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FOREWORD

in this explosive age of science, the starting of 4 new journal 15 @ conmvmon phenomenoen
and need not attract special comment. Omne often hears scientists desperately trying to caich
up with published information exciaim : ~Oh ! yvet another Journal I

In the case of the Indian Journal of Malariology, the position s somewhat differen,
b 15 nol in Fact 2 new journal, it is an old journaf being revived to meel a need. The Journal
was started in 1929 by the Indian Rescarch Fund Assoctation (now the Indian Councit of
Medical Research) as the Records of the Malaria Survey of india at the time the Malaria
Survey of 1adia was formed. Tn 1935, the nume of the Journal was changed to that of Journai
of the Malaria Institote of Indi, in eonformity with the change s the name of the Institute.
Later in 1947, as the scope of the Journal widened and articles were published not only from
workers at the Institute but also from other parts of Indiz and abroad. the name of the
Journal was chapged 1o the Indian Journad of Mulariology, This Journal was an important
medium for publication of results dealing with malariz in alf s aspects, B plaved an
important role in the historie light aguinst malana. It provided a window 1o the rescarches
on malaria being carned owt in India on parasitology, vector biology, chemotherapy. prophy-
laxis, ete. Fhe Indian cxperiences published through the medium of this Journal plaved an
important role i faunching National Malaria Control ‘Eradication Programmes not only in
lndia hut in many countries in the world in the SFs of this century.

[ is mow common Snowledge thal nralart control prograsmmes based on residual msecti-
cide spray proved 1o he an mstant success penerating hopes thai at long last. this anciemt
seouree of man-kind could be zliminated fram our planet. The Saga of malaria control i too
well-kpown to need repetition here. As malaria became less and less Irequent, interest in
mulariology begas to declme and the publication of the Indian Jourmal of Malariology ceased

altogether m 1963,

Now with malena back and with rencwed clforts being made by scientists all over the
world to overcome biological resistance of parasites anmd vectors through the development of
alternative approaches, malariology has once again moved o the centre ol the stage. The



chances of tns field of rescarch attracting abie men and women are hetghtened by the fascinat-
g possibilities that exist in the application of molecular biology {o the resolution al
1rapical Teaith problems such as malaria

The Indian Journal of Malariology s reborn and it is our hope that through s puges.
results of rosearches in basic and applied aspects of malaria would be disseminated speedily,
fap aned wide and that this would be belpful in our fight agamst malaria. The greatest need for
1 iaurnal is to be needed. 1 would like to express my sincere good wishes an the occasion of
~ciunching of the Indian fowrnal of Mulariclogy with the efforts of the Malariz Research
Centre of the Iadian Council of Medical Research.

M:Zv\/
May 22 os]

'y (V. Ramuingaswami}
Director-CGieneral
Indian Councii of Mecdical Rosearch
New Delhi



Messages






Central Drug Research Institute
Lucknow (India)

[ndia's contribution to Malaria research are very well-known. It started with
the discovery by Ross of the Vector for malaria infection and the cycie of
transmission towards the end of the ninteenth century. Subsequent research
work covered different aspects of malaria, including epidemiology, vector
control, development of experimenial models for the infection and chemo-
therapy. The often quoted contribution of scientists like Dr T. R. Rao,
Dr A. P. Ray, Col. Jaswant Singh and Dr S. P. Ramakrishnan are a source of
inspiration to young workers in this field. It is gratifying that with the resur-
gence of malaria, there is a sharp focus of interest {0 revive research in this
important field in the country, which would naturally need a suitable medium
{or publications. | am very happy that indian Journal of Matariology is being
revived and 1 am sure, it will soon regain its old prestigious place in the field
of malaria publications. | wish this journal great success.

MJE IG' W‘-
(Nitya Anand)
March 26, 1981 Director



Directorate of Health Services
Mirman Bhavan
New Deihi {india)

i am happy to learn that Indian Council of Medical Research has revived the
publicatian of Indian Journal of Malariotogy. This Journal had served well
tn the past and [ hope the Scientific Workers in the field of Malaria both in
the country and outside will be greatly helped with the revival of this Journal.

ii. D Bajaj)
Aprl 22, 1981 Director General of Heglth Sesrvices



Wellcome Museum of Medical Sciences
London (UK)

Your tetter of 11th March 1981 brought me the goot! news that the Indian
Journal of Malariology is being revived after 17 years since it ceased its pub-
lication. Much has changed during this time and the over-optimistic hopes
that t had and shared with my two USA colieagues, Dr Martin Young and
Mr Jack Henderson, as members of the 1951 US AID Advisory Team on Malaria
Eradication in India, had not been tulfilled. But the fight against malaria, that
old scourge of the tropics, has not been given up. We might have changed
our time schedule and instead of looking for some early and spectacular
successes, the new strategy of the campaign demands prolonged, persistent
and dedicated effarts directed against the malana parasites and, against its
Anopheles vectars, with the ful! cooperation of an enlightened community,
The role of Indian science in this great task has been proved in the past and
is now greater than ever before 1 weicome the reappearance of the indian
Journal of Malariology and all my colleagues in the United Kingdom, and
particularly the Fellows of the Royal Society of Tropical Medicine and
Hygiene, send you and your staff our best wishes for the future.

(L. J. Bruce-Chwatt)
Emeritus Professor of Tropical Hygiene
March 30, 1981 University of London



77, Jodhpur Park
Calcutta (India}

Whiie chenshing the reminiscence of the Indian Journal of Malarioiogy |
welrome its revival like a8 phoenix. The setbacks in our anti-matana campaign
showed that mosquitoes were more cunning than we imagined. The campaign
has again become a health priority. Available measures need be reviewed
taking into account past experiences to shape the future policy. The Journal
will help malariologists in tackling the right problems in the right way for
publication

b Ay P

(B, M. Chaudhuri}

Formerly Professor of Tropica! Medicine

and Director, School of Tropical Medicine,

Apsit 2, 1981 Calrutta



Calcutta School of Tropical Medicine
Catcutta (India)

I am delighted to wnow about the most welcome decision tor the resurrection
of the ingian Journal of Malariolngy after an interval of 17 vears Needless to
mention. the journal with i1s glonous past will remamn as an eloguent test-
mony to the historic fight against malana, exacting a devastating toll in owr
country. What s more, 1t has plaved a crucial role for the development of
malariology in its proper perspective. gssential for the containment of this
menacing health oroblem  With this proud heritage, i am sure, the journal
will continue to mspire generations of scientific workers, current and vyet
unbon

ol

{A. B. Chowdhury}
March 12, 1981 Diractor



World Heaith Qrganisation
South East Asia Region
New Dethi {India}

Specialized medical journais have accasionally been discontinged because
tre disease with which they deal appears 1o be suffering a simiar fate.
Acttons in this respect concerning maiana have unfortunately been shown 10
ne premature. The resurgence of this disease in many parts of the world
inciuding south-east Asta and the revilatization of the research and control
operatinns essential to combat it, make it eminently desirable that so respected
a publication as the Indian Journal of Malariology should once sgain appear

bringing articies and information of world -wide as well as of local significance
to those fighting the disease.

D s, &gi

{David F. Civde)

wMarcn 1% 1981 Senior Matarta Adviser



Imperial College at Silwood Park
London (UK}

During the recent celebrations at the Central Drug Research insttute, Lucknow,
it was with the greatest pleasure that | heard from Dr V P, Sharma that the
famous {ndian Journal of Malariolgy is to be resuscitated; 1t had breen with an
equal degree of grief that ) had learnt in 1963 of what was then thought to
have been its last number  As long as malaria —this tenible affliction of man-
kind—-remains undefeated, specialist publications on the subject are desirable,
and that is why we welcome our old friend back from the dead.

Many classical researches have been described in the pages of this Journal
and its various predecessors of different names, hut under the same band of
Indian and British Editors. The “"Records of the Malaria Survey of india”
which first appeared over 50 years ago were avidly awaited every three
months by malariclogists all aver the tropics, because we had fittle literature
on the subject beyvond the Rivista di Malariologia, whose publication ceased
in 1867,

As long ago as 1909, the Government of India agieed to a proposal that a
permanent organssation should be formed to enquire  systematically into the
practical and scientific problems of malaria and that a Journal should be pub-
ished guarterty under the editorship of Major S.P. !ames (later Colone! and
F.R.S.). Thus began in 1910 the original ancestor of the Indian Journai of
Malariology under the name of “Paiudism™.

! have had the privilege of contributing several arucles to the Jourpal and
hope that other wili be accepted in the future, | wish it all success !

(P, C. C. Garnham}
Emeritus Professor of Maedical Protozoology

Aprd 6, 1983 of the University of London



indian Councit of Medical Research
New Deihy (indiai

‘nehan Jouwtnal of Malanology served the scientitic commuinity with distincttor
tor 34 vears, Near eradication of maleria in garly 1960°s resulted tn the
~osire of this important medium of scientific communication. Mafana is once
again a major public health problem Research on malaria is bhoing streng-
ihened  There is an urgent need of a specialised journal for establishing ciose
tinkages between the malanologists working in this country and abroad. The
gecision 1o revive the indian Joumal of Malariology s indeed most appro-
priale. | congratulate the Centre for undertaking this responsibiliv and wish
the journal all success,

GTWE

. (M. P, Guptal
Muay 18, 1981 Senior Deputy Director-Gereral



Werld Heaith QOrganisation
Sauth East Asia Region
New Delhi {india}

Revival of the Indian Journal of Malanology s indeed a welcome event.
There 1s a3 manifest need in this Begor for a journat which will present the
latest developments in malaria research and contiol in the vaned epidem:o-
logical context of India, and the high standards that made the original journal
of universal significance may confidently be expected to be maintained in the
ppresent publication

e lm,

{U. Ko Koj
May 1 1981 Regional Director



lLiverpoo! School of Tropical Medicine
England

The deciston to revive the Indian Journal of Malariology is a wise oane
Through its pages past generations of workers benefited from thi experience
of others, and with the resurgence of malaria both in lndia and elsewhere it is
mare than ever essential that malaria workers communicate their finding 10 one
another | wish the Journal every success in meeting its objectives.

_Z_‘r'b-_.'lu_ Log B l-—f.'_-.:' ’

(W. W Macdonaids
Frofessor, Department of
March 30, 1981 Medicai Enfomalogy



World Health Organisation
Geneva (Switzerland)

Welcome back to the Indian Journal of Malarnioiogy.

Under the able editorship of the late Sir Gordon Coveli and the late Colonet
Jaswant Singh, the Journal played a significant role in bringing to the atten-
tion of malariologists vast quantities of epidemiological and other scientific
observations, and truly reflected the indian school of thought on malaria
between 1947 and 1963,

At a time when malaria control in the world is facing considerable technical,
overational, administrative and financiat difticuliies, you have my heartfelt
good wishes for the success of your enterprise: | do hope the new Journal
will regain an important role — even beyond the horders of India — and that
within the subcontinent i1 will be of support to the malaria controt programme
as an essential part of the national strategy of heaith for Ail by the Year 2000.

Y

{H. Mahkler)
March 25, 1981 Director-Genaerai



5 Thorngrove Road, Wilmslow
Chashire, SK9113D. England

[ was 'mmensely pieased to learn of the rebirth of the !ndians Journal ot
Malarology after a tapse of 17 years. | feel confident that the Journal will
agan achieve international fame as a means of disseminating new knowledge
of mataria and { send my very best wishes for a successful future

%J{fé'{ ".-,"L; .(A,.-J,/&";?-‘L"t -

Fi

(H W, Muiligan)
Formaearly Directoy
March 18, 1981 Malaua Institute of India



institute of Medical
Parasitology & Tropical Medicine
Martsinovsky {USSR)

With great satisfaction | have learned that with this issue scientists and public
heaith workers in india will see a revival of a very famous publication - -the
indian Journat of Malariclogy. In fact, | take it as an indication of a revival of
the indian Schoo! oi Malariology. the school without which the world would
known much less about malaria than it does at present, It is hard to start
anything but vou have already started again a long a steady walk towards
understanding malarig probtem as it stands todav.

| wish to assure you that the numerous colieagues of yours in the USSR wish
yvou all the success.

V. 8. Orlov}
May 13, 1981 Dy. Director



38. Ch. du. Pont Ceard
Ch-1290 Versoix
Geneva  Switzertand:

{ am so giad to know that the indian Journal of Malariotogy is being revived
after 17 years of being discontinued  In fact, | was personally opposed 10 its
discantinuation at that time, It was obvious that as we progress in achieving
our mastery over malaria we would have to face difficult problems. Results of
firther investigations on problems such as resistance of mosguitoss to ingecti-
cides, resistance of malarial parasites to drugs, discovery of new drugs and
deveiopment of vaccines would require & forum for wide dissemination.  The
indian Journal ot Malariolgy woulid ideally till this need as it was regarded as
one of the most prestigious journals all over the world. | wish the [purnai and
its editors success and fulfilment.

ole

{R. Pall
Formerly Chief, Vector Genstics
Apnt 27, 1881 and Bicnomics {WHOM



National Maiaria Eradication Programme
Dethi {India)

It is indeed a great pleasure for me to learn ahout the revival of the Indian
Journal of Malariology by the Malania Research Centre. The lead taken in
this regard is commendable and | am sure that the publication of articles in
the journal will give lot of encouragement to the entire scientific community
in India and abroad,

-

=

{S. Pattanayak)
Apnt 30, 1981 Director



tondon School of Hygiene and
Tropical Medicine
London (UK}

The Indian Journal of Malariology was one of the leading journals in this field
and its temporary demise was regarded by malariologists around the world
with dismay. At a time when India is once again facing a major resurgence
of maiaria, 11 15 most appropriate that this excellent journai should once again

see the [ight of day. | wish you every success and ook forward to the
journal being once again on my shelves,

/) >
o2l
/:)/”f

{W. Peterst
Professor of Protozoologv and
Margh T3, 1987 Directar of Department



5th, Eighth Main Road
Malleswaram, Bangalore
{India)

I+ will gladden the heart of every public health worker in the country to know
that the Indian Journal of Malariology will start appearing again. Not only
can it be expected to be the medium for publication of the results of the
greatly expanded research but also to stimulate many more worskers than at
present to take interest in Malariology, a subject which had recently ceased to
attract creative minds. | express the hope that the Journal will maintain the
highest standards and even better its previous record which had given it a
urique place in the malaria literature of the world.

T fawds

(T. Ramachandra Rao)
May 1, 1981 Retd. Director {NIV, Pune)



P. falciparum Containment Programme
National Malaria Eradication Programme
Defhi {India}

The first attempt at disseminating knowiedge of Malariology in India was
made in 1910 with the publication of “Paludism”™ which lasred for three
years,

However, the Records of Malaria Survey of India, published in 1929 and
its successors, the Journal of Malaria ‘nstitute of India (193B-46) and the
indian Journal of Malariology (1947-1963) provided the medium for contine-
ous dissemination of newer knowledge that had been accumulating from
ohservations made in various frelds by scores of workers, on an unprecedent
scate! It can be said without fear of contradiction that it was the single most
important {actor that had brought India in the malaria acadenmic world of
yestaer years,

The first noticeable impact of the professional journal was the stimuiation of
research, titially confined to Kasaub Complex but later it did not remain
monopoly of one institution. The field also covered observations on parasito-
logy, entomology, epidemiology, immunalogy and not of the least importance
ia:.d the foundation of the modern chemotherapy of malaria.

On account of continuous relay of information on observations made in vared
fields in different parts of India, the journal had served in the past, as stliit
wtll do today, as one of the most important sources of reference for guidance
i the field of research, survey and control of the disease. [t also hrought to
the notice of the warkers and administrators alike the manifold problems
which had to be overcome

Obvinusly therefore, the revival of the journal of Malariotogy is most oppor-
tune to serve as an important medium for the guidance.

{A, P. Ray)
Mavy 8. 1981 Chief Coordinator



1900 Lauderdale Drive, D309
Richmond, Virginia 23233
{USA)

| am delighted that the Indian Journal of Malariologv 1s being revived, and
that you will be its Editor. !t is @ pity thal its publication was ever suspended,
This was an important Journal and | am sure that under vour direction it will
again become very useful; and that it will assume ieadership in the campaign
against malaria in india and eisewhere,

{ wish you success in your Editorship.

(ﬂ%wugﬁ

1Paui F. Russell)

Formerly Staflf Member Emeritus

The Rockefeller Foundation

May 8, T9R1 New York



The Rockefeller University
New York {USA}

Those of us old enough to know the old indian Journal of Malariology will
ramember how we looked forward to each issue. There were mzny excellent
and interesting papers, and a number of outstanding ones,

with the renewed recognition of the continuing importance of maiaria, and
with the surge of exciting new work in the field, t look forward to a better
than ever indian Journal of Maladology and | congratulate you, Dr Sharma
on being the Editor of this imporiant enterprise.

o ™7
/ /V//
{Witliam Trager)
March 17, 1981 Professor ot Parasitology



Editorial

With the release of this issue we announce the revival of the Indian
Journzl of Malariclogy after 17 vears of its discontinuation. The Journal
was started in 1929 by the Indian Rescarch Fund Association (now
ICMR} as the Records of the Malaria Survey of India, at about the
samc tinte as the Malaria Survey of India was formed. The name of the
journal was changed to the Journal of the Malaria Institute of India in
1938 in conformity with the change in the name of the institute, In 1947
the scope of the journal was widened and the name was once again
changed to the Indian Journal of Malariology.

