products On plain mud surfaces, however, sorption may greatly
lessen the penod of effectave action to six or even fewer months
There are unexplained reversals of activity and activity which
may be due to climatic conditions and particularly to humdity
favouning the aenal dispersion of particulate matter

Neither chlordane nor aldnn are as toxic to anophelines 2
dieldrin and they have not come 1nto general use for this reason
They have had some vogue as alternatives to DDT to kil fhes
resistant to that mnsecticide, though the occurrence of resistance
to them has largely nullified their value for this purpose, and
there does not seem at present any reason to nclude them i the
range of antt-anophelne mnsecticides This verdict may possibly
be revoked later, they are more volatile than dieldrin and might
share the advantages of volatility enjoyed by yBHC

Certan orgamic phosphorus compounds have come mnto wide
use as msecticides 1n agriculture, but have not so far attained any
posttion tn malarsa control, partly owing to thetr highly poisonous
nature and partly owmng to the ready avalability of relatrvely
non-poisonous but very effective and more persistent compounds
This position 1s, however, now changing some relatively nb;\-
toxic phosphorus insecticides have been produced and tb e
development of resistance to the chlorinated hydrocarbons z
anophelines will probably intensify the demand for unsela(ed
insecticides The two most likely to secure trial are diazmon an
malathion, relatively non-toxic compounds which have berern
proved effective 1n the control of houseflies resistant to oo li
and used etther mived with bait as stomach porsons or 8 W&
sprays for contact action Both can be applied either i emuls):!:
or as suspensions of wettabje powders and the latter form appe: d
to be the more effective Decomposition of diaztnon 1s accehm:;e
by sunhght and by heat, and such data as exist suggest that
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temperatures 1n some tropical countries mught materally shorten
its effective hfe Malathion 1s decomposed by alkalis Deposits of
180 mg diazinon per ft* have 1n one case proved effective 1n fly
control for 49 and 47 days In another a deposit of 100 mg per ft2
produced an mitial high mortality tuling off to a 45 per cent
hll in 21 days, but activity and persistence were enhanced by
admisture of a synergist, piperonyl butoxide 25 mg diazinon
with 100 mg piperonyl butoxide secured a 45 per cent kil at
28 days Malathion applied 1n parallel with the diazinon showed
marhedly less persistence

The adaptation of these products and other phosphorus
wmsectictdes to anopheline control 1s still 1n the very early experi-
mental stages and not even a prel yr dation can be
made on practice Lxperiment 1s, however, well justified

An extract of pyrethrum flowers contams four esters, pyrethrins
I and II and cmenns I and II, which are acutely touc to
mosquitoes and most 1nsects, producing rapid knock-down and
death They are very unstable, being oxidised on exposure to air,
and being readily hydrolysed by water Their sole field of utility
in mosquito control 1s consequently as immediate 1nsecticides,
without residual effect, but in this field pyrethrum extract 1s
unexcelled as a space spray The mmumum effective dose, n
terms of pyrethnns, 1s extremely low, about 10 mg pyrethrins
per 28 m? (1,000 ft3), which may be distributed 1n aerosol form
10 avanety of ways and from a vanety of soluttons It s, however,
usual to distribute considerably larger quantities than this The
standard spray used in simple hand operated guns was 2 0 1 per
cent solution of pyrethrins 1n oil, sprayed at the rate of 1 0 ml
per m%, while the first pressure sprayers contamned 1 per cent
pyrethnns, the spray being distmsbuted at about o 1 ml per m®

Pyrethrum 1s expensive, and a number of synergists have been
found which permut attainment of similar mortalities with smaller
quantities The inclusien of DDT has this effect and a solution
contaung 3 per cent DDT and o4 per cent pyrethnns 1s
equinalent to one of 1 per cent pyrethnns alone Most space
sprays now contain DD added for this purpose, but with no
expectation that a residual effect will follow their use Other
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synergssts include piperonyl butoxade—the most effective—sesame
ol and pine o, one or another of which are also mcluded m most
specifications of sprays

The standard formula recommended by the WHO Expert
Comumuttee on Insecticides for dispersal from acrosot bombs 1
one of o 4 per cent wjw pyrethrins and 3 per cent wjw DDT o
be dispersed at the rate of 10 g per 28 m® (1,000 f1%) 1n the
treatment of aweraft and ships, when high speed and efficiency
of action are essential, and about one-thurd of thus dosage, 33 g
per 28 m% for routine treatment of dwellings

A number of compounds resembling pyrethnins have been syn-
thesised, and one—allethrin—has come mnto commercial use as a
substitute for pyrethrum cxtract It appears to be fully as effectne
as pyrethrins aganst the housefly, but about one-quarter as toxic to
Aedes mosquitoes

SPECIFICATION AND CHECARING

Insecticides are the most important as well as a very expensive
item 1 most campaigns, the success or falure of which turns
largely on therr quality Tailure can follow, and several tymes has
followed, the use of matertals which were madequate, either
thesr ortginal formulation or by later deterioration The necessary
qualities of the nsectieides themselves and the materials used 1
formulation are now reasonably understood, and a seres of
specifications has been drawn up by the WHO Expert Commuttee
on Insecticdes as Specificatsons for Pesticides, Insecticides, Rodentt
cides, Molluscrrdes, and Spraying and Dustmng Apparatus 1 small
quantitses only are myolved 1t 1s enough f they are bought from
rehable agents and accompanied by a guaranteed statement of the
mummum content of active nsectiade ingredsent, together with
an asgurance that the material plies with the specificat of
the WHO Manual Larger supplies should be ordered subject to
therr compliance with the WHO specifications and the nght of
the purchaser or hus representative to tahe spot samples before
consignment, arrangements bemng . proper analysis
of these samples by competent o

The information which follows 1s
for such expert chemucal control but
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reasonably carried out by the practising malariologist with simple
laboratory facthties It 1s possible with an elementary chemical
knowledge to check some points which are mmportant and 1n
which matenials are likely to fail

In such arcumstances the actual nature of the insecticide
supplied must be taken for granted as precise 1dentification 1s not
possible Nor 1n such conditions 1s 1t practicable to distinguish
between the various 1somers of BIIC or analogues of DDT
Tests can, however, show with sufficient accuracy the quantity of
technical DDT or BHC 1n a sample, and can give valuable
information on particle size, wettability, suspensibility, and
agglomeration after storage under tropical conditions of water
dispersible powders It 1s not, however, possible by elementary
tests to measure the quantity of dieldrin in a sample, the processes
necessary being outside the capacity of the malariologist The
procedures which are described 1n Appendx II are denved from
the WHO Manual but for purposes of simphcity they have been
altered 1n some respects, and the wording has been modified
If any doubt anses, therefore, reference should be made to the
onginal publication

DDT, methoxychlor and BHC are all hydrolysed by bothng
with 2 solution of potassium hydroxide in ethyl alcohol with the
bberation of some, not all, of the chlorine atoms from the
molecules The chlonne which can be hydrolysed from DDT
amounts to 10 per cent of the weight of the parent substance
from methoxychlor 1t amounts to 10 6 per cent, and from BHC
t0 36 5 per cent The process requires the original extraction of
the insecticide from the formulation concerned, hydrolysis of the
extracted matenal with an alcoholic solution of potassum
hydronde, and utration of the liberated chlorine by the addimon
of an excess of silver mtrate followed by bach-utration of the
amount of remaning smlver mitrate with a standard solution of
Potassium thiocyanate

The WHO specifications permut a tolerance of
5 per cent of the nomunal content, when that 1s 5o per cent or
less, and 5 per cent of the difference between 100 per cent and
the nominal content where that 15 over 5o per cent , i any one
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sample The average of all samples from a consignment should
not be below the nommal content

An approxunate estimation of the quantity of pure para pare
DDT can be made by a test based on the relatne msolubshty of
this material 1n contrast to its isomers m ethyl alcohol The basis
of the test 13 the extraction of the material with hot ethyl aleohot
whach has been saturated when cold with known para-para DDT
The additional para-pare matenal taken up mn the extract 13
deposited on cooling, whereas other 1somers remain 1n solution
the two can be separated by filtration and the amount of DDT
the crystalline deposit can be esttmated by the hydrolyss
techmique The minumum para-para 1somer content of technical
DDT pernutted by the WHO specifications 15 76 per cent

The chief physical requirements of wettable powders are that
the particles should be of a suffictently small size, the matenal
should be readily suspensible in water and remamn in suspension
and that these properties should be retaned after tropical storage
Tests therefore conssst 1n exposure of the matersal to an aruficully
accelerated storage mechamsm followed by siewing and suspenst
bility tests The techmques are virtually the same in the case of
all isecticdes, but they can be carried to thesr proper conclusion
n a sunple Iaboratory only for DDT, BHC and methovychlor
because the final estimation of dieldrin and some other msecticides
1s beyond the range of such a laboratory

The techniques involved are described in Appendix 11 WHO
specifications require that not more than 2 per cent., dry weight,
of conceatrate shovld fail to pass the sieve, and that at least
50 per cent of active material should remamn 10 suspenston at the
end of the suspensibility test, i both cases after the matenal has
been submutted to accelerated tropical storage

Checking methods for expenimental techmques may w ell require
the estimation of the amount of insecticide apphed to 2 wall o
remaining on it some time after apphcation Specimens may b;
obtamed by one of three techmgques test papers may be apple
to the wall before treatment and subsequently removed for
analysts, the msecticide on the wall surface may be removed from
it by a process of solution, or 2 scraping may be taken of the



SPECIFICATION AND CHECKING 141

sutface of the wall including superficial and immediately sub
surface msecticrde Fach of these techniques has 1ts disadsantages
and uts place The test paper mechanism 15 the most accurate
means of estimating the amount applied but there 15 an inevitable
psychological effect on the worker inducing him to ensure full
treatment of the paper, which 1s vistble to him, which may
therefore not be representative of the total Solution 1s achieved
n the matenal of ‘Sellotape’ or 1 sthicone greases The scraping
techmque though rensonably accurate does not differentiate
between superfictal and therefore active material and secticide
which mav be obscured by the wall surface and 1s therefore
mactine

The test paper techmque 15 sclf explanatory The most
accurate solhvent technique 1s that devised by Barlow using 2 mch
square pieces of adhesnve ‘Sellotape  These are pressed firmly onto
the sprayed surface and the back 1s rubbed with a small rounded
piece of wood to ensure adequate contact They are then peeled
off, shaken with 20 ml of cold acetone for 30 seconds, and again
extracted with three further lots of acetone In the Allessandrim
method high-vacuum silicone grease 1s spread thinly on 2X 5 cm
peces of parchment paper all excess 1s removed the paper 15
then firmly pressed onto the wall, removed with forceps, and
simularly extracted with acetone Results are consistent, but the
amount removed varies with the type of surface and the time
since application of insecticide In the scraping techmque 2
known ares, preferably 25 cm?, of wall surface 1s carefully scraped
with a small knife ensuring that the entire surface 1s removed
with a mimmum of subsurface matertal The powder 15 collected
and used for subsequent analysis

After evaporation the hydrolysable chlorine 1n such residues
may be estimated by the techmiques already mentioned and from
1t the amount of DDT or BHC probably present in them deduced
Allowance must of course be made for the possible presence of
chloride 1n the material extracted and a blank titration should be
Tun on a sample of identical materal treated 1n a similar way
except that 1t 15 not hydrolysed The lower hout of utility of this
hydrolysis test 1s about 5 mg of DDT or 2 mg of BHC, but no
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The natural reaction of many to the suggestion of even smalf
rishs to people handhng msecticrdes 15 the provisian of protecttve
clothing, but this may be poor protection and may even carry
added rishs In hot climates protective clothing may be 2 serious
impediment to heat loss, and the author has personal experience
of worhers who have collapsed through heat exhaustion as 2 result
of 1ts use In cooler climates protective clothing may not be
abandoned when work 1 finished and may merely form a carnier
which heeps insectictde spilled on 1t 1n contact with the shin for
long pertads after work 15 over Masks which are often removed
and left to hang by a strap may act as cups which eatch msecticrde
to be swallowed when they are put on again A number of cases
of mtoxication by dieldrin have occurred m a group of workers
supplied with protective clothing which, 1t was later discovered
most of them wore not only throughout the day but also through
out the night for weeks on end

For most purposes adequate protectson 1s gives to workers with
DDT and BHC by the use of careful techmques which avoud the
spifling or splashing of wnsectictde on the worhers, the provision
of well-kept apparatus which does not leah or spray msecticide on
the handler, the prohibition of smoking at worh, and the provision
of sufficient supplies of soap to make washing after a spell of duty
practicable Eye guards may be provided but more as a protectton
against the trrtation of the vehicles of the msecticide than agawst
the snsectseide wself

Where more pratection 15 required 1t 1s best given m the form
of aprons protecting the mare exposed part of the body and
Ieaving ample room for ventilaton while the mouth 1s better
protected by a visor suspended from a hat at head band than by 2
mask which may be left off and grossly contaminated wnternally
with wsecticide 1n the intervals between its actual use

1t 1s not known that any serious sli effects have occurred
amongst warkers applying either DDT or BHC and the simple
protectne measures described above have proved adequate 1
very wide practice There 1s less experience with dieldrmn which
has more recently come mto general use, and the medren lethal

.
dose of which to expersment™! 15 smaller -
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other maternals It 1s therefore for the present being used with
care including the use of protectne aprons and visors or, 1n some
cases, mashs In a number of campaigns the workers have been
hept under very carcful observation and no 1ll effects have been
obsersed except 1n one where, as noted above, the workers hept
therr protectne clothing for everyday and, indeed, often for
everynight use Symptoms were noted after some months of
occupation and were of a nervous nature, including hyper-

Iity, convul! d loss of wviston and uncon-
sciousness Recovery followed removal from contact though m
some cases 1t was slow As a result of this happening and despite
the exacerbating conditions which preceded 1t special care should
be gnen to workers handling dieldnn, including the use of
appropriate and effectnve protective clothing which does not
matenally interfere with heat loss, and protection from inhalation
preferably by the use of visors In all experimental work marked
anorexia with consequent marked loss of weight has been an
early sign of porsoning, and a watch for 1t should be hept amongst
workers

FORMULATIONS

For residual effect an insecticide must be deposited as a film,
the only practicable ways of proniding the film being by the
2pplication of a hquid preparation, erther a solutton, an emulsion
Or 2 suspenston, or by the incorporation of an insecticide 1 a
surface matersal from which 1t blooms to the surface

There 15 no doubt that the apphcation of a suspension made
from one of the so called wettable powders 1s technically the most
efficient and economic means of applying the 1insecticrde,
provided the matersal and the suspension are of adequate qualits
The 1mtial cost, the handling and transport charges are less than
with other methods, the risk of towc effects to workers 1s less,
and there 15 practically no smmed:ate absorption of the insecticide
into the wall surface as mewitably happens with oil solutions
In consequence almost all campaigns and estimates are based on
their use They have, however, some disadvantages chiefly n
that there 15 mevitably some visible deposit of tnsectiaade and

vehicle on the wall which 15 1n some degree disfiguring Though
10
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no objection may be made to this in the typical mud-plastered
house of most of the tropics, 1t may be a strong deterrent to
acceptance m well decorated houses Emulsions consisting of a
strong (30 per cent) mother solutton emulsified 1n water are
nearly free from this disadvantage, producing only shight lessening
of the gloss on highly polished surfaces, and are thus much more
acceptable m well decorated houses Solutions can be made which
are almost entirely free of this form of disadvantage Their cost
varies greatly from place to place, being relatively low m o
producing countries and high 1n others where they may be more
than twice as expensive as suspensions Their use 15 therefore
restricted, partly to countries where the cost of oil 15 neghgtble
and in other places to houses the occupants of which are willing
to carry a considerable additional cost for treatment

Lmulsions tnvolve the making of a mother sofution usuafly n @
highly reactive o1l which will tahe up 2 considerable quantity,
such as xylene, and the admixture of an emulsifier which 1s almost
mvariably of a proprietary nature, the best known being the
American product Triton X-100 It 1s, however, now common
practice to purchase the mother solution complete with emulstfier
requinng only the addition of water Solutions can be made with
herosene, refined qualities of which will take up about § per cent
of DDT, though this requires time, warmth and agitation Ready
made proprietary solutions are now coming inte more general
use for this purpose and often have the advantage that they are
made with oils which do not statn fabrics

There has been considerable expenmentation with rmsect!
cides dissolved in varmshes and resins with the hope of getung
4 surface coating which 1s decorative or not unsightly, protective
and contimuously insecticidal When dissolved mn restns there 52
tendency for the msecticide to move slowly towards the surfact:f
so that 1f some 1s removed from 1t there 15 a fresh blooming ©
crystals on the surface later The most useful base found has
been a urea formaldehyde resin 1n which 1nsecticrde up to 20 PEF
cent of the weight of the vehicle can be incorporated, and 1‘n
which the blooming process occurs The rate of blooming 1s great 5;,
influenced by the final hardness of the varmish, the degree ©
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which must be closely controlled by accelerators or retarders
It has been well established that an msecticrdal film can be
mantamed and these products have come into extensive use for
msect control particularly in hitchens and for the control of
cochroaches, bugs and other pests 1n ships They have not,
however, yet achieved any use 1n the field for the control of
mosquitoes They are expensive, the difficulty of manufacture
results 1n their only being available in proprictary form and they
could clearly have no more than a lmited use It does scem,
however, that there 1s a small field in which that use might well
be developed

Apparatus for the production of smokes containing insceticides
was first introduced with the object of producing a residual film,
but certainly no film of use 1n malana control can be obtained 1n
this way There have, however, been some developments of this
technique to produce the mmediate destruction of adult
mosquitoes and as a larvicide

