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Re-emergence of malaria in India

V.P. Sharma
Malaria Research Centre (ICMR), Delhi
Accepted December 1, 1995

Malaria was nearly eradicated from India in the early 1960s but the discase has re-emerged as a major
public health problem. Early set backs in malaria eradication coincided with DDT shortages. Later
in the 1960s and 1970s malaria resurgence was the result of techmical, financial and operational
praoblems. In the late 1960s malaria cases in urban areas started to multiply, and upsurge of malaria
was widespread. As a result in 1976, 6.45 million cases were recorded by the National Malaria
Eradication Programme (NMEP), highest since resurgence. The implementation of urban malaria
scheme (UMS) in 1971-72 and the modificd plan of operation (MPO) in 1977 improved the malaria
situation for 5-6 yr. Malaria cases were reduced to about 2 milllon. The impact was mainly on vivax
malaria. Easy avallabllity of drugs under the MPO prevented deaths due to malaria and reduced
morbidity, a peculiar feature of malaria during the resurgence. The Plasmodium falciparum contain-
ment programme (PfCP) launched in 1977 to contain the spread of falciparum malaria reduced
falciparum malaria In the areas where the containment programme was operated but its general
spread could not be contained. P. falciparumn showed a steady upward trend during the 1970s and
thereafter. Rising trend of malaria was facllitated by developments In various sectors to improve the
national economy under successive 5 year plans.\Malaria ut one time a rural disease, diversified under
the pressure of developments Into various ccotypes. These ecotypes bave been Identified as forest
malaria, urban malaria, rural malaria, industrial malaria, border malaria and migration mﬂaﬂy the
latter cutting across boundaries of varlous epidemiological types. Further, malaria in the 1990s has
returned with new features not witnessed during the pre-eradication days. These are the vector
resistance to insecticide(s): pronounced exophilic vector behaviour; extensive vector breeding grounds
created principally by the water resource development projects, urbanization and Industrialization;
change in parasite formula in favour of P. jalciparum; resistance in P. falciparum to chloroquine and
other antl-malarial drugs; and human resistance to chemical control of vectors. Malarla control has
become a complex enterprise, and its management requires decentralization and spproaches based
on local transmission invelving multi-sectoral action and community participation. |
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India is endemic for malaria except for some  malaria was responsible for an estimated 75 million

healthy areas in the mountainous region above the
1800 msl and well drained coastal areas along the
western and eastern ghats. In the island territories,
while the Lakshadweep islands are free of malaria, in
the Andaman and Nicobar Islands malaria is con-
fined to the coastal areas only. Before the DDT era,
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new cases and 0.8 million deaths in normal years;
these increased during epidemics. DDT spraying un-
dertaken by several states between 1946-53 produced
instant success in malaria control. Therefore, to con-
trol malaria an organized National Malaria Control
Programme (NMCP) was launched in 1953. As a
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result of DDT spraying under NMCP, 166 million
population was protected from malaria, and by the
end of 1957-58 there was 63-79 per cent reduction in
epidemiological indices'. The progress of malaria
control was so spectacular that, in 1958 NMCP was
re-designated as the National Malaria Eradication
Programme (NMEP), with malaria eradication as the
final goal to be achieved in a phased time schedule
of 7 to 9 yr’. In those days, malaria eradication
seemed imminent and in 1965 out of 466 million
population, malaria was wiped out in 373 million
population (170 million population was in mainte-
nance phase and 203 million population in consoli-
dation phase), and only 93 million population re-
mained in the attack phase. More areas were trans-
ferred into the maintenance phase in the following
years, and by 1968 malaria eradication was achicved
in 296 million population i.e., 56 per cent of the
country's population was brought under maintenance
phase; 157 million population was in consolidation
and 50 million in attack phase’. Further, deaths due
to malaria were completely eliminated. These were
the days of highest achievements under NMEP.

Euphoria of success was so overwhelming that
malaria was considered a disease of the past and all
work on malaria was de-emphasized, and what fol-
lows is the saga of malaria re-emergence. The epide-
miological profile of malaria in the country is shown
in Fig. 1. In 1965 there were about 1,00.000 cases of
malaria and these cases steadily multiplied and
touched a peak of 6.45 million in 1976. Epidemic
situations were widespread in the country and there-
fore, malaria eradication concept had to be aban-
doned. This led to the implementation of the revised
malaria control strategy. To combat malaria the
Government of India in 1977 implemented the modi-
fied plan of operation (MPO). MPO was a 3 pronged
strategy to attack malaria through; (/) government
efforts; (i) community participation; and (iii) opera-
tional field research. Under the MPO all sections
with 2 or more Annual Parasite Incidence (APl) yere
to be sprayed to interrupt transmission; and reduc-
tion in morbidity and mortality was to be achieved
by drug distribution organized through the primary
health care system and voluntary services by opening
drug distribution centres (DDCs) and fever treatment
depots (FTDs) throughout the length and breadth of
India*. MPO reduced malaria cases to about 2 million