The success of malaru: control on global basis began with the availability
of DDT for use in public health after the World War IL. In 1953 Govern-
ment of india launched National Malaria Control Programme (NMCP).
Initial success in the control of malaria was so spectacular that the objec-
tive of the programme was changed from control to eradication and
National Malaria Eradication Programme (NMEP) was launched in the
entire country in 1958, The strategy of NMEP to break the chain of
malaria transmission by spraying DDT as residual insecticide appeared
10 have nearly eradicated malaria from the country. Malaria incidence
was oreatly reduced in the mid 1960s, and about 0.1 million cases were
recorded in 1965 in the entire country with no deaths, In those days of
cuphoria malaria it was no longer considered a public health problem.
As a direct consequence of this, research on malaria received a sethack
and it was restricted to a few workers. Therc was therefore a great
paucity of papers submitted to the journal. Also it was felt that research
in malariofogy had diversified and refined so that the few papers that
may be emanating may be more appropriately accommodated in a variety
of specialised journals, The Tndian Council of Medical Research there-
lore announced the retirement of the Indian Journal of Malariclogy with
the publication of the December 1963 jssue (Vol. XVII, No. 4).



Resurgence of malaria compounded with the twin problems of insecticide
resistance and drug resistance are formidable challenges to the present
Jay scientists and public health administrators, A more disturbing fact
is that more vectors are showing resistance to one of more groups of
insecticides in more geographical areas. Similarly the drug resistant
strain of P. falciparum is spreading to hitherto chioroquine susceptible
arvas. There are also problems both at the cellular level and in the
field that needs to be resolved with sustained research. Realising this
situation, the Tndian Council of Medical Research convened a meeting
of experts on malaria in 1977, This group reviewed the status of
rescarch on malaria and prepared a document “‘Fesearch on Malaria—
an Outline™ which served as a blue print for futurz research-cum-action
programme for the country. Inthe same year [CMR established the
Malaria Research Centre, Delhi, strengthened the Vector Control
Research Centre, Pondicherry, and also sanctioned research projects on
malaria to different institutions. 'n the Ministry of Health and Family
Welfare, Government of Tndia, a high powered Board on malaria was
created.  This Board sanctioned a number of fundamental and field
operational rescarch projects to the research institutes, medical colleges,
and universitigs, etc. The Government of India also revised the classical
phasing of NMEP’s cradication strategy and implemented the Modified
Plan of Operation in 1977, In a recent meeting of the scieatific working
group on malaria held in the ICMR Headquarter’s office in October
190, it was revealed that in about 3 years, since these major decisions
to strengthen our capability to fight against malaria were taken, cousi-
derahle progress had been made in different areas of research in
malariclogy. Tt is also hcartening to state that during this period, India
hasted three international conferences on malaria, the Hrst ong in 1977
on the “Recent Advances m Malaria Research” sponsored by the
organisation of Pharmaccutical Producers of India with the technical
guidance and support of ICMR at Delhi, the second was held to cele-
hrate the birth cenlenary of Alphonse Leveran *“*Hundred Years of
Mularia Research™ hefd under the auspices of the Institute of Post-
sraduate Medjcal Education and Research, Calcutta, and the third on
“Chemotherapy and Immunology in the Control of Malaria, Filariasis
and Tcishmaniasis™ held under the auspices of the Central Drug
Research Institute, Lucknow. Early this year a monograph “The
Anophelines of india” by Dr T. Ramachandra Rac was released by
the Council,



The increasing momentum ot research and our capability to accept the
challenges were reflected in the need of a specialised journal that could
take up the role plaved by the Indian Journal of Malariology and
ostablish close linkages between malariologists working in different
disciplines. The Council therefore decided to revive the Indian Journal
of Malariology and entrusted the publication of this journal to the
Malaria Research Centre. The scope of the journal is broad based to
cover fundamental, applied and field research en all aspects of malario-
logy. The journal would also publish letters to the editor inviting {rank
scientific opinion on the papers peblished in the Indian Journal of
Malarialogy. The journal would also review papers submitted for publi-
catjon from an ethical point of view before approving such papers for
publication in conformity with the policy ol the Council.

This generation of matariologists is passing through an age full of major
hreakthroughs, such as discovery of crown ethers for the synthesis of
enzymes, hybridoma technology for monoclonal antibodies, gene cloning,
recombinant DNA technology, ultrastractural studies and alike, and we
hope that in not toe  distant a future, we would be able to appiy these
newer technologies in the fight against malaria. It is a matter of great
satisfaction to us that malaria research in the country has been organised
on sound fpoting. A beginning has been made in the right direction.
We are optimistic that in near future researches would provide practi-
cable answers to the most complex and vexing problems of the field and
we would be soon back on the road to victory, and contribute in ouar
own way in realising the Alma Ata declaration “Health for all by the
year 20007,

May 35, 1981 V. P. Sharma



Prediv Journad oF Madarioloey
Vol I8, Junc T9RE pp. 4211

Problems in Malaria Research

T. Ramachandra Rpo?

The tast Yew vears have seen a strong
and welcome spurt in research on mularia, as
a result of the recognition that the presently
available knowledge on the cure, prevention
and conirol of the diszase, good as some of it
is. is not adeqguate to meet the present situa-
tion. Though the world has slightly lowered it3
sights and seems to be conlent at the momant
too aim af an cffective control rather than
eradicatton of the discase, all progressive
eutnded scientists still believe in the need for
eradication as the ultimate target. We, of the
previous generation, are all too familiar wiih
the ravages of malaria to accept the thought
that malaria should be allowed to continue
to have a foothold, even if under contrel.
However, realism has demanded and won the
point that malaria should be immediately
brought agam under effective control and
every endeavour be made to forge new wea-
pons 1o permit another attempi towards
cradication.

The strategy then is first to do everyihing
possible to keep malaria under complete
conirol and sccondly fo devise ways and
means to give the iinal punch to knock it our
anee and for all,

Many cxperienced and eminent matario-
togists  have expressed  their views and
apinfons az 1o why the world failed in its
masstve eflorl o eradicate the disease. Theare

Reu!, Phrector, Nationul TInstitute  of Virology
{formery Virys Research Centre), Pune,

Present Address: 8. Einhth Main Road, Malleswaram,

Rinealore 5600033,

have heen divergent opinions as what went
awry: some believe that all facets of the
problem had not been well understood befare
eradication was attempted, whilz on the
other side are those who feel that the lailure
was as a result of poor management, In bet-
ween are many who hold various intermediate
points of wview, But alt bzleve that the
cemedy to the ilis tes in mounting research
of a high quality to understand more ahout
the disease and methods of contral so that
our future actions are dictated by sound
xnowledge of the enemy.

Several  seminars,  symposia  and  work-
shops have been held under national and
international auspices and the lines of re-
search which should be pursucd have Dheen
reasonably  well  tdentified. The Indian
Council of Medical Research has taken a
positive step in reviving its Expert Advisory
Committee on Malaria and m 1977 organised
severil task forces which listed all important
lines of research nceded. Based on that broad
review, several projects have been initiated.
A recent review of these projects revealed
that considerable progress had been made
and the country was now in a position {o go
a1ead with more cxpanded research activities.
Therz is no gainsaving that a solid founda-
tion for research has once again been laid.
Parasitology, immunology, 2pidemiology,
sutomology and even exparimental control
have all been included in the studies and
have yielded useful results, The zstablishment
of the Malaria Research Centre at Dealhi
axd of the Vector Contra!l Research Centre
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at Pondicherry has revitalised research in
this field, which, for unfortunate reasons,
was dwindling towards extinction. The
revival of the Indian Journal of Malartolagy
to hecome the forum for pubhshing rthe
results of the greatly expanded research
activily is a Jogical and progressive step
which is bound ta elicit an energetic response
from our young scientists, The prospects of
intensive roscarch  are indeed very bright,
though there is still the bottleneck duc fo
shortage of research manpower but already
there are signs of improvemnent. The Govern-
ment and the Tndian Council of Medical
Research could do no better than make
heavy investments in this regard.

Short and Loag Range Problems

It would bhe unnecessary to make 2ven a
partial list of the problems in maldaria on
which research has to be mounted imme-
diztely. Almost every branch of malariology,
ranging {rom simple studies on local epide-
niology to sophisticaled technology nceded
for suhjects like immunology, present featores
which need a better understanding. So also
are the innovative investigations nceded for
the development of vaccines, immunological
techniques, parasitc behaviour in the human
and mosquite hosts. development of newer
and better insccticides and drugs, genctics
hoth of insecticide resistance and of the poer
response of the parasites to chemotherapeutic
drugs, newer methods of vector management
control, methods of environmental improve-
ment, cte. The hehaviour of vectors is among
the foremost felds of study having a very
practical bearing in the application of conirot
methods. Mast of these problems in rescarch
are s0 obvious and imperative that to dwell on
them at any length would be superfluous.
They will undoubtedly receive the ntmost
altention from those organising research
programmes. More appropriate would be
to dwell on this occasion upon a few

fundamental problems relating 1o malaria
which are not so immediately obvious but
are nevertheless very important in the long
range ohjectives of malaria  control or
cradication,

Enviroument, the fourth facror — Epidemio-
logy, perhaps, s the most important feld
which needs urgent attention.  The basie
lactors of epidemioiogy, viz. the vectors and
their habits, the parasites and their vagaries
and the human element and its idiosyncrasies
present numerous aspects in which there are
still lacunae in ocur knowledge. Added to
these, there is the fourth factor. the eaviron-
ment, which plays a very vital role in deter-
mining the quantum and guality of the three
ather factors, Environment has long been
neglected by malariologists, because there
was not much to ponder over it. All that
wis considered necessary was to break any
one of three links (Fig. 1.

it is the envirooment which regulates the
abundance of the vectors and the coatrol of
tie links. Tt is the environment that shapes
haman ccology and determines the degree of
receptivity and volnerability of a locality. It

ENVIVRONMENT

PARASITE

Fig, t--A% Pervading Natuve of the Environment



is a deep understanding of the environment
and making improvements in it, that will
aitimately help in reducing malaria to levels
of unimportance. The role of the environment
has 1o be berter recognised.

Lpidemiology of persistent malarig — Ano-
ther epidemiological factor that demands
serious thought is the manoer in which maia-
tia persists in certain localities. It is 4 serious
problem to reckon within the final phases
of any eradication programme in large coun-
tries like ours. It oceurs 1n a subtle way over
wide arteas. Ia our country several areas
both in the east and west had been identi-
ficd as problem areas with persistent trans-
mission. The effort needed to trace and treat
the few remaining cases is several folds that
needed for conmtro! in earlier phases. Few
administrators would countenance expendi-
ture of large sums on only a few cases of
mataria. The consequence is that the efforis
required get diluted at a time when the
greatest concentration is necded. Even from
the technical point of view the problems
posed by persistent malaria are very different
hoth in kind and degree from those presented
py narmal malaria. A question which often
arises is whether the epidemiology of low
grade persistent malaria is not very different
rrom that of the endemic or epidemic malaria.
Do the elegant mathematical models deve-
loped to measure and quantify disease trans-
mission really hold good for the persistent
malaria also? Do the terms Reproduction
rate, Vectorlal capacity, ete. have the same
applicability when the disease smoulders in
an area? s there a ‘critical density’ of the
vector In such situation?

Sell preservation is one of the characteristics
of biological entities. Nature fights against
extinction, though numerous animal and
plant species have disappeared from the
world in the past aeons, but it is indecd
remarkable that so many others like malaria
parasites and malaria  mosquitoes  have
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survived for 4 long time. In their cases
it is not merely food, shelter. or reproduction
for which facilities were necessary. In the
casz of parasites adaptation t> two kinds of
hosts, man and the vector, had to be evolved.
Their survival depends on combinations of
scveral factors to occur at the appropriate
time in an environment so diverse and com-
plex. The long survival in nature would aot
have been possible unless there was great
hiological resilence, adaptive abilities and
reproductive potentials, all fuvourably com-
pounded. 1t would appear that it is not
massive numbers of the vectors, the parasites
or the host, that make transmission possible in
low grade persistent malaria but some subtle
hiotogical processes which keep it going.

The factors which help sclf priservation are
not easily analysable. Their existence may
be even unknown. Who for instance could
Fave dreamt that insccis alreacy had in their
genetic constitution a gene which would
regulate the detoxification of DDT, even
before the use of DDT was krown to man?
It may be that this gene had some other
function bui became adapted to the develop-
ment of resistance to DDT. There are also
other gencs for resistance to other insecti-
cides, some dominant, some recessive. Who
coutd have foreseen that some vector mosqui-
tces would gircumvent the effect of insecti-
cides by increasingly staying out of doors?
Toais seemis to have happened with several
species, such as 4. philippinensis. Qutdoor
resting is & more ancicnt habit than resting
indoors and it seems that reversion o an
older habit has ocenrred. How can  we
expiain the survival in nature of very rare
spacies like 4. sinroni or 4. cuficiformis?
Trey are so uncommon (it seems to us) that
the wonder is how they find their mates
in a vast forest environment to mate and
reproduce? Tt may be that there are eco-
logical niches where they tend to congregaie.
Plasmodium malariae can survive for long
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periods and  relapses  have occurred after
decades. Recently an outbreak of malaria
cccurred in the island of Granada, 16 years
after ‘eradication”, because one individual
was helie ved to have sheltered the parasite for
that period. These examples would indicate
the ability of the vectors and the parasites to
develop methads of survival in subtle and
unexpected ways. Biological phenomena in
their hasic aspects may not always act in a
precise manner conforming to mathematical
formulac.

Probably many instances of persistent malaria
in the recent past were due solely to, opera-
tional causes such as inadequacies in insccti-
cide coverage, tnsecticide resistance, in-
complete or ineffective chemotherapy, ete.,
but such deficiencies which were common
even in the “‘easy™ areas were multiplicd
several folds in forests, hills and inaccessible
regions. These features of geography and
terrain coupled with such factors as tribal
behaviour and costoms, scatter of housing,
mosguito bionomics including exophily and
exophagy, eic., have also played a part in
the persistence of the disease. Moreover, no
major region of the country, probably no
district, was completely free of malaria para-
sites even at the peak of the success of our
clforts in 1963-1966.  What prevented their
compiete climination? Movement of nomads?
Symptomiless carriers? Aggrepation of labour?
Unsuspected vectors? Subtle features in the
biology of the veetors and the parasites?
Active transmission in undetected closed cir-
cuits in isolated pockeis? One could postulate
several such  possibilitics  for  persistent
mataria. Unless such factors are intensely
studied and remedial measures devised no
programme of malaria  eradication can
sueceed.

Tn any event the liquidation of a focus of
persistent malaria is likely to become a seri-
ous problem when the present efforts to

control the disease reach a critical siage.
Malariologists should begin to think from
now itself us ta how the sifuation can he mot
and what procedures should be built in into
the programmes, Even as an acadentic sub-
ject, it poses challenges to our biologists to
study and understand the complexities of per-
sistent malaria. One may call this a study of
the “Epidemiology of Persistent Malaria’
just as a decade or two ago we were using
the term ‘Epidemiclogy of Disappearing
Mataria’,

Role of chemotheropy as a public health
medasure—3Serions thought is necessary to the
question  whether massive chemotherapy
would help in the climination of malaria
parasites in 4 community and how much reli-
ance can be placed on it. It would be natural
to expect that if a thorough programme of
drug administration could be organised, the
parasites would be automatically eliminated
hy a process of progressive depletion. No
one has claimed that it does actually happen,
but in a nation-wide programme of malaria
control the effect of massive drug adminis-
tration should be accurately assessed. As
an expedient measure to minimise morbidity
and prevent mortality, drug distribution takes
the pride of the place and has rightly been
adopted in the NMEP, but the question is
whether as a public health measure, it has
any lasting value as a means to the reduction
of the potential of transmission and to gradu-
ally eliminate the parasite. A critical evalua-
tion of chemotherapy as a public health
measure, #s advantages and fimitations,
scems {0 be an urgent necessity. This i3 so
because & major tool we seem to be employ-
ing today is the widespread use of anti-
malarial drugs, in conjunction with insectici-
dal spraving to a cerfain extent in scfected
areas. Even the ambitious programme of the
“falciparum containment” in eastern India
has chemotherapy as the main plank. If



chemoetherapy does provide a suitable answer,
it should be used more extensively, with
better combination of drugs and a revitalised
organisation. ¥ it does not provide the
answer, too much reliance on it would be
unjustified. The gradual reduction in the
aumber of malaria cases now being detecred
and recorded may give an unbalanced senge
of security. Tt would be wise and expedient
ro undertake intense studies on the effect of
widespread chemotherapy on ali the three
species of parasites, their prevalence and
behaviour.