Smoles from so called bombs 1n which the msecticide 1s mixed
with an inflammable materal 1n a camster and 1gnited have very
Iittle usc in this field Smokes generated by playing a continuous
stream of an nsecticide solution on to a hot plate 1 specrally
devised apparatus have a greater range of utihty Ther place
hes mn the immediate destruction of insects, both those 1ndoors
and those mosquitoes which normally rest outdoors and do
not therefore come 1nto contact with residual films It has not yet
been necessary to resort to them for the control of exophilic
malana-carrying mosquitoes but they might well be a valuable
adjunct i their control Smokes are generated 1n special apparatus
of which the best hnown types are the Todd Insecticrdal Fog
Applicator (TIFA) and the portable Swing-Fog apparatus The
smohe cloud generated 1s allowed to dnift over the surface of the
ground, and 1f an even distribution 1s to be achieved work must
be carnied out when the air 1s stll, usually early 1n the morning
With both of these types of apparatus a lethal cloud may be
distnibuted for dstances of up to 200 yards or even more, but
accurate data on the dispersion of the msecticide and the amounts

fecessary to achieve destruction at varying distances are not
available
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An aerosol 15 a cloud contamning fine droplets, the particle
diameter of which lies between o1 and 5o microns, clouds i
which the particle size 15 between 50 and 100 microns are termed
mists, between 100 and 400 microns fine sprays, and where the
droplets are larger they are termed coarse sprays Aerosols 2re
widely used, and exclustvely as immediate msecticides A refined
extract of pyrethrum 1s almost invartably the mam constituent
though DDT, vanous synergists and particularly piperonyl
butoxrde may be added to enhance the effect The standard
formula accepted by the WHO Commuttee contatns a sufficient
amount of refined extract of pyrethrum to give a total of o4
per cent of pyrethrns together with 3 per cent of technical
DDT incorporated n a mixture of non-volatile oils, solvents and
propellents They are normally dispersed from canisters contaimning
a propellent and fitted with a valve so arranged that 1 g of the
formulation 1s dispersed per second as an aerosol

STORAGE

All nsecticides should be stored with care and under the
coolest conditions posstble Dry formulations such as dusts and
wettable powders may be stored for considerable periods provided
they are protected as much as possible from heat and the weather
Decomposition of the tnsecticide 1s not Iikely to occur but there
has been much trouble n the past with aggregation of particles
and loss of suspensibility The present speaifications are intended
to ensure that this will be overcome but supplies which have been
stored for any material time should mvariably be submutted to the
suspensibility and sievability test already referred to Emulsion
concentrates are very hable to deterioration on storage, while
o1l solutions may be precipitated by exposure to frost

A comprehensive and excellent account of the subject 15 grven 1~
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CHAPTER XI
DRUGS IN MALARIA CONTROL

Drues have had a very variable importance 1 control since the
time when Kach set out to prevent transmission by the wide
distribution of quinine 1n Last Africa, and this concept of control
was taken up 1n several of the Mediterranean countries The
method was abandoned as a failure but was resuscitated after the
production of pamaquin and the demonstration of 1ts specific
gametoctdal properties It was thought that these might give the
chance of success where quinine had failed, and extensive trals
were orgamized largely under the influence of the Malana
Commusston of the League of Nations, but these agamn proved
failures and gametocidal attach languished It may come into
promunence again following the recent demonstration of the very
prolonged effect, 4 weeks, of 50 mg doses of pyrimethamine 1n
inhibiting the development of the parasite 1n the mosquito Drugs
were widely used as prophylactics during the war, and with such
success that the prophylactic approach was looked on by some asa
legitimate control measure for general communities after the war
ended Almost without exception programmes for the protection
of the general public based exclusively on chemoprophylaxs
have been abandoned, and 1t 18 now regarded as a measure for
special communities such as armies and Jabour forces subject 0
special nishs and under some degree of disciphine, and for the
individual who manages his own protection The therapeutic use
of drugs 1s becoming more commonly adapted to the mass
treatment of populations, 1t 1s valuable 1n eptdemucs, and 1s nOW
looked on as possibly a great help n the first stages of malar2
eradication programmes Also mdividual treatments are assuming
more prominence as the last stage of eradication programmes,
whilst anti-relapse therapy may become a valuable tool 1 the
prevention of re-importation of the disease 1nto areas from which
1t has disappeared

Unfortunately a tortuous and 1llogical terminology has grown
up around the subject, showing more respect for the detanl of past
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complete prophylaxis or cure except by drugs of the 8-amino
quinohine group such as pamaquin and primaquine, and pethaps
by pynmethamine The reactions of strans of paraste are
unpredictable and m consequence drugs emoy very different
reputations 1n various parts of the world, and some account must
always be tahen of local experience 1n prescnbing On the whole
howeyer, the schedules proposed have a wide application It ss
known that the common use of pyrimethamine and proguanil may
result n the development of strains of parasite reststant to them
and there 15 a clearly documented account of a stram of P
Jfalaiparum resistant to mepacrine in New Guinea This resistance
has, however, chiefly made 1self obvious when chmeal attacks
were treated and has less relevance to prophylams which has
hardly been impeded by 1t

Quinine, once the sole standby, 1s demonstrably so inferior as2
prophylactic to several syntheuc products that 1t may be dis
regarded Mepacrine has been proved, by intensive experiment and
wide use, to be an effective prophylactic agamst P falaparum
and a good suppressive against P owax, but 1t has been nearly—
and should be completely—abandoned for this purpose because
toxic effects are relatively Srequent Yellow discoloratson of the
shin may be ignored by some men though not by women
Occastonal severe gastro intestinal arntation when the drug 1s first
taken 1s a drawbach A common atypical hchenaid eruption
which can amount to a widespread exfohative dermatitis 38 2
reason for caution, and rare mental effects, varying from euphona
to severe depression or prolonged mania, are good reasons for
condemnation now that alternatives can be found

‘The 8 ammno-quinohines, pamaquin and primaquine, have not
been proposed as prophylactics on account of thetr toxicity

This exclusion leaves four avalable drugs for the purpose
two of the 4 ammo-guinolines, chloroquine and amod:aquine, and
proguani! and pynmetharmne With only a reservahion about
vanance i the reaction of strains of parastee, all these drugs a:¢
effective Complete prophylactics agamnst faleparum malata, th‘;."'
are effective suppresstves against vivax, malanae and ovale
infections and are free from important nsk of toxic effect when
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given 1n appropnate doses Chloroquine and amedmaquine are
rapudly absorbed, but slowly metabolised and excreted, 2
suffictent plasma concentration being hept up for 1 week following
03 G of chloroquine base, or 04 G of amodiaquine base, to
ensure ther efficacy Their action 13 against asexual parasites on
therr hiberation from primary exo-erythrocytic parasites Neither
the latter nor secondary forms are affected Toxic effects are rare
and comparatively umimportant, taking the form of headache,
blurning of vision and occasional prumtus, which end on dis-
conynuation of the drugs Nesther experimental nor field
expenence suggests that there 1s any nsk of stimulating drug
resistance by therr use

Though proguaml and pynmethamine are distinct i ther
constitution, 1t 1s hnown that metabolism of the former gives a
product closely related to pynmethamine and active agamnst
plasmodia It 1s not surprnising therefore that 1n some respects
they have a close resemblance, notably in their freedom from
touiaty and, unfortunately, n therr tendency to stimulate the
production 1n parasttes of a resistance which may act against both
Proguanil 15 rapidly absorbed and excreted, there 1s no prolonged
accumulation 1 blood or tissues Its main action 1s on the primary
exo-erythrocytic forms, which are apparently susceptible to it for
only a brief pertod when 2 to 3 days old Efficient action requires
datly admmstration of o1 G doses of the salt (87 mg base)
with which fadure of action 1s rare Once peripheral parasitaemsa
has developed, proguanil may be a very meffective schizonticide
and parasites may flourish despite 1ts continuation, many of the
Lnown failures of prophylaxis may be due to failure to control 2
Pre existing parastaemua or to irregulanity of admimstration
permutting one to develop which 1s not later controlled There
can be no sure prospect of success with smaller or more widely
spaced doses, though the adjuvant effect of immunity has made
thice weehly doses of 02 G, or even weehly doses of 03 G,
reasonably effective in some commumities with long previous
expenence of the disease The drug 1s very safe, toxic results being
extremely rare after the recommended dosage and usually only
occurnng after gross overdosage such as 075 to 1 G taken
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at one time, when gastro-intestinal and renal irritation follow,
perhaps with haematuria, but rapidly disappear after temporary
discontinuation of the drug.

It has been well established in the laboratory and in the field
that the prolonged pgeneral administration of proguanil as a
prophylactic may cause the selection of drug-resistant strains of
parasite. The resistance is transmitted and stable but is most
marked in the schizogonic stage, showing itself more as resistance
to treatment of overt infection than as a failure of prophylaxis
which may remain successful when treatment with the drug has
become impossible. The exo-erythrocytic forms may, however,
ultimately become resistant, and failure of praphylaxis may eccur
necessitating a change to some other drug. The similarities between
proguanil and pyrimethamine are marked ; there may be a cross
resistance or development may quickly follow treatment with the
other drug, so change should invariably be to one of the 4-amino-
quinolines, which are not known to stimulate resistance.

Pyrimethamine is a simpler compound than proguami but
probably closely resembles it in mode of action. Elimination is
slow and there is sufficient accumulation in the tissues to maintain
prophylactic action for a week after a 25 mg. dose of the base,'in
which form it is prescribed. The site of action is not certain,
prophylaxis may be due to destruction of merozoites liberated
from primary exo-erythrocytic forms, or may at times be due to

TABLE 4—Drugs common

Drugs Prescrsbed as Preparanons available

Chloroquine phosphate Aralen, Avioclor

sulphate Nivaquine, Resochun, Tanaksn
Amoduquine hydrochlonde Camoquin, Cam-aqy, Flavoquint,
{dihydrochloride dihydrate) — Miaguin

de,
Paludnne, Biguanil, Chlorgusntds,
Chlcngu’sne, Drguanyh Dnnulpﬂi
Guanatol Hydrochfonde, Paluss
Tictan

Proguanil hydrochloride



PROPHYLAXIS 155

action on these forms themselves and even on the secondary forms,
as 1s suggested by 1ts true prophylactic effect against some strans
of snvrx malana and sts occamonal complete cure of vivax
infections It 1s also an eacellent inhibitor of gametocyte develop-
ment, and recent work suggests that this action may continue
for as long as 4 wechs after one dose of 50 mg Not all strains of
parasite are equally susceptible to 1ts action, 10 some parts of the
world 1t seems less effectne than in others, notably in parts of
Australasta and Mahysia, but 1 general 1t 1s 2 highly effective
prophy lactic aganst falerparum mnfections and a reliable suppres-
sant of others, typwcally given 1n 25 mg doses once a week This
dose 15 far below the toxic one and 1n proper use pyrnimethamine
1s as safe as proguanil, but excessne dosage may cause severe
anaema This has occurred 1n children taking a daily instead of
weehly dose of 25 mg, and acute collapse has followed the
swallowing of large numbers of tablets, which are wirtually
tasteless and may be mustaken for sweets It has been shown n
the laboratory to be a potential siumulant of resistance n the
parasite, of a type probably very similar to that against proguanil,
and there 15 now some recent ewidence of its production in
the field It should not, therefore, be looked on as a switable
substitute for proguanil where that drug has failed

The key to all drug prophylaxis 1s diseiphne The individual
who 15 to protect himself can, if he will, apply 1t to himself and

as chemoprophy lactics

Dose Usual adult dose (G)  Interval Proportion of adult dose for
cpressed and equrralent (g) between children aged

as salt base doses Under1 13 46 7-10 11-16
osphate 05 G o3g 7 days EI ¥ 1
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secute virtual complete freedom from nsk of malana for an
indefimte period, selecting any one of these four drugs according
to 1ts conventence, cost and appropriateness to local conditions,
knowing that 1n some areas proguanst or pyrimethamne may be
contra-indicated owing to parasite reststance With this reservation
proguanil may often be the mast sustable, the darly regime being
more easily remembered and followed than a weelly one, and
the Jow cost and low toxicity providing constderable attraction
1f a weekly schedule 18 preferred chloroquine or amodtaqune are
the more umversally appropriate, but pyrimethamune will i most
places be equally effective, and 1s cheaper and even less toxic
than the others

There are, on the other hand, relauvely few communities 1
which an adequate disciphinary standard can be mantaned to
ensure umversal and regular admmstration, and these few are
mostly selected groups of men without attendant famulies It 1s
most often reached 1n mlitary or quasi-mihitary groups, for which
drug prophylaxis may be the sole sure defence when mobility
prevents protection from the mosquito It 1s very difficult to secure
the necessary discipline 1n a civihan Jabour force except i the
face of some obvious peni, even then st needs an elaborate
orgamsatian of admimstrators, check-rolls and musters and, when
the memory of recent nsk passes, public apathy followed by
apposttion usually destroys it Drug prophylaxis ss not therefore
a practicable permanent means of protection for such groups and
ought to be regarded as a temporary measure, easily and quickly
applied, which gives relief from an wmmediate emergency and
time m which to mstitute other and more rehable procedures
The discipline of groups 1s applied from without, in the form of
musters or parades, which makes weekly admmstration mare

than daily Froguamil 1s then often the Jeast appropriate,

pyrimethamine the most econonucal and in most places fully effec-
tive, while chloroguine or amodiaquine are umvessally effective

MASS TREATMENT

There 1s as yet too httle expenience with the assocsation of mass
treatment and magierdal attack to lay down any definite
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procedures for general use, 1t being only possible to indicate what
experience has so far shown There has been eaperimentation n
the subject by F'arinaud and Choumara 1n a truly hyperendemic
part of Indo-China In all cases tmagicidal control was practised
but where this was not assoctated with drugs st was found, as 1s
usual, that 1t was many years before the parasite rate became
neghgible After some discouraging experiments with continuous
mepacrine, courses of continuous chloroquine were tried and gave
hopeful results but were abandoned owing to the impracticability
of the general adoption of continuous medication Brief courses
of general therapy with a varety of drugs and 1n association with
the imagucrdal attack were then tried Chloroquine, given weekly
for 2 months 1n a dose of 0 6 G for adults, produced a reduction
of the parasite rate which was sustained for 10 months after the
end of the course, indicating that the majonty of the infections
had been cured Pyrimethamine 1n a dose of 50 mg for adults and
25 mg for children over 4 years of age gave disappointing results
In each of three expenments there was a dramatic reduction of
the parasite rate which, however, rose rapidly after the end of
medication to reach 1ts former height, indicating that few of the
infections had been fully cured Amodiaquine given fortmightly
tn 2 dose of 66 G to adults and children over 10 with smaller
doses to younger children for a period of approximately 6 months,
gave very encouraging results with remarkable and sustamed
reduction of the parasite rate These authors concluded that a
mass treatment limited to 2 or 3 months and consisting of 5—7
doses of amodraqume to each ndividual would be the most
appropnate for ) 1on with gicidal attack  Vincke,
working 1n the Belgian Congo, used pyrimethamine in doses of
25 mg for those over 4 years of age and 12 5 mg for those under,
once a week to the entire population for pertods varying from
5 to 21 weeks All the schedules which he used resulted in
remarkable diminution of the parasite rate and the maintenance
of this reduction for 6 or more months after discontinuation of
the drug, mdicating that cure had been obtaned 1n the great
majority His onginal work was amongst immigrants to a non-
malarious area who could be follow ed for a long period with some
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available concerning two, the Chesson and Korean strams The
former, which 1s of a tropical type with a regular relapse pattern,
s very resistant to treatment, while the latter, which 1s of 2
temperate type with a mathed tendency to lie dormant for long
periods, 1s more amenable to treatment.

When given during the late chinical phase of the disease and 1n
assocsation with a schizontierdal drug 20 mg of primaquine for
14 days reduced the relapse rate of the Chesson stram from 100
to 15 per cent, and 10 mg reduced 1t to 65 per cent In the case
of the Korean stran of vivax malania 15 mg for 14 days gave a
radical cure 1 all of 348 cases, whereas the relapse rate in those
treated with chloroquine alone was 39 per cent Given without a
schizonticidal drug during the period of latency primaquine has
a comparable effect, 15 mg for 14 days producing a radical
cure in the great majority of those infected with the Korean
strain

Primaquine has been used to prevent relapses 1n immigrants
mto a cleared zone from an infected one, but only so far under
military conditions Umited States forces returnng from Korea
have been given a routme treatment of 15 mg of primaquine for
14 days without special medical supervision on board ther
troopships Application of this technique to civihan practice has
yet to be developed but 1s almost mevitable There have becn
examples of the remtroduction of the disease mto cleared areas
by mugrants, as in French Guiana by labourers migrating from
the Antilles It does not seem either necessary or desirable that
ndividual travellers should be subjected to routine anti-relapse
therapy but there 1s little doubt that there will arse a need for the
treatment of groups of people on some such mechanism as that
used 1 the case of the US troops Treatment will probably
consist of a single admmistration of 0 6 G of the base of exther
chloroquine or amodiaquine Where the risk 1s thought to he 1n
the importation of P vrvax immediate treatment with chloroquine
will probably be combined with a 14-day course of 15 mg of
primaquine, the recipients being inspected medically half-welly
through the course People may however be rendered temporarily
harmless, or non-infective to mosquitoes, by administration of 2
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single dose of 0 6 G. chloroquine base with 50 mg of pyrimetha-
mine, a rattonale which deserses trial and which may be developed
1n the protection of areas from which malaria has been eradicated

There 15 an excellent comprehensive account of antt-malaral drugs,

weith a good bibhography, i —

Covrrr, G, Coar~ey, G R, FiELD, J W & JaswanT SiNGH Chermo-
therapy of malarra W H O Monograph Senies No 27 Geneva,
1955

Special aspects of therr use as supplements to 1magrcrdal control

progranumes are recorded in —

Farinaup, M E & Crnoumara, R La prophylaxie du paludisme dans
pays montagnards du Sud Viet Nam 1954, Bull Wid Hith Org,
11, 793-838

Vinekg, I H Prophylaxie med du palud en zone
rurale 1954, Bull 1Wid Hlth Org , 11, 785-792




CHAPTER XII
THE CONTROL PROGRAMME

A MALARIA control programme turns first on an orginal
apprectation of the incidence and distributton of malaria, 1ts
stability and season, the vector and its habits, such as described
when discussing survey procedures From this appreciation
decistons on policy must be made on the degree of control to be
aimed at and the mechanism to be used Fortunately the once
widespread 1dea that there was something harmful in the control
of hyperendemic malaria has been killed and questions of policy
now turn on the areas where control 1s to be practised and whether
the objective 1s a limited one or that of complete eradication