by 1985, and malaria cases later stabilized at that
level (range 1.8 to 2.2 million)**, There was no
further improvement in malaria situation, instead
malaria control was confronted with more problems,
In the 1980s and 1990s malaria has' become rather
refractory to insecticidal spraying and a complex
enterprise; and many factors have come together to
create this situation®. Malaria transmission occurs
due to the presence of man, mosquito and parasite,
in a given environment®. In this paper an attempt has
been made to highlight some of the key factors which
have contributed to the re-emergence of malaria,
bringing malaria in the forefront again.

Set backs to the eradication programme

The reversion of unit areas in the early days of
successful malaria control from the consolidation
and maintenance phases to the attack phase is shown
in Table I. As early as 1963 and 1964, focal out-
breaks occurred in 2 million population in the con-
solidation phase. These outbreaks were tackled by
routine remedial measures. In subsequent years the
malaria situation further deteriorated i.e., in 1965-
66, 11.56 unit areas, in 1966-67, 16.66 unit arcas and
in 1967-68. 23.95 unit areas were reverted from
consolidation to attack phase. A unit was an admin-
istrative entity intended to cover on an average 1.0
million population. As a result of population in-
crease, the unit covered 1.3 million population. The
geographical area allotted to a unit was expressed as
1.0, and parts expressed as proportions such as 0.5,
0.8 etc., of the unit area. As an example the areas in
persistent attack were geographically located in 96
units, but the total unit area was 39.38”. For the first
time in 1968-69, 19.60 unit areas were reverted from
maintenance to attack phase from Gujarat, Haryana,
Madhya Pradesh, Punjab, Uttar Pradesh and
Rajasthan. It may be noted that by 1968-69, out of
71.385 operational units reverted to attack phase
from the consolidation or maintenance phases, 41.60
units never moved out of the attack phasc since the
commencement of NMEP. These units were distrib-
uted over 20 states and union territories*. Thus the
1970 in depth evaluation concluded that while eradi-
cation was feasible in 91 per cent of the population
living in previously malarious areas, there remains 9
per cent of the population (48 million) living in hard-

_core areas where attack operations continued for up
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Fig. 1: Epidemiological profile of mulariain India. Malariacuses reached the highest number of 6.45 million in 1976.
Implementation of the modified plun of operation in 1977 reduced malaria coses but hadno impact on P. falciparnon.
Annual blood examination rate (ABER) has remaincd it about the expegied value of 10 (Source : NMEP).

to 12 yr*. The strategy of indoor residual spraying of
DDT did not succeed in these areas and malaria foci
were left all over the country.

The malaria incidence in India from 1961 through
the period of resurgence is given in Table I1. In 1964,
overall API in the country was 0.00098. In the fol-
lowing years increase in the API was 200 to 300 fold,
and malaria started to multiply in all areas under the
maintenance, consolidation and attack phases. In
1966 and 1967, about 60 per cent of all cases were
from areas under the consolidation and maintenance
phases. Malaria resurgence was therefore considered
irreversible and efforts to bring down cases and
maintain the malaria free status in areas freed from
the disease by re-phasing and the use of HCH and
malathion did not succeed, and cases continued to
rise till 1976 (Fig. 1).

An analysis of inter-alia key factors that contrib-
uted to the resurgence of malaria during the heydays
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of achievements revealed the following.

DDT shortages : DDT was the principal insecticide
used in malaria control. Adequate quantity of DDT
was supplied to the NMEP until 1962-63, through
imports and indigenous production. As a result of
DDT spraying, as much as 88 per cent of the area was
in consolidation and maintenance phases, and only
12 per cent area (i.e., 44 out of 393.25 units) re-
mained in the attack phase. Successful malaria con-
trol was impeded by the irregular and interrupted
supplies of DDT to the NMEP units (Table III).