Lone term effects on vector  populations-
The long ierm effects of the use of insccti-
ades on mosguito populations, their abund-
ance, nprevalence and behaviour also hold
many pointers as to what may happen in
tutere. Whether rehiance will continue o
be placed on insecticidal spraying or recourse
will hi taken to measures directed against the
larva, or even if cnvironmental improvement
will hecome the order of the day. the status of
the vector population would have to be pro-
petly appreciated to obtain maximum benc-
fits. Nature reacts to our attempt to control
it in many ways. Undoubtedly changes have
taken place i the prevalence, distribution
and habits of some of the major vectors
during the last two decades.  For inseance,
the anihropophilic 4 fuviarilis seems to have
hecorme  very scarce all over the Western
Ghats. What are the possibilitics of its reap-
ncarance? A. culicifacies populations have
dwindled in the Pattukottat area of Tamil
Nadun, but seem to have gained & wider pre-
valence in Thana district of Maharashtra
and Surat district of Gujaraf. What are the
probable reasons for these changes and how
much of the persistent malaria in the latter
area is duc 1o the increased prevalence?
A. philippinensiv is reported to have become
almost  extinct in Bengal, buat is still quite
common i the “Assam™ area though it s
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rarety found wn houses during day time. K
can be cotlected in the latter region in good
numbers biting man and animals both out-
doors and indoors at night. Apparently it
Aas become predominantly an outdoor rester.
Are the environmental conditons in Bengal
very different or are there inadequacies in
rechnology of collections which fail to detect
the adults of the species? The notorious
4. mrinimus, once so widely prevalent, is being
reported to be totally absent in the whole of
the Himalayan belf and Assam and {0 have
dwindled even in parts of China, but seems
o he thriving in Thailand, The case of
A. sundaicus is well known. [t has withdrawn
from coastal Andhra Pradesh and Orissa and
kas become restricted to a small area in the
Sunderbans of Bengal. What has taken the
ace of 4. sundaicus? Has any other species
occupted 1he ecological niche left by it?
Fven A. stephensi which used to form ahout
a quarter of the total adult anopheles popul-
ation in the Deccan is now reporied to be
very  difficult to be collected. How have
these changes come about and what is their
impact on the prevalence of malaria? Are
there natural long range changes in mosquito
populations? It would be of utmost import-
ance if these changes are studied to help in
organising better programmes of control at
present and planning for eradication in the
futurc. They are warnings of the likely types
ol changes which may take place in the
hiological environment, sorme of which may
bu heneficial to man  but others may be
dungerous.

Some Immediate Probiems

Vaccines—Reverting to the more immediate
problems of research, immunolegy and chemo-
therapy hold promise of early braakthroughs.
Not only would immunologica. techniques
help in developing methods of assessment of
the intensity of malaria transmission, but also
wi'l help in the development of an immuno-
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prophylactic methods.  Already very remark-
able success has heen obtained (including in
india) on the cultivation of malaria parasite.
an essential preliminary needed for large scale
production of vaccines. It may be expected
that cxperimental vaccines, either produced
from the blood parasites or sporozoites, will
be available sooner than we expect. Tt is
essential to make a proper assessmient of the
role and utility of the vaccine now jiself and
its advantages and limitations evaluated.
Firstly vaceines, whether killed or live, have
to have an immunological effect betfer than
that of a natural infection to be successiul in
nature. We are all familiar with the fre-
guency of malaria reinfections and the very
wransitory nature of immunity after a natural
infection. The vaccine has to provide a
more lasting effect to stimulate immunity
against all the three species of the parasites,
sach of which scems to be immunologicaily
different. Let us hope that immunoclogists
will produce such a vaccine, However, the
prospects of using vaccines on a large scale
seem to be slight. Moreover, the organisation
required to immunise millions o people each
vear is itself a formidable task, and needs
production and logistic facilities far in excess
of what we were accustomed to cven at the
height of the NMEP. The protective inocul-
ation s not a one-time affair like smatlpox
vaccination. Multipic vaccinations every year
would be needed.  But there are undoubtedly
sttuations such as those found in organised
civitian and defence personnel, limited popul-
ations facing a serious epidemic and peghaps
even school children, where vaccines would
be useful, but repeated vaccinations of mil-
Hions of people every year may pose prob-
lems. Obviously, as viewed at present, vac-
vines have an important place for personal
protection, but whether they can be of that
quality or effectivencss to prevent persistence
of transmission or to be useful as an exten-
sive public health measure is u matter which
needs cireful evaluation before the country

embarks upon a programne of mass mmuais-
ation against maiaria.

Assossment  of  mafaria  ineidence — The
guestion of the assessment of the incidence
ol malaria demands also urgent attention.
Governments have the right to know what has
been the effect of 1the programimes on which
farge funds are being expended. Malariotogists
are also interested in knowing the manner in
which malaria incidence is being affected so
that they can make suitable projections of the
probable futurz needs. It is imperative that
accurate and relizble data are available. Since
NMEP was started in 1958, sole reliance is
being placed on the data collected by the
surveitlance organisations. The data consist of
the number of parasite positive malaria cases
detected in the total population. The data
are further analysed in terms of AP{ {Annual
Parasite Incidence), ABER {Annual Blood
Examination Rate), etc., for every region or
district. Very valuable as these data were
at one time, their present accuracy and vali-
dity have been questioned as parameters for
mensuring malaria meidence.  The pre-1977
data were based on the collection of blood
smears in untreated populations, but with the
introduction of the modified plan and the
widespread use of chemotherapeutic drugs, 2
question ariscs whether the sample now being
examined is comparable, Do they not largely
consist of treated populations? While chloro-
quine was administered prior to 1977 asa
presumptive treatnient after taking the blood
smear, m post~t977 period chloroquine is
being recly distributed and every encourage-
ment given through the press, radio and even
through posial starionery, for self-medication
even hefore blood smears are collected.
Therefore, a critical and unbiased evaluation
al the methods should be undertaken immedi-
ately and also attention given to the develop-
ment of alternate methods of malaria
assessment.  Much  innovative research is
needed demanding utmost objectivity. Sero-
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logy may provide one of the possible sotu-
tions, but it has also certain lmitations and
organisational obstacles which rather militate
against its widespread use. Malariologists
have to besuy themselves very soon to settie
this matter and start collection of data com-
parahle year after year.

Environmental improvement — The discovery
of DDT and its role in public health was
perhaps the greatest factor which stimulated
and made possible a global attack on
malaria. Will such an event occur again?
Wilt human ingenuity provide an alternative?
However, such an event does not seem to be
in sight aft present. Various types of che-
mical compounds are being developed (unfor-
tunately not in our country yet) and tested.
Almost cvery new insecticide synthesised
seems to be able to induce resistance in some
insect or another sooner or later. While we
may wait and look for better insecticides
comparable in effcctiveness, safety and cost
with DDT, it would be prudent to explore
methods to control the vectors without too
much reliance on  insecticides. A better
understanding of the physiology and genetics
of rcsistance may help us temporarily to
svercome the difficultics, but in the loag vun,
it is the elimination of the sources of produc-
tion of the vectors that is likely to be the
answer to the problem of many vector-borne
diseases. As already stated, it is the environ-
ment which determines the degree of vector
prevalence and distribution,  The improve-
ment of the environment in villages and towns
10 efiminate the vectors at source would be
an ideal permanent method of disease control.
Even if a fraction of the Rs 80 crores buing
annually expended on malaria in this couniry
could be diverted to improving the environ-

ment, long lasting benefits will accrue. In
vist parts of the country suck. improvements
cait be brought ahout by a concerted pro-
gramme extending from $ to 10 years. There
are othar places, however, in which the
breeding places of vector are so extensive
that environmental improvement as a means
to vector control would not he feasible at
present, But even if malaria can be got rid of
m vast areas of the courtry by simple
methods of minor enginecring, it would be a
solid achievement. While all other methods
tend to reduce malaria incidence temporarily,
the environmental improvement acts by
ictually reducing the malaria potential per-
manently. Unfortunately the idea does not
look much enthusiasm amonz the workers
who would rather prefer ecasier and more
spectacular methods but which may fail m
*he long run. This subject has been discussed
clewhere and mnecd not bhe discussed n
Jetail here.

Research methodology—Finalty, the metho-
dology of research itself requires carcful
attention and much revampng. Research
+hould be organised in such a manner that
vach project has definite objectives and is
time bhound. Specific questions should he
posed and answers to it obtaired. The plan
of work should be discussed and decided be-
fore the studies actually commence and assess-
ment made on pre-determined parameters.
[n the past, all too often, ressarch projects
have been commenced with weil meaning,
broad but vague ohjectives leading to much
waste of effort on unessentials. However,
scientists are not antomatoens and a few who
wish to take part in exploratory research
should also be encouraged if their rationale
iz supported by sound reasoning.

The above brief account refiecting the author’s personal thoughts emphasises if nothing clse, the
existence of a muititude of problems which still rematin unsoived in malartology. Perhaps another
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author would have given a different sct of topics needing urgent attention. Difierences of
opinion arc inevitable based on cach person’s background and degree of commitment to
the problem. Discussions and debates are an essential requisite 10 sort them out and to
plan research for the future. What is needed is a constructive and positive approach with a
determination to get results. A}l research has one objective, the final liquidation of malaria
at a not distant future. It can be achieved only if a scientific attitude is maintained all
the time.
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Some Aspects of the Socio-Economic Impact of

Malaria and its Control

Ao ™ Rayv

Presmble

Discussing on the subject of malaria and irs
devastating clfects on the socto-gconomic ds-
pects of a community, as well as measures
required to contret the disease, many a
worker in the field, such as Ross (1924) had
ohserved in the past, that while it is frue
that cortrod measures cost money, but the
disease itself is 2 source of expense. Evenif
the cost of protecting the community is as
much as malaria itself, which is seldom the
case, it is worthwhile.  Alf were in agreement
that in conntries affict:d with malaria, sne-
cially in the tropics, cconomic and industrial
cfficiency is materially retarded (Hehir, 1927:
Bentley, 1925 Christophers, 1930),

A {reatise writen by Sinten {1935) on “What
malariz costs India” recorded that the prob-
Jlem of the very existence in many parts of
india was the problem of malaria. b con-
stitefed one of the most important causes
of economic misfortune, engendering poverty,
jowering the physical and intellectual s1and-
ards of the nation and hampering prosperity
and egonomic progress in every way., A re-
view of the Heerature indicates that if sach was
the case in Eddin 1t was true for most of them
alarious countries specially in the tropics.

At the same thme there was consensus, thal
quantification in terms of cconomie gains by

Gecepred far publication : 8 ilav 1981,
Mational Malaris Fradication Programme,
M=ihi 110054

aFording protection through heaith projects
is probiematical. The situation becomes more
complex because of competitions for the timi-
tzd funds not only amongst different depart-
ments bat also from programmnwes within the
same department.

Fi1 view of these conflicts there were some
who advocated that the solutjyn might lic,
first in cstimating the economic loss caused
hy malaria (Rao, 1928). Some of the pioneers
ju the field tried precisely io do that by ana-
lysing the effect of the disease in terms of
deaths, disability (thus absenfceism  from
schools or work) during acule illness as well
as debility as a result of repeated attacks on
account of relapses and reinfections, and the
adversz effects in terms of output, whether
i the field of agriculture, industry, mining
construction, cnginecering, railway and other
projecls, so vital to developing zountries.

Having prosented thes: quite systematically,
some made attempts to show the benefits
(thouagh indirectiy), which would accrue hy
controdling the disease. To some extent a few
of them were able to  substantiate their
claims on the effects of orgznised control
programmes in areas with economic poten-
iials, especially in certain fypes of agricud
ural industries like tca, coffee. rubber and
oil palm.

But it would seem that these cxercises were
nat convincing enotgh for the planners and
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cconomists.  Bud thesr attenfion was soon o

be focussed with the publication i 1951 of

an articie on the “Cast of Sickness and the
Price of Health™ {Winslow, 1951}, This ap-
peared to be timely as, because of national
sconomic planning in many developing coun-
tries, people were evincing more and more
interest in the economic benefits of health
programmes which have all along been con-
sidered as a  non-productive  expepditure.
The subject received further rrcogaition
when the University of Michigan sponsored a
confercnce in 1962 om the Economics of
Health and Medical care. In this context
mention should be made of two papers on
“‘Malaria  Fradication and Population
Growth” {(Newman, 1965) and "*The Fcono-
mic Effects of Malaria Eradication™ (Barlow,
196%). A further refercnce will be made on
these kssucs af a infer stage.

Meanwhile it shouild be stressed that the
main asset of dzveloping countries is the
people. It is a poor asset, if the population
is crippled with diseasus like malaria and the
vast majority of the people remain ignorant.
Socio-cconomic  development  requires  a
healthy afert population with hope and belief
that something ean he done, not one which is
depressed and ill convinced of the hopeless-
ness and inevitability of it ail. in this context
Myrdal (1968) focussed  attention to the
enormous difficulties experienced in the mea-
surement in monctary terms, of e beneffs
of edocation and bealth.

Considering the complicated nature of the
task of evalnation of health programmes, in
recent vears cconomists prefer to use some
yardsticks like “input” and “output” as
they are accustomed to apply in other fields.
The “input” connotes resoprces invested,
“output” refers t> reduced mortality and
morbidity, improved labour efficiency and its
impact on productivity., and thus on the

ecconomic scene. Some advocates the inclu-
sion of other areas like the effect of improv-
cd attendance in school, fourism and such
matters, however trivial it may sound.

Because of 1 number of falacies, as vet it
has not been possible to determine output in
terms of money, that is. if ‘X’ is invested,
how the output such as °Y” should coms up
to within a given time, after successful run
of a health programme like malaria control.

Malaria, Mortality and the Impact

Human suflering, be it due to malaria or
any other disease cannot be ineasured. But
the number of deaths, in a ccriain percen-
tage of cases can be counied. Malaria has
all along been known as one of the most im-
po-tant factors responsible directly and in-
direct:y for infant and child morfality m
areas where the discase is highly prevalent.
The toll is much higher during epidemtics
which in undivided India were responsible
for an estirnated two million deaths against
one million in normat years. This was the
picture in respeet of a population of about
300 million.  Bven in the recent years it is
noted that where there is no  organised
programume for the control of malaria, such
as 1n African countries South of the Saharas,
the mortality amongst infants and children
below 14 years is estimated at one mullion a
vear (WHQ, 1974).

Almost hall a century ago, in his Presidential
address at the Fifth Indian Sciznce Congress,
Christaphers (1924), one of the vanguards
in the ficld of malariology, had remarked
that “All m:n must die, but it is to be hoped
that each will have a run for his money, so
to speak, and live to a reasonable age, say 50
vears”, Tnterpreted in the correct perspective
this would connote that the average man
sttould live long enough, not only to have
a fruitful life, but also to contribute sub-
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stantially towards the economic well-being of
the community.

In recent vears the same view has been ex-
pressed by Bryant (1969) indicating that a
child is an asset to vield future return. Thus,
il the morlality a1 an early age is of sufficient
magnitude, expectation of life in the commu-
nitv is shortened and the work force is rela-
tively small. If, however. the control activitics
are offective, there shouid be reduction in
deaths specially amongst infants and toddlers.
This is indeed promising from many points
of view.

Byt many may argue that such as itvation
could be inlerpreted as a positive pressure
on population growth, thereby exerting a
downward trend in the economic field. This
might appear to confuse the issuc about the
sacio-econhomic bencfits of controlling a dis-
vase; and therefore, this aspect has been
clahorated somewhat at a later stage.

Malaris  MViorbidity and the [ufluence on
Secie-FEeonomic Sector

In the absence of more specific and reliuble
data on diseases in many developing count-
ries, understandably, health administrators
and economisis had to lay emphasis en mor-
tality statistics in determining the effects of
health activities, Mortality is a  sumpler
method of measurement. It can provide
information on the prevalence of diseases
that cap he tatal and the extent to which
these cannot be prevented from betng faral.
But it docs not provide other information
ithe number of sick days, physical weakness,
incipient iflness, malnutrition and many other
conditions.

Henee, the importance of morbidity, study
of its prevalence, the degree and duration of
disahility (sickness) as well as debility, that is
ingapacitation for full participation in refation

to national produciive activities i various
fields such as in agriculure, industry and many
developing projects. Some indications have
already been given earlier aboul the crippling
effects of malaria in a community in respect
of agricultural countries, cspecially in the tro-
pics. It may also be added that in such count-
ries often the malaria transmission season
spans across the sowing to harvesting seasons,
thus affecting both the activities. Often enough
there is gross under-production. Besides, the
quality is also affected. Understandably,
therefore, the cost of production is high and
the market valug is low.

Against this background, attempts had been
made by a number of workers to compute
the tikely financial losses directly attributable
to malaria. Estimates made in carly thirties
by the Malaria Commission of League of
Nations indicated that third of the global
population suffered from the discase cvery
vear, that is about 650 million. Obviously
the financial loss must have been quite
normous.  One of the most pragmatic exer-
cises undertaken in 1933/36 was related to
india.