This nowadays should largely depend on whether the organisation
undertaking control 1s a national one interested 1n the welfare of
the country as a whole, when ultimate eradication seems a
generally logical end to work towards, or 1s a local one concerned
only 1n a small area from which eradication would be frutless
ow1ng to constant remtroduction If eradication 1s to be attempted
there may be, 1 some few places, questions of whether 1t should
be through total eradication of the mosquito, or through its
prolonged control until the parasite 1s eliminated In the present
state of knowledge and ability vector eradication 1s not a general
possibility and would only be practised in places where there 15
a physical barnier to reintroduction of mosquitoes, or where the
tnsect has been demonstrated as readily susceptible ta eradication

There are for mstance sland territories in the Caribbean and
elsewhere where mosquito eradication mught well be a more
logical a1m than control, and 1t might be attempted by imagicidal
means 10 places infested by A darling: and perhaps A funestus

The possibility of malaria eradication makes 1t desirable to think
of control schemes 1n terms of natural areas which can be to some
extent 1solated from other malarious zones, and to attempt
integration of control 1 such areas even though they extend over
polttical frontiers and tnternational co-operation 1s mecessary
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Following decistons on these points come those on the chorce
of mechanism, very largely a choice between imagicidal and
larvicidal techmques and for nearly all places ending n a decision
for the former There are, however, a few places where a decision
to rely on lanvicidal techniques may be justifiable, those in which
breeding of the vector species 1s confined to readily defined hmited
water areas which arc relatnely few 1n number 1n contrast to the
houses they influence There are many towns where this 1s the
cace and there arc other special cases where swamp breeding
mosquitoes can be handled more logically by swamp drainage
than by insecticidal application to houses There are others
coming under the head of man-made malarta where the object
should be to eliminate the fault rather than to meet 1ts results by
measures caustng inconvenience to the householder and expense
to the medical department, neither of which 1s responsible for the
nuisance However, on analysis imagicidal control will be found
preferable 1n the vast majonty of places It 1s the only technique
by which 1t has proved possible to control malaria over entire
countrysides, rural and urban, and the circumstances 1n which 1t
cannot be used to achieve this end are certanly very few if they
exist at all No large project should turn from 1t to other mechan-
1sms without very serious justification

Both imagicidal and larvicidal mechanisms demand therr own
systems of cheching to ensure efficiency, and they are described
n relation to them Whichever 1s used there 1s also a need for
assessment of the effect on malaria Spleen and parasite rates
taken on schoo! children and older groups are very unrehable,
almost useless, guides to short term changes n ncidence and
particularly to rapid reductions in incidence Hospital statistics
are indicative but no more, for experience shows that the diagnosis
of malana continues to be made long after the disease has
disappeared There 15 only one relable indicator, infants, and
especially infants born after the control programme has been
started, who should remain umversally and consistently free from
parasttes 1f effective control 1s being pracuised Systematic surveys
of infants are therefore needed and by whatever process may be
most applicable to the country, 1n many the routine collection of
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blood films 1n mfant clinics may be the most appropriate but the
existence of areas not normally served by them should not be
overloohed Hhgh standards of ton and diag of
films must be mantamed, and this may be difficult 1 busy
chinics without special staff once malarna becomes looked on as
unmportant Usually this need wilf lead to the provision of
special facilities and staff for exammnation of films, under the
superwvision of the malaria service

Routine collection of blood films from the general papulation
will, however, agan become important when 1t 15 agreed that
malanial endemicity has died down and search 1s made for residual
focr and recrudescences of the disease, and st will make the
provision of special facilities more mmportant In this case films
will probably be tahen 1n hospitals and clhinics, and will be required
of all practitioners when elintcal malarsa s diagnosed, and since
mn the vast majonty of cases the result can be of hittle advantage to
the practihioner or the individual patient 1t would only be possible
through a service designed for the purpose

THE IMAGICIDAL PROGRAMME

On a decssion to undertahe restdual spraymng a further apprecia-
tion 1s necessary, of the resting places of the vector anophelme to
determune the needs for treatment of sleeping rooms, other rooms,
anmmal shelters or other places, on the efficacy of wnsecticides
agamst them under local conditions and particularly on Jocal wall
materials, on the susceptibihity of the anopheline as a chech on
any later suspicion of resistance, and on matters such as the typical
formation of houses, the areas of wall surfaces to be treated and
the means of transport which are appropnate For any really large
scheme 1t 15 most dessrable that a test hut mechanism should be
established so that facrual comparisons can be made of the
efficacy of msectscides under true local conditions, and much nish
of either waste or mefficient worh thereby avorded

"The chowce of nsecticade should properly be controlled by an
experimental technique of this sort, and will often turn on
questions of relative cost, mcluding matenals, long-distance
freight, local transport with labour and other application charges,
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which will be different for each of the avalable products The
two which can be relied upon to produce a really high anopheline
mortality in almost any circumstances are yBHC and deldrin,
and 1n places where the malania 1s stable and carried by an
anthropophilic and long-lived anophehne the choice will often
lie between them yBHC will usually be preferred where the
transmission season s short, of the order of three months or less
It will rarely be found appropriate to apply less than 20 mg of the
gamm 1somer per square foot, and present indrcations are that
larger doses of 40 mg or even more may prove valuable and
practicable 1f the odourless indane product 1s used Where the
season 1s longer questions of cost will determine the choice
between repeated appheations of yBHC and more widely separated
doses of dieldrin With a sic-monthly spraying schedule an mitial
dose of 50 to 75 mg followed by later applications of 30 to 50 mg
per ft? of dieldnn will often be found appropnate, though local
experimentation may suggest constderably different intervals and
doses When dealing with mosquitoes which are normally zoophilic
or 1n other ways somewhat inferior vectors a cost estimation may
show that DDT 1s the more economical matenial and 1t 1s likely
to be effective, and 1n many places a dose of 200 mg per ft? will
be found appropriate on a six-month cycle In some places and
notably n parts of Central Amenca local conditions may make
this dose effecuve for much longer perods, but this can only be
determined by local experiment
In almost all cases the most effective formulation will be a
suspension 1n water of a wettable powder, the demand for other
formulations ansing from the disfigurement produced n well
decorated houses by 1ts use There may therefore be need for
1 or sol replacing a small part of the suspension,
and often charges are levied agamnst householders who elect to
have the more expenstve product
The essence of an orgamsation 1s the spraying gang, the size of
which will often be determined by 10ns and transport
fachiies In any large scheme 1t wall be carried with 1ts apparatus
and supplies 1n transport, usually a truch but at times 1n a special
vehucle, by boat, or by ammal transport ELconomy usually
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requires the formation of the largest gang which can be con-
ventently carried with 1ts matertals 1 the approprate umt of
transport, and 1t will often prove to consist of a foreman, a dniver,
4 to 6 sprayers with 1 to 2 reliefs who wall service the sprayers and
exchange duties with them The first step 1n organtsation s the
determuination of the size of the gang which 1s appropnate and of
the number of houses which can be treated by 1t 1n the course of
one spraying cycle The size of houses, the numbers of rooms and
the ease of commumication have much bearing on this and local
experiment with a pilot team 1s essential, 1t will often be found
that a gang of the size indicated can treat 1,000 small houses a
month and 6,000 1n a six-month cycle of work, protecting perhaps
30,000 people

A pilot gang, carefully supervised, can convert original estimates
into firm figures on the basis of which the proper size of areas of
operation can be worked out and they can be marked out on maps
and on the ground The pilot area can then be used as a traning
ground, further gangs tramned 1n 1t can be allocated to others and
rapid expansion can thus be achieved

Within the gang 1t will be the duty of the foreman to ensure
that a regular schedule 1s kept, that villagers are informed before-
hand of the arrival of the gang and the necessary preparations
made 1n the way of opeming houses, covering foodstuffs, and
removing bulky furniture from walls, the foreman will supervise
spraying and record the treatment of each house both mn a ledger
and 1n the house rself, where a statement of the next due date 15
also welcome These foremen in their turn need help and
supervmon from » el tentre of consrol, supples wnd recards,
which may be capable of handling half a dozen gangs and will
need a hugher grade of supervisory staff, with transport, store and
office accommodation

The control to be exercised over work 1s of two types,
discsplinary and techmeal The former, ensuring that spraying 18
carrted out as directed, requires that a firm schedule of worh
should be prepared beforehand, the immediate reporting of any
dewviatton from 1t, and an mspection system by supervisory staff
Technical supervision 15 concerned with the qualies of the
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nsecticide supplicd, normally handled at a central umt and
referred to later, the rates of application to walls, the duration of
efficacy, and effect of the msecticide on anophehnes Such super-
vision should normally be undertaken by the local control centre,
dispatching material to a central laboratory as might be necessary

Control of application rates by test papers applied to the wall
beforchand 15 a good chech on techmque for the information of
worhers but a poor one for control 1n that the test aren 1s visible
to the worker 1t the time of wpphewon Wherever possible random
checks should be made on walls treated recently and using either
the techniques of separation of msccticide from the wall by
‘Sellot1pe’ or silicone grease or by scraping the wall surface, the
matenal being then submitted to chemical analysts When DDT
1s used 1t may be possible to arrange that the Allessandrini test,
or a stmilar one, 1s carried out 1n the local centre

The absence of anophelines 1n treated houscs 1s a poor check on
efficiency and not to be relied upon Their presence, however,
may be important as an indication of failure of action or of msect
resistance, and some searches should be made The prevalence of
anophelines in untreated shelters and of their larvae 1 breeding
places may, however, prove valuable guides to what 1s happening
and an effort should be made to record them from the first so that
changes can be noted Age classification of adults found 1n
untreated houses, using the ampulla measurement techmque, 1s a
valuable gide to the degree of mortality being achieved locally
and though 1t demands techniques only possible to the ento~
mologist 1t should be carried out wherever possible Routmne
susceptibility tests are also necessary, carned out periodically
and also 1f there 1s any suggestion of possible resistance in the
form of undue anopheline prevalence or of an age constitution
congistent with survival in the face of treatment

The point 1n examining breeding places 1s to note whether any
great decrease 1n the breeding of the vector species has occurred,
1t would be an ndication of early progress towards eradication
of the anopheline and 1f found should lead to a reconstderation of
the scheme to see if 1t might be modified to complete the process
The necessary data are therefore some numerical statement of
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larval prevalence at the start of the scheme with periodic reassess
ment at the same places and under similar conditions Tt should
not, however, constitute any major part of the work of the control
group

The scale of provision of gangs and local centres will depend
on the size of the area to be controlled, but whatever 1t 1s they
need control by a central orgamsation the quality of which will
reflect that of the director who needs considerable knowledge of
malariology, admuimsstrative ability, powers of leadership and
versatility, The functions of the centre are advice to the govern-
ment on policy formation, tactical management of control,
maintenance of office and records, and the purchase, checking,
handling and distiibution of stores, staff traiming and manage
ment, and technical supervision Many of the necessary provisions
are common to other administrative umits, but a large scheme
requires a laboratory with chemical, entomological and parasito-
logical sections each under a competent head The chemucal
section should be responsible for the control of specifications of
matenals, largely according to the Spectfications for Pesticides by
WHO, and for the management of chemical testing of work 1n
the field The entomological section would be largely concerned
with oniginal survey and later systematic apprassal of entomologzcal
results, including the biological testing of mnsecticides, the suscepti-
bility of insects to them and the happenings to anophelines under
control The parasitologrcal section would graw m mportance if
the scheme proceeded from control to eradication, blood films
needing examination at all times, at first largely from infant groups
and later from expanding sections of the hospital and general
population

The 1nvaluable and irreplaceable tramung 1s 1n the field, the
strongest emphasis bemng on 1t with only subsidiary concern 1
systematic wnstruction The virtue of residual msecticrdes lres to
no small extent 1n that they are applicable by a technique which
can be taught as 2 drill requinng the muimimum of judgement by
the field staff The first gang must be tramed direct by the pro-
fessional staff and kept under the closest supervision untdl 3
successful techmique 1s estabhshed Ideally this mutial gang
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should continue as a tramning gang, new staff working with and
alongside 1t unti} the techmques are mastered, and certainly all
new foremen and jumior controlling staff should serve a term with
such a pilot team Beyond this, sprayers and similar staff need
suffictent instruction 1n what they are dong to stimulate thar
wterest, and if possible their enthusiasm, but there 1s hittle pont
m pushing instruction past tius stage It 1s equally important
that the junior controlling staff should be drilled systematically
in a fen techmques, all carefully standardised, and that they
should not be confused by discursive courses presenting many
alternatives of action Some of this instruction rught be given at
the central laboratory, but 1t should certainly be pursued as a
practical exercise n the field under the direction of previously
trained people of similar grades There will also be a need for the
tramung of laboratory techmcians at the base n standard pro~
cedures T'or professional staff with basic professional education
the best traming 1s also on the job Ongmnally this may not be
possible locally and the value of visits to schemes 1n other countries,
m which the visitor partictpates for a time 1n the work of his
professional colleagues, cannot then be over-esimated Didactic
courses of instruction are at times valuable but must be looked on
more as providing an educational groundwork than as a detailed
traming for a particular post

THE LARVICIDAL PROGRAMME

The place of larvicadal work, or more correctly the prevention
of anopheline breeding, 1s distinctly limuted and 1t should not be
undertaken except for special and definable reasons Where 1t 1
appropriate the object 18 to control all breeding within some
defined area, often described in terms of 2 radws around an
wnhabited place An enlargement of the origmal apprecanon 1s
needed for larvicidal control, an exact incrimination of the vector
with exclusion of other species from suspicion, which requires a
considerable programme of mosquito collection and dissection,
a precise study of the breeding places of the vector, leading to an
incnmination of a type of water in which 1t may be found
breeding, an analysis of the frequency of this type of water, and
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information on the normal range of flight of the vector from 1ts
breeding places

On this apprectation a programme can be butlt It will snclude
first a decision as to whether the vector species only 1s to be
attacked or mosquitoes 1n general The first 1s indicated where
the incriminated type of water 1s limited and definable, readily
recognised by subordmate staff, and where no nuisance or other
mosquito-borne diseases call for control of other species In the
range of anophelines with highly specialised breeding habits
such as A maculatus, A mmmus, A flumatils, A superprectus,
and A bellator, a strict species sanitation may be armed at, but
where breeding 1s commonly widespread, as with 4 eulietfacies,
A gambrae, A fi the 4 maculyf complex, A darling:
and others, a campaign approaching general mosquito control may
be 1nevitable

After this a decision must be made on the radius of control
needed around places to be protected, often of the order of
three-quarters of a mile but extending well beyond this where
breeding 1s profuse or the vector 1s a good flier, as 1s the macul
penms group Within the chosen radiws all waters of the
meriminated type should be controlled, and this regardless of any
finding that a particular stretch 1s found free from larvae on any
particular occaston Methods of search are primitive, much 1s
averlooked, and negative searches do not justify mactien, though
if consistent they may justify a review of the original incrimination
of that type of water

The mechanisms of control may be chemical, biological or
mechanical, and all must be loohed on as temporary measures
demanding periodic action though the intervals may vary
Chemucal control can be immediately effective and will be the
usual starting pomnt The chorce of larvicide 1s now relatively easy,
a solution of DDT in oil, exther as such or emulsified 1n water
having great advantages over most others There 1s no particular
reason to think that larvicidal use 1s more likely to cause resistance
than s mmagicidal, since the once widespread hypothesis was
founded on crreumstantial evidence which has not mcreased with
time, and there 1s no reason to avoid DDT on this account.
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The effective dose 15 about o 1 Ib DDT to each acre of water
surface, which 1s provided by 1 6 pints of 2 5 per cent solution,
one gallon of a 1 per cent , or 10 gallons of a o 1 per cent emulsion,
n which last form 1t 1s usually applied In anopheline breeding
places restdual action 1s not to be expected, the DDT beng
quickly precipitated in collordal aggregates with other matersal
commonly present 1n the water, and fresh applications must be
made throughout the transmission scason and at intervals not
exceeding the mimmum time of development from egg to pupa,
usually weekly Preparations of yBHC and dieldrin have been
advocated but do not seem to have material advantages over DDT,
and 1 one case the pellet form of dieldrin larvicide has been found
to evert a local Janicidal action near the bottom of the water,
destroying anophelines only when 1t 1s shallow and perhaps even
favouring them when 1t 1s deep by destruction of competitors and
natural enemies

Biological means of control are too numerous and too localised
1 their application to give 1n detail Their principle 1s that they
act by modifying the condition of the water so that 1t becomes
unsuitable for the vector speces, without actually eliminating the
water All types of herbage cantrol which lead to mosquito control
come under this heading They are very numerous and of very
extensive application, but therr utility 1s limited to particular
anopheline species and the techmques can only be dernved from a
detailed knowledge of the breeding requirements of the relevant
species They were very largely used for instance by the Tennessee
Valley Authonity for the control of 4 quadrimaculatus, shore-line
vegetation being controlled by oscillation of water levels and to a
lesser extent by herbicides Another accepted and still valuable
technique 1s the control of salinity 1n places where vectors, such
as A melas and A sundaicus, favour brackish water, and another
the preservation of shade over the breeding places of mosquitoes
choosing sunlit waters, such as A maculatus and A minsmus
Lach of these has once had a large place, but 1t 15 now to be
remembered that they are in competition wath an imagicrdal
control which can be perfect, and they should not be pursued to
1ts exclusion unless they can match 1t 1n results
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charge of stores and records and has under him a couple of
collectors who can undertahe the larval and adult searching
needed 1n supervision The districts are grouped 1nto larger units
and so on untl 7 complete manageable pyranud 1s bwilt up
Central technmieal control requires 1 director with the services of
an cntomologtst and a parasitological laboratory where measures
analogous to those usual 1n imagiadal programmes are under-
tahen

Present larvicidal programmes do not often extend over great
areas, and require only a section of this orgamisation, branched
off from the more widespread imagiaidal scheme and coming
under 1ts general control

THE CHEMO THERAPEUTIC PROGRAMME

Control 1n normal civilian conditions 1s very rarely attempted by
means of drugs alone, but they may have some place 1n association
with schemes of mosquite control and espectally with those
leading to eradication of malaria There 1s the greatest likelihood
of value from them when P faleparum greatly predominates over
other species of parasite, when they might be widely used with
the rational objective of securing an early dimmution of the
reservorr In some past schemes they have been given to a huted
part of the population believed to be most at risk and to constitute
the greatest reservoir—infants and children—and adminstration
has been by nurses 1n clinics, and 1n schools It 1s, however, well
established that this does not reach the entire reservoir and
though the limited approach 1s a valuable aid 1t could be improved
upon by making 1t more general, and in that case 1t might be carried
out for a much shorter period