Indigenous DDT production was about 30 per cent
of the total requirement and its supply to the units
was piecemeal during the eradication phase and even
under the MPO. Imported DDT had to be purchased
against hard currencies which were scarce. Therefore
DDT shortages continued. For example in 1968-69 it
was possible to make partial supplies of DDT to the
states sufficient for the first round and not for the
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Table I. Reversion of units from consolidation and maintenance

phases to attack phases :

S.no. State Consolidation phase Mainten-
ance phase
1965- 1966- 1967- 1968-
1966* 1967* 1968* 1969*
1. Assam - - - .57 -
2. Bihar 025 025 - 2625 -
3.  Gujarat 300 707 L73 13.02 212
4. Haryana - 0.75 - 006 0.77
5. Madhya Pradesh 3.00 400 11.75 1524 200
6. Maharashtra 025 025 319 619 -
7. Mysore 095 095 090 - -
8. Orissa 1.00 100 020 020 -
9. Punjab 075 164 - 025 162
10. Uttar Pradesh  "0.75 . - 393 594 850
11. Rajasthan 164 075 225 669 459
Total 11.54 1666 2395 S51.785 19.60

*Temporary reversions made on ad hoc basis from consolidation
phase during 1963 and 1964, Focal outbreaks occurred in
consulidation phasc arcas involving a population of 2 million and
were tackled by routine remcdial mcasures (1)

Source : Madhok Commitice (8)
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second round. These shortages and interrupted sup-
ply of insecticides continued throughout the period
of malaria resurgence. Malaria outbreaks initially
recorded in the consolidation unit areas increased in
numbers and outbreaks were also seen in the units in
maintenance phase, thus more and more areas were
brought under the attack phase.

Residual spraying : The details of spray rounds
missed or extended since the commencement of the
NMEP are shown in Table IV. Out of 96 units in the
persistent attack phase, spray rounds were missed in
57 units and extended in 52 units. This was due to
labour problems in 37 units, floods or heavy rainfall
in 13 units and drought in 7 units. Delay and non-
arrival of DDT was the main cause in 63 units (66%)
associated with missed or extended rounds. The states
most notably affected were Madhya Pradesh (15 out
of 16), Gujarat (8 out of 9) and Orissa (8 out of 10).
Thus the Madhok Committee® stated that *The three
factors working together viz. (i) late receipt of supply
from USA; (ii) inadequate supply from indigenous
sources; and (iii) short supply arising from inability
to import timely additional requirement on the basis
of actual phasing of the programme has been partly

Table 11. Malaria incidence in India in different phases of the National Malaria Eradication Programme (NMEP)

Ycar Attack phase Consolidation Maintenance Total APl in % increasc in
phase phase positive maintcnance APl over the
Nos Total % of Nos % of the Nos % of the cascs arcas previous ycar
positive  the positive  posilive total positive total !
positive positive

1961 49151 100 - - - - 49151 - -

1962 54454 974 5121 8.6 - - 59575 - -

1963 73008 83.6 14308 16.4 - - 87306 - -

1964* 83664 74.1 29232 259 46 0.04 112942 0.00098 -
1965 68132 68.0 31492 314 561 0.6 100185 .0.0033 236.73
1966 59306 40.0 85223 51.5 3627 2.5 148156 0.015 354.55
1967 121069 435 144719 519 12833 4.6 278621 0.05 233.33
1968 235759 85.8 22388 8.1 16734 6.1 274881 0.067 34.00
1969 299810 86.0 28829 83 20008 5.7 348647 0.076 13.43
1970 599809 86.3 50151 73 44687 6.4 694647 0.165 1~
1971 1093250 82.6 86683 6.7 141184 10.7 1323118 0.452 173.94
1972 1084494 758 151093 10.6 194438 13.6 1430025 0.604 33.63
1973 1196724 61.8 343453 17.8 194308 20.4 1934485 1.224 102.65
1974 1778900 56.0 623803 19.7 770163 243 3172866 2.299 87.83

1975 2775856 53.7 939087 18.2 1451199 28.1 5166142 - -

Sourcc : Malaria in India through the years (9). Analysis of APl in maintcnance phase (personal communication, G.K, Sharma, NMEP)
*Surveillance commenced in 1964, API, Annual parasite incidence
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) ) — responsible for a setback to the programme particu-

Table 11l. DDT shortfalls in malaria control in India larly since 1965-66'. Insecticide coverage to inter-

Year DDT (75% WP) in metric tonnes . Quantity % rupt transmission was poor throughout the period of

Received Short-fall resurgence due to shortfalls and operational prob-

Required Imported Indigenous Total lems (Table III). Fig. 2 gives the estimated coverage

of population based on insecticide consumed by the

1963-1964 18200 14627 3763 18390 0 - states (1977-84) against the ‘target of 100 per cent.