Some of the estimates were based on the
evidence that 100 million people suffered
from malaria annovally (Chopra, 1933) and
of this a third (33 million) were adults of
productive age group earning about Rs 7.5
per month (Christophers, 1930). Further, on
various considerations it was calculated that
the actual working days lost per man, per
vear was about 15 days becausz of disability
during primary attacks, relapses and rein-
fections. This was an extremely modest
estimate as in hyper and mesoendemic arcas
the number of sick days used to be many
mave,

However, on the basis of these, the financial
foss in the community in terms of lost wages,
Sinton (1933) calculated the :mount to a
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level of Rs 1237 fakhs or Rs 123 crores
(£ 10 million at the than prevailing exchange
rates)

Debility, arising out of frequent attacks of
malaria and lack of adequate treatmen
facilities, is known to result in lnss of effi-
ciency, The problem is cowmpounded on
account of economic stress and as a result
malnuirition, because of loss of wages during
the period of actual sickness and thereafter
inabitity to wark on full time basis. Some
had estimated that such a loss of efficiency
could vary from 10 to 25 per cent. Even at
10 per cent [evel and on the same adult wage
scale indicated earlier, the Joss of productive
power equivaient could be computed at
Rs 2975 fakhs or Rs 29.7 crores (£ 22 million).

Thus without taking into account issues like
the cost of medical attendance. loss to agri-
culture, mining, industry and in other ficlds,
the financial Toss on account of disability and
debility alone due to malaria, amounted to
Rs 42 crores (£ 32 million). One might argue
that, had there been no efforts 10 control
malaria and the situation was allowed to
continug today af the same intensity, the
cconomic loss to the community on account
of 1oss of wages alone at the present level of
population in [ndiz and the wage scale could
have reached a staggering level of Rs 735
crores a vear.

Control of Malaria and its [mpact on the
Economic Scene

Agriculture - Agriculture is the life line of
developing countrics. Since industrial coun-
tries are dependent on the developing ones for
raw materials, there is some interdependence
between the two groups. Because of this.
healih should be a matter of congern Lo
both,

In this context attention s invited to some
of the poinis raised at Alma Ata Conference

in 1978 indicating aboul the existing gross
inequality in health status of devcloping and
industrial countries and that efforts be made
to reduce the cap. It is also reiterated that
promotion and protection of the health of
the people is cssential to sustained economic
and social development.

There are, however, those who argue that
improved ‘health’ wili no doubt vield more,
but because of cver increasing population
growth, there will be more mouths to feed
and, therefore, the gains achieved by the
control of a disease, say malaria, will be
nullified in the economic sense, But this
appears to hz an over simplification of the
tssue, Perhaps the concept is baszd on the
assumption that the traditional methods of
agriculture will be pursued while the labour
force will continue to grow. It scems unlikely
that due cognizance has been taken of the
fact that better physical capaeity helps in
the acczptance of the improved and modern
technology by the farmer. The spread of
the high yielding varicty programme and
alse the increase in the intensity of cropping
as in Indian agneulture, is due not in small
measure to the control of diseases including
mataria (P. K. Mukherjt, persona! communi-
cation), A new agricultural fechnology
requires more man-days of labour and greater
physical efforts in terms of intensive cultiva-
tion through larger use of modern imputs
such as fertiliser, pesticides, improved seeds
and better irrigation. [t should also be borne
in mind that development of irrigation pro-
ject itself necds healthy and hard working
people.

One may also bring up the issue of smali and
marginal farmers, whose income from land,
even if inteusely cropped, is not sufficient to
make both ends meet. The alternatives for
them are either to look for some temporary
work, away from home obviously as laboar-
ers. or to go in for ancillary occupations such
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as animal  husbandry, fisheries and such
others along with farming. But again freedom
from diseases is a prerequisite for the projeat
o be successiul.

Agricultural Indusiry — The story of malana
and its costrol in vubber plantations in
Malaysia is too well-known for repetition
cxcept to point out that in the past, the
breaking of new ground for expansion of
plantation brought in its wake much malaria
and fess production.  This may seem to be
a paradox because such openming  of new
areas was aimed at greater production be-
cause of the sarlier good harvest and better
market vahie, which is always uncerlain.
But at present sickness due to malaria is no
tonger a problem in view of the launching
of the mualaria esadication programme  from
1969, This has Jed to a considerable ex-
tention not only of rubber plantation hut
also of oil palm indastry.

The economic scene 1 the tea industry is also
familiar. There are volomes of teports
peointing out that the loss in production
could be direetly attributable to  malaria
iMacBonald & Chowdhury, 1931 Manson &
Ramsay. 1933; Gupta et ol., 1933), and the
excellent resuits achieved after controlof the
discase (Strickland & Murphy, 1932}

in this coniexl it may be added that in 1947,
priot to the large scale use of residual
msecticide like DDT, studies were carriced
out in the aotoriously malarious areas like
the Duars of West Bengal Ray (1948)
demonstrated that when the working pope-
lation of a tea parden was placed on sup-
pressive treacment with antimalarials for the
entire tea plucking season, not only the
normal cutput  increased considerably as
compared to the average of previous years,
but the labour force was able to work over
time during the entire season. In an identi-
cal neighbouring tea garden, which was

kept as a comparison area and where neither
antimalarial drugs nor any kind of anti-
malaria measures were laken up by the
management, the incidence was so  high
that during major part of the season.
plucking had to be abandoned or consi-
darably slowed down thus affecting both
quantity and quality.

Mining — Mining promotes export trades and
as such the industry is an important source
of income especiaily in terms of hard curren-
cies. Tt is, therefore, in the national interest
that the work should continuz without any
breakdown on account of sickness.  In many
countries there is general awareness of
the problom of malaria and the expenditure
incurred s considercd as sound investment
{Coulbourne & Stevenson, 1970).

Forestry — This is another wource of sub-
stantizl revenue. Bul most of the forest areas
in very many countries in the fropics are
malarious, and often under the influence of
very cfficient malaria vectors. Because of
the high intensity of the discase the popula-
tion density is low and the people are sick
major part of the year. [t s, therefore,
necessary to  mmport  labour, But unless
malaria is controlled the turnover is  usually
high and the expenses are so enermous  that
the enterpriscs ceases to be a commercial
venture,

Power. lrrigation, railway corstructions and
sthor engincering  projects — In developing
countries the activities of the {ype mentioned
ahove are common. But it is not often
clearly realised that closcly associated with
these projects there are invariably two major
problems, the first bemg the creation of
mosquitogenic  conditions which s likely
to increase receptivity of an area jrom mala-
fia transmission point of view. The second
15 the ‘tropical aggregationn of  labour’
(Clyde, 1913) which resuits in the increased
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vubnerability of the urea on gecouat of impor-
ration of malaria carriers. Experience would
show that these faciors could create explosive
situations cesulting in the slowing up of the
activities. Moreover the turnover of labour
often enough is so high as to increase the
cost of construction to an unexpected level.

The “Victory in Panama Canat™ can be cited
as an example. The constraction was hunted
by malaria and yelow fever for years at the
wrn of the century. But elfective controi

of the two diseases led to the completion of

one of the world’s greatest cnginecring feats
fHarrison, 1978). In India there arc many
examples of delays and even temporary
abandonment in the parts of projects like
embznkments, dams, irrigation, railways to
name only a few.

Recent experience aiso clear that lack of an
in-buift system of control of some of tie
preventable discases during construction and
other projects, is often responsible for enor-
mous fnancial foss, subsequent increased
cost of operation besides delay in fulliiment
of the target.

Malariz Coatrel and Population Growth

{t is an well accepted fact that in an effective
malaria control programme. the first and
immediate impact is noticed in the rapid
redpciton in the mfant parasite rate and
consequently in deaths.  Tn stages the same
is expected to happen in respect of toddlers
and older children. As a conseguence rise
in population is to be expected.

Using population growth as an yardstick in
measuring the cffect of realaria controd,
Newman (1965) reported that the rise in the
rate of growth increased upio 60 per cent
in Sri Lanka since the inception of the control
programme. This certainly resulted in a
larger and more cffective labour force. How-
ever, according to Barlow (1968, the gams

aitain=d was short-lived because the rise in
population exerted & negative economic
pressure.

On this issue sonte have raised the question
whether decline in deaths after control of
malaria is primarily responsible for increase
in population.  Although the present paper
does not provide much scope tor detailed
discussions, it may be pointed out that there
are other factors vesponsible for saving
millions of lives such as antibiotics, the ever
improving system of medical and health care,
development of MCH fucilities, to name only
a few. In this context an earlier report
by Frederickson 1960y regarding malaria
situation in Sri Lanka and the population
growth, indicates that three-fifths of the popu-
lation of the country lived in the essentially
non-malarious fifth of the parts of the country
in the south west corner and the northemn
tip of the island. Against this background,
the high population growth rate attribntable
to the control of malaria does not appear
to be valid.

But, to say that control of malaria has no
impact in the demographic feld at all, would
be quite unrealistic as it 13 well-known
that any effective public health measures
will undoubtedly reduce mortality and
thus «cause an  increase in population
growth. Thus. some have taken a balanced
view that malaria control or eradication
like other successfal public healih measures
is bound to reduce mortality in young people
and Jengthen life span thus increasing the
population pressure (Bruce-Chwatt & Meade,
£965). But are alse some economists who
helieve that though improvement in health is
accompanied by demographic changes, this
does not justify leaving the health factor
out of the economic development growth
model. Furthermore, it has been empirically
demonstrated  through the evaluation of
family welfare programme that the reduction
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of infant moriality due  to diseases has lad
t¢ a larger acceptance of the family welfare
programme.  This implication is too abvious
for elaboraticr.

Samming Lip

it is not that there had not been a general
awareness in the past about the socio-
eeonomic impact of malara in a community,
and the bencfits accrued from control of the
disease. Many had observed that in develop-
ing countries specially in the tropics the disease
is all pervasive and contributed an importani
factor for cconomic misfortune, engendering
poverty, diminishing the guality of food
supply, lowering physical standard and ham-
pering prosperity  and  cconomic  progress.
The magnitude of the problem had been so
great thar coven as carly as in 1916, the
Second Pan American Sanitary Burcau
Conference resolved that *malariz must be
cradicated whether it took one generation
or ter.”

Many had tried to estimate the economic |oss
on account of malaria and the financial gains
attained by controlling the disease, but at the
same time recognised the difficuities
demonstrating convincingly either the loss or
gain, in lerms of money.  Of these excreises,
the one undertaken in India is worth noting,
Without taking intoe account the oxpenses
wcurred for treatment of malaria cases, it
was cslinated in 1935 that on account of
disability and debility alone, caused by
mataria, the financial Joss amounted to Rs 42
crores.  Bascd on the same pattern of cal-
culation today, and had there been no attempt
to control the discase, the loss to the couniry
would have reached a staggering level of
Rs 735 croves,

Likewise In a number of countries attempts
had becn made to demonstrate the economic
eaing in the fields of agriculture, mining, con-
struction projects and others through controd

of malaria. Although there have been generai
agreement in many gquarters that ithe pro-
gress of development depended much on
the effective measures for th: conirol of
discases, particularly where malaria poses a
serious problem, it has  alwavs  been a sisy-
phean task to convince the plarners and  the
economists about these benefits,

In retrospect one can sce some lost oppor-
tunities in the receat past, when pilof projects
were undertaken for the control of malaria
i many countries, as a prelude to  the
lauaching of nation-wide controlferadication
campaigns. [t would seem that the preoccu-
pation then was on feasibility studies,
ortented primarily  to  iechpical  issues.
Sociclogical, health economics and manage-
ient  aspects under various political and
administrative set-up did not reccive due
importance. Furthermore, in view of the
initial success of the programime when eradi-
cation of the disease seemed to be attainable
in near future, little attention was focussed
to these vital issues. Perhaps the planners
and health administrators, ltke many others,
belicved that once the disease was climinated
na further expenses were to be incurred
and that funds coutd be diverted to other
fizlds. Obviously this was an over-optimistic
approach, a8 maintenance of the gains
achieved needed full attention and  due
financtal support.

Soon enough there arose other problems.  In
the more successful prograntmes, where
malaria was brought down to an all time tow
tevel, the law of diminishing return began to
be operative eventhough cradication of the
disease had yetto be achieved. There were
also some who argued that since malaria
had reached almost to a vanishing point
whether the expenses were still justifiable.  As
4 result while some projects began to stagnate
there was resurgence of the disease in athers,
because of downgrading of priorities and
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thus funding. In one of such programmes the
loss in terms of daily wages alone, as a result
of resurgence of malariz, has recently been
estimated to be quite considerable. This s
even without taking into account the loss of
productivity in many ficlds, nor the amovnts
that are now being spent first 1o contain the
epidemic and Jater to undertake long term
control of activities (Viswalingam ez 2/., 1972).

Disillusion came in respect of some other
programimes, where after initial success there
were varving degrees of set-back for one
reason or other. Although therc was an
enormous reduction in malaria, the fact that
cradication was not achieved as per target,
hardened the attitude of the planners, eco-
nomists and the administrators, who began
o have second thonghts about investments in
projeets without any apparent return.

Against the above background, the dilemma
becomes more acute when one realises the
arowing expectations of people of deve-
toping countries for better health and living
standards, at a time when many have to face
ever increasing financial constraints and
competition for the lmited funds between
different departments and even programmes
within the department.

Therefore, i becomes guite obvious that
health pians specially in respect of preventable
diseases should include socio-economic as-
pects. But at the same time it is felt that there
is also the need for further development of
a comprehensive system of economic evalva-
tion techniques, besides those already recom-
mended like opportunity cost, quantity/
quality conflict, cost/benefit analysis to name
a few (WHO, 1975). In the present context
its increasing importance should be apparent,
specially in the field of malariology when
newer strategies arc being conceived with a
multidisciplinary approach and targets defined
accocding to tactical variants (WHO. 1979).

Asscssment of the expected costs und benefits
can be a usefvl tool {Cohen, 1972) in arriving
at a correct decision ahout the wisdom of
selecting strategies under different situations.
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Urban Malaria Scheme ot the National Malaria

Eradication Programme of India

5. Pananayah, RGO Rov, Ko G Sanmann amd M. S Bendiey

A phused urban malaria contral schame was inraduced from 971720 which aow aperates in 123

lowns covering 43 million people. Basically. i s @0 aatilanal operation for mosguito control

with specisl emphasis on malarin vectors, trus supplomeniing the general pattern of National
Mularia Eradication Programaie, The penests and the role of this scheme have been oulived in
thas anticle. mphasis has been laid 10 the Truitful implementation of the scheme considering ihe
dlarming rise of malaria cases in uhan focalitics and its impact on the rural maaria control
programme. Considering Trs simBarity in operutional aspects with that of the National Filaria Con-
1rol Programme, the schzmz has baon propasad to b integrated with the latter,

Introdiiction

In the National Malaria  Comrrol Pro-
gramme, NMCP {1953.38), only hyper meso-
endemic arcas covering 160 million pepula-
tion in the rural areas were taken up for the
control work. In 1958, ithe NMCP was
converted to Nationa! Malaria Eradication
Promamme {NMEP) where the main strategy
of attack was on the coverage with residual
insccticidal spray throughout the country.
However, urban arcas having a population of
40000 and above were left owt of this
generalised indoor spray operation, and in
them, only the peripheral belt was sprayed.
Under special cireumstanges some arcus with
aggregates of labonrers as well as riverine
and receptive areas were also covered (g,
Jamna belt). In these bigger urban areas
antilarval operations by local bodies were
recommended, While the incidence of malaria
in the rural areas went down considerably due
1o NMEP operations, the discase incidence in

A-r.;cep.fedﬁwpnbﬁmrhm: 11 Feh. 1681,
1 Directorate of National Mualaria Eradication Pro-
gramme, Dethi 110 054,

rowns remained 1 major problems. This was
due to inadequaic and uncertain and unsatis-
factory operations by the local bodies as the
plea of lack of resources which were expected
to be supplemented by the State Government
il necessary,  As a result, the old slogan that
-malaria is o rural discase” was reversed in
many areas and cases were oxported to the
rural areas where the incidence used to be
extremely low.

Realising the importance of urban malaria
programme in the overall strategy and imple-
mentation of the NMEP in the country and
also taking into account the financial diffi-
culties =xperienced by the local bodies, a new
scheme to deal with the problem was pro-
posed, which emerged as Urban malaria
scheme {UMS) during 1971-72,

The present paper discusses the magaitude of
the urban malaria problem and the outlines
of the activitiss of the urban malaria scheme.

The Problem

incidence--In the early part of the century
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malaria prablem was very acute in Bombay
city. This was studied in depth by Bentley
{1911) and Covell (1928, 1930) and the solu-
tion recommended by the latter and imple-
mented by the municipality has remained a
classic in the public health history of India.
The confident note with which Covell (1928,
1930) declared that eradication (in  those
days} of this man-made disease could be
achicved {rom Bombay was very inspiring.
Fven foday, this much expanded city enjovs
freedom from indigenous malaria.

Localised outbreaks of malaria were reporied
in the pre-eradication are (i.e., before 1958)
from lucknow, Calcutta, Bangalore and
Ahmedabad (NMEP Directorate Manual,
1960). Localised focal out-breaks of maiaria
also occurred in Bombay cily in 1963 and
1965, when many of the closed wells were
epened up as war emergency measure, leading
10 prolific breeding of 4. stephensi. Trans-
mission stopped scon after the wells were
closed and sealed again. Later on there were
farge scale transmission in many towns and
cities of Andhra Pradesh, Madras and Mysore
specially in Salem, Guntur, Vijayawada and
some other sialler towns.

Active and Passive case detection (ACD &
PCD) of malaria cases was started from 1960,
ACD was however, not taken up in the cities
of Bombay and Calcutta dug to operational
reasons.  Active case detection ACD in
qualitative terms was not as good in the
urban area as the rural areas; nevertheicss.
this gave quantitative numerical figures about
the number of cases and it became possible
1o compare the figures with the rural
situation.