Experimental work has been carried out showing promise n
this general treatment, and 1t 1s described elsewhere 1n the section
on drugs in control There 1s, however, no background of
expertence on which to build a sch of general ad ration
even for a short time, and 1t would have to be worked out 1n
relation to local conditions and subject to pilot test tn limited areas

The more prolonged admimstration of drugs to 2 more limited
group has often been practised, and 1s based on utiisation of
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existing agencies such as schools and clinics It formed a matenal
element i the successful control of malaria n Madagascar,
weekly doses of chloroquine being given to all under school
leaving age Chloroquine has principally been used but the
mdicattons are that amodiaquine might be equally cffective, and
that 1n some places pyrimethamine might be substituted

An excellent world wide review 15 imcluded in —

Russert, P, F World-wide malana distribution, prevalence and
control 1956, Amer ¥ trop Med, §, 937-965, data from which,
shghtly amended for 1957, have been used tn preparmng the back
endpaper

The pohcy of expansion over a large territory can be seen in —

JaswanT SINGH Malaria and 1ts control 1n India 1952, J roy samt
Inst, 72, 515-525

The specral problems of Africa can be seen in —

Bruce-Crwarr, L J Problems of malaria control n tropical Afnica
1954, Brit med ¥, 1, 169-174

Bruce-CEWATT, L | et al An experimental malaria control scheme i
Ilaro Malania Service, Department of Medical Services, Federa
tion of Nigerta Information Bulletin No 3, 1955

and thewr successful solution m —

JoNcour, J La lutte contre le paludisme a Madagascar 1956 Bull
Wid Hiih Org , 15, 711723

DowLing, M A C Control of malarta 1n Mauritus, eradication of
Anopheles funestus and Aedes acgypti 1953, Trans roy Soc trop
Med Hyg, 47, 177-189

Avrves, W & BLaIR, D M Malaria control in Southern Rhodesiz 1955,
¥ trop Med Hyg, 58 273-280

The followng paper 15 a classical account of control (later proceednig

to erad: ) based on eprdemological survey —

GaBALDON, A The nation-wide campaign against malaria in Venezuela
1949, Trans roy Soc trop Med Hyg, 43, 113-160

A comprehensive statement of a variety of control methods 15 giuer

m—

TENNEsSEE VALLEY AutsoRrITY Malaria control on tmpounded waters

Washington D C U S Government Printing Office, 1947




CHAPTFIR XIII

THE ERADICATION O
MALARIA AND O MOSQUITOLS

AL IRIA ERADICATION

THE concept of eradication of malana anses from experence,
partly of natural happenings 1n northern Curope and America,
and particularly from the effects of continued and fully effective
control 1n places such as Crete and the US A Tt 1s to be clearly
distinguished from both malaria control and vector eradication
Malana eradication means the ending of the transmission of
malana and of the reservoir of infective cases 1n a campaign
limited 1n time and carrzed to such a degree of perfection that
when 1t comes to an end there 15 no resumption of transmission

Malania control implies the reduction of the disease to a prevalence
where 1t 1s no longer a serious public health problem, carrying the
mmplication that the programme of work will be unendmg,
maintaining control by continuous active work Vector eradication
means the total eradication of all members of the vector spectes
concerned so that they do not breed when the campaign against
them 15 ended Vector eradication 1s an atiractive 1dea, and has
been achieved 1n a few places, notably some infested by A darling:
and A funestus, but 1t 15 not so generally attamnable that 1t can be
recogmsed as an objective except in special circumstances

Malana eradication appears, however, to be widely attmnable and
by mechanisms which are within the techmical and financial
reach of most countries, though not yet perhaps of several
African ones ‘The process requires a temporary increase of
expenditure above that of a control programme at the time when
both vector control and sur eillance overlap, but this 1s followed
by 2 time of decreased expenditure when insecticidal worh 1s
abandoned progressively from one place to another It does
mply the application of very high standards of techmeal and
admunistrative control to ensure that fully effective work s carried
out throughout even the most remote parts of the area n which
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probably be small arcas of transmisston 1n the general area where
1t had been brought to an end Eradicatton could therefore be
expedited 1f an actnve search were made for infective individuals
and particularly for restdual foct of transmisston Therefore
umversal insecticide application 1s first practised alone, 1t 1s then
accompanied by a dehberate case-finding mechanism, and finally
abandoned to giv e way to a case-finding mechanism and emergency
arrangements to deal with any foct which may be found Eradica-
tion may justifiably be claimed 1f an active case-finding campaign
has been carried out and no primary indigenous case has occurred
in the region for 3 years Even after this period infections might
reappear either owing to reintroduction of the disease or to late
relapse of cases, so that 1t 13 necessary to make the disease notifi-
able and to treat st when 1t occurs as highly infectious

The eradication campaigns which have been so far carried out
have been based on an onginal insecticidal campaign which has
been continued for suffictent time for the great majonty of
mfected persons to recover by natural processes, and penods of
from 3 to 5 years’ continuatton are looked on as normal 1t would,
howeser, clearly be advantageous to hasten the cure of infective
people by artificial means, and there 1s reason to think that the
preliminary phase could be completed within a year or so if this
could be done Recent experimental work with pyrimethamine,
amodiaquine and chloroquine indicates that they can be effectively
used 1n the mass treatment of the entire population to ensure the
radical cure of a hugh proportion of falctparum cases There has
been some ongmal expenmental combination of such mass
treatment with general msecticide apphcation, which 1s fully
described 1n Chapter XI, and there 1s considerable promise n
this combined method of attack though great admmstrative
difficulties would be mvolved and would have to be tackled by,
amongst other things, careful education of the public

The mechantsm of case-finding and clearing up of restdual foct
must depend very much on local circumstances and will vary
greatly from one place to another The objective 15 to find all
possible cases of malana, to render them non infectious, and also

to follow the history of infected people, to 1dentify the place in
12
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which they became nfected, and to bring any continuing trans
musston there to an end As a necessary preliminary malana must
be made notifiable A central organisation takes up the examnation
and subsequent treatment of all notified cases, combirung with
1t a very active search for other cases, using all means at its disposal,
and particularly such measures as the taking of bloed films from
all cases with pyrexia attending out-patient departments or
dispensaries A very considerable diagnostic service combined with
a field mechamism 1s therefore necessary As the programme
continues large numbers of blood films must be examimed though
the proportion found to be positive progresstvely decreases
Whenever a positive film 1s found arrangements are made to sec,
treat and make inquuries of the person from whom 1t came and to
trace 1f possible the probable place of infection Further work 1s
then undertahen 1n this place, mvolving the taking of blood films
from people living 1n 1t, treatment of those people found positive,
mquiry mto the nsecticidal history of the area, and a study of
anopheline prevalence with, 1f necessary, the re-institution of
nsecticidal treatment When this process starts cases may seem to
oceur 1n a more or less random manner over the countryside, but
when 1t has been continued for some time 1t may become possible
to recognise the circumstances mn which residual foct may be
expected, and a more active search can then be made for such
places without necessanily the lead of an imtial case Recent
experience shows that the objective can be obtamned with greater
ease than was previously thought and that there 1s less danger
than previously expected from persons relapsing a long time
after their onginal infection Recrudescences 1 places where
eradication has been claimed have been very few and have been
noted before they gave nise to any matenal epidemic conditions
Malaria eradication schemes must necessanly be large and are
typically carried out on a national scale, and 1t may prove destrable
that they should sometimes be carried out through geagraphml
areas which might extend over the frontiers of more than one
country The first step 1s the formation of a plan dealing with the
feasibility of the scheme, 1ts extent, the nature of the programme,
and costs, in the preparation of which the Sixth Report of the
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WHO Expert Commuttee on Malana should be consulted This
plan should then be accepted by Government, to which 1t should
be presented as a whole and not as one to be reconsidered from
year to year, and 1n presentation it should be emphastsed that any
interruption 1 the campugn mught result 1n the loss of ground
already ganed and thereby ciwse considerable waste The
programme should include the setting up, 1f 1t does not already
exist, of a separate division of the Department of Public Health
dealing exclusively with the malaria erndication scheme, to which
funds would be separately allotted, and which would need support
by budgetary proviston made n advance for several years There
should be a legislatine background dealing amongst other things
with the scope of the scheme and the functions of the division,
the control of funds—considerable discretion 1n detaled allotment
being left to the director—rnights of entry to and treatment of
premuses, notification of cases and submussion of blood films from
pyrexial cases, and the night to require treatment of individuals
found to harbour malara parasites The need to exercise some of
these rights might not anse until the scheme was well advanced,
and the law should be framed so that various sections could be
brought into force by regulation at appropriate times

Wathin the division there should be a complete integration of
administrative ability, professional skill, and routine working—
all of 2 high quality Sound admimstration 1s an absolute necessity
and the malariologist must erther learn and adapt himself to
adminstration or agree to worh under one specialised 1n that art
Though essentral, 1t should not become the centre point of the
scheme, and should keep 1ts place as an auxiliary established to
meet the needs of the other services, placing staff matenals and
equipment where they ate needed at the nght time, and ensuting
co ordinatton of work in different areas The entire scheme
should be under close central control, but with decentralised
executive work The central organisation would necessanly be
contmlled by a director opemtmg several sections dealing with

d logy and gy, admimstration of staff, nsec-
ncxdcs and their chemical control, accounts, stores and records,
and research and trarming In most places many of these could be
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built up from existing matenals, and 1t 1s very desirable that
research and traming should, if possible, be incorporated 1n the
form of an existing institutron, such as a Malana Institute, which
1s made a part of the organisation For executive purposes the
whole area would be divided 1nto regtons, each under the control
of a regional field director, who should be a man with considerable
eptdemiological knowledge and understanding of the problems
mnvolved so that, whilst carrying out the directives of the central
organsation he could meet and deal with day to day problems
whether epidemiological or admimstrative, as they anse Within
this regional organisation the working umit 1s a spraymng gang
half a dozen of which come under an inspector who 1s the key
man 1 routtne working and who 15 responsible for day to day
supervisson High standards are needed at this level, and 1t 1s
essential that the inspector should be carefully chosen for hs full
understanding of the work of the operatives and the difficulties
n therrpath If possible, inspectors should be created by promotion
of people who have actually been employed 1n the spraying process
and 1 recruttment 1t should be ensured that some people of 2
calibre suitable for promotion are taken on to spraying gangs
In later stages of the programme spraying gives way to surveillance
as the marn regional activity, and the inspector then controls the
taking and despatch of blood films as he had previously been n
charge of spraying

As a background to this a considerable training programme 18
necessary, and as much of the tratning as possible should be done
on the job For this purpose an ongnal pilot zone should be
operated, at first under the immediate direction of the squ;"
professional staff and later passed over to normal regional sta
The first objective 1n thus pilot zone would be to establish standards
of work, both in terms of quality and quantity, determining the
normal size of task for each group of people, the number of houses
which can be sprayed by one gang, and such like matters OnC;
these standards have been fully established and the technica
quality of the processes has been proven, this pilot zone may b;
continued as the mamn training area to which new staff are allotte
before being dispatched to the areas i which they are to work
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Comparsble traning arrangements will be necessary in the
laboratory, dealing with’such)matters as the collection and dispatch
of blood films, of mosquitoes, the recogmition of anopheles of
the area, the examination of blood films, the mamntenance of
equipment, the hecping of records and the movement and control
of stores The general principle should be that a man goes through
a course of training 1n one of these subjects at a ttme and 1s then
posted to his job A man who shows promise should be brought
back for short periods of instruction 1n other functions, and
thereby enabled to acquire one by one all the techmques involved
i the scheme and graduate for promotion This type of training
1s much more appropniate and adapted to the needs of a mass
campargn than discursive traiming covering at one time a variety
of subjects

The spraying programme 1nvolved 1n an eradication campaign
13 of the normal form and needs no special description except 1in
relation to ats admimistration, which must be arranged to secure
unnersal application and the umwversal attanment of a2 high
quality of work. Firstly, the work allotted to each gang must be
within 1ts capacity, and this depends on the quality of the analysts
which has previously been made of the capacity of a team 1n the
pilot zone, and on the accuracy with which the country has been
divided into zones of operation to be worked by such gangs
Then 1t turns on the tramming of mmdmduals, the regulanty of
their supply organisation and the quality of the supervision to
which they are subject The requirements for tramming have been
descnibed In each region there should be a store carrying an
ample reserve of apparatus and materials Supervision falls on
the foreman of the gang, the mnspector in charge of several gangs,
the regional director and the central orgamsation, each of whom
must accept responsibibity and undertahe both routine and
surpnise inspections ‘The objectives of nspection are two, to
ensure that the work prescribed 1s actually carred out, and to
ensure that 1t 15 achieving the result ntended, and their dual
nature should be kept quite clearly in mind Checking of execution
requires that clear instructions should be given on what is to be
done, with proper arrangement of daily and weekly schedules and



182 THE ERADICATION OF MALARJIA AND OF MOSQUITOES

precise working instructions, and a proviso that any deviation
from routine practice is to be reported immediately. A known
schedule can be checked with relative ease. The quality of spraying
can be checked by frequent visual inspection and by periodic
chemical analysis of wall deposits to see if the amount present
agrees with that expected. The result desired is cessation of
transmission of malaria, the forms of check on which will change
as the programme advances, taking first that of examination of
blood films from infants and later moving on to the various
processes of surveillance.

Surveillance is built on the spraying programme at an early
stage, and for a time the two overlap. It is a process of case-
finding, the outline of which has already been described and the
form of which will differ from scheme to scheme, though the
element of specific house-to-house search both at random and
where cases are suspected will remain important in each. Success
cannot be hoped for unless public co-operation is achieved and
there should be at this stage a considerable educative campaign
in which the objects and methods of the scheme are described
and co-operation sought, both in its passive form of acceptance
of work and actively by assistance in the search for cases. The
legal powers behind the scheme should rarely be brought into use,
being reserved for dealing with intractable individuals who might
by their opposition wreck some part of the programme.

This surveillance is the indicator on which progress is judged
and on the findings of which other parts n¥ *  programme are
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adequate surveillance system has not discovered any evidence of
tr. or residual end y, despite careful search, for
three years in at least two of which no speaific general measures of
anopheline control have been practised The Lxpert Commuttee’s
requirements to establish the claim 1n relation to any speaific arca
are that there should be —

{a) Proof that an adequate surverllance system has custed 1n
the area for at least three years, 1n two of which no speaific
anopheline control measures have been carried out Any
claim based on a lesser penod of post-operational sur-
verllance would need to be supported by proof of a
sunvelllance mechanism above the usual qualty,

®

=

Lvidence that in tlus period of three years no indigenous
cases onginating within that time have been discovered,

(

o

Evidence of a register of malaria cases discovered during
that time, 1t being established beyond reasonable doubt
that each case was erther

(1) Imported, as shown by tracing the case to 1ts ongin
m an achnowledged malarious area, or

(1) A relapse of a pre-existing infection, as shown by
the history of the case and the absence of any
associated cases 1n the nesghbourhood of its ongm,
or

(1) Induced, as shown by its relation to a blood trans-
fusion wiathin an appropnate interval, or to another
form of parenteral ineculation to which infection
could be properly attributed, or

() Darectly secondary 1o o hnown ymported case

The last proviso allows for the fact that imported cases may
occur anywhere and that a very lmuted spread may happen
around them even in what would normally be non-malarious
terram, as for instance i England A secondary case dernved from
an imported case mmght therefore be overlooked though further
generations of cases from this secondary would indicate an
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established endemicity which would be incompatible with 2 claim
of eradication.

On achievement of eradication the scheme as such comes to an
end, but the search for cases must continue and measures must
be taken if they are found. These activities would normally
become a function of the Public Health Department and the special
Division of Malaria Eradication would close. Foresight should be
used to ensure that this does not mean the dispersal of staff, and
if it is not used the staff will foresee the risk and may abanden
the scheme before it is complete, choosing their own i
in going rather than that of the organisation. This real risk can
be overcome only by progressive integration of the eradication
programme into the general public health programme during its
later stages, and material advantages both to the staff and govern-
ment can be gained by such integration, The eradication pro-
gramme will inevitably have required sound epidemiological
understanding and high standards of routine work, which are
assets in any department and can form the background for at}.xcr
advances in the public health. The point that the eradication
programme, though temporarily distinct, is an activity of the
Public Health Department and one of a series of moves towards
the creation of a healthy environment, cannot therefore be made
too early or too forcibly. .

The concept of eradication owes much to WHO, and its
practice to that organisation and UNICEF, whose advice and
help should be sought when any programme is considere‘d, The
Sixth Repost of the WHO Expert Committee on Malan‘a deals
extensively with the subject and is a proper guide which the
reader who is to ge fully into the subject is advised to consult.