1964-1965 14510 10815 3642 14457 O - Spraying coverage was between 40-60 per cent under

1965-1966 14100 7390 2258 9648 4452 31.6 the MPO. A major pmblem was in'esuhr flow of

1966-1967 9350 3940 2728 6683 2682 28.9 finances and shortage of matching grants (50 : 50 to

1967-1968 8950 4060 3700 7760 1190 13.3 be shared by the centre and state) at the state level®'°,

1968-1969 13148 8500 2933 11433 1715 131 General health services : Areas transferred from con-
1969-1970 15900 8535 4570 13105 2795 17.6 solidation to maintenance phase had no active trans- -

1970-1971 14806 5807 5407 11214 3592 24.3 mission, and the APl was <0.1 i.e., 100 cases or less

19711972 14170 7000 4426 11426 2744 194  Per million population. Malaria f‘?: status In areas

o I N2 %66 9378 4792 338 under the maintenance was possi le, if vigilance

_ ) under the general health services was so well orga-

Source ; In depth cvaluation 1970 (7); Madhok Committee (8). nized that all new cases of re-introduction or relapse

100
DDT
80| |
: CUMULATIVE
1 [}
HCH MALATHION
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Fl!. 2. U_ndcr the modified plan of operation sections with AP 2 and morc were to be sprayed with a suitable
residual insecticide. Studics based on the amount of insecticide sprayed by the states revealed that the spray

coverage varied from 40-60 per cent against the target of 100 per cent. Poor coverage could not interrupt
transmission (Source : NMEP). . i seotdenm
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Table 1V. Spray rounds missed or extended in time

State Spray rounds reported as Circumstance reported as associated with
missed or extended rounds
Number Missed Extended Labour Floods Drought  Delay/non
of problems or or lack arrival of
units heavy of DDT
rains water
Gujarat 9 7 ] 3 - - 8 (89%)
Nagaland | 1 - - - - - (0%)
Union Territories 6 2 3 2 1 I 2(33%)
Orissa 10 7 8 7 . 2 '8 (80%)
Uttar Pradesh 8 2 3 5 2 - 5 (63%)
Rajasthan 7 7 17 5 4 4 (57%)
Bihar 6 3 4 2 i 2(33%)
Madhya Pradesh 16 16 9 3 . - N 15 (94%)
Assam 12 4 5 2 5 s 7 (58%)
Andhra Pradesh 9 4 3 4 2 = 5 (56%)
Maharashtra 6 2 5 4 - 4 (66%)
Mysore 1 - - - - (0%)
West Bengal 4 2 4 - 2 . 3 (15%)
Jammu and Kashmir I - = - - - (0%)
Total 96 57 52 7 13 7 63 (66%)

sConsiderable amount of data lacking. Missed since commencement of NMEP. Extended during 1967-69

Source : Indepth evaluation, 1970 (7).

would be promptly detected and treated. The malaria
cases detected from 1964-67 in the maintenance phase
of the programme, are shown in Table V. The annual
blood examination rate (ABER) expected to be at
least 10; was 0.4 in 1964, and 2.4 in 1965. Vigilance
was the sheet anchor in preventing the re-establish-
ment of malaria in areas freed from the disease.
Studies revealed that surveillance was not fully de-
veloped to undertake vigilance during the mainte-
nance phase. Health services were under-staffed,
lacked motivation and supervision; and therefore
performance in the field was tardy and deficient.
Annual Parasite Index (API) in the maintenance phase
in the early years increased several hundred fold and
in 1975, 28.1 per cent cases were contributed from
areas under the maintenance phase (Table II).

Delayed blood film examination prevented timely
radical treatment. Laboratory services were unable to
cope with the rise in fever cases, particularly during
the transmission season. Backlog of slides for up to
4 months was common. Backlog of slides for 20

Table V. Malaria case detection during the maintenance phase
Yeasr Unit Populs- Annual blood
areas lionin examination rale
million Active Passive Total Active Passive Total

No. collected in

1964 S876 6875 013 017 030 027 036 04
1965 14263 170 294 158 452 (713 093 24
1966 19625 237 634 325 959 267 137 45
1967 20803 259 821 350 ILTI 36 135 44
Source : Madhok Committee (8)