Roy o1 af (1976) studied the urban malaria
prablem of Tamil Nadu [rom 1961-72 and
observed that in 1963, 95 per cent of the cases
came {rom urban areas. Between 1964-67,

it constiluted 80 per cent of the problem.
Even today, Madras city contributes about
40-50 per cent of the total malaria cases in
the state. The problem was reported to be
quite serious, not only in big towns but also
in many small towns. This problemn was acute
also in Andhra Pradesh, Gujarat, Rajasthan,
and later on, Delhi and Chandigarh also
showed large number of cases.

It is interesting to note that the states of
Kerala, Sikkim, WNagaland, Mizoram and
Meghalava did not have arban malaria
problem.

The extent of damage that the urban malaria
was causing to the rural health was referred
to by the “In Depth Evaluation Committee
Report (1970)" where it was estimated that
35 per cent of the malaria cases detected in
rhe urban areas were exported to rural areas
hefore drug treatment could bz completed.

The reverse was also true in some 1owns, i.e.,
the disease got introduced into the towns
from the endemic rural areas through migra-
tion of people as well as through influx of
seasonal labourers. Thus rurai and urban
malaria got mutually supporied.

The nuniber of cases in the ten major cities
of India for the period 1975 to 1979 is given
in Table 1 for general information.

Vectars—A stephensi and 4. culicifacies play
impartant role in the transmission of urban
malaria in India, the former in the centraf
part of the town and the latter in the
peri-urban areas. 4. srephens/ prefers small
breeding places, like wells, cisterns, overhead
tanks and generally breeds profusely in clean
potable water. This mosquito can however
tolerate some salinity and some organic
contamination also. N. L. Siraraman (per-
sonal communication) found A. stephensi
breeding in the drains with heavily polluted
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Table {- Malaria Positive Cascs in Ten Major Clres of India (1975-79)

Name of cittes fropuation 1473
in million
Ahunedabd bood S
Bombay* 398 1713
Haroda 0.47 32507
Baupatore RS 85
Bhopal 039 i it
Chandigarh 0.23 4238
Calenita 5.64 292
ethi .52 1165
Hyderabad 127 3493
Madras a7 36207
Total .99 {61193

=AMl impaoried cases.

1976 1977 1978 1979
17 300 21372 26 705 10 506
4231 118G 2635 I 603
60 239 30537 9 866 14 424
%5 £27 052 R0
35 3577 2636 1339
1o 294 i 251 34 748 12283
3099 1894 1 244 2342
19 204 141089 332683 75 625
4 663 330 1559 1288
40 331 28437 14953 131 463
T Hy 265 325 4 59 001 1 94 695

water in Vijayawada, Guntur, etc, of Andhra
Pradesh and noted that A. srephensi counld
thrive side by side with culicing breeding.
This finding was a decisive factor in taking
up culicine control activity also under the
UNMS.

4. ewlicifacies plays a very important role
i the peri-urban areas. Some towns have
agricultural plots instde or very close tothe
urban arveas and the vector freely infiltrates
into the urban arcas. Amongst urban arcas,
Delhi city showed the largest number of
malaria cases in the country in the recent
years and Pattanayak ef al. (1977) noted a
changed pattern of malaria transmission in
the city. Though the overall sporozoite rate
of A, stephenmid and A, culicifacies for the
period of study was estimated at 0.39 and
€.18 respectively, the area under the influence
of 4. stephensi only, had shrunken very much
and the extended city had the 4. culicifacies
influence. These findings are of great impor-
tance in streamlining the wrban malaria

conirel strategy, There is a strong need to
evolve a1 methodology which would not only
help to climinate breeding foci of A. stephensi
but also a diverse range of A. culicifacies
hreeding which is responsible for the bulk of
malaria inurban Delhi,

Before the reclamation of the Salt Lake near
Calcutta, 4 sundgirus was an Important
vegtor in the peripheral part of that city but
its importance for malaria transmission is
now lost, In some of the coastal towns falling
within the influence of the erstwhile distri-
bution of A. sundaicus, this vector may again
play important rele if it can re-estabiish itsclf.,
As a result of indoor residual spray, this
vector is nearly exfinct and is having a very
tow density, if at all found. 4. annularis may
also play some role in some fowns in coastal
Orissa. which are under the influence of this
vector. No detatled studies have however,
bPeen carried out i the recent vears
and its precise role in this regard is not
kirown.
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Lrban Malaria Scheme and Criteria for the
Selection of Tawns

As a result of greater realisation ubout the
importance of the urban melariz, it was
decided that contrel operations should be
started in (he urban areas.  The first reaction
was to cover all rhe left out towns with a
popiiation over 40 000, But on closer scrutiny.
it was noled that all towns were not mala-
rious and only those with the problem should
he identificd.  One-hundred-thirtytwo such
rowns were identitied but due to financial
constraints it was decided to take up the
towns in o phased manner. The criterta for
selection of towns under UMS s followed as:

. The town should have population above
A 000 In some exceptional cases, an
agglomeration of small towns has been
tnictuded in this scheme.

i The higher the incidence of malaria the
greater was the priority attached.  The
minimum  Annual  Parasite Incidence
{APT) should be two or above.

Towns adjoining  highly malarious arcas
would be given preference.

Ll

%, Towns already under the National Filana
Control Programme (NFCP} would not
he sclected for UMS to avoid duplication
of work.

3 Some towns with bad  past reputation of
urban malariz control were included
ender the scheme to prevent the re-
cslablishment of the disease.  The lack
of ACD and poor PCD in these towns
did not provide accurate APT figures
and therefore, this precaution had to be
taken,

During 1971-72, the initial selection was res-
tricted Lo 22 1owns. Six more towns were
added during 1972-73 and 1 1976-77 only

28 towns continued to be uncer this scheme.
Further, 39, 36. 12 and 10 towns were added
during {977-78, 1978-79, 1979-20 and 1980-81
respectively and a total of 42 million people
spread over 125 lowns are now under this
scheme which is spread over 16 States and two
Union Territories.

Operational Aspects of the Scheme

Oreranisational ser up — The Directorale of
NMEP at Delhi is the headguarters of the
UMS which provides adpunistrative and
technical guidance. Held research. training
and evalution of the scheme. The scheme is
aperated  through  State/Urion  Territory
Governmends,  Health  Direciorate  of the
State/Union Territory execules  the pro-
aramme either through the municipalities or
directly through its own organisation.

Financial arrangerments — UMS to starl with
was  centrally sponsored schemwe. The
friancial arrangements of central assistance
rnder this schemre was an operational cost
and cost of material and equipments,

Operational cost of the scheme is the ex-
nenditure on staff.  The cost is an additional
subsidy to the committed level of expenditure
incurred by the local bodies/stares. Under the
puttern of assistance, material and equipments
were procured centrally and supplied directly
to towns with intimation to States and Union
Tzeritories. No cash subsidy for such expen-
diture was cavisaged fill 1978,

From 1979 onwards, this scheme has become
4 centrally assisted programme on 50 : 50
sharing basis with the states. Under the new
pattern of assistance, states have to procure
larvicides like Mosquite Larvicidal Ol
{MLQO). superior kerosene oil, tvunsports and
spravers i addition to operational cost, while
Centre is providing larvicides orher than the
two indicated above.
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Operational Methods

Broadly speaking, the scheme is the supple-
mentary {0 mosquito control operation parti-
cularly at the aquaiic stages of mosquitoes,
with special emphasis on malaria control.
Various methods are being used in the larval
control operation.

Engincering  methods — Drainage  (subsoil.
surface) and other sanitary enginecring work
come under the major category and no
budget has been provided under the scheme
te undertake thesc measures. Temporary
measures such as cleaning and deweeding,
channelling, f{illing and drying water collec-
tions as well as management of waste water
fall under the minor category of engincering
measures.

Larviciding— Due to  extensive urbanisation.
practically all the citics and towns are grow-
ing with increasing boundary with shanty
township conditions in the periphery. This
facilitates extensive breeding of mosquitoes
and the problem is becoming more acute day
by day. As a resuit, town planning work is
not keeping pace with the need.  The chemi-
cal larviciding is the only answer to such situ-
ation, Mineral oil. now Mosquito Larvicidal
Gil (MLO) and paris green {copper acetafe
arsenite} are the oldest larvicides. To these
larvicides new additions like temephos, fen-
thion and pyrethrum based emulsifiable oil
have been made in the programme. The
larviciding operations are carried out at
weekly intervals throughout the year,

Biological control—The biclogicai method of
control is supplementary to the chemical
tarvicidal  measures, A large number of
pathogens, parasites and predators of mos-
quito 3s well as larvac have been recorded
but except the larvivorous fishes other
organisms have not been seriously tried in
the field, One of the limitations of the
biological control agents including the

Iarvivorous fishes is the need to rear them in
large number. The larvivorous fish once
adjusted to an environment may  produce
dramatic results, Sitaraman e af. (1975) have
used Gambusia affinis in Hyderabad city
(AP) at the rate of five per square metre
and reported remarkable control over malaria
transmission. Similarly Sitaraman ¢¢ al. (1976)
have pointed out that the use of Poecilia
reticulatus at the rate of 50-100 fish per well
has reduced A. srephensi breeding and kept at
a low level up to 48th day. Joshi ez gf. (1976)
as well as Sasa er 4l (1965) have used
Poecilia reticularus in the control of C.
quinguefasciatus breeding near Dethi and in
Bangkok respectively and were able to bring
down the larval density to a very low level,
Programme officers of all the states having
urban malaria problem have been requested
to introduce both Gambusia affinis and
Poecilia reticulorus. But due to environmental
and orgamisational difficuities, the application
1s ol vet uniform.

Adulticide eperativn —Though indoor residual
spray with insecticides fike DT, BHC or
malathion is not taken up in the urban areas,
the peripheral areas of a town or city are
covered with adulticide on getting the report
of the malariz case. UMS provides for the
focal adulticide spray of two per cent
pyrethrum extract in 50 houses around the
malaria case.

Application of insecticides by Ultra Low
Volume {(ULV) and Thermal Fogging tech-
niques have been recently taken up in some
towns. The vector species and almost all
other mosquitoes, whether resting indoor or
outdoor are exposed to the action of ULV
and fogging.

Surveiliance-—As  per Chadha Committee
recommendations the active case detection
in arban areas, particularly in towns with
more than 40 000 population, was withdrawn
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and there was substantial black out of malaria
information except in casc of passive case
detection. Now under the modified plan of
operation, Govi. of India has agreed (0
provide one surveillance worker per 20000
population in each urban areas and alse to
iniensify the PCD activities.

The schems is proposed to be integrated with
that of Natinnal Filaria Coatrol Programume,
wherever these two diseases co-exist, as
larviciding is commen to both the diseases in
urban arcas.

Dhiscussion

Furid (1976} pointed out that for the control
of orban malaria, permanent enginecring
wurks fike drainage filling and water manage-
ment wenld prove more useful and UMS docs
not provide funds for this aspect due to the
enormons cost mvoived.

For successlul implementation of the scheme,
two pronged attack is nccessary, i.e,, health
ciducation as well as strict enforcement of
ye-laws  for reducing the mosgnifogenic
conditions. The success of the scheme in
Bombay was largely due to the second
approach.  Health ecduocation is also very
essontial as vven domestic water contdiners
have been found to provide a profuse scurce
of breeding of A. stephensi. Tn rich houses in
cities, water coolers, etc. also create a prob-
lem  and the awareness of the malaria
problem and means to prevent stagnation of
water can 2o a lopg way in reducing the
menace.  Multiplicity of administrative units
within a given Municipality or a Corporation
also causes the problem of effective coordi-
nation. Efficient functioning of the coordinat-
ing bodies under the direct and constant
wittch of the top administrative functionary is
a must and has given dividents, The sugges-
tioms given by Covell (1928, 19301 holds good
even today after five decades.

With increased urbanisation, -t appears that
the problem will be & matter of still greater
concern in days to come if not properly
tackled. It is a big public heaith chal-
lenge and creation of the UMS component
filled a much needed gap. In spite of various
zonstraints, good work is being done by the
workers for keeping the disease under control,
As the operations ure similas i many res-
pects, there is a proposal to integrate the
Natonal Filaria Control Programme and the
UMS, especially the mosquito controf com-
ponent.
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[nvestigation on Simian Malaria in India, and its

Potential as a Source of Zoonosis®

. 5 Choudhury!

An enzoatic of simiun mataria in which SU per cent of the monkeys were Tound infected was
deiocted in Nilori distiiet of Tamit Nadu, tndis. The vector responsible was /. elegans which
bwlongs 10 the 4. fepeosphrrus group. The investigation on the bionomics of this spacies revealed
cutreme preference of  these moesguitoss to simian blood. They were mever captured indoor
a- collected from monkey baited net traps kept at ground level or on platforms Kept at some beight.
They readily fed on wild monkeys roosting on top of arccanut trees at night. In the luboratory,
these mosquitoes were found to be exmremely reluctant 1o feed on human volunteers  2ven when
kept hongry. From these, it appears ihac this focus of simian  malaria s pot cikely 10 act as a

soonofic reservoir for human infection.

Introduction

Evies ef af. {1960) reported accidental infec-
tiom of P. cynomalgi bustianelli in laboraiory
workers.  Since then, successful moculations
of P cpnomolgi basrianelli, P. cynomolgi
(M. strain) and P. brasilianum into human
volunteers have been reported in USA (Beye
ef al.y 1961, Coatney ef af., 1961; Schoudt
et al., 1961, Contacos er af, 1962 and
1963).

The finding of natural infection of P. knowlest
in «un American white man working in the
jnngles of Malaya has conclusively proved
that simjan malaria could be a zoonotic
discase under certajn enviroamental con-
ditions {Chin ¢r al., 1965). Deane e al
{1967y and Fong er of. (1971) have further

Accepted for publication © 6 May 1981,

*  [avestigation wias carried out during 1963-65 ar the
South India Branch of the National Institute of
Communicable Diseases, Coonoor. This paper wag
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ced Years of Malaria Research' held in Caleutta,
VI-18 Janpary 1980.
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vonfirmed the above lindimgs. Natural infec-
lion of P. simium and P. kuowlesi I man
has been reported in Brazil and Malaysia
respectively by them.

Ramakrishnan and Mohan (1962) reported
«n enzootic of simian malara in Macaea
radiata radiate monkeys in Nilgiri district
of Tamil Nadu, India. Pattanayak {1963)
slso found a reservoir of simian malaria in
Kozhikode district of Kerala state adjoining
the Nilgiris. Choudhury ef /. (1963a) incri-
rainated 4. efegans as the vector of simian
raalaria in the Nilgiris and considered this
species to be responsible for the enzootic
focus in the local monkeys.

In order to determine whether this reservoir
could act as a source of zoonosis, an investi-
gation was carried out in a small hamlet
covered with dense tropical forzst in the foot
hills of the eastern side of the Nilgiris. The
fruit gardens consisting of mango and jack-
fruit trees and the arecanut plantations con-
tained in the hamlet were frequently being
visited by the monkeys. The vesuits of the
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imvestigation have bheen presented in this
paper.

Materizl and Methods

Al the links in the chain of transmussion of
simian malaria, ¥z, the infected monkeys,
the species of simian malaria parasites and
A. elegans mosquitoes were indigenous (o
the Nilgiris.

The monkeys were Maecaca radiara radiata
Geoffroy which is synonym of Silenus sinicus.
P cynomeolgi and P, jryi found in the local
monkeys were uiitised for the investigation.
Wild caught 4. clegans mosquitoes and some
laboratory reared mosquitoes obtained from
the cggs of this species were used. Frequent
attempts to colonise this species failed.

Marking of the mosquitocs for the release
experiments was carried with printer’s gold
and =silver dust in the way mentioned by
Maijid (1937} and Russell ¢r al. (1944}, The
marking was also done by a new method.
The dorsum of the thorax of three days old
A. elegans mosguitoes was painted with a
dilute solution of aluminium paint in ether
after lightly anaesthetising the mosquitoes.
The paint left a bright silvery spot on the
thorax.

Results

Infection in the monkeys — One hundred and
seventy Macaca radigra radiora  monkeys
were trapped in the Nilgirls during the
investigation. Tahle 1 shows the malarial
infection in them. It can be seen that 517
of these monkeys were showing infection
on capture, the predominant species being
P. inui (52.8°%). Among the remaining infec-
tions, 36.7% were a mixture of P. cynomolyi
and P. imuii. Except Knowles (1919} who
found simian malaria parasites in Assam,
all other workers detected simian malaria
parasites in SHenus sinicus monkeys in South
fndia.

Natural infoction in the mosquitoes — A total
of 3 476 anopheline mosquitoes consisting of
[4 different species was collected and dissec-
ted for the presence of sporozoites in them.
Oug of these, 358" were 4. resvellatus and
10.3% were A. elegans. Natural infections of
simian malaria parasites were only found in
4. elegans (Choudhury et af , [963a). Though
4 tessellanys  was not incriminated, this
specics was found to be good experimental
vector of simian malara (Choudhury et al..
1963k}, Hence attention was attracted to this
species because of their abundance in the
investigation area.