VECTOR ERADICATION

The complete eradication of the anopheline vector from an
area would of course achieve the eradication of malaria, thm‘xgh'bf
a different route, The objective in an anophefine eradfcauo!;
programme is the destruction of 2 sufficient ?rop.omon o
mosquitoes to ensure that each successive generation 13 smaller
than the last, in fact to reduce the net reproduction fate below 5-0-
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The fertility of anophelines ts very high In many species the
female may lay about 200 eggs five days after emergence from the
pupa, and may repeat the process every couple of days up to 5 or
more times dunng the course of an average lifehme Very little
15 known of the fate of the majonty of these, but 1t scems that the
biggest curb to multiplication 13 probably in the aquatic stage
when the mortality 1s usually very high This s probably, however,
caused by factors which are related to the density of larvac, 1t
therefore decreases marhedly as the Jarval density 1s thinned,
after which a ugh proportion of eggs laid may result in the
emergence of adults An eradication campaign through larviaidal
attack must therefore am at hilling a very hugh proportion of all
Tarvae, and provide for the recogrution and treatment of the most
mnute and naccessible breeding places A campaign based on
the destruction of adults would have to achieve continuously a
mortality of about 70-80 per cent of anophelines per day if 1t
were to attain 1ts purpose

Initial eradicationschemes used thelarvicidal attach and werefirst
directed agamst the vector of yellow fever, Aedes aegy ptz, but later
develaped for the eradication of Anopheles gambtae 1n terntories
which 1t had freshly invaded The technical processes involved
are not different from those of ordinary control, consisting of the
application of any hnown farvicide which may be appropriate to
the arcumstances Essenually the procedure 1s an admmstrative
one which attempts to ensure that within a large geographical
area all breeding places without exception are treated, and that
the work 15 cheched to ensure that this 1s actually achieved
The process consists first in the division of the terntones into
areas commonly called zones, of such a size that one small gang
of men can treat all breeding places within one 1n the course of a
working week The arrangement of these zones demands con-
siderable care, probable readjustment after imitial description, and
demarcation on the ground so that the boundaries are visible to
the workers Appropriate programmes of work are lad out for
these zones and are checked by two means searches for farvae
and searches for adults The searches for larvae, carned out on the
day following that on which any particular area should have been
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treated, are intended to check that the treatment prescribed was
actually applied Searches for adults are carried out throughout
the area and are intended to discover if there 1s any residual
emergence, whether from known or from previously unrecogmsed
breeding places The discovery of adults of the speces leads to
the assumption that untreated or nadequately treated breeding
places still exist, and so to a concentrated search for them and to
their elmination Programmes of this nature were carried out 1n
Brazl following the migration of 4 gambrae from Africa and its
multiplication over a part of that country, and in Egypt following
the 1nvaston of the lower Nile Valley by 4 gambae from the
Sudan In both cases the programmes were rapidly and completely
successful, virtual ehmination being secured within a year of the
deployment of the full force intended The process was repeated
in Cyprus with the purpose of eradicating the indigenous vectors
of the disease, 4 sacharow, A superpictus and A claviger, and 1t
was thought that success was achieved A similar programme was
carried out against A labranchiae in Sardinia and farled to secure
the complete eradication of that mosquito, though 1t did achieve
its reduction to extremely small numbers, from which the species
has never since recovered to establish tself as a widespread
mosquito This proclatmed failure did, however, to some extent
discredut the techmique as generally applicable Perhaps, however,
1t was too readily abandoned

Eradication of anopheline species by attack on the adults has
been achieved 1n 2 few places, the first success bemng the eradica-
tion of A darhng: from a large part of British Guiana following 2
programme which was intended only to control 1t Since then
A darlng: has been eradicated by similar techniques from many
parts of South America Subsequent success has, agamn sncidentally,
been achieved 1n the eradication of 4 funestus in Mauntws, m 2
large part of Madasgascar, and mn some localised areas of the
Belgian Congo The common Itahan vector of malana, A
Iabranchuae, has disappeared from large areas which 1t previously
infested, and the control campaign 1n Ceylon has resulted 1n the
Iocal eradication of 4 culcifacies from some of the fested
districts On the other hand there 1s ample evidence that thorough
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programmes carried out against most of the other malaria vectors
of the world have not achieved this eradication, and the mosquite
concerned m1y multiply rapidly once control s ended Lradication
therefore seems possible under limited circumnstances which are
favourable for ensuring 2 continuous high mortality amongst the
mosquitoes This probably can only happen when the species 13
strictly endophulic, resting 1n houses every day and thereby coming
mto constant and repeated contact with insecticrde Even when
the species 15 highly endophilic a sufficiently high mortality 1s
probably not always achieved The mmitial successes in British
Guana followed treatment of houses most of which were made
of an tmpermeable hardwood often covered with paper, which
probably provided an 1deal bachground for the mnsecticide and
combined with the ligh endophily of 4 darling: to secure the
unexpected result The objectnne of anophehine eradication by
mmagicidal attack 1s therefore not to be undertaken without erther
previous experience with the species concerned or considerable
experimental bachground, but 1t 1s a concept to be borne in mind
and progress towards which should be watched 1n any large
mnsecticidal campaign to see sf 1t 1s being approached and might
be reached by some modification of technique

Even partial success in producing the near eradication of a
species may be of great value for 1t has been found that the
subsequent multiplication of species may be very much slower
than had been expected An unexpected keenness of nwalry
between species has been demonstrated, resulting i the usurpation
of 2bandoned breeding places by other species which 1n some way
preclude re-nvasion by the original one We know too little
about this to say 1t mught be general, but 1t has been noted n
Sardina and 1n other places

Tlhts basis of pohcy 15 luctdly expounded 1m —

Pameana, E ] Changing strategy 1n malana control 1954 Bull Wid
Hlth Org , 11, §13-520

The theory 1s developed 1n —

Macoonarn, G Theory of the eradication of malana 1936, Bull Wid
Hith Org , 15 369~387
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The following report constitutes a ! of malaria eradication:—

WoRrLD HEALTH ORGANIZATION, Sixth Report of the Expert Committee
on Malaria, W.H.O. Technical Report Series. In preparation,

The mechanism and progress of eradication is reviewed in:i—

Russerr, P, F., Anprews, J. M., Gasarpon, A, Gicuiout, G,
PiNotT1, M. & Soprr, F. L. Symposium, Nation-wide malaria
eradication projects in the Americas. 1951, J. nat. Malar, Soc.,
10, No. 2.

ALvaRrano, C. A. Progress achieved in the malaria eradication campaign
in the American continent. 1955, Bol. Ofic. sanit. pan-amer., 38,
240-258.

GABALDON, A. & BERTI, A. L. The first large area in the tropical zone
to report malaria eradication: North Central Venezuela. 1934,
Amer. ¥. trop, Med., 3, 793-807.

Various cases of anopheline eradication are described in:—

Sorer, F, L. & WiLson, D. B. Anopheles gambiae in Brazil, 1930 10
1940, The Rockefeller Foundation, New York City, 1943.

SHousHa, Sir A. T. Species eradication: The eradication of Anop
gambiae from Upper Egypt 1942-1945. 1948, Bull. Wid Hith Org.,
1, 309-352. .

Az1z, M. The island-wide anopheline eradication scheme in Cyprus.
1948, Fourth International Congresses on Tropical Medicine and
Malaria, 1, 703-713.
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CHAPTLR X1V

ANOPHLELINE SUSCEPTIBILITY
AND RESISTANCE TO INSECTICIDLS

THE touaty of a chermcal to an msect 15 only one of several
factors which will determine 1ts value 1s an insectictde, such as
stabthity and persistence, volatility, and reaction of the chemical
with wall surfaces, the degree of repellence or later irmtation
which 1t exerts, and other qualities The measurement of nsect
susceptibility must therefore be 1n terms of doses and periods of
exposure which are not directly transferable to the field and may
even be no useful guide to ficld practice Properly carried out,
however, 1t gues data on the proportion dying following
standardised exposure to different doses of the matenal, from
which 2 range of lethal rations can be calculated and used
for companson between the susceptibilities of different species,
or of the same species in different times and places The pro-
cedure of the test must be arranged to reduce the variables to the
mimmum possible and preferably to one only, the dose of
msecticide, and m order that the work of different observers
should be comparable 1t 1s most desirable that a ngdly standard-
1sed techmque should be generally accepted That devised by
Busvine and Nash and described 1n detail in Appendix IT has been
widely adopted, and anvolves the holding of insects n contact
with filter papers mmpregnated with different concentrations of
the msecticide for a standard period of time

This technique has now been used for some years and data on
anophelines have been collected from several parts of the world
Table 5 shows the medsan lethal concentrations of a range of
insecticides to 2 laboratory bred colony of A gambiae tested by a
carefully controlled techmque There 1s sufficient divergence
from this spectrum 1n other spectes to make the local estimation
of normal susceptibility necessary, but at the same time records
show that susceptibihity 15 of the general order displayed by this
colony, which represents a common pattern
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of resistance to the different insecticides re independent of the
matertal which selected resistance, 1n the second group 1t arises
least agamnst endrin and 1n progressively increasing degree against
wodnn, YBHC, dieldnn, aldnn and chlordane

Resistance has since been recorded successively 1n one place
or another amongst other insects of medical importance, in Culex
prprens, 1n four species of salt marsh mosquito Aedes taensorhynchus,
Aedes solliatans, Aedes mgromaculus and Culex tarsals, in Aedes
aegy pts m one locality—Trintdad, 1n the louse, bed-bug, cockroach
and some anophelines Though the records of these are definite
it 15 to be noted that no insect has acquired resistance with the
frequency and facility displayed by the housefly, which 1s the
only one to show 1tself generally able to resist attack through this
mechanism

There are probably many varieties of resistance, falling into
tno main types behaviounstic and phystological The behaviour-
1stic form 1s manifested by modification of habit 1 such a way
that the nsect rests less commonly or for shorter pertods on
treated surfaces, and thus runs less rish of poisoning though its
susceptibility has not decreased Only one example i the
anopheline has been fully documented, 1n 4 albszarsis in Panama,
but 1t has been suspected tn other instances notably amongst
4 gambiae 1 both Mauritius and Madagascar, though there are
msuffictent data from these places on which to establish clear
proof of a change of habit It may well have occurred by selection
of a predommantly exophilic stran, but i the case of 4 gambrae
at least the importance of the alleged phenomenon 1s balanced by
the fact that the persistent stram 15 not a potent vector, apparently
owing to a common choice of amimal blood 1n preference to human

There are doubtless several types of physological resistance
which may be acquired under different circumstances, and which
may be broadly classified as vigour-tolerance and specific
Tesistance Susceptibility of the mosquito vares with its stage of
ntutnition, with the lapse of time since the last blood feed, with
the previous nutrition of the larva with other factors, and in
general with the vigour of the insect Repeated laboratory exposure
of succeeding generations of nsects to msecticides may produce a



Progres, Cregs, tolerance W, n some €ases deg not
Seem e to Specifie aby}, to de, de o, therm e
dispoge 3 Materyy) The enhancement of lerane, 18 Usya,
of a al] ) tho ¢, fiv timeg, may v, Ioccur N nag,,
tis g th, nterfereq With the Uccesg of mMalan,
ontro] T public }, Ith m, SUTes They, S another ¢ e
Teststape, > Oft, m Y greas ncrease m ¢ Tance, Whick
ue Mfic abyy t0 degrag, Otheryy;se the
Msectieyq, low, descnptx Concerng thy Specific
Physo, Sistance, Which m face Interfereq h may,
Publye heany, o ¢S, ingj; ding laria €ontre} scheme,
€ firs 0, s ocey ce ongst 3n0phelipes cam,
mn g ce Sackaroy, hich Was Jate, Confirmeq ¢, be
Slstang ¢, Parts o, e D T haq been Widely ygeq
as by, cid, Magicde Stney , the 3Ppearance of
Yesisty S ce. Iong dely d, and nIyngennumenCaI
alues 54 and 55 when meduan Joy, OnCentrations of
17 ang r Dot ghly ¢, SIX times the
Normga) Were rec,, ed Furtp,, POrts from © Concerneg
the dey, ] Tesistance by thys SPecies ¢ hlordane and
s app, nce to p, th these 0Sectrcrdeg n 4 g Perprctns 4
Sacky, also pec, Tesistany DpT N a sy, part of the
Lebap,, dian | hal ¢, €ntration N8 rassed gpoy,
three ¢, S, by Mosquyte Was Jater eradicateq from thy
Same gy, ‘Pplicatyop, of dieldp,, A Stndaggyy developed
CSistance Dp thre, Parts of Indonesm Wwhere 5 had been
CXposed ¢, both |, ‘eidal ang | ag1cida] Practice, an4 it wag
ound hatton 4y, 55 to be ap), 10 toleraye , 0ut eighteen
tmes ¢ 2] conge, tion of Dpr, but ¢, 2N normalfy
Susceptrple t d By, a pattern Produced 1, 4
Step), Part of g Arapy, Where tolerance of DDT was
enhanced Imeg Convery, Pattery, Tesistance ¢, dieldrin
and yp s founq , + amongse 4

u ! 5
9"’74’7’”001141111 M an gre, mn ISSissipp; Where breedmg plaL‘EIS
had €en free), contammated wi dieldpyy, used ag 5 agricultur,

Tther reeq, S same pe came fm’;
Northern ngena Where n1g5s Ellog and Ramalmshna recorde



ANOPHELINE SUSCEPTIBIIITY AND RESISTANCE 193

an eight times enh of the resstance of A gambiae to
dieldnin following 12 to 18 months’ exposure to that insecticide
used 1n an mmagiadal campaign

Whilst these records of resistance amongst anophelines are
numerous and disturbing, 1t 13 to be realised that they have
occurred on a bachground of insecticidal practice which 1s
enormous 1n scale Throughout most of the areas where 1t has
been carried out, often for 8 or 10 years, resistance has not been
suspected Though the quality of resistance m the anopheline
resembles that in the housefly, the facility of 1ts production 1s on a
very different scale

Two separate col of r A gambtae and one colony of
resistant A sundaicus were established in the Ross Institute 1n
London duning 1956 The establishment of colontes, 1n this case
for the first time, permuts accurate study which at the time of
wrting 1s still very young Nevertheless some extremely important
pomnts have emerged In the ongmal colony of 4 gambiae
resistance had been produced by exposure to dieldrin, and n the
second colony by exposure to yBHC Both of these showed the
same spectrum of r greatly enhanced to chlordane,
dieldrin, ssodrin, endrin and ¥BHC, and 1n that order of degree
and not enhanced to DDT or methoxychlor Taken with the
ﬁndmgs mn other groups of insects, and by the same worker 1n
anophehines in Indonesia and Saudi Arabia this may be taken to
establish a general case Specific physiological resistance covers
one or the other of these two groups of insecticides without
necessary cross-resistance to the other Resistance to dieldnin
mphes resistance to ¥BHC but not to DDT, and vice versa

These same colonies have been submitted to genetic studses, 1n
which 2 great variety of crosses have been made between anophe-~
Imes of resistant, susceptible, and hybnd stramns to determine
the nature of inhentance and thus of selection of resistance
In 4 gambrae only, three grades of resistance can be recognised
and these three are quite distinct from each other without any
gradual progression from one to another They are the fully
susceptible, the fully resistant, and the hybnd Inhentance of

the charactenistic follows the pattern associated with a single
13
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been shown that the gene can be readily detected m this way 1in
places where no selection by msectictdes has been carned out,
the percentage of anophelines carrying 1t having varied between
004 and 6 1n the part of Northern Nigerra where the work was
done It1s expected, howeter, that 1n some other places the gene
will prove to be absent Trom this there develops the prospect of
mapping potential resistance Which would be sclected by the
application of msecticides to produce wide general resistance
There are many questions concerning the rate of such selection,
the dissemination of resistance around a pont of selection, and
the fate of the gene on cessation of selection to which an answer
would now be ether impossible or have httle more standing
than a guess, but the mechanism of approach 1s valid and could
clanfy them all

Extension of this mapping progress 1s already projected, but to
facilitate 1t some modification of techmque 15 desirable because
the small tubes of the Busvine and Nash technique are not well
adapted to large scale work with many mosquitoes and because
the 1mpregnation of the papers often presents difficulties to the
field worker These obstacles are being overcome by enlargement
of the tube and the preparation of pre-treated papers, both of
which demand time for testing before they can become standard
A revised test based on these principles 1s now being prepared
and will form the basis of field mapping

It 1s rare for a gene to cause modification 1n one characteristic
only, and two vanations from normal 1n the colonies and crosses
used 1n this work have therefore been of great interest though
their status sull needs final confirmation They are an enhanced
vigour 1n the homozygote rr, and some infertility 1n the hetero-
7ygote, or rs indidual All three of the pure resistant colones
are abnormally vigorous and easy to mantam, and the mdividuals
are long lived and hardy In many of the crosses 1t has been found
that the male rs 15 either completely or relatively infertile with
the result that mutual crossing within the heterozygote group s
cither impossible or relatvely infrequent These subjects are stll
under study at the time of wnting, but they both probably have
S0me association with resistance and the infertility may perhaps
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The occurrence of resistance, the discovery that it 1 possible to
detect the gene even when present 1n very small numbers, and the
fact that the techmque of detection 1s relatively simple, indicate
a defimite hine of ficld activsty which should be incorporated 1n all
sunvey work It should be the function of a base laboratory to
measure the complete range of susceptibility of the spectes of
mosquito concerned, as 1t 1s before exposure to selection or as
soon thereafter as possible, for which the techmque described 1n
Appendia IT may be used This susceptibility should be express-
1ble as a straight line when dose-mortality results are entered on
probit paper Should there be any abnormality, 1n the form of
unexpected survival of some mosquitoes 1t the higher doses 1in
numbers not consonant with a straight probit line, survivors
should be hept and an effort made to obtain eggs from them Their
progeny 1n turn should be tested and therr adherence to the
onginal pattern or deviation from 1t will indicate whether their
sunvival was a random matter or due to the effect of some
resistant gene

In this way 1t should be possible for the base laboratory to
Pprepare a probit line for homozygote susceptible, ss, members of
the species A discriminating dose can then be selected which 1s
shightly above the lowest that would kill all of tlus group In
the case of 4 gambiae and dieldrin this dose 1s o 4 per cent, 1
the case of A sundascus and DDT 1t 1s 2 5 per cent  Away from
the base laboratory ficld workers need use this discriminating
dose only, recording the numbers of mosquitoes exposed to 1t and
the numbers dying The deaths should be 100 per cent of
exposures 1f no resistant gene 15 present and the basic data are
correct Imtially 1t may be necessary to check this last point by
saving any survivors and dispatching them to the base laboratory
for collection of eggs and 1f possible rearing and examnatton of
Progeny Once the data are established, survivors may be taken as
evidence of the presence of the resistant gene, which may be mapped
by the proportions 1n which 1t occurs 1n different localities W here
1t 1s relatively numerous tests might be elaborated by addition of
the second, higher, discnimunatory dose of dieldrin when the
Proportions of ss, rs and rr individuals could be defined
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Any major control scheme should be accompanted 1 its early
stages, or preceded, by an examination of the susceptibility of the
anopheline, which should take the form of the laboratory
determination of the probit curve and field exammations of large
numbers by means of the discriminatory dose to see if any evidence
of the existence of resistant specimens can be found If any prima
Jacte evidence 1s found 1t should be taken as demanding further
urgent study on which all available laboratory resources might
well be concentrated If it 1s confirmed, further studies should
concern the spectrum of resistance and the form of its inhertance
both of which are likely to follow the pattern previously described
The problem of mmagicidal control will then at least be presented
1n clear terms to the operator