units in Gujarat was 2,11,702 on 30 September 1970,
and for the 9 units under persistent attack phase, the
number was 98,690. This contributed to the rise in
malaria API in the consolidation and maintenance
phases (Table II). This situation was commented
upon by the 1970 indepth evaluation’. ‘Therefore.
the projection of units for entry into maintenance in
areas where the health infrastructure was not ad-
equately established or developed was the tactical
error’. At that time it appeared as though the rural
health services were well developed in Mysore and
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Kerala, as the reversions had not occurred, and maiq-
tenance was kept under good control even in previ-
ously hyperendemic areas. Later studies in
hyperendemic areas revealed that receptivity to ma-
laria was completely lost due to ecological changes
e.g.. in the Malnad foothill areas of the western ghats
in the evergreen forest belt of Karnataka (formerly
Mysore state). In this region indigenous people were
chronic carricrs of malaria and there was high mor-
tality in the infants, pregnant women, and non-im-
mune immigrants. Anopheles fluviatilis was the only
vector which used to breed in slow running strcams
and maintained holoendemic malaria. DDT spraying
provided an opportunity for exploitation of the re-
gion for economic betterment. Consequently this
region was developed for coffee plantations and in
the 1950s and 1960s vast forests were cleared for this
purpose. As a result forest litter cover on the ground
was slowly eliminated, reducing rain water percola-
tion. Seepages from the hills gradually disappeared.
Construction of minor dams at the base of valleys to
trap water further eliminated streams where An.
fluviatilis used to breed. All these developmental
activities changed the ccology of Malnad. An.
Sluviatilis disappeared and along with it malaria.
Today an area of 50,000 sq km is free of malaria''.

Vector behaviour : In India there are 57 Anopheles
species distributed unevenly all over the country.
Not all Anopheles are vectors, and only six Anoph-
eles are epidemiologically important. These are : An.
culicifacies. An. stephensi, An. fluviatilis, An.
minimus, An. dirus and An. sundaicus. History of
malaria control in India is largely the history of An.
culicifacies control. Other vectors are important lo-
cally. DDT spraying produced dramatic impact on
these vectors. i.e., An. minimus disappeared, An.
sundaicus was uprooted from the mainland, and now
occurs in Andaman and Nicobar Islands. An.
Jluviatilis became cpidemiologically unimportant in
southwest and increascd its influence in northeast
India. An. dirus was limited to deep jungles, but also
showed reduction due to deforestation?. The biology
and ecology of these vectors profoundly affects
malaria transmission. Some salient features of the
behavioural dynamics of these vectors in relation to
malaria re-emergence are given below.

Anopheles culicifacies was highly susceptible to
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DDT'*" but DDT resistance was first detected in
1959 in Gujarat'*'®, Till 1966, DDT resistance did
not interfere with the successful control of malaria,
but in later years resistance posed problems in parts
of Gujarat and Maharashtra'”'*. Table VI gives the
vectors of malaria in units under the persistent attack
phase. Out of these unit areas, 39 units had spray
operations for 13-17 yr and surveillance for-8-11 yr
but malaria transmission control was unattainable.
During 1965-69, a large numbers of operational units
were reverted to spraying in states where DDT resis-
tance was not the problem, as it was reported for An.
culicifacies only (Table VI). In 1970, out of the 44
units scattered in 7 states, An. culicifacies was resis-
tant to DDT in 35 units and to DDT and HCH in §
units'’. By 1974, resistance tests in An. culicifacies
carricd out in 11 states in 143 units revealed DDT
resistance in 105 units and DDT plus HCH resistance
in 20 units?. Initially resistance to DDT was high,
the change over to HCH was effective but by 1970
malathion has to be introduced in unifs where DDT
and HCH resistance was high. Although insecticide
resisiance was a problem but it was tackled by the
use of replacement insecticides. It may be noted that
during resurgence, focal outbreaks and localized
epidemics preceded the evolution of resistance in the
field. During 1960s, success in malaria control damp-
cncd interest in malaria research. The Malaria Insti-
tute of India (MII) switched over to other communi-
cable diseases, notably small pox eradication
programme and MII was re-named the National In-
stitute of Communicable Diseases. There was there-
fore no research support to the NMEP when technical
problems in malaria control started to emerge, one
after another. This gap in research was filled up after
resurgence had occurred. It was shown that An.
culicifacies the major rural vector of malaria in India
comprises 4 sibling species?'**. Natural occurrence
of these sibling species regulates the transmission of
malaria in rural and peri-urban areas?'-*, Evolution
of resistance to residual insecticides is also a charac-
teristic feature of each sibling species e.g., resistance
to DDT in species B builds up early in sympatric .
populations of species A (vector) and B (non-vector).
In such areas spraying of DDT produces epidemio-
logical impact on transmission, although it may not
be apparent by monitoring of the adult popula-
tions?*?, Similarly malathion resistance in species A
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Table V1. Malaria vectors in units under persistent attack phasc

Table V1I. Diagnused cases of urban and rural malaria in Gujarat

S.No. Vector Lp. Scasonal Percnnial  Total
I. Anopheles culivifacies R 3 1
2. An. culicifacies and 21 28 49
An. fluviatilis
3.  An. culicifacies, R 2 10
An. stephensi and
An. philippinensis
4. An. minimus 0 14 14
5.  An. minimus, An. halahacensis
and An. philippinensis 0 5 5