Tale 1 — The Species of Parasites in Maeacn radiata radiate Monkeys Captured from Different Places of

MNilgrris
No. of monkeys No. found Per cenl _ Prevalence of species of parasites { )
captured infected infected P oinai P. cvnamolgi P. cynomolgi and
P inui (mixed)
170 h¥) 51.2 528 10,3 367
Table 2 - Results of Precipitin Tests of Blood Meals of 4. efegans and A tessellatus Collected from the
Investigation Area
Species of Mo, of Per cent  positive Remtarks
mosguioes Mood meal Monkey Bovine Human
tested
A elegans 125 100.0 .0 0.0 Simiophilic
index 100.0
A. tesseflatus 639 0.0 332 0.3
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Tabie 3 -— The Resulis of the Release Fxperiment Carricd out with 4. elegans Mosquitoes
Sl e & No. of No. recap=  No. found  Distance between No. of vild unmarked
Ny time o’ rrosquitoes tured on fed point of reiease _A. elegans captured
release veleased subsequent und capture {metres)  reshly . Unfed  Total
day Minmum Muximum fed
' [5.5cd 51 Lab. reared H 2 15 HN} Nil Nil il
(7.0 zm.) with gold dust (21.35) 1. h
z 9,704 61 Witd with 9 k] 156 3040 37 N 7
CLO0 pum) eold duost (1421 {100
32 Lab. reared po 24 130 300 —_ — .
with sibver dust {056} {10
3 3364 60 Lab, reared T oF 0 25 2% 354 4%
{45 pmy  with aluminium {11.6) {83.7)

paint

s wegreh was made only for two hiours In the morniag. o
+ One unfed mosquito was found injurcd and was not in a fit condition to fiy.

o Containmg partially digested blood.
¥ 33 Out ol 34 showed sporozaites.

Nowe: Pigures in parentheses are i percentages.

All fed mosyuitoes shened monkey blood by precipitin test.

Feeding preference of A. elegans and A.
tossellatus — The rtesults of the precipitin
tests earrivd  out with the blood mcals of
these two species  of mosquitoes are piven
m Tahkle 2.

It can beseen that 88.2% of A, tessellatus
showed preference for bovine blood. Not
a single blood meat of this species showed
moenkey blood. Whereas all the 124 biood
meals of A, elegans mosquitoes showed
monkey blood only. This extraordinarily high
fiunre recorded here showed a very sclective
affinity of this species for monkey blood.
Surprisingly not a single 4. elegans mosguito
could be collzeted  during this investipation
from monkey baited net traps kept at ground
level or an a platform kept at a height of
3 melres.

Bionuniics of A, elegans — In the investigation
area, breeding of A4, elegans was detected in
the arecanut garden during the months of
June to september, 1963 and 1964 in associa-

o with 4. ressellarns. A, maculaius,

A. fvrcanes and A barbirosrris. They were

found in temporary water coifections at the
base of the arccanut irees, formed as a result
of intermittent irrigation practised in these
gardens. The adults were found resting on
the exposed roots of the arecanut treesin the
caved-in-channels connecting one arccanut
plot with another lying on a lcwer level

They were never collected indoor from human
chwellings, cattle sheds, or outdoor from
monkey baited net traps. But frashly engorged
A. elegans were collected from the day time
resting places in the morning in the arecanut

sardens. The blood meals o these mos-
cuitoes showed monkey blocd. To solve
this, release experiments with  marked
{zmales were undertaken. The data of the
rzlease  experiments are  shown in
TFable 3.

It can be seen from the Table that in the

first series, out of 51 laboratory reared and
gold dusted A. elegans mosquitoes released in
the morning in one of the arecanut gardens,
eleven were recaptured on the subsequent
day. Two of these mosquitoes were freshiy fed
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and showed the presence of monkey blood.
The results were inconclusive except  the
finding that some of the released mosquitoes
had fed on the monkeys.

The second release experiment was carned
out af dusk and planned inosuch a way that
the released mosquitoes could imbibe a blood
meat from a caged monkey kept on a plat-
form about 6 metres above the ground level
or from wild monkeys found roosting on
nearby arecanut frees. The released mosqui-
toes included 32 laboratory reared, dusted
with silver; and 63 wild caught, dusted with
gold. The poit of release was 13 metres
from the caged monkey and about !30
metres from the wild.

Al the refeased mosquitoes were Tound to fly
upwards on release. One gold dusted mos-
qiiito came and scttled on the outside of the
monkey baited net frap but left without
making an attempt to feed on the monkey.

Searches were made duriag the night from
the monkey bait but no 4 elegans masguiro
was collected.  Thirtythree marked mosqui-
tovs fully fed, were collected next morning
trom the hottom of the arecanut frees on
which the monkeys were resting during the
night. Two mosquitoes were actually scen
in the process of coming down fully on-
gorged. Thirtyseven unmarked 4. elegans
fully fed were also collected during this
period from the same spot.  The blood meals
of ail the fed mosquitoes showad the presence
of monkey blood.

The above observation showed that this
species has a strong preference for monkey
hlood., They ure mest probably attracted
by smell of the monkeys and fly upward to
about 15 to 20 metres in search of the host.
They feed at that aliitude and rest on the
arccamat leaves  during the aight, Boing
disturbed by the monkeys inthe morning,
they come down alinost vertically as too

SINDAN MALARIA N MDA L}

muel engorgement does not aflow them any
liberty to fly it any uther direction.

Cut of a total of 95 mosquiioes released, 33
were captured back giving a capture rate of
34.7%,  In case of laboratory rearcd silver
dusted mosquitoes, the capture rate was
even higher, the figare being 75%. Since
these  mosquitoes were reared  from cggs,
they were earnestly looking for their first
klood meals. It appears fantastic to capture
them in such Jarge number taking into
consideraticn the place of capture which
was full of weeds and other vegetations. The
possibility of the sucking tubes being
contaminated  with the printer’s dusts was
vonsidered.

Hence in the third releasc experiment, 60
three-days  old painted mosguitoes  were
released at dusk just below the arccanut trees
where monkeys were found resting for the
uight.  Next morming between 5 to 7 am,
seven painted  mosquitoes, six {ully fed and
one unted were eaptured. The unfed mosquito
was found to be injured and was unable
re fly  properly.  Thirtyfour  unmarked
A ele raie mosquitoes, of which 28 were fully
{ed were alo captured during this period.
No attempt was made to collect any more
mosquitoes after the initial collection. The
percentage of capture of the released mos-
quitoes was 11.6% in this series, Tt could
have possibly been higher if the scarches
were cantinued  for a longer period  All the
blood menls showed the presence of monkey
blood,

The above cxperiments  conclusively showed
that thesc mosquitoes were attracted to the
monkeys roosting on tail arccanut trees and
remamed  with the host of predilection
during the night and fed onit during this
period. Gut of 34 unmarked 4. efegans Mos-
quitoes collected during the last experiment,
33 showed sporozoites. This shows the
magnitude and efficiency of this species as a
vector ol simian malaria.
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Table 4 — Details of the Yolunteers, the Dosc of Inoculation and the Species of Parasites Employed*

No. of human Age Date of
volunteers {ivake) (years) tnfective
hite
! I8 27.08.1963
z iy 04091564
3 21 0Y.09. 1904

» Mixed infection of P, epaomolgi and P, inui.

Dose of ino- Period of Lintoward
culationt observation symptons
{in months)
3 f Ni
3 H Nil
z i} Mil

T Presence of sporosoites was detected by post-pravdial dissection.

These mosquitoes somehow feel shy to enter
a trap containing a monkey both on the
ground as well as on platform kept on some
height.  This is contrary to the finding of
Wharton ¢r af. (1962) of A. lewcosphyrus and
A. pujutensis, other natural vector of simian
malaria heing collected from monkey barted
net fraps in Malaya. A, hackeri, another
natural vector of simian malaria in Malaya,
was caught in monkey baited nel traps one
hour after sunset. Macdonald and Traub
£196U) reported that both A. leucosphyris
and 4. balabucensis intreforus would attack
man and were actually collected from
huraan baited traps at ground level and in
forest canopy in the hill forest of Malaya.
A eferans appears to be definitely different
in this respeet.  Not a single specimen of
this species could be collected from human
haits or dwellings.  Even in the laboratory,
it was very difficult to coax them to feed aon
human volunteers.  Mapy times, it was seen
that they died without taking a blood meal
when attempis were made to feed them
only on human volunteers.

Experimental  transmissibiliny  of  simion
malorig 1o hwran volunicers — Human volun-
teers were bitten by infected 4. elegans mos-
quitoes having sporozoites in their salivary
glands. The details of the transmission studies
are given in Table 4. None of the volunteers
showed any demonstrable parasites by

microscopical examination. The reluctance
af the infected mosquitocs to leed on human
volunteers did not allow a heavy dose of
infection to be given to ihe volunteers.
No further intensive effort was made
us this species did not absoluiely show any
cvidence of contact with man during this
investigation.

Discussion and Cooclusion

The aim of this study was lo explore the
possibility of simian malaria acting as a
zoonotic dJiseuse under Indian conditions,
There was certain amount of urgency in this
respect  and apprehension  also.  In recent
vears, it has definitely been established that
simian malaria parasites could be transmitted
to human volunteers. The chain of events
started with the accidental infection in 1961
of few workers cngaged in research on
simian malaria in USA with P cynomolgi
bastianelli. This parasite has got fairly
good resemblance to P. vivax. Since then,
P. crnomelgi (M .strain) and P. brasilianun, a
guartan parasite of the monkeys of the New
World were successfully transmitred to human
velunteers. Matiers reached the peak, when
Chin er al. (1965) described the natural
infection of a white man in Malaya with
P. knowlest.

In India, the finding of nataral infection in
the monkeys was mostly restricted to the
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southern part.  In the north, thousands of
S. rhesux monkeys examined for experimental
work, did not reveal any natural infection in
them. Donovan (1920) reported one infection
of P. cynomaolgi out of 89 monkeys cxamin-
ed in the Nilgiris. Mulligan and Swaminath
(1940) reported the finding of one S sinicus
monkey infected with P faut in the feot hills
of the Nilgiris. During the course of another
two decades, the small focus has expanded
infe an enzootic proportion ameong the mon-
keys. Aftention was naturally attracted to
this enzootic simian malaria and investiga-
tions were planned to find out whether there
was any possibility of this reservoir of simian
malaria parasites acting as an extra human
saurce of infection to man.

Closc association between man and monkey
was mostly found to cxist in different planta-
tions of the Nilgiris. In the foot hills
Kallar, there is a good acreage of arecanut
plantation where many people are employced.
They come from distant villages in the plains
and work in the garden during the day. The
coffee plantations located between 2000 10
aubout 4000 feet employ comparatively less
labour as the work is mostly scasonal.

Careful examination of the captured monkeys
revealed that 51% out of a total of 170
examined, were infected in naturs. Not a
single monkey was trapped which was show-
ing an acute infection. This is mst probably
due to the fact that during the acute illness
they must be very quict and would avoid
getting into a trap.  When kept in captivity
some of them had bouts of parasitaemia dur-
ing which mosquitoes could be infected by
feeding on them. Thus, it appears that a
ready source of infection is available 10 the
vector mosguito i nature.

The vector responsible for this enzootic simian
malaria has been found to be A, elegans
which belongs to the A. fewcosphyrus group.

The study af the dionemics of A, vlegans has
revealed that this species is comparatively shy
and less nggressive in nature in contrast with
four other members of the 4. fencosphyrus
group  which have been incriminated as
vectors of simian malaria, Some of them
were found 1o attack man and others were
readily collested from human batts.  Tn con-
trast, nota single A, elegans mosquito was
found on human bhait during this study. The
precipitin tests carried out with bleod meals
of these masquitoes revealed the presence of
oniy monkey blood in them. Under laboratory
conditions, it was observed that most of the
laboratory reared 4. rlegans mosquitoes
would prefer to die without a blood meal than
to feed on human volunteers. The complete
dependence of these mosquitocs on monkey
was farther corroborated by the following
lindings,

Laboratory reared marked 4. elegans mosqui-
toes released on the ground level went upto
an altitude of ) to 13 metres for the monkeys
which were resting on the top ol arecanut
trees situated about 100 yards from the poing
of release.

From ahove, it can be concluded that rrans-
mission of simian malaria to man in the
Nilgiris is  probably not possible due to
the presence of a vector which is shy, reluc-
tant to feed on man and compietely depen-
dent on monkeys for their blood meal,
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A Focus of Chioroguiue Resisiance 1n Plasmodium falciparwm in
Shaktinagar Area of Mirzapur District, Uttar Pradesh

SR Dawivedi, KO Rasteai, RL, Yadava', SO Blulla®, 0 G Roy and S, Pattanayukd

in Shaktinagar. 2 focus of chloragquine resistunce in 2, faleiparam wis dotected in 19800 Ia one
in vive test carriod oul with 600 mg and two with 1500 mg basc fadult dose), 8 our of 9, 4out of 7,

and 2 out of 11 cases respectively were showing persistent ssexual parasitaemia on Day 7. The
results were confirmed with i vifre macro tests in Shaktinagsr as well as in g neighbouring village
of Waidhan PHC of Sidht district of Madhva Pradesh. Steps tuken to coniral the spread of

drscase were partially successiul.

Introdluction

Shaktinagar arca of’ Mirzapur district, Uttar
Pradesh, was hyperendemic for malaria, and
despite NMEP's activities since 19538, the
area persistently remained In attack phase.
With the progress of construction activities
in the area by thc National Thermal Power
Corporation (NTPC), there was a steady vise
in malaria cases with two suspected deaths
due 1o cerebral malaria in 1979. Enquiries
made with local medical officers revealed a
lack of proper response to chlorequine from
the middle of 1979, aud many clinicians were
using sulfalene + pyrimethamine combination
1o cure the disease,

In view of the rccent reports of chloro-
quine resistance in P. falciparunt in north
eastern parts of India (Sehgal er ol.,, 1973
and Chakraborty e of,I 979), and as part
of NMEPs counirywide programme for

Accepred far Publicarion © 6 May 1981

IRepional Office for Health & Famly Weilare,

Lucknow, LR,

*Directorate of Healtn & Family Wellare, Lucknow,
Lk,

Nutional  Malaria
Deiht 110054,

Lradication

Progriomme,

monitoring the chioroguine resistance in this
plasmodial specics, investigations were under-
taken in the Shaktinagar area to ascertain
(i} the sensitivity of P. falciparum to chloro-
quine, (i) the impact of remedial measures
to control the disease, and (fii) the status
of insecticide resistance of the probable
vectors.

atertal and Victhods

Description o study areq — Shaktinagar is
located at tae tri-junction of Uttar Pradesh,
Madhya Pradesh and Bihar, and is separated
from MP by a small stream (Ballia Naia).
It is a hilly terrain of about |0 km* area, with
a population of about 38 000 inbabitants,
of which tirree-fourth consists of labour force
drawn from Uttar Pradesh, Madhya Pradesh,
fihar and Orissa. Shaktinagar is now a
growing industrial complex.  The project was
started in {978 and s likcly to be completed
by 1985. There are 2 super thermal power
stations, along with KJB railway construction
project amd Bina Coal Mines. The area is
under Mirzapur Primary Health Centre (PHC)
and 3 nore medical institutions look after
the medica’ needs of the warckers,
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Monirorine tochnique — P. falcipgrum cases
were selected by bissed mass blood surveys
between February to June 1980,  Individuals
whe had shown the presence of chioroguing
n urine (leljveld and Kortmann, 1970)
before the administration of drug, or gave
history of taking other antimalarials, were
not included in this study.

This ig vive uad macro iz virre tests for drug
resistance were carried out as per standard
technique (WHO, 1973). The adults {15 years
and above) received full dose, depending
upon the test (600 mg or 1500 mg chloro-
quing base), and the children in the age
groups I, 1-4, 5-8 and 9-14 years were given
/R, 4. 172, and 3/dih of the adult dosc
respectively [or the i vive tesi. The potency
of the chloroguine tablets was tested at the
Central Drug Research Institute, Lucknow.

Ax a rle, one-hundred thick biood smear
ileld were examined for the detection of the
asexual  parasites, and their density poer
microlitre (ul} was estimated on the basis
of  count against 300 leucocytes (i.e.,
count « 25}

Remedial mivasures—Alttempts were also made
to control malaria and prevent the spread of
chlovoquine resistance by: (1) mtensification of
active amd passive case detection of the
malaria cases with presumptive chloroquine
treatment; (i) four rounds of mass hlood
surveys in six months to detect missed cases;
(it} two rounds of mass drug administration
(MDA) with chiorequine, and one round
with sulfalene + pyrimethamine providing 90
to 95%, coverage in each round. For MDA,
600 mg base of chloroguine was given to
adulty; other received as per the agewise
nroportion. Two tablets of sulfalenz 4- pyri-
methamine (each having 500 mg base of
sulflenc and 25 mg base of pyrimethamine)

were given to adults, and younger age groups
were given proportionately low  dosages.