Once a matenial degree of resistance has developed in the course
of a campaign the operator 1s faced with a very serious position
All possible methods of investigation of the nature, degree and
spectrum of the resistance should be brought mnto action Every
effort should be made to establish a ressstant colony for full
analysis of 1ts character If there 1s interference with control 2
change must be made to an insecticide for which no resistant
gene 1s present, and rapid eradication of malama should be
attempted with 1ts aid

The occurrence tn a population of the gene structure which
may lead to selection of a resistant group 1s a matter of pure
chance In the fly population the nisk 1s high and 1n the anophelme
population 1t 1s low There 1s no genetic reason to believe that
prolongation of practice will necessanly lead to progressively
ncreastng resistance, though any resistant mutant arsing duning
1ts course would be at an advantage and able to multiply 1ts kind
rapidly

If the appropmate gene structure exists the selection of a
resistant strain 15 perhaps nevitable, but the period of time
within which 1t will be developed must turn considerably on the
effictency of the selection process It 1s freely said that relatively
efficient schemes are to be discouraged as they may spectally
favour the development of resistance, and also that a sexies ©
small schemes should be discouraged for the same reason If
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favour of larger schemes Knowledge of this phenomenon 1s
nadequate for proper forecasting but there does not appear to be
any yustificatron 1n erther of these speculations Rapidity of selection
15 hkely to be m direct proportion to the cfficiency of the scheme,
to the size of the area 1t covers, and to the duration of insecticadal
attach, all of them nfluencing as they do the probability of dilution
of resistant groups by susceptible populations It has also been
sud that combination of larvicidal and 1magieidal practice has
greater dangers than either alone The circumstantial evidence
which led to this was inadequate and has not been reinforced by
the passage of time, while laboratory eaperiment has lent no
support The only justification that remains 13 the fact that the
combination might be more efficient than one alone and so carry a
greater nisk of selection ‘The real ground for discouragement of
this practice, howeser, lies 1n the lack of need for the two when
one alone can secure control

The chuef hines of study of resistance which hold out promise of
having practical value are efforts to discover the resistant gene
before artificial selection has made 1t widespread, further analysis
of the genetic character of resistance and of associated factors,
examination of the speed of development of resistance when
artificral selection 1s practised , further analysis of the relationship
between resistance to different msecticides , and inquiry mnto the
mortality amongst rs and rr indiduals following vartous
msecticidal regimes

A statement on anopheline resistance written at the present
time cannot be more than tentative because factual knowledge 1s
still yn an elementary state It does seem that the fear of resistance
should be no ped to the blist of small schemes
of control, and that 1t should not be used as a bachground on
which to restrict the use of insecticides by individuals or by small
communities which may not be able to attan high standards of
efficiency 1t 15 clearly imperative that any major scheme should
be associated with systematic and rational studies of the subject
There 1 1o known technique by which the nish of development
€an be avoided if the gene 1s present but it would seem wise to
concentrate in any major scheme on one insecticide, or 1f more
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APPENDIN I
MATHEMATICAL STATEMENT

Tue object of mathematical analysis 1s to prepare models showing
how the vanous factors concerned 1n transmission interact with each

other to build up a comg picture of end, or epid d
resembling that seen 1n nature If 1t does so 1t has succeeded 1n that 1t
has facibitated und ding of happerungs and of the factors which

control the order of events It 15 no part of the function of analysis to
attempt a prediction 1n precise terms of the number of cases to be
expected m any particular set of and 1t 18 babl
that the factors concerned could be known with sufficient accuracy to
make such a prediction The approach 18 now long established, and has
been recently and excellently reviewed by Serfling and by Bayley
Starting about a century ago 1t has been refined 1n recent years by the
substitution of a stochastic approach for the determimstic one with
which 1t started and was developed The essentral difference 1s that the
Iatter deals with the subject as 1f there were no random error from the
expected form of events, while the stoch pproach makes 2ll
for deviations mevitable 1n small groups The latter 1s the more realistic
of the two, the differences between which are roughly 1nverse to the
size of the groups or cells within which infection takes place When
these are small, as 1n family nfections, the stochastic method may be
the only ane giving models resembling natural happemings though
when the groups are large the determimistic approach can reproduce
happenings within acceptable limuts of error This particularly applies
vhen d 1stoa y as 2 whole by an msect which
moves freely from house to house 1n the tnterval between acquinng
infection and passing 1t on There would be very considerable difficulty
n the apphcation of a stachastic tech que to the very pl d
Picture of malana transmission with 1ts large number of variables, 1t
has not yet been undertaken and since the determinstic methed gives
reliable prctures 1t 15 doubtful 1f the effort would be Justified

The disease to be analysed must first be established by cntena of
recognition, and the criterion of malana here used 18 the presence 1n
the penpheral blood of )’ which are d rable by normal
techntques The vamables to be constdered relate to man, the disease
and man’s reaction to 1t, and the mode of transmission to man Vwhen
transmussion 13 from man to man wa an nsect host the additional
Vanables which come 1nto play are the expectation of Ife of the tnsect,
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SYMBOLS USED IN ANALYSIS u

and the rel h

sidered as an average value then the P p

founded on 1t remain firm

The vanables of the disease in relation to the mosquito are the
incubation period of infectivity within the mosquito, the duration of
wfectivity, and the effect of infection on the mosquito’s viabihity The
first 1 considered as a function of temperature and species of parasite
n a form illustrated 1n Tigure 1 Infectnty of the mosquito 1s looked
onas p once established, and no 1nfl on viability 1s recog-
msed There 15 a further vanable, the proportion of bites by infected
mosquitoes which actually inoculate nfections which develop 1n man
It has been allowed for 1n all expressions and field working suggests
that 1t may have a very vanable value, ranging from nearly 1 0 to 0 o1
or concennably less The extent to which 1t 1s dependent on characters
of the quito, of the nf 1n 1t and especially the density of that
mnfection, and of the immune state of the recipient, cannot be de-
aphered though the density of nfection 1s looked upon as important

SYMBOLS USED IN ANALYSIS
m  the anopheline density 1n relation to man
the average number of men bitten by one mosquito 1n one day

& the proportion of those anophelines with sporozottes n their glands
which are actually infective

p  the probability of a mosquito surviving through one whole day

3

the ume taken for completion of the extrinsic cycle

¢ the proportion of mosquitoes with sporozoites 1n their salivary
glands

ko the proportion of the population recerving mnocula 1n one day

; the proportion of people affected (that 1s, showing parasitaermia)

the miting value of the proportion of men infected when equi-
Iibrium 1s reached

the proportion of affected people, who have receined one mfective

tnoculum only, who revert to the unaffected state 1n one day
the time 1n days from the start of the incubation interval referred to
the base of natural loganithms, 2 71828

t  the average time 1n days from ingestion of gametocytes by an
pheline to the develop of anf g ytes 1n a
gecond case infected by 1t Successive ntervals of thus duration

PP
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With 5 Iimiting Value of 2€10 \hep ] Cxceeds 5, As g Consequence of. this
change in the actyaf proportion of recoveries, B0 forms of express.wn
Must p, developed for 4 the Proportion of DPeople affected, according
i nd 7,

e A .

The form of Working feed not pe TePeated 4 it is directly derived

from that of Ross, which has Often been Teproduceq and is yyey knowr

It e ¢ shoyy, that jr superinfection is admitteq and the Consequen
i OVerje. Made, thep,.

- ()
a5 =ty
and the Value of ,, wilf Bravitage 4, a limjy
A (12)
L =;
and tho, at any time 5 Mmay pe EXPressed o }
(13

X L~(L~xa e~r
Where %o is the Valug of . at time %o and 1y,

Vhen 5, “quals o, SXceeds ,, the vajye of x wiyy Bravitate o ghe
limje 10, anq €an pe Xpresseq atany time as

. I~ (Tt (19)

(1)

While F=Hr ~3)






vi MATHEMATICAL STATEMENT
THE PROPORTION OF PEQPLE INFLCTED

Tt s first y to examine cond as they would be if the
it rate were dependent of the proportion of people
affected This 18 an essential step in analysts and also reflects natura)
happenings amongst 1nfants born 1nto a malarious communty, and may
be considered as a statement of the mfant parastte rate 1 endemic
conditions The analysts 1s based on that prepared by Ross, and 1n 1ts
elaboration that author had the generous help of Dr J O Irwin
It will be noted 1n the statement of symbols used that the recovery
rate, 7, 18 described as the proportion of people who have recesed one
wnfectrve moctlum only, who revert to the unaffected state 1n one day
When subject to constant nisk of infection according to an moculation
rate X, infected indiveduals may have received more than one infective
inoculum, and 1t has been shown that when supennfection occurs the
actual probability of recovery of an indtvidual exposed to such risk R
can be expressed as Rereh (10)

with a imiting value of zeso when £ exceeds 7 As 4 consequence of this
change 1n the actual proportion of recovenes, two forms of expression
must be developed for x, the proportion of people affected, according
to the relative values of & and r
The form of working nced not be repeated as 1t as directly denved
from that of Ross, which has often been reproduced and 13 well known
It can be shown that 1f superinfection 13 admitted and the consequent
adjustment 1n the proportion of recovertes made, then
When 4 1s less than 7
dx
dr
and the value of » will gravitate to 2 himut

=l~rx (x1)

L=t (12)
r

and that at any time x may be expressed as
x=L(Lexp)e ™ (r3)
where x4 15 the value of ¥ at time #, and that

When % equals or exceeds 7, the value of x will gravitate to the
limat 1 o, and can be expressed at any time as

= 1 (r—ag) ™ (14)

while & b= (s3)



THE PROPORTION OF PEOPLE INFECTED Lol

The transitton from one form to another 1s quite smooth and simple
1 synthetic working though 1t may cause confusion 1n analytical work
1t 13 sometimes of value to note the time at which vatues less than the
lumt are reached, as 1t helps 1n the examination of simple curves It1s
Mllustrated in the following table, 1n which K represents either r or &,
whichever 18 the greater,

Time at whach succeeding stages in the curie
are reached

Value of x ‘Time, ¢
er L 0197/K
o2 L o0z207/K
o3 L 0 358/K
o4 L os1/K
o5 L © 693/K
o6 L 0 917/K
o7 L 121/K
o8 L 1 61/h
o9 L 2 30/K
ogs L 30z2{k
og7s L 369/K
ogy L 4 60/K

When infant parasite rates grouped by ages are available, and fall
1mnto a curve such as represented by one of these expressions, thentis
possible to denve from them an estimate of the inoculation rate, &,
which 1s reasonably free from error When they gravitate to a limut less
than 1 o, then the value of that limut as given 1n (12) may be transposed

to read
h=rL (16)
1t 15 often reasonable to assume a value of o 0o for r 1n using thus,

and the assumption can be checked or a better esumate made by
examination of earlter values of x and use of the 1dentity

(17)

which 18 denved from (13) and 1n which £ 1s the ume tn days from
birth of the values of x chosen When the curve gravitates tonards
unity the value of k may be directly assessed from the expression,
applied to earhier values

_ —log(L—%)
H

e loge(:—x) (18)
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THE REPRODUCTION RATE - w

1f this last expression 1s substituted 1n the expression for s above 1t can
be shown that the hmiting value of 515 grven by

L,=£_f(:n—x) (22)
%o
whence Zp= I_’& (23)

provided x<10

Hence, when conditions are static, 1t 18 possible to make an estimate
of the ruling reproduction rate 1f the sporozote rate, the probability of
mosquito survival, and the time of extrinsic development of the parasite
are known

EQUILIBRIUM, OR ENDEMIC VALUES OF PARASITE
AND SPOROZOITL RATLS

Tt has already been shown that when / does not exceed r

dx
= f—rx see 11
7 ( )
and 1n this there can be 1nserted the full expression for & given i (9)
In such a combination, however, the values of x will refer to different
values of £ to give an expression
dx,  mabx,p™
axy _ maTbx,pt —rxy (24)
dt  ax,—log,p
in which the forms x, and x, are used to idicate that they refer to
values of x at different times separated by the time interval of the
meubation penod 1n the mosquite plus that in man When the limt of
this expression 1s considered, this 1s tmmaterial because at that tume x,
and x, are by defition the same
‘When k equals or exceeds r

dey  matbx pt(1-xy)

dt ax,—log,p )
The first of these has two hmuts a fimite one when
mabpr  log,p
[t S Bt 28 26;
L, = T2 08 @)
and also a imit of zero The Limit 15 attained when

ax=lo a%h

ax=logep _a’2 (27)

mp™ r
This can be turned to give an exphat value of m for 2 constant known
value of p, or an imphicit value of p for constant known values of m
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STABILITY OF EQUILIBRIUM xt

m In relation to changes in the period of the extrinsic cycle
oL prlog, pmab
on

T

lo,
= 102»1’(14- 2 ) (33)
{N.B —Tlus expression has a negative value )

1 In relation to changes 1n the man biting habit
aL mbp" _log.p

Tar &
La—zlog,p
= —a—gg" (34)
v In relation to changes in the rate of recovery
oL - —mabp™
ar r
Y loze?
= -,(L ~a (35)
EPIDEMICS
The 1ncubation interval plays a very large part i determimng the
form of epid Matk y 1ts very means that the
d cannot be d by a single curve, but only by a series

of hnked curves each of the duration of one incubation interval
Precise definition over several of these curves has been ﬂplored by
Armutage but soon p almost 1nsur
A less exact description of events, with the advantage that 1t 15 some-
what simpler, 13 here reproduced, while 2 further and less exact ssmpli-
fication can, however, be permussibly used when examining the earliest
stages of epidemics when x 13 low

Let 1t be assumed that malana 15 endemic, 2 state of equilibrium
having been reached, the value of x beng low This pre eusting
equiibrium 1 expressed by

mabp™  log,
+
r

Le=xy= ap (already established)  (36)

and 13 due to an moculation rate mabs, or
matbphxy
axg—log,p
=x,r (from the value L = é. already established) (38)

h= (from value of s, already estabhished)  (37)
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xo{c~{c~x)e"9 (41)
tmg
and f 2.t Tpein o (e~3) (r ~er) (42)
t~g r
Since the toty time liveq i, this Intery,) iss days, and ¢he Dumber of
in{ective days lived ;¢ 8iven by (42), it folloys t the p, Oportion of
time lived 1, Which op, Subjects € infectiye i
) -
Y= xnc~;(c~x)(x~e ) (43)
In ¢he succeeding intervals o % C., the Valye gain Pro-
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inocy} tion raye Pendent o, e o e s, 8¢ in the
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YVe~log, 5 &)
)
= Nax, ‘10&1’).1’2 see (43)
% (see(3))
his nery inocu]atx'o te m,
of x a¢ the enq

N rate 3y be yseq in the €XPression for the value
nd of the interyy) % When » =7

{46}
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The value of yy denved from this s

h hy—1
3s= 7’-"( : )(I—r") )
and 1n turn
r(axy~log,p)35
o= EE0 P2 (ace (37) nd (39)) )

Approumate values of X at seral intervals can then be obtamned by
continuation of this process, and the desivanve can be calculated at
any pont by the established expression

dx

Friakantid (49)
At the potnt 1n this senies when the value of & exceeds 7 a transfer must
be made to the basic formula

x=1~(1—xg)e"* (already established) (50)

which d ds a modifi of technique, but no more
Epidemics have been synthesised on this basis and have produced
models which give a very fair rep of natural happemngs, and
fhi y 50 to establish the teck e of truth
Undoubtedly, however, the work mvolved 18 considerable and rapid
ynthesis of d 18 not posstble Such raptd synthesis
was, ho“cvcr, requxred m an apprecxatmn of the probable order of
o be lowing the re introd of malana to
places from \\hlch 1t had been eradicated In explonng the ongins of
such epidemics, when x 1s low, the value of ax, 1n the denonunator of
(37) can be safely ;gnored and the whole process thereby much sumphfied

g% (s1)

=raxy (52)

while hjrezs (53)
Then xpemzxy(1—e )+ xpert (54)
exy[o(1~e ")+ (s5)

which 13 the basis of the statement of the ratio x,/x; for vivax malana
where #2 15 taken 23 © 25 2nd for faloiparum malana where it 18 taken

3504375
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CRITICAL DEGREES OF TRANSMISSTON xv
The cntieal value of the man biting habit, 4,18

—rlog.p
i ©2)

The entical expectation of life 1s difficult to state in this form but can
be esttmated graphically with ease from the fact that 1t 1s reached when

. (62)

~log,p = math

THEORY OF CONTROL

The theory of control 1s dernved entirely from the entical value of
the basic reproduction rate In relation to breeding control or deviation
of anophelines to cattle the theory involves nothing more than the
application of expressions (§9), (60) or (61) In relation to imagiaadal
control 1t becomes complicated by the fact that such control modifies
both mosquito density, m, and expectation of life, p, while the latter
appears 1n the reproduction rate 1n two forms as p* and as ~log,p
‘The subject can be approached in the following way

Let the daily output of mosquitoes, 1n relation to the density of
people, be termed k. Then

K
= 6;
"= Togp €
and K = m(~log,p) (61)

Expression {63) may be inserted 1n that for the baste reproduction rate
given n (21) to read

Ka2bp™
——— (65}
r(~log,p)?
If control 15 to be achueved this must be equated with 1 6 by substitu-

tion of a second value, p, for the onginal ruling value of p, which may
be termed p, In that case the value of $, must be such that

. S
(—1°;,Pz)’  Ka® 9

2nd by substitution of (64) 1n this 1t 15 required that
57 r
log,p3t ~ matba—log.p) @
Values for the right mde of this expression may be estmated, once
agan taking r and b as constants, from which the required value of the
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The general subject of mathematical eprdemology 1s weell reviewed in —

Bairy, N T ] Some problems in the statistical analysis of eprdermic
data 1955 ¥ roy statist Soc, 17, 3558

SerrLing, R E Histonical review of epidemuc theory 1952, Hum
Brol, 24 145-166

The present theory s based on material elaborated n the following

papers —

Macponatp, G The analysis of infection rates in diseases in which
supeninfection occurs 19503 Trop. Dis Bull, 47, 907-915

MacpovaLp, G The analysis of malana parauite rates inanfants 1950b,
Trop Dis Bull, 47, 915-938