6. An. minimus, An. fluviatilis 0 | |
and An. culicifacies

7. An. annularis \ | 2

8. An. annularis and ] 2 3
. An. fluviatilix

9. An. sundaicus 0 1 1

Total 19 57 96

Source : In depth evaluation 1970 (7)

takes a long time to precipitate as against species C
(vector), which becomes rapidly resistant to mala-
thion even in areas where malathion has not been
used in public health, perhaps due to the use of
organophosphorus compounds in agriculture**~". This
information was required by NMEP for targeted
spraying to control An. culicifacies, but was lacking.
There was no evidence of resistance in other impor-
tant vectors like An. minimus, An. fluviatilis, An.
balabacensis (= dirus), An. philippinensis (= nivipes)
and An. sundaicus™™ and malaria resurged with
equal vengeance in these arcas. In northeastemn states
resurgence was linked with exophily and exophagic
vector behaviour'"*. Resurgence of malaria could not
be contained mainly because of the want of insecti-
cides, refractory nature of vectors and exophilic vector
behaviour compounded by the lack of understanding
of the sociological and human ecological factors.

Urban malaria : An. stephensi is a well established
vector of urban malaria and has been repeatedly in-
criminated from metropolitan towns or in urban ar-
cas of the country where piped water supply has been
installed ¢.g.. Bombay", Delhi*?, Bangalore™, Pune',
Lucknow™ and a few more. Although at that time of
launching of the NMCP/NMEP, there were malaria
cases in towns, the problem of rural malaria in India
was 5o pronounced that at the time of planning of
malaria control in the country, urban malaria was

Yecar Urban cases Rural cases Total 1+ Urban cases
(%)
1968 8,956 47,013 55,969 16.0
1969 11,461 BOR78 92,339 12.5
1970* 22,214 68,782 90,996 24.3

Source : In depth cvaluation 1970 (7); * Till Scptember

considered insignificant. Most towns had no malaria
as An. stephensi breeding sites were limited to wells
and lacked piped water supply. The control of occa-
sional rise in malaria cases was assigned to the
municipalities/corporations. Therefore NMCP
launched in 1953 and NMEP launched in 1958 were
rural programmes. In 1961, there were 310 cities and
towns with a population of 79 million which steadily
increased to 100 million by 1967. Municipal/corpo-
rations were often under-staffed, inadequately fi-
nanced and most importantly lacked technical exper-
tise in malaria control**. Malaria control in urban
areas required careful study and intensive larval con-
trol based on the *species sanitation® approach devel-
oped by Covell’” which were lacking. A study in
Cambay city, Guijarat state in 1969 showed that An.
stephensi was breeding in 613 well defined places
like used and unused wells, cisterns and overhead
tanks; but there were 9514 (15 times more) smaller
breeding sites. Similarly towns in Andhra Pradesh
showed that in some localities An. stephensi breed-
ing potential was so high that with weekly anti-larval
measures, 80 per cent of the time overhead tanks
were positive with the first and second instar larvae’.
There was active transmission in urban areas whereas
transmission was being interrupted in rural areas, it
remained uninterrupted in cities resulting in severe
outbreaks of malaria in 1961 and )962 in certain
major towns of Andhra Pradesh and Madras. In 1963.
out of 87,306 confirmed malaria cases 9.750 (11.2%)
cases were reported from 10 municipal towns in
Andhra Pradesh and Madras. Malaria cases in An.
stephensi areas in the country increased from 7,475
in 1969 to 25,306 in 1970. The biggest increasc was
in Vadodara (Gujarat) from 83 to 11.113 followed by
Ahmedabad from 3092 to 12,812. In Gujarat all the
urban localities had malaria and a- comparison of
cases diagnosed in urban vs. rural areas for the 3yr
period showed considerable increase in urban ma-
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laria cases’ (Table VII).

The malaria incidence in urban areas of Tamil
Nadu as compared to the total cases recorded in the
state are given in Table VI11. During the period when
malaria eradication was at its peak of achievement
(1963-67), urban malaria accounted for > 90 per cent
cases. Most of the cases were indigenous, and epide-
miological investigations revealed that even the im-
ported cases (25-30%) came from other towns with
an urban malaria problem™. New malaria foci were
being established in urban areas due to labour move-
ment engaged in developmental projects in Andhra
Pradesh, Gujarat, Maharashtra, Rajasthan and Tamil
Nadu. These foci were disseminated into rural areas,
and it was estimated that 25 per ¢ent of the total cases
detccted were exported to rural areas™*. Way back in
1948 the Bhore Committee*® had said, much of the
malaria in the country is man-made. In many cases,
roads, railways and irrigation projects have a sinister
account to their credit, through embankments having
caused conditions of water logging favourable to the
breeding of mosquitoes®. Thus, the 1970 indepth
evaluation stated that the exclusion of urban malaria
from NMEP was the most important omission in the
eradication programme.