This drug combination probably used for the

first time in India; (iv} prompt radical treat-
ment of all malaria cases, adults with
2. faleiparum, 600 mg chlorocuine base and
45 mg primaquine basc were given simultane-
ously on the same day and P. vivac with a
total of 600 mg chloroquine base -+ 73 mg
primaquine: (v} screening of all new labourers
for P. falciparum and treating with sulfafenc
+ pyrimethamine: and (vi) mosquito conirol
hy: {a) spraying malathion al the rate of
» g/m?in January, February, and three rounds
of DDT at the rate of Ig/m® in March, May
znd August 1980, (h) pyrethrum fogging
once a week in the entire project area from
March, 1980, and {c) weekly application of
jarvicidal oil at all suitable places fram
Wiarch, 1980. The oil was applied at the rate
of 170 to 225 litre per hectare or one hitre
per S0 lingar metre for channels or 20 mifm*
on other water collections not used for drink-
Ing pPurposes.

Results and Discussion

Chloroguine resistance — Results of i vivo
tests are given in Table I, and fn vitro macro
tests in Table 2 and 3. In February 1930
the “alternative test” with 600 mg base {adult
cose) showed persistence of asexual parasites
in eight out of nine cases (¥8.3%) on Day 7,
whereas with 1500 mg base (adult dose)
asexual parasites persisted in four out of seven
cases (37.1%) on Day 7 Le., RII response
in Day 7test. In March-April 1980, another
in vivo study with 1300 mg base {adult dose}
at the same place revealed persistence of
asaxual parasites in two out of eleven cases
(18.2%). On Day 14, two more cases showed
rzappearance of asexual parasites. Thus four
out of eleven cases (36.3%) showed cither
luck of parasite clearance or reappearance of
the same within 28 days of the observation
period.
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CHUEOROQUINE RESISTANCYE AN P faleiparum 3

Tabke 3--Resvlts of i rftre Macro Test in Vibuoe Sebnanwa (Wardbhan PHC. Sidlv District, bMadhya Pradesh
{near Shaktinagse NTPC) during June, 1430

[*H

Presculture cuunt Clonun)
Case Parasite’  Large Small K, K. Muoan
No.  sumi blood g o
j 20 28 K ti9 3 R
2 359 29 T n? 73 i}
3 1150 0 %0 k13 4 4
Mean Y 8a7 26 kb T4 o7 i
* Diserimdnatny conveitration of chioegaom
Noie o igures in parentheses indicate T, control

K; & K, == Control No, 1 & 2.

Scivizont conint per 300 WERC and 7, control on
expusure w various chlorogquine concen-
tration (amaol)

25 TR .75 70 1. 75% TS
ol 9 3 12 3 2
594} (3T QB ond (28 (L9
il 3 3 2 ]
TS DR PR Vo A3 (LD
g “- § 3 2 4
(32,5} WTSE (125 (L5 L (29
(41,8 11741 ey S e 2

In September 1980, the jr vigro macro test at
Shakunagar showed schizont maturation in
three out of six cases examined (Table 2). In
the adjoining Shakhanwa village of Waidhan
PHC of Sidhi district (Madhya Pradesh),
schizont maturation was noted in ail the three
cases at 1.50 n mol (Table 3). Carrent studics
have clearly shown positive eovidence of
chioroquine resistance in Shakiinagar area
which was not noticed in 1979 (Dwivedi ot «/.,
1679). Inthe absence of any other known
focus in the vicinity, it is rather difficult to
explain whether chloroguine resistance was
introduced recently or was missed in earlier
studies. The circumstantial evidence indi-
cates that the resistant strain of 2. folciparum
came to Shaktinagar threugh the tabour foree
from Orissa where chloroguine resistance in
P. faleiparum has already been reporied
(Guha er al., 1979).

Remedial measures— The mass drug adminis-
tration with sulfalene + pyrimethamine showed

snmg side < Jects, since 10% of the patients
complained of “giddiness and hot sensation”.
Oune group of 840 persons was negative for
malaria parasite hefore MDA, but 9.6% of
them showed P. pivex between @ to L4th day
after the MDA, though none showed
P. faleiparum infection during this period. The
efficacy of this drug combination, as a
suppresant against P virax after single dose
administration of two tablets (adul:s) needs
further study. Bruce-Chwatt (1968 and 1980)
had cautioaed against MDA of such com-
hination but advocated its use im project
areas where resistance of P. falciparum had
existed to $-aminoquineolines.

The stide positivity rate (SPR) was 20.6% in
Tanuary 1980 and P. falciparum constituted
90.4% of the cases. [n spite of the remedial
measures the SPR remained guite high
{30.51%) in August 1980 but the proportion
of P. falciparum cases declined and fluctuated
hetween 395 and 16.45% during June fo
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August 1980. The administration of the drug
combination appears to have affected P. falcr-
parum since despite high SPR, the falciparum
cases had considerably declined after MDA,

Entamaiogical studies — Mosquitoes coliected
from the area showed a high density of
A. culicifacies though some specimens of
A. fluvigrifis were also found.  One hour
exposure of A. culicifacies to 4%, DDT and
0.4°% dieldrin killed 47.5 and 72.57; mosqui-
toes  respectively, indicating intermediate
resistance on 4% DDT and 0.4% dieldrin.

Tn the project arcas the control of malaria
which is not casy uvnder the best circum-
stances. has been further complicated at
Shaktinagar by chloroquine resistance i
malaria parasitc and vesistance in vector
species to DDT and dieldrin.
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Immunological Studies in Benign Tertian (P, vivax) Malaria

S. Kohli, A. N. Malavival, R Kumar? and 1. M. Nugh?

in the present work humorat md cell-medrated rmawne responses were studted in patients with
confirmed benign tertian malaria angd compared 10 controls. Paramefers studied for humeoral
immune response mcluded serum immunogiobubins, C3. rheumatoid factor, autoantibodies to
various tissucs and red blood cells, antibody responses to typhoid vaceine and screening for circulat-
ing immune complexes, The statas of cell-medizted immene response was tested by 1<chioro-
2 dutinitro-benzene {DNCB) skin sensitisation.

The results indicated significant inerease of serum [gG and IpA, depressed antibody response to ‘O°
antigens of Saefmonellu typht but normal response fo ‘H? aniigens, higher frequency of rheumatoid
factor and depressed response (0 INCB skin sensittsation iin benign tertian malaria patients.
Serum complement, circulating imnmune complexes and autoantibodics were comparable to controls.
It was concluded that in benign  tertfan malaria only minor perturbations in the immunological

s1atus oconr.

introduction

Gross perturbations in the immunological
parameters have been reported in chronic
malaria (Verrier-TJones and Talwar, 1974).
However, critical review of the iterature
chows that the parameters have been studied
mostly in chronic falciparum malaria patiems
(Greenwood and Brueton, 1974; Strichaikul
ot al.. 1975; Houba o1 af., 1976). On the
other hand, litile attention has been paid to
the immunological status in  Plasmodium
virgx infection,

In India P, vivay infection 3s most prevalent
and acceunts for up to 907, of cases in many
areas (WHO, 1969). Therefore, the present
study was aimed at screening the immuno-
logical perturbations in this diseasc.
;;cep_;c} Jor publicatian : 2 May 1981,
Department of Medicine. ? Department of Micro-
bialogy, and * Iepartment of Community Medicine

Al India Institute of Medical Sciences, New Delhi
110029,

Material anid Mcthods

Blood snrear positive patients suffering {rom
P vivay infection were taken in the study,
Controls were drawn from the staff members
of the institution. Past infections were
recorded by way of history of fever and
positive blood smear examination. As the
arca under study is completely covered by
AlNIMS Rwral Health Scheme, it has been
reasonable 1o rely on such data.

Serum immunag lobulins and C3 levels were
estimated by standard single radial inununo-
diffusion test (Fahey and McKelvey, [965)
using monospecific antisera obtained com-
mercially (Chemapol, Czechoslovakia). Siatis-
tical analysis was carried out as per recom-
mendations of Malaviya (1972).

Rhwumatoid factor (RF) was screened in
the serum by standard latex agglutination
test using commercially available  Kits
(‘Rheuma-Weltcotest”, Wellcome Research
J.aboratories, UK).



Sacng avtoannbodies
{ANAR)Y,  thyroid

zannusicar antthody
microsomal  antthody
STMAY, smooth muscle antbody (SMA).
marietal cell  antibody  {PCA), and mito-
chordrial antibody 144 sereenad
vy standard indirect iminuasBuorescance fos
(JFTY of Holvarow (I‘}fv“-'} Tha antimen sub-
strate used included wut kidnev, rat stomach
and human thyrotosic Uhl‘ijtd i compostts
ok, Commercially  availabic  fluorescein
conjupated anti-human tolH1gA - faM {Che-
mapol, Czechoslovakia: was Laﬁd and stained
svyostal in “Reichort’
Immunopan  fluorescent  dcroscops with
HMY Watt 6 Volt haioger Tamp. FYFC-exviter
dher and GG-9 harrier The details of
scchnique have  been -ieseribad v easlier
S

waye

SCCRIONES & sds

wEY

mapers from this lahoraiery s Naravanan ef of.

1075 Bala - af., 197704

Thyrozlobulin  antibady TLra) was screenad

asing the passive hemaggietinin technique
with the commercially avaitahle Ckit® (Fuii-
okl Pharmacemtica] Co.. Tokyo, [Japan)

Fhe instrdetion of the _w'.._{‘..‘}lie.,‘l'S were follow-
a8 detail and nucrotitre svstem (Cool
npmecsing, ISAY was a=ed for the test.

Yreantitediog to red Diaod ceils wers sereea-
:(} using the ssandard antiglobualin (Coomb’s)
. The commergiaily avaiable “Sclectozen
celly™ (Ortha  Dhagnostics

Inc,, USA)Y wore
axed s antigen substrate. The tost instruc-

B

dons provided hy the manufacturer wers
fotlowed rigorousiy.

Andibody response ta §0 cvpdy antigen was
sested by piving O01mib of  commercadiy

avaifable {vphoid vaccine (Central Rescurch
Institote, Kesaoll) intradermally.  The serum
was o rested for =07 and H™ antibodies bhe-
Fore, and 2 weeks after the vaccine, Standard
Wadal® fincewlation test was carried out for
the amtihady  determination  using coemmer-
sty available {Contral Research

antigens

AR

vl 1R, TUNE 198

e, Kasanh), The values were compared
7 Students ‘47 et

The woroning for serum immune complexes
: foiG-couted Tatex
iination inhibigon techaique {Lurhuma
1976). Human szra containing rivzuma-
oA vastor (REY in the titre of 1320
aeeed, 1303 coated latex particles wara

o3 Tram Mjs Burcoughs

ixgd out wsing the
Wy
was
nbiain-
Wellcoms UK.
idng dilution of the rheumaroid factor
usad in the technique and  patient’s
¢ showing clear inhibition o7 latex agglu-
sipalion 4t the hichest dilution of rheuma-
1ok Pacror (taking into accoun: the difuiion
taciars) were considered nositive for immune
coraplaxes. Sera showing positive lests for

Wah

BT were not used hecause RE interferes
+7 the reaction. The DNCB skin sensitisa-

was carried out as per technique of

dom er gl (1972).

% iolal of 74 patients wore sodied glong
iy 44 confrols. Among paticnls vhore were
L3 fomales in the ags range of 14 0 43 vears
Smedign 28 yearsy and 39 maes in the age
ang f4t0 60 vears {median 30 years).
Among controls there were 24 fomales with
wvoage range of 12 to 35 vears {median
b owears) and 20 males with an agse range
i v 35 vears (median 30 vears).

of

Tha patients were clinically  heterogencous
v owpproximately  one-third studicd oniy
ier one apparent attack of benign tertian
malaca, another one-third had at least two

srpaoent attacks before  the study, and
stothor one-third had  more  than  thres
cpparant attacks. Al the parametres could

nat be studied in all the patienis.

Tanlz | shows the resulis of serum immuno-
gjobuling and C3. TFhe luvels of T2l and fgA
re found to he significantly clevated in
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logaritunme values.

the patients than i controfs (p 05wl
20,00} respectively). No significans  ditfz-
rence was found n the IgM and C3 loe s
between patients and controls (p>0.05).

Rhcumatoid factor was positive ina fih
:200 or mote in 4 out of 31 patients whe. ¢
was tested (approx. 13°7). None of th: a4
controls showed a positive RF test, The
difference was  statistically not  signiliceas
ip>0.05).

Seventyfour patients and 44 controls wors
screened for antinuctear antibody (ANARY,
parietal cell antibody (PCA}, smooth nneoe
antibody (SMA), wmitochondrial — aniibo,
tMA), thyroid microsomal antibody (TMA L
thyroglobulin antibody (TGA} and apicre i
blood cells antibody (ARBCA). The resnics
are given in Table 2. No significant difie-
rence was noted m the Irequency of i
autoantibodies between  patients and  2on-
trols =005 in all comparisons).

frmune response Lo typhoid vaceine soui
ke tested in 12 patients and an cqual neme-
her of controls, The mean increase of O
antibody titre In patients after vacciasin

Fhovelsan Poowivay el iend

sypressed i WHs

ros s g per oo

STUIMES BN 7 i Tl o and 43

LRl £ N D

gt 3
42
I o (37 T
; P
3)4—0 T.ﬂf}_-r_-!'.\.‘:f)

el b= 0,90
. A 005

~and goaverted

sk converted intn

Table 2-. 20 cosrie wdies g0 P owivaa Walaria

Autoantibodies Controis (44)

AnDnugivar f 0
Parietal cell : 4
Thyroid Microsos . . H
Tavroglobutin il !
MWlirachondre f i)
Smoorh Musgle 1] 0

- Q0 inoover Lo

was [L.R484 wiy comtrals it was 25415
(titres expresavd 1w noiural logarithm).  The
JitTerenge wvae sianstically significani
{n20.05). The mewrn vise of *H' antibody
sitre after saccinanon was 28303 in com-
parison to 2.714% i comrals. The difference
ificant {p>-0.035).

was statisticalhy nor o

Circulating  immur. complexes could  be
detected ut 4 of I patients {13%) and in
Tout of 25 controls 2073, The difference
0t ddgraticant {p »0.03).

was stafisticall
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Tuble I—DNOB 8kin Sensitisation in P vivgx Malars

Hubiecs

TS
Patiens i 14} 3 "
Cowtrol (55) 14 1

hi Sgoeare -« 1093 poaz 001,

Skin sensitisation to DNCB was  carried out
m only 19 patients and a large number (53}
of controls. The results are given in Table 3.
The patrents showed a significant degrec of
inahility to respond to DNCB  sensitisation
{p-20.01),

iscassion

The present study was aimed at the assess-
ment of immune status in  patients  with
benign tertian (P, vivgy) malaria. Both the
humora! and  cclt-mediated  immune res-
ponses were studied. Some degree ol per-
turbation was seen in both of these. Thus
some abnormalities were seen in the levels
ol serum immunoglobuting, IgG and 1gA were
high whereas IgM was comparable ta nor-
mals. MeGregor o al. (19703 reported selee-
tive rise of IgG in falciparum malaria in
adults and showed that 1gM increase s seen
anly in malaria occurring during the first
two years of life.

3 Juvels as well as circulating immune com-
plexes were within normal limits in patients
with wvivax malaria. It would thus appear
that in contrast to P. falciparum and P. mala-
~ige infection where fow €3 and immune
complex disease including nephropathy has
heep reported {Greenwood and Brueton,
1974; Strichaixel #1 af.,, 1973), no imumune
compiex mediated tissue injury seems to be
ocenrring in 2. vivay infection.

Similarly, the prevalence of autoantibodies
in P. vivgx wmalaria was also found to be

_._. DNCB Resnonsg

2x it TN emative
< B |
10 ! {1

comparable to that of controls. This finding
ts in contrast to a high prevaleace of auto-
antibodies reported in falciparum infection
(Greenwood et gl., 1970; Wells, 19703, The
absence of autoantibodies and immune com-
plex mediated tissue injury may be indica-
tive of a less severe degree of immuno-
tnflammation seen in 2. rivex iafection.

Rheumatoid factor is known to occur in
saveral non-theumatoid cond'tions usuafly
associated with chronic infective conditions
(Glynn, 1975). A variable frequency of rhen-
matoid factor in malaria from 8% to 21%
has been reported by other workers (Sharper
er al.. 1968). Ta the present siudy, only 4 out

0 31 patients showed the prasence of RF
and  this difference  was  statistically not
significant.

Hacmolytic anaemia is not generally a feature
of P. vivaev infection, Therefore, the absence
of anti-red cell antibody in these patients
may be expected. However, if the antibodies
are directed to malarial antigens coated or
complexed with red blood cells in vive then
the test would be falsely negative because
the red cells used in the test (Selectogen)
do not contain malarial antigen.

Aatibody response in P, vivax infection seems
to be partially affected as shown by poor
response to ‘0’ antigen but normal Tesponse
to “H’ antigen, Heavy load of malarial anti-
gen leading to antigenic competition would
be the most obvious explanation though



KOHLE or w0 IMMUNOLOGR AL STUIMES IN 2,

other mechanisms may be considered
(Taunabe et af., 1977). Greenwood eral.
{1972} have also reported poor response to
tmmunisation in mataria.