Macponap, G The analysis of the sporozoite rate 1952, Trop Dis
Bull, 49 569-586

MacpovaLn, G The analysis of equilibrium in malana 1952, Trop
Dus Bull, 49 813-829

MacDovaLp, G The analysis of malana epidemics 1953, Trop Dis
Bull, 50, 871-889

Macoovatn, G The of malara tr 19535, Pro¢
roy Soc Med, 48, 295-301

ArMITAGE, P A note on the epidemiology of malaria 1953, Trop Dis
Bull, g0, 8go-892
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A o ED, Rormay ¢, e ology parasitology
is Presume, The Aniques desc, d by clude 0ds of Staining
films d record; Splenja nlarg, L table f,, field
Work € other rechniques m, the goxy annot
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STAINS Fogp BLoop g

C Oice o, 8 N the ihdividual, ield's, ]aswant
Singhg and Giemg, May aj1 be appropriatcly used in Survey work,
Field's Staip €onsiggg of tyo squtions:

Frely, A:
Mcthylene Blye o8 g
Azyre I o5 g
sodym, Hydrogen Phosphatc (anhydrous) 5o g
Pota.m Dlhydrogen Phosphate (anyhdrous) 625 g
stnucd Water 500 "y
Frelgry B
Eogip To g
D:sod:um Hydmgeh Phosphate (anhydrous) 5o o
Potassnu:n Ydroger, Phosphare (nnhydrous) 625 F 4
D:mlled Water 5o

The salts are firsg dissolved, the staiy, 3addeq and sofy, tion of Azure 1
aideq by grindmgin 3morgy,, The S82in fs sep aside for 24 hours, filtered,
and then used, o Prepareq film js g; Ped ingg solutioy fory Second,
Zently Tinsed in clean Water for 2 fey, Seconds ll stay Ceases ¢, flow
from the film, dippeq for 4 Secong intg solutioy B, Bently Tinsed for
2tog Seconds 4, Placeq vem'cally ing Tack ¢ d

]asWant Singh's Stain Consises of two comparablc squtions:

Solutipy A:
Medtcmal Methylene Blye org
Porassnum D:chromate org
Sulphunc Acxd, 19 suluuon, viw ©6my
Porasstum Hydmx;de, 1% sohmon, wiy 2om}

Water oo



STAINS FOR BLOOD FILMS X

The methylene blue 15 dissolved with shaking, and first the acid and
then the chrome salt are added The product 1s shaken and Lept on
a boiling water-bath for some hours, till about 1 hour after the colour
has turned blue It 15 cooled, alkali 1s added drop by drop and whilst
shaking to dissolve the needle hike precipitate The solution 1s filtered
repeatedly through the same paper

Solution B
Fosin water soluble 108
Distilled Water 500 ml

A bow! of ninsing water 13 also nceded, the pH having been adjusted
to lie between 6 0 and 6 6 by the addition of buffer salts The thick
film 15 d 1n sol A for 10 ds, washed 1n the acidulated
water for 2 seconds, stained 1n solution B for 1 second, washed 1n the
same rinsing water for § seconds, immersed agan in solution A for
10 seconds, agatn washed for 2 seconds, drted and examined

These two stains can be either compounded or bought ready pre-
pared, and can be used continuously to stain large numbers of shides
Giemsa stamn cannot be compounded 1n the ordinary laboratory and
must be used fresh each time Stamning 15 best carned out on racks
rather than in stmmng dishes The exact dilutions giving the best
results need cheching with each batch of stock stamn, but usually a
6 per cent dilution 1s appropriate The dilution 15 made 1n distilled
water which has been buffered to pH 72 The requisite quantity 18
pipetted on to the film, after 3 to 5 minutes 1t 15 agitated to remove
dissolved h globin from the ghbourhood of the smear, after
40 minutes stain 1s gently washed off, the smear 1s immersed 1n water
for 10 to 15 seconds and then allowed to dry

Many techmques have been used for counting parasites, but the
best1s probably by observation of the ratio between parasttes and leuco-
cytes, associated with a leucocyte count where accuracy 1s needed
Rough estimates only are possible without individual counts of leuco-
cytes, and 1t 1s not to be assumed that the mean density 1n temperate
countries prevails in the tropics In one series examined for this purpose
1n Nigena the mean was found to be 12,000 per mm®, the standard
deviation 5,000, and the range 6,500 to 45,000

THE SPLEEN RATE

Unless qualified by explanation the term spleen rate 18 understood
10 mean the percentage of children aged from 2 to 10, inclustie, 1
whom the spleen s palpable when the child 1s examined 1n the standing
Postion Children are mustered by methods appropnate to the locahty,






ANOPHELINE CAPTURES XXt

1

Cages are p d from heat, , wind and dryness, and of
course preferably 1n a room selected and maintamned for the purpose,
n which an cquable temperature and a consistent lugh humidity of
about 8o per cent 15 hept up If this 1s not possible they may be kept
n boves, a large prece of dampened cotton-wool being placed on tap
of the cage

Where q are not required alve, and especially where a
count of their numbers 15 wanted, they are best collected wath the help
of an 1mmediate 1nsecttcade  There are several detuled methods, a
white sheet may be placed on the floor of the closed room which 1s
then sprayed throughout, the sheet being examined and any mosquitoes
on 1t removed after a few minutes A small sheet 18% 18 1n may be
threaded on to two handles winch hold 1t as a square and project about
1 ft at one side This can be carried immediately along the wall and
underneath a hand spray from which insecticade 13 distrsbuted Eather
of these two methods 1s likely to give larger catches than the systematic
search of 2 room and removal of mosquitoes discovered with a sucking
tube or test tube, but the specimens are more difficult to 1denufy, and
are dead

MOSQUITO SURVIVAL RATES

No direct means of measuning the age of indwvidual mosquitoes 13
known A means has been proposed, and 1s based on measurement of
the degree of fraying of the wing fringe, but the degree of error 13 so
great as to ivalidate 1t for most purposes Indirect approaches mn
which the age composition of whole populations 15 determined hold
more prospect of success and take the form of estimation of the propor-
tion of the population falling within a known age group If 1t 1s assumed
that there 15 no great vanation of mortality with age, which often seems
sustifiable, an estimate of the survival rate can be made from such an
2nalysis Two techmques have been used successfully, but the subject
13 new and there 1s ample room for the develop of fresh app h

The ratio between the immediate and the delayed sporozotte rates
gives a very valuable measure, but 1s only usable where the spomzc‘n'c

rate 15 moderately hugh and q are A 4
number are captured and divided at once into two groups One 1s
d d drately and a sp rate 18 determuned, the other

15 held for 12 days, :)r other period not exceeding the extrinsie cycle,
and survivors are then dissected and a second, delayed, sporozoste ratc
calculated The second rate exceeds the first by the proportion of

) which were \ P at the ime of capture but
had not then developed sporozostes The ratio of the immedsate to the
delayed rate 13 directly related to the mosquito survival rate 1n a stmple
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Fig 16 The ampulla and 1ts relation to anophelne panty

{2) Frequency distribution of ampulla diameters 1 colony nulliparous
and multiparous A gambiae with measurements from a wild caught
population supenimposed

(b} Reproductive system of a nulliparous 4 gambrae (up to 5 days old)

{) Reproductive system of a multtparous A gambiae (over 5 days old)

further gentle traction to draw out the whole of the alimentary and
reproductive systems This 15 usually possible with a mosquito which
has tahen only one feed, and 1s 1nvanably possible with one which
has lud eggs With very young mosquitoes with ovares in stage 1,
however, the adherence of the tracheae to the surface of the ovanes
causes a breakage of the reproductive system somewhere posterior
to the ovanes, which are left in the main part of the abdomen In this
case—and with a lutle practice one 18 able to predict that such adheston
16
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tmay be taken off the pins and hung up, <o that a further group €10 te
impregnated, Papers should be hung for at least 3 hours 10 allon of
further drymg and spreading of the ol resdue They mm then be
used for 2 or 3 days after treatment

“2 Making the Faposure Charbers
*(8) Non volatile snsecticrdes {(DDT, dieldrin)

“Astnip 310 (8 cm) wide 18 cut from cach filter paper and rolled up
1o form the bmung of 3318 X 110 (8 cmx 2 § em) spectmen tube The
stap 1s cut shghtly cccentrically to leave a wider cegment on one «ide,
from which 3 1an (2 5 cm) Tircle 1s cut and pinned ta the base of the
cork Thus, With the cork 1n place, a eylindncal chamber 18 formed,

with all surfaces hined with treated paper except the glass bottom of
the specimen tube

¢ (b) Volatile msecticrdes (gamma-BHC, aldrm)

' The exposure 18 made 1n a treated paper cyhnder as before, but to
avoud concentration of vapour, the ends are cloted with netung only
For this purpose, paper or metal collars are made, supparting 11
{2 5 em) curcles of cotton mosguito nettng Lach paper 1 rofled round
a pair of these collars and fixed with a stap of adheane tape

“3 Exposure
M n any dard may be used, but 1t scems
advisable 1o test the least susceptible forms, namely, young femiles a
fc\: hours after a blood-meal "They may be reared at 23° C (50" 1)
; bRubusthosqmtos like A¥des aegypts may be handled by sucking
ube, but this causes mortahity rmong some species such as Anupheler
gambiae Tt 15 best to collect these 1n groups of 2 or 3 in test-tubes
When a sufficient member has been collected, the ch
:e\lznzhor[llzonmlly on the edge of a table with the cox{t (or one netung-
: ercdw ar) removed The test-tubes containing the mosquitos are
Ppased o the mouths of the chambers and are gently rotated sa that

the 1nsects fly out a
nd settle on the treated paper W\
'
6 mosquitos can be introduced, o il

1

replaad st and the cork {or nettng-covered collar)
* The mos;
the ‘quitos are exposed for 1 hour at 27° C, 1n darkness, with

- c::gisif; cylmiers upnght After this, the nsects are transferred
Momln' mesh cages, supplied with pads of damp cotten wool
o \\hnl); t:gums are made after 24 hours at 27° C (80° I')
ary g th:: t‘evc:‘:;xdque does not expose the mosquutos to the sort of
3t 2o o Y ot Jexg)er:ncc m t}:e field, 1t does ensure that the
ntact 18 d

sistoney of p 1n all tests, and the con-

<y of the results obtamed on different trials has 'conﬁthd l:c




XX TECHNIQUES

validity of the test method The space n which the mosquitos ase
confined 1s small enough so that fairly untform contact with the treated
surfaces 1s maintained throughout the exposure pertod This method 1s
intended, of course, to measure only the ability of the mosquitos to
survive contact with the toxicant, not their ability to detect or avod 1t

“4 Rephcates and Results

“Tests at critical concentrations (1e those with partial mortahty
from which dose/kill graphs can be drawn) should be replicated six
times 1f possible Log-concentrations/probit regression lines are drawn
using the average mortalities and the median lethal concentrations can
be estimated graphscally

“s Correction of mortality for mortality in controls

“Where any significant mortality occurs amongst control insects, the
mortality amongst test insects should be corrected by Abbott’s formula
‘The percentage or proportion actually recorded 1s multiphed by

x=y
x

where x 15 the percentage (or proportion)surviving amongst the controls,
and y that surviving amongst the test insects

THE EXPECTED PROBIT

The purpose of probit analysis 1s to convert dose/mortality records
1nto a form 1n which they can be easily manipulated and interpolattons
within observed records made, and to give proper weght to the numbers
of msects 1n each experiment and the degree of accuracy to be expected
n the individual results Complete probit analysss fulfilling these pur-

poses 1s a matter of elaborate calculatton based on the theory of random
. 4t e A Laen and tha reader requirs

o

,
they facilitate interpolation and thus estimation of a median lethal con-
centration, and give a better understanding of the relationship between
mortality in different expersments than can be got by other means

If, as 15 usually the case where no selection has taken place, mortality
18 distributed around a medan lethal dose 1 & random manner, the
results of dose/mortality experiments plotted on ordinary metric graph
paper appear as a sigmoid curve If the findings were numerous, con-
sistent, and over a wide range of doses, a sigmoid Line could be drawn
through the plotted records and nterpolations could be made on it
The conditions are, however, rarely fulfilled in sufficient degree o
make reasonably accurate curve-fiting of this sost possible The figures
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can however, be converted 1nto an alternative notation, log dose and
probt mortality, and when these are plotted a normal distribution falls
as a straight line It s relatively easy to shetch 1n a straght line repre
senting a number of plotted values, or to notice any great divergence
from the expected pattern The most commonly used procedure 1s
estimation of the median lethal dose, or LDy, by drawing a line repre-
senting the plotted values and noting where 1t crosses the 50 per cent
mortality line

The sumplest procedure 1s by the use of printed probit paper which
1s obtainable commerctally * Mortality and dose appear as abscissa and
ordinate but on the required scales All that 1s needed 1s to plot the
results on these scales and fill in by eye a strarght line which most nearly
represents the whole series of findings The expected mortality from
doses other than those actually used can then be read off directly In
drawing the line 1t 15 to be remembered that greater weight should be
guven to findings 1n the region of 50 per cent than those extreme from
1t, and to tests 1n which large numbess of 1nsects were employed than
to those with few

100 T 100 l
N VAl e 74
/ 2
[
e0}—1 —{1 3 o
/ §
x 70— S o
3 |
- 60— £
d 6 1 8
5 50 —
5 T
540 / }— L
N
$ 30— L £
/ gl
/ g
10 27——
V|

z 3 4 S5 6 7 2 3 4
PROBIT PROBIT
Fig 17 The sel hup betwee Lty and probst value

with enlarged sections for monﬂ]mes b:lo\\ 9 and above o1

*F g Chartwell Graph Sheet 5573



Ifp Probyg Paper , Vailaple iy, € over.
Come 1, folloy, g wa Th doses or tratigp, are firgy
muluplled b; 10, 10, or of, appropnat figure € that 4

eed y t s, Tange Qor ¢t Per cep Multiplieq b
To 010, ¢ me € difficy), AN1pulay, logary, m,
f frac hich Negative Value” oy e €S are ¢,
Present, they Bar1thmg Ortalityes rted ing,
herr buts, the ] f Whie, her t tableg
for th, Tston Hable Pub;, y but
fHictenyy urat Version f, Tposes . ade frop,
he g, pr e Iy The 8arithm o € dose 14 then
Plotteq o1 metrye DPaper Barnse ¢pe Probyt op the Mortafyy, 4, 8ive ap
‘Pecteq Proby € identicyy With thay Producegq o1 the more formay
Printeq
TECT, () SISTANCE
1ser, Mtnat, ses, descnbed mn apter X, » shoy, prcferably
deter, ned by Oratory Studres o Ormy,; bers of the Species

t pend;, hes e, folloy, Mmay be ys, d (1) 4 per ¢ eldnn
€Xposyre Which £, one hoy, shoulq ki Ultoes €XCEPE those

OMozyg, e T0zyg0tes Teststane eldrm )
40 per Cent ¢, eld, * €Xposure to h two hourg shoulq kilf a1
€XCept po, 0Zygotes Tesistap, to n ang BH and (3 25 per
‘ent pp ure ¢ hich ne hoyr shouly kil a1 t

Mozygo, TeSistant DT

© recogn, 0n of g TS from e Posure ¢, O more of these
treat, Pecialyy, (2 3), sh, 1d rasse ave trong p, “Sumption
that Teststy, el present, tha p Valence uid b, Aggerated

Y selectyg, he nsectierde <o, ed Uney loca] ¢, fitmation of

e sug iy, f Tmal ;g Vailaple, Verificagy,, should b,
Soughy Nation of the 8Ny of sy, vors Every effort
shoyjyg Tefore p, 0 pres, nd oy, €88s from the,
and ¢, h 88s ¢ may, nty, estabbsbmg 2 colony ¢ Possible
Resys nee to ‘1 and yp ould pe fully ¢, £ if the firg
8eneray, f Prog, ny j, cludeq 5 50, 0 pe, Nt of embers

t OSure o ©4 per cent g, ldrin £y, hour, the
Propory,, Pending o, the ture of 4 Wo ESistance
DDy, be cop, ed 1f oy, S00r Percent of € progen
of g of te, (2) uld sely es Ve the gq €Xposure
t mgh, O%ever, ! haye 1 preseny no Progeny
could » bec: use tp, Might 4 be Ygotes y hich are killed
Y this g Luard 3gainse opy, due ¢ this 1 would pe

necessary to eXamyne the Progeny of Severa] SUVivors the origing)
test, apg if feasiple t0 repegy testing o the neys 8eneratop



{xvxur)
FIELD TESTING OF INSECTICIDTS

The essence of field testing, 1n contrast to laboratory experiment,
13 that as many as possible of the vanables which operate 1n nature
should be eft to act, and in particular that the mosquito should not
be impeded more than 1s necessary 1n 1ts ability to enter and leave
the test room or to alight upon and depart from the treated wall surface
The wall surface must be constant 1n each test and 1t 1s most important
that st should be made of the matenals which are commonly used in
the construction of houses in the locality Where walls are lined with
plaster, whether of mud or other matenal, partcular care should be
tahen that the plaster 13 of a type normally utihsed and contaimng the
usual proportions of permeable and impermeable matter

The type of test hut which has been found appropriate 1n Africa 18
constructed to the local pattern, about 10 ft square, with a thatched or
similar roof, and with a small gap between the roof and the top of the
wall such as normally exsts 1n African houses It has no window, the
only formal openings being the door, which must be made to fit closely,
and an aperture 1 the east wall arranged to take a window trap This
1s 2 cage, 12-18 tn cube, covered with mosquito netting and with a
cone-shaped opeming on the side inserted in the window, narrowing
nternally to 2 diameter of about 2 1n The framework 1s arranged so
that 1t can be fitted readily to the aperture 1n the window, closing 1t
completely, and so that 1t can be removed and exchanged for another
when collections are made The normal route of entry of mosquitoes 18
through the small gap under the eaves, and the normal route of departure
13 1n response to an attraction towards light following which mosquitoes
fly 1nto the trap through the cone-shaped aperture and are captured 1n
the cage Collections from the trap are made soon after the tume at
which mosquitoes normally leave houses, usually at dawn Records are

el

preferably made of the bers of anof g resting on
the wall, dead on the floor of the house, and within the window
trap These latter are d to d sur d and

are kept for 12 to 24 hours, when the mortality amongst them 1s
recorded

Ants may cause derable difficulty in g anophel dead
on the floor and where this 18 possible test huts should be erected on
2 found surrounded by a small trench filled with water

or disinfectant to prevent the ingress of ants A white sheet spread on
the floor the night before catches are to be made greatly facslitates
counting those dead 1n the morning