Modified plan of operation

Rural malaria : Malaria resurgence had already oc-
curred in the 1970s (Fig. 1). As stated before, in

Table VIII. Malaria cascs recorded in urban areas of Tamil Nadu
as compared (o total cascs recorded in the state

Ycar Total malaria cascs Cases from urban  Per cent
in Tamil Nadu arcas only
1961 1674 B41 50.2
1962 1414 9219 64.9
1963 3752 3555 94.7
1964 1596 1436 899
1965 594 543 914
1966 263 238 90.5
1967 183 161 87.9
1968 355 174 49.0
1969 761 252 33
1970 1099 975 88.7
1971 1550 387 249
1972 1179 603 5.1
Total 14420 10084 69.9

Source : Roy er al. (38)
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1977, the modified plan of operation (MPO) was
implemented in the country to control rural malaria®.
To strengthen MPO, the P. falciparum containment
programme (PfCP) was launched in 1977 in the coun-
try with the help of Swedish International Develop-
ment Agency (SIDA) and the World Health Organi-
zation (WHO)*#'. PfCP was initially launched in 28
districts in northeastem states and gradually expanded
to cover more and more P. falciparum dominant
areas in the country. By 1981, 110 districts with a
population of 121 million were brought under the
PfCP. The programme was re-phased in 1983 and
covered 84 districts involving 98 million population.
Analysis of the annual falciparum incidence (Afl)
indicated that reduction in areas under the PfCP in
1984 as compared to 1981 was 21 per cent (from 4.76
to 3.74). However, there was increase of 6.9 per cent
in Afl in the country in areas outside the PfCP* j.e.,
from 0.87 to 0.99. The PfCP was finally wound up
in 1990. P. falciparum is found throughout the coun-
try, although its occurrence is uneven. There has
been no improvement in the malaria situation, in-
stead P. falciparum cases have risen steadily in the
last decade.

In as far as the problem of malaria in India is
concerned, it is grossly under-estimated*>*4, There
were problems in the drug distribution and imple-
mentation of MPO was tardy**. Based on chloroquine
consumption, estimated 10-15 fold under-reporting
of malaria cases was estimated or approximately 20-
30 million malaria episodes each year was more
realistic figure*’. Deaths due to malaria are also un-
der-reported and have fluctuated between 200-500
and in 1994, 1,167 deaths were reported following
the epidemics in western Rajasthan and eastern In-
dia*’**, Based on crude death rate and the percentage
of deaths due to fever and malaria an estimated 73,795
deaths occurred due to malaria in 1989. Vital statis-
tics of India also reported similar figures of deaths
due to malaria i.e., 1,37,846 deaths in 1985 and
75,285 in 1987%,

Vector resistance : Resistance in An. culicifacies
first appeared in 1959 in Gujarat'*, further spread and
intensified'*'®. As for example resistance to DDT is
now common in 18 states and 286 districts, to HCH
in 16 states and 233 districts and to malathion in 8
states and 71 districts. Spraying to control An.
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culicifacies is therefore not fully productive. In the
rural areas, An. stephensi mysorensis has developed
resistance to DDT in 34 districts in 7 states and to
HCH in 27 districts in 6 states. Resistance to mala-
thion has been detected in 8 districts in 3 states*-*C,

Residual spraying of insecticides requires vector
species to be endophilic and susceptible to insecti-
cide. Vector behaviour in the deciduous wet and
tropical rain forest zone showed partial exophilic
behaviour e.g., An. culicifacies, and An. fluviatilis '+
or fully exophilic e.g. An. dirus and some popula-
tions of An. minimus®>** and An. sundaicus*. Spray-
ing in these areas did not produce the desired impact
on malaria transmission.

Agriculture : Agronomic practices have also contrib-
uted to technical obstacles in malaria control. Use of
insecticides in agricultural crops e.g., in Andhra
Pradesh and Orissa has precipitated malathion resis-
tance in An. culicifacies species C, although mala-
thion was more sprayed in malaria control”’. Rice
agro-ecosystem encourages breeding of An.
culicifacies in fallow fields, and also for 6-8 wk in
rice fields and An. fluviatilis in the slow running
streams**". Sugarcane cultivation raises sub-soil
water and encourages An. culicifacies breeding.
Spraying is not acceptable to farmers in areas with
sericulture or apiculture because of the mortality
among the non-target beneficial insects. Insecticide
residues in tobacco, tea and other agricultural prod-
ucts also seriously jeopardize exports. In many tribal
areas the frequent habit of mud plastering makes the
spraying ineffective.