Somc degree of suppression of cell-mediated
immime response was demonstrated in A
vivax infection by way of relatively poor
response to DNCB skin  sensitisation. It
would appear to be a secondary non-specitic
immuno-suppression as is seen in  several
chronic diseases like tuberculosis (Malaviyva
ot al., 1975) leprosy and others (Bryceson,
1974).  On chemotherapy, when the bacte-
rial load becomes less, the responses start
reverting to normal. It would, therefore, be
interesting to test DNCB in those patients
who have had P. vivgy infection in the past
but got cured and did not get the infection
again for a significant period of time.

it would thus appear that some degree of
immunological perturbations do occur in
P. vivax infection. However, the degree and
extent of abnormalities are much  milder
than that reported in falciparum infection
hy other workers (Greenwood e al., 1972;
Witliamson and Greenwood, 1978).

The generalisation that in malaria only the
humeral immune responses are suppressed
and cell mediated immunity is not affected
(Verrier-Jones and Talwar, 1974} also docs
not hold true in benign tertian form of the
disease,
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Response ol P. falciparim 1y
Andaman-Nicobar Islands, India

Chiloroquine 1n

SHpd s, B0 N Barkakary . 860 Rov aad S0 Patturngars

Any e vive 28 day exterded ficld fost was carricd with 1500 1y e of chloroquine in P

fulcipar
P fuleiparian

cases in Campbell Bay (Grent Nicohar). Flut Bay (Litde Andamam and Port Biair (South Andaman
during Aprikdune 1980, On Dav 7. 5 outof 49 (10.2 por cenr) were found positive for asexuad
parasiies {(RIT type of resistance) in Mot Buy oaly, By the ciud of tha abservation period of 28 days,

Dout 2F 19, 10 out of 49 and T out of 3 were positive Yor o
Cumpbell Bay, Hut Bay ond Port Blaiv rospective

aal stage on some day or olher in
Thaounoh alear cud avidenee of resistance {RIT)

was found in Hut Bay oniv. RY e of resistanee s sieongly suspected in all the three ishaads,

Iairoduction

After the detection of chioroguine rosisiance
m £ folciparom 1n Assam and subsequent
spread to some other parts of India, it became
necessary to continue the monitoring work in
other parts of India which still remained un-
surveyed {Sehgal e al., 1973; Das or gl , 1979:
Chakvaborty e al., 1979; Guha ¢ ol W7
Patranayak ef of., 1979). Thz present note
aives the details of the findings of the studies
carried out in three vplaces of Andaman-
Nicobar group of islands during April-Tane
1980.

Materiaf ami Methods

Deseription  of  study  areq — Andaman-
Nicobar group is a cenirally administered
territory comprising of over 300 islands and
is situated in the Indian Ocenn within the
tatitude of 6° 39 apnd 13°34 covering an

Accepted for publication : & Afay 19381,

" Regjonal Office for Health & Family Weblre,
Shitlong.

Proarumnie,

T Waticnal  Malavia  Eradication

Deihi 110 34,

arca ol 3 215 square miles. North Andaiman,
Middle Aundaman, South Andaman, and
Little Andaman are prominent amongst the
Andaman group. Car-Nicobar, Teressa, Little
Nicobar, and Great Nicobar are promincat
amongst the Nicobar group. The 10° channel
separates  the Nicobar from the Anda-
man groap. The total population of the
Cuatire union territory was 1 15000 (1971
censis),

The indigenous vopulation ol aborigmes of
the Negrito type is small and most inhabi-
tants are former Indian prisoners of the
old penal setttements and  their descendants,
Since 1947, refugces from Bangladesh (former
East Bengal/East Pakistan) have been serfled
in the islands  after clearing the juagles.
Fresh batches of refigess from Bangladesh
have also bezn settled  during  1971-74 parii-
cutarly in the Little Andaman.

The study was carried out in Campbell Bay
rGreat Nicobar islands), Hut Bay {Little
Andaman island) and Port Blair (South
Andaman islands).
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Survey fechuigue -~ Inmitially, @ mass  blood
survey was carried out in all the three places
for selecting suitable cases. Persons  thus
selected and having asexual parasitacimia
were taken up for in vive test. Test procedures
and interpretation of results were as per the
recommendation of WHO.  Adults reccived
1400 mg chloroquine base in divided doses
on Day 0, Day { and Day 2. Children recei-
ved the drug in proportional smaller doses.
Urine was examined for the presence of
chloroquine as per the technigue of Dill
and Glazko {Lelijveld and Kortmann, 1970;.
Only those who were negafive initially for
chloroguine in their urine were sclected for
the study. Tn all cases, absorption of drug was
confirmed by urinc test following drug
administration.  Onc hundred thick smears
fields were examined for the detection and
density of asexuaj parasites.  Three per cent
Ghemsa was used for staining in phosphate
buffer at pH 7.2.

Malaria in  Andaman-Nicobar is confined to
2-3 km belt of coastal areas, and interior
arcas are rather [ree from  the disease.
Anopheles sunduicus is the only vector in the
area and the disiribution of human cases
broadly follows the distribution of this vecior
species which breeds in brackish water or
saline water swamps and ereeks in the coastal
areas (Covel, 1927; Kaira, 1930).

Besuits and {iscussion

Mass blood surveys carried out showed a
slide positivity rates of 11.0, 38.0 and 5.0
out of 1223, 527 and 241 cxamined respec-
tively in Campbell Bay. Hut Bay and Port
Blair. Proportion of P. falciparum CASCS L0
total cases was 352, 81.1 and 23.0%, respec-
tively in these three places.

On [Day 7, 4 critical day for classifying the
cascs as sensitive or resistan(, S out of 49

CHLOROQUINL RESISTANCE IN ANDAMAN-NICOBAR 49

{10.2%) were found positive for asexual para-
vites in Hut Bay (Little Andaman) only. In
Campbell Bay (Great Nicobar), it is suspeeted
ihat RI level of cases do exist, even as early
as on Day 1), two cases oui of 19 were posi-
tive for the ring stage. At Port Blair, out of
three cases, only one case showed asexual
pusasites on Day 14 but cleared up due to
treatment laken privatcly by the patient. At
Campbell Bay and Hut Bay berween Day 7
and Day 23,9 out of 19 and 10 out of 49
were positive respectively on seme day or
other during the follow-up period. All the
cases were of  indigenous origin and no
history of movement was given by any of the
patients {Table L1}

How many of them were due to recrudescence
and how many due to reinfection remained
unknown, 2= transmission was not interrupted
during the study period. Frequent recrude-
sgence after chioroquine therapy was reported
by the patients and physicians in all the three
islands where the study was carried out. in
virrg Study can give an answer 1o this
problam.

How this resistant strain got established in
Hut Bay of Little Andaman is not precisely
known. The present test is the only one done
so far in these islands.  Bangladeshi refugecs
were seitled there  during  1971-74. The
resistant sirain may have been broaght from
Bangladesh from where this phenomenon has
already  been  reported  (Rosenberg and
Mahegwary, 1976),

Out of the places trom where chloroquine
resistant P. fafcipgrum has been recorded
from Yndia so far, this is the only place where
4. sundateus is involved in the transmission
of malaria.

Tn view of the above findings, it i5 necessary
that all the islands are frequently monitored
to find out the resistance status {o chloroquine,
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amodiaquine and other antimaiarials like

pyrimethamine and sulfa J4- pyrimethamine

combination.
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Short Note

Water Mites (Arrenurus sp.) Parasitising Mosquitoes in
Uttar Pradesh Terai, District Nainital

YooK, Saxenads and V. P Sharmad

Among the acarine parasites found parasi-
tising mosguitoes, water mites are the most
common althougfh a few terrestrial mites
have also been reported {(Mullen, 1975). In
India such records arc scanty and reyuire
our attention because of their rolein parasitis-
ing mosguitees in their natural habitats.
The only available reports are {rom Culex
pipiens (Fearside. 1900); Asnopheles  sp.
(Chatterjee, 1901); and A stephensi, A.
maculatus and A, splendidus (Sinton, 1917).
The mites recovered from these mosquitoes
were not identified. Recently Rahman er al.
{1979) observed water mites (Arrenurus sp.)
parasitising 4. gnrudaris in Delhi,

In September, 1980 extensive mosquito collee-

tions were made frem a large number of

villages as well as forest areas of UP Terai
using the suction tube and pyrethrum space
spray. During the identification of these
mosquitoes, larvae of water mites were found
attached to the body of six species of mos-
quitoes (Table 1). These mites were identified
as Arrenurus sp. with the help of Mullen’s
key (1974), and further identification is
awaited. Maost of these mites were found
attached laterally between the abdominal
tergites. A few mites were also found on
lateral and posterior aspects of thorax and

1 Malaria Rescarch Centre, Delhi 130 054,

2 Present Address © Division of Medical Entomology
and Vector Control, National Institute of Communi-
cable Dhiseases, Delhi 110 054,

cervical region of A, fivreanus. In the other
five mosquito species mites were found
attached on the abdomen. The attachment
site of these mites thercfore, did not vary
with host species.

The tmite investation rate was 3.28 per mos-
quito, highest being 3.8 1n 4. fyrcunus and
their number on each mosquito varied from
1-29. The infestation rate of Arrenurus sp.
o A. annularis was 2.85 per mosquito and the
number of mites attached to single host
varied from 1-4 (Rahman er al., 1979).

In the present study mites were mainty found
atached to the abdomen, whereas Rahman
et al. recuvered them from thoracic region
of mosquitoes. Nullen (1976) also reported
that the most common attachment site of
water mite {Thyas barfigera and Thyasides
sphagnorum) was thorax and they were rarely
found attached to the abdomen. This varia-
ton may be duc to the possibility of a
different species of Arrenurus mites found in
UP Terai. Reisen and Mullen (1978) observed
that water mites exhibit a wide host range
and show nreference for attachment sites on
their hosts which varied significantly with
host taxa and sex.

The role of these mites in the regulation of
mosqguito population in their natural habitats
ts not known, which needs to be investigated.
From the present studies it can be con-
cluded that these mites show prefercnce for
A. friyreanis in this niche.
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Talrh: | — Mosgnitoes Found Parasitised by Arrenuras sp. Mites in U P Terai—September, 1930

Huosl wpeeies Collection site

No. of mosquitoes

Na. of mites recovered

{village)
b dprecins Bhimuagr R0
Rampura
Ao sadpictus Bhimmagar a8
Fatchgani
4. datiat iy Bhimnagar M
O gartgguefascintus Bhimnagar 37
. rishie Bhimmnagar )
O ceitueniorliyeehns Bhimnapgur 1

LExamined

Parasiised Taotal Mean (range)
29¢36.20) Hs 3EC1-0Y
T : I
1{507,) 2 H1-D)
254 b |
26,80 4 21-3
ML) 2 i

This report of infestation of 4. lyreamus. A
subpiving, €. gquinguefaseiatus, €. vizhaul
C. rritaenipriyrchus by Arrenurus mifes s
the {irst record from India.
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OBITUARY

ir Ramakrishnan Shoill Ponnuswamy
(22.10.1913 - 18.5.1981)

r . Po Rumakrishoan, Jormer Editor of
tndian lournal of Malaciology died in Madras
on (8t May 1981 at the age of 67,

r Ramaskrshnan was boarn in Madras on
3d OQctober 1913, He was cdocated at
Madras from where be obtained his MUB.BS.
tegree.  Subseguently he did DPH from
Caleurts and was awarded D. Se. (PH) from
Calestta University  as @ resuvdt of  his
noneering work on malnutrition and Malaria.

After  praduation he  joined the Indian
Medical Service, Minisiry of Defence and
wrved i Middle Fast from 1940-36, He

retired as Licutenant Colonel in (946 and

wined the Malaria Institute of fndia now

National Tastitute of Communicable Piscases)
43 Assistant Director. Later he wecame the
Dircctor, a post which he held 4l 1965 when
he joined the World Health Organisution as
Aswstant Director, Health Services (Com-
njunicable Diseases). He berame WHO Pro-

ject Director in Nigeria in 1970 and revred

frorn WHO in 1973, He was Editor of the
Ind'an Journal of Malariology trom 1939
o 1963,

As  Director of Natjonal lnstitute  of
Communicable Discases, his principal aim
was to carry out rescarch on different aspects
of malariza which had direct bearing on
mabaria eradication and to train a cadre of
indian workers in the field of maariology.

He was chected Fellow of the Indian Society
for malaria and other cammunicable Jdisciases
in recognition of his outstanding contributions
especially in malaria and plague. He was also
cleeted Fellow of the Tndian Academy of
Medical Sciences and 2 member of the Indian
Putlic Health Association.

I his death the world has lost o emment
malariologist and a great  public  health
adnministrator.  The members of the board of
tadian Journal of Malariology. some of
whom had the privilege to work with him,
mourn his death and exiend the deepest
sympathy to the bereaved family.



INDIAN JOURNAL OF MALARIOLOGY

Notes for Contributors

. ‘The Indian Journa! of Malariology is devoted to the publications of original research
which contributes significantly to the knowledge in any field of malariology. Papers of routine
and repetitive nature dealing with gross observations may not be included.

2. Manuscripts should be sent in triplicate to the Editor, Tndian Journal of Malariology,
Malaria Research Centre, 22 Sham Nath Marg, Delhi 116 054, Manuscript once senf to this
journal impfies ihat it is vot under consideration for publication in any other journal.

.

3. Articles will be published at the cditor’s discretion in the order accepted. Date of
acceptance will be that date on which copy Is accepted in final form for publication.

4. The manuscript shonld be typewritten in Englisk in double space on one side of the
paper. Pages should be numbered consecutively. The matter should be arranged in the fotlow-
ing order: Title, name(s) of the author(s) with address of the Institute/University (as foot notes
and numbered seriafly in superscript), abstract, introduction, material and methods, results,
discussion, acknowledgement, and refercnces. Abstract, tables and captions of the figures should
be typed on a separate sheet of paper. Line drawings should be ciear and lettered in Indian ink.
In case of photogruphs, good guality pictures should be provided. Both line drawings and
photographs should be sent in duplicate. duly supplied with legends and separated [rom the
text but allocated to sections of the text.

5. The International system of units (ST Units) should be used for all measurements.
(kindly see WHO publication, The 8T for the Health Profussional, WHO, Geneva 1977,

6. Anthor shonid provide a short title to be ased  as running title, of not more than 5-6
words in case the (itle of the paper s long.

7. References in the text may be cited as Sharma ef af. {1976) or (Mount et af., 1972;
Coombes of af., 1973; Mount er ¢/, $974), The refercnce to the paper accepted for publica-
tion, the word “in press’ s hould appear after the title of the periedical. The reference to the
unpublished work should not bhe included in the list, it should he incorporated in the text
itself (e.g., R. G. Roy, unpublished data or S, Pattanavak. personal communication). If the
reference is to an article published without any authorship inan periodical, in place of author’s
naine the term “Anonymous” should be used.

Title of Periodicals cited in the reference are (o be abbreviated as in the World List of
Scientific Periodicals, 4th edition, 1964.



Reierencs {o the Jiterature, arranged alphabeticalttv, and numbered consccutively, must be
placed at the end of the paper. The following procedure may be followed :

Hesearch Papers

Sharna, V. PO197:. Bliminaton of aziridine residues fem chemosterilised mosqutitoes. Nedore {Lond}, 2061
(3356Y 135

anserf, ML ALV, P. Sharmg and R, K. Rasdan 03975). Muss rearing provedures for dropheles stephensi Liston,
LTy, s, BV 13135

Buoks Tvionogra)ys
Rue. TR, (1951y. Anephelines of India (9. Q. Judge Press. Bangaiore).
tandaw, Loand Y. Bouiard (1978, In Redenr Aselariv, edited by Ro Killick-Kendsic and W Peters (Academic

Pregs Ime, . Londond @ 53-84,

trapei presesied o Symposium/Conference

..

Subburaco,

5. K. Crioplasmic incompatipifity 1 mosguitoes. Papar presemted (o tha Inernmational SYMPOSILNT ON
revent dovelopitients it the genedics of insect diseases vociors. Hellagio, Trady. 20-24 April. 1981

3. Shost notes should be prepared in a maaner similar te the rescarch papers and
will have title, name(s) of author{s) with address o Institite/University as foomotes, acknow-
ement and references,

9. Reviews would be published of the invited papers only. Book reviews may 3 published
ak ihe end of journal.

M) Galley proofs of the articles will be sent to the authors for correction. Corrected
nrools imust be returned promptly to the editor or else the article will not be printed in the
current issue or may be printed as if stands.

P Reprings will be mailed to the senior author. Twentyfive reprints will be supplied

free of charge to single author and thirty for ioint authors to be distributed on =qual basis.
Additional reprints may be ordered on payment when the proofs are returned. A reprint order
Yorm will bue supplied with the proofls.

*late 1 Al correspondence regarding coniribution & subhseript-on should De addressed to The Editor, Indian
Fourpal of Malariology, 22 Sham Nath Mara, Delhe 110 034



INDIAN JOURNAL OF MALARIOLOGY

SUBSCRIPTION RATE
_ India " Rs 30.00%
Annual subectiption {Othercouutﬂu $ 10.00
(inctuding airmail postage)

#50% Diacount would be sdmisble to the individual subsceiber o annual basis.

Payments in respect of subscription may be seat by cheque, bank draft or postal order crossed
and marked payable to The Editor, Indian Journal of Malariology, Malaria Rescarch
Centre, 22 Sham Nath Marg, Delhi 110 054,

© Malarla Roecarch Contre, Deiti-110034