For any expenment a group of test huts 1s required One should
remam untreated with nsectieide and act as a control on the normal
mortality to be expected Separate huts would be required for each of






(xxxrn)
FIELD TESTING OF INSECTICIDES

The essence of field testing, 1n contrast to laboratory experiment,
1s that as many as possible of the variables which operate 1n nature
should be left to act, and 1n particular that the mosquito should not
be impeded more than 18 necessary 1n 1ts ability to enter and leave
the test room or to alight upon and depart from the treated wall surface
The wall surface must be constant in each test and 1t 18 most important
that 1t should be made of the matenals which are commonly used 1n
the construction of houses 1n the locality Where walls are hined with
plaster, whether of mud or other matenial, particular care should be
taken that the plaster 1s of a type normally utiised and containung the
usual proportions of permeable and impermeable matter

The type of test hut which has been found appropriate 1n Aftica 1s
constructed to the local pattern, about 10 ft square, with a thatched or
swmlar roof, and with a small gap between the roof and the top of the
wall such as normally exsts in African houses It has no window, the
only formal openungs being the door, which must be made to fit closely,
and an aperture 1n the east wall arranged to take a window trap This
18 2 cage, 12-18 1n cube, covered with mosquito netting and with a
cone-shaped openung on the side mserted 1n the window, narrowing
internally to a diameter of about 2 1n The framework 1s arranged so
that 1t can be fitted readily to the aperture 1n the window, closing 1t
completely, and so that st can be removed and exchanged for another
when collections are made The normal route of entry of mosquitoes 1s
through the small gap under the eaves, and the normal route of departure
1S 11 response to an attraction towards light following which mosquitoes
fly into the trap through the cone-shaped aperture and are captured 1n
the cage Collections from the trap are made soon after the time at
which mosquitoes normally leave houses, usually at dawn Records are

preferably made of the bers of hel g resting on
the wall, dead on the floor of the house, and withmn the window
trap These latter are d to d sur dings and

are kept for 12 to 24 hours, when the mortality amongst them 15
recorded

Ants may cause derable difficulty 1n g anophehines dead
on the floor and where this 1s possible test huts should be erected on
2 concrete foundation surrounded by a small trench filled with water
or disinfectant to prevent the ingress of ants A white sheet spread on
the floor the mght before catches are to be made greatly facilitates
counting those dead 1n the mormng

For any expeniment a group of test huts 1s required One should
remain untreated with 1nsecticide and act as a control on the normal
mortality to be expected Separate huts would be required for each of
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the insecticrdes to be tested and for each dosage to be used Insecticsde
should be applied with the greatest of cate to ensure evenness of apph
cation and accuracy of dosage which should be further checked by
placing test papers beforehand on the wall, to be subsequently removed
for ch ! est of the t of deposit A record should be
kept of the dosage intended to be applied and of that actually recorded
1n the chermcal estimation Entry of mosg may be ged by
ensunng that there 1s an accupant at nught Collections of mosquitoes
are made from the wall, floor, and window traps Living mosquitoes
whether from the wall or the trap are mantamed under sdeal and
uncontamunated conditions for ¥2 to 24 hours after capture Results
are recorded as the per ge of total mosqs ptured which are
dead esther at the tume of capture or after this interval of time Com
parable counts are made 1n the check hut to which no msectiaide has
been applied.

Where any appreciable mortality 15 recorded amongst the nsects
collected 1n the untreated hut the record of kill should be corrected by
Abbott's method

CHEMICAL EXAMINATION OF INSECTICIDES

The proper chemical examunation of an snsecticrde requires the
knowledge and skill of a ¢h and the of a fully equipped
chemscal Iaboratory It 33 beyond the scope of a malarologist and
should be referred to a chemical laboratory There are, however, 2 few
techniques which should be withmn his eapacity, which demand apparatus
of a relatnvely simple kind, and ability to perform which may consider-
ably enlarge the melanologst’s abihity to understand some of the
materials with whch he 1s dealing, and to inquire anto failures or odd
happerungs m thewr use The chemust will refer to the WHO publica
tion, Spectfi for Pestirdes, I des, Rod. des, Mollusccides
and Spraying and Dusting Apparatus, wm which approved techaques
are fully described The tests described below (except the colour test for
DDT) are dentved by permussion from that manua! and should tic of use
to the brol with an und ding of ch 1 assay p

1 “Swvmg test after tropcal storage Place 1 a z5o~ml beaker D;
6-6 5 cm (2 4~z 6 1n ) wnternal diameter, 20 g of the concentrate amf
fevel off without compacting Place within the beaker, on the top od
the concentrate, a loose-fitting piston or disc so formed and weighte
as to exert upon the concentrate an even pressure of 25 g per co
{0 356 Ib persq_m ) Keep the powder thus under pressure w1 ant 0‘{ en
at 53° C (131° F) wath 2 munus tolerance only of 2°C (36 F)blm
24 hours Take the sample from the oven, remove the pressure assembly,
and allow the powder to come naturally to room temperature 18 2
closed container




CHEMICAL EXAMINATION OF INSECTICIDES xXxXxu

¢ Prepare 2 74-micron sieve {BS sieve No 200, US Standard No 200)
by freeing 1t from any film, grease, or other water repellent matemal
Mix to a slurry with 100 mi and wash the residue with an oscillating,
moderately vigorous spray of water (using a rubber hose of 10 mm
mternal diameter and a stream of 4-3 Titres of water per minute) for
10 minutes or until the solid has passed through the steve Transfer
the residue to a Gooch crucible, dry, and weigh Calculate the per-
centage residue on the screen ™

2 “Suspensibulsty after tropical storage Subject 20 g of the materal
ta traptcal storage as above Exactly 3 hours after removal from tropieal
storage weigh accurately into a 250 ml beaker an amount to form
250 ml of a 2 5% suspension of DDT Paste with 30 ml of standard
hard water* at 30° C+1° C (86° T+1 8° F) and allow to stand for
15 minutes at the same temperature Runse the slurry with standard
hard water of 30°C+1°C (86° F+18° F) into a z50-ml graduated
cyhinder (183 1 1), fill up to the 250 ml mark, and close with the
stopper Imvert the cyhinder sharply through 30 complete cycles within
one minute During agitation the cylinder must be thermally insulated
from the hands to mantamn the prescribed temperature i the suspen-
sion, Allow the graduated cylinder to stand for 30 minutes 0 2 water-
bath at 30° C+1°C (86° F+18°F) Carc must be taken that the
bench on which the expeniments are carried out 1s protected against
wbrawon At the end of the settling period (30 munutes) mnsert the
glass tube (18 312) mnto the cylinder and with the muumum of
disturbance, withdraw during 1o-15 seconds by means of the vacuum
pump mune tenths of the suspension, 1€ 225 ml This 1s achieved by
mantaning the tip of the glass tube just below the sinling top level
of the suspension

*Note Should excesstve flocculation oceur durng the test, accom~
panted by the appearance of transparent iquid, the matersal 1s unsatis
factory

“Determune the amount of DDT 1n the remaining one tenth of the

P luding the sed by one of the conventional methods

_ (p—a)x 10X 100
- bxg

.

Per cent

where a = weight of DDT found 1n the remaining one tenth of the
suspension,

b= weight of DDT m the sample used for the test”

* Calcium chloride anhydrous ©304 8
Magnesium chloride hexahydrate 01398
Distilled water to make 1 lhitre
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Subtmct the Juantiyy, ' silver itrage founq in the filtrate from
at origina]ly dded, e '!Terence Will pe thay Tequired ¢, Combine
in the Sample anq Subtragy it from the bydrolysable Chloring,
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Iysabye chlorine in pure Doy,
= pparen, value of ydmlysable chlorine in Pure, recrysea).
lizeq DD detemu'ned by the above—described Mmethod
and sing the Same re, ents,”

4. "é}tmmtzbn o by T0lysab sy hloriye in technivgy BHe, Weigh
accurately approvama ely o of ¢, SampJe ;, 2 250-m} ExIcnmeyer
o .
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Sulphype acid (Sp 184) 15 Preparegq by carefully Pouring 4, sul-

Cid, noy Tey,



CHEMICAL EXAMINATION OF INSTCTICIDES XXX1X

The dned extract 1s transferred to a stoppered glass tube, 3 to 4 ml
of the 2a1d mixture 1s added, and a similar amount used to rinse the
evaporating dish and added to the tube The tube 1s placed 1n 2 water-
bath already heated to and kept at boiling point for 20 minutes, remaved
and cooled The contents are transferred to a 5o ml volumetric flash
contatning about 10 ml of distilled water, and the tube 1s rinsed 3 times
with 2 to 3 ml of distilled water which 1s added to the flask, which
should then agarn be cooled to room temperature

15 ml of pure benzene 1s then added to the tube, and thence to the
flask, which 15 stoppeted and shaken, and to which 1s then added
distilled water to bring the surface to about half way up the neck of
the flash. Thus 1s left until the matenial has separated 1nto two layers,
the upper being a benzene solution of the tetramitrate

About 10 ml of the benzene extract 15 pipetted off into a stoppered
tube and to 1t there 15 added about 3 g of anhydrous sodium sulphate
after which 1t 1s shaken Lxactly 5 ml of this 1s transferred by pipette
to another tube to which 1s added cxactly 1o ml of sodium methylate
A blue colour desclops slowly After a few minutes the intensity 1s
measured on a photo-electric colorimeter, using an appropriate filter
(e g Tiford 621), and the quantity of DDT 1s read off from the calibra
tion curve prepared from known spectmens

Stamng techmques are described in the following publications —

Jaswant Smon, Rav, A P & Nag, C P J S B stain—its preparation
m the powder form and the staiming techmque 1953 Indian §
Malar , 7, 267-270

Fiewn, | W and Suute P G The mucroscoptc diagnosis of human
malania Studies from the Institute for Medical Research Federa
tion of Malaya, No 24, 1956

This constitutes an admurable atlas of the parasite n thick films

Spectal entomologrcal techmaues are deseribed 1 —

Davipsov, G A new method of esimating the survival rate of ano-
pheline mosquitoes 1n nature 1953 Nature (Lond ), 172 503
Davinsow, G Estimation of the survival rate of anopheline mosquitoes

10 nature 1954, Nature (Lond ), X74 792
Davibson, G Measurement of the ampulla of the oviduct as a means
of determining the natural daily mortality of Anopheles gambiae
1955, Ann trop Med Parasit, 49 24-36
G~ =7 = = ¢ an nf aoe orouns within papulitions of
. ' 1954, Ann

.. .
. '

17
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annulipes, 96, 97
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feeding habit, 15
role as vector, 69, 102
atroparvus, 64
and stability of malana, 41
feeding hahut, 15
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aztecus, 68
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bellator, 170
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brumpes, 78
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cuberfanies, 64
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control of malaria 1n, x74, 188
malania and anophelines n, 2,

~71
malana eradication 1n, 71
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1N mass treatment, 15y, 177
properties as prophylactic, 152-153
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XV

Andes, malania and snophelines in

the, 52
Andra Pradesh, 87

mn Madras, 33 38
critical density of 38, 66, 86

feeding habat, 15

role as vector, 85

sporozoite rates in, 19
darlings, 68, 170

and epidemics, 2

and stabihity of malara, 41

eradicanon of, 187

feeding habut, 1§
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role =y vector, 69

and epidemucs, g2
and stability of malana, 4t
role &3 vector,
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Anopheles
Sfreeborm
feeding habit, 15
role as vector, 67
Sfunestus, 170
and malaria at high altitudes, 63
and stability of malana, 41
eradication of, 187
feeding habat, 15
role as vector, 77
gambiae
charactenistics m East Africa, 33,
37, 84,
critical density, 37
cntical survival rate, 124
feeding habat, 14
n Brazil, s1, 188

INDEX

Anopheles
minimus minimus
feeding habut, 15
role as vector, 8§g
mouchet:, 78
multscolor, 76
mh, 78
novumbrosus, 91, 92
Dpattom, 72, 04
pharoensis, 77, 78
and stability, 41
role as vector, 76, 83
philippanensis, 85, o1
and stability, 38
role as vector, 93
pseudopunctipenms, 70
and malariz at high altitudes,

mn Egypt, 51, 188 63
T to des, 192~ la, 68
195, 200, 20T punctulatus faraut, 64, 96, 97
role as vector, 37, 79 role as vector, 96
d beha resis~ . 1

tance 1n, 191
hancocks, 78
hargreaves:, 78
Rispamola, 64, 74, 76
homunculus, 70
hyrcanus sinensts, 72, 91, 94
and epidemics 1n Indo-China, 53
and stability of malaria, 41
feeding habt, 15
role as vector, 92
labranchiae, 64
and stabthity of malara, 41
attempted eradication of, 75, 186
feeding habit, 15
role as vector, 73
leucosphyrus, 124
role as vector, 89, g1, 102
maculatus, 90, 91, 94, 124, 171
and epidemics, 52
and stability, 38, 41
control, 170
feedmg habrt, 15
role as vector, 91
maculipenms complex, 170
melas, 78, 171
meraukensis, 97
messeae, 64 74
and stability of malana, 41
deviation to man, 53
role as vector, 53, 72
mimmus flavirostris, g1, 124
and stability, 38
feeding habit, 15
role as vector, 93

ana stavuy, 4o, 41

and stabxlx;y, 38
possible introduction to Austrakia,

52, 9
role as vector, 96
quadrimaculatus, 64, 171
2nd epidemics, 52
and stability, 41
feeding habit, 15
resistance to insecticides, 192
role as vector, 67
rufipes, 78
sacharove, 64, 72, 94
and malana 2t high aluitudes, 63
and stability, 41
anthropophilism, 15
eradication from Cyprus, 186, 188
mugrations of, 52
resistance to insecticdes, 192, 201
role as vector, 73
sergents, 76
eradication from oases, 76
role as vector, 76
stephenst, 85
and malaria n Bombay, §3
and stability, 38, 41
feeding habst, 15
resistance to insecticades, 192
role as vector, 87
sundatcus, 85, 91, 171
colonized resistant strai, 193
resistance to insecticides, 192
analysis of, 196

control of, 170
feeding habut, 15
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Anopheles
superpictus
resistance to insecticides, 192
role as veQiot, 73
Anophelines
ampulla of oviduct and age, 108,
xx1-xxn, Xxxix
anthropophilism in, 14, 103, 1
blood meals, \dentification of 104.
XXV-XXV1L
comml by imagicides, 164~169, 174,

:hcckmg of, 166, 167, 168
orgamization of, x65. 166
principles of, xzz, 123
suney for, ¥
traning of smﬁ for, 168
contro! of breeding, 169~173
biologrcal, 171
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cheching of, 172
effects of, 121, 122
mechameal, 172
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sunvey for, 169
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and stabibity of malana, 34, 35
cntical values of, 34, 35, 37, 38,
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measurement of, 105
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see also under probability of
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feeding habut, 14, 15, 53, 103, 104,
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'~ XX
see also under man<-bing habat,
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host, choce of, 14, 15, 34, 35 30
40, §3, 103, 1.

nfective feeds, estumation of, 117
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mansbiting habit, 14, 13, 103, 104
and epidemics, §3
and equilibtium, 34, 35, 39, 40
cntical values of, 124-126, xXv
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method of capture, xx
mortality, pattern of, 12, 105
1 trap huts, 111, 112, 149, XxX814,
XXXV
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201,
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35. 37, 38, 66, 88, 99
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Arabn, 75-76
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Insecticrdes

chemical examipation of, 139-140,
149 xxxvi-xxxlx, x1

chotce of, 164

disenminating dose of, 113, 194,
166, Xxxn

emulsions of, 146

esumation of, on walls, 140, 141

field testing of, 111, 112, Xxxin, xxx1\

formulations of, 145-148

mmediate, 137

1n resins or sarnish, 133, 146, 149

organo-phosphorus, 13

resistance to, 18g-201, 200,208, xxx11

sieving test after tropical storage,
X,

sorption of, 132, 133, 149

space sprays of, 137, 138

specifications for, 138~142, x1

storage of, 148

suspensibility test, xxxv, x1

toxicnty of, 142-143, 149

precautions aganst, 143, 144

tropical storage test, Xxxiv,

utility in Ethiopian Region, 82

volatility and persistence, 133

wettable ponders, 145, 146

see alio Dichloro-diphenyl tn-
chlorethane, Benzene hexa-
chlotide, and Dieldnn
Iran, 89
Iraq, 75
Isodnn, 190

Ttaly
mahnsasnnd anophelines 1n, 73, 74,
1

Roman Campagna, history, 62

Japan, malana and nno{:helmes n, 04
Jayewsckreme, S H, see wuith
jendram, S

Kerala, 85, 87
Korea, malana end anophelines in, 94

Lebanon
anopheline resistance in, 192
malana and enophelines 1, 64

Levant, malana and anophelines in,

52, 73

Liberta, 83

Lindane, 129

Loganthms, natural, :{

~logep, values of, Table 1, 14

Madasgascar
malana and anophelines in, 186
malana control in, 174
Madhya Pradesh, 87, 68

Madras
equilibrium of malanan, 33
evanescent malaria 1n, 65
malana and anophelines 1n, 19, 33,
8, 64, 85, 120
Malana
and altitude, 34, 36, 37, 39, 63
and cool weather, 34, 36
end plantation development, 90
bromeliad, 70-71
clinteal effects of, 81
condition of, 40
control of, 162-174
checking mechanisms, 163
chemotherapeutic  programme,

173
chonce7of mechanism, 163
definition, 75
wmagicidal, 164-169

checking of, 166, 167, 168

orgamzation, 163, 1

principles, 122, 123

survey for, 165

tramning for, 168

1n Ceylon, 88, Ethiopian zone,

81, 82, Indua, Bg, Pakistan,
89, Persia, 89, Philippines,

93
larvicidal, 169-173
see also under Anophelines,
control of breeding
programme and policy, 162~164
theory of, 121-128
zooprophylaxss, 125
cyclical changes in, 29, 41, 42, 43,
46, 47, 48, 62, 87
distribution of, 63-99, Endpapers
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