Economics ; Malaria control costs are increasing to
become a major impediment in the public health
programmes (Table IX). In about a decade malaria
control costs to cover 1 million population by DDT
and HCH have increased 3-fold and for malathion 2-
fold. This steep rise in the cost of insecticidal spray-
ing is adversely affecting malaria control. The popu-
lation to be protected by insecticidal spray in 1988
and 1991 is given in Table X. Due to financial con-
straints population under spray has been reduced by
200 million, although there was increased malaria
transmission as reflected by both the total number of
cases and those Pf positive. This has led to further
rise in malaria cases. Spray coverage during 1992-94
was further reduced against the target population
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Table IX. Comparative cost of spray operations with different
insecticides under the NMEP

Year DDT (50%) HCH (50%) Malathion (25%)
Costin lakh  Rupees to cover 1 million population
1985-86 33.00 36.00 192.00
1988-89 41.60 43.28 234.14
1994-95 90.10 £8.90 361.20

Source : NMEP and MRC

Table X. Population covcrage targeted for spnlying under NMEP

Year Malaria cases pDT
Total + Pf cases

HCH Malathion

Population in millions
1988 1854830 685407  228.88 11993  23.08
1991 2123578 918349 11575 4144 1513
Source : Annual reports, NMEP; Pf; Plasmodium falciparum

Table XI. Population targeted under spray and spray coverage reported by
the states

Insecticide 1992 1993 1994
Targeted % Covered Targeted % Covered Targeted % Covered
DDT 11806  53.36 104.34 39.10 106.43 37.54
HCH 4229 47.08 31942 58.62 40.19 69.02
Malathion15.442 4805 15.73 18.05 16.05 16.76

Total 17577 4937 15949 4185 16267 43.27
Source : NMEEP : Population figures arc in millions !

requiring protection as estimated by the NMEP. Table
XI gives the spray coverage during 1992-94. Cover-
age of population under DDT has been reduced from
53-36 per cent to 37.54 per cent, under HCH it
improved from 47.08 to 69.02 per cent but under
malathion it decreased from 48.05 to 16.76 per cent.
On an average spray coverage was 40 per cent, and
this reduction in spraying as a permanent feature has
produced a rapid deterioration in the malaria situa-
tion.

Urban malaria : An. stephensi type form is a major
vector of urban malaria and its control relies on
legislative measures and required the strategies de-
veloped by Covell’’. To control malaria in the towns
and cities of India, an urban malaria scheme (UMS).
was launched in 1971-72. Towns with > 40,000
population and API 2 or more for 3 yr were brought
under the UMS*. UMS was implemented in phases
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starting from 28 towns and so far this programme has
covered 131 towns. In India all towns have been
electrified and provided with piped water supply.
Water supply coverage by 1990 in the urban areas
was 84.4 per cent to be raised to 96 per cent by 2000.
Wells have been retained to fight drought conditions.
Water is supplied for a few hours in a day. and in
some towns it is supplied 2 or 3 times in a week.
Therefore the daily water requirements have to be
stored in every house almost all over the country.
This changed ecology has an enormous potential for
An. stephensi to multiply and spread malaria. In
towns with < 40,000 population spraying was rc-
quired, but residual spraying was difficultcvenin the
rural areas'®. Malaria control in the urban arcas rc-
quired species sanitation (sanitation measures which
produce species specific control) to eliminate An.
stephensi, instead anti-larval methods were directed
to control Culex mosquitoes, and to some extent
against An. culicifacies in peri-urban areas. Although
use of larvivorous fish was a standard method of
urban malaria control even the fish hatcheries were
not maintained. Temephos is applied at weekly inter-
vals in potable water to control An. stephensi. but
this is seldom done even in towns under thc UMS.
Many municipalities have no provision of malaria
control, and in others manpower is inadcquate and
supplies for vector control are short. Legislative
measures for preventive vector breeding are not ap-
plied any where in the country except in Greater
Bombay®. Therefore urban malaria control was ne-
glected permitting malaria incidence to multiply in
arcas under the influence of An. stephensi joined by
An. culicifacics in peri-urban areas. In urban areas
there is no active surveillance and therefore slide
positivity rate (SPR) in some selected localities can
provide indication of the prevailing malaria situa-
tion. SPR (1991-93) has varied between 12 and 38 in
Visakhapatnam (AP); Chaibasa (Bihar); Sambalpur
(Orissa); Bharatpur (Rajasthan); Madras, Tuticorin,
Erode, Dindigul (Tamil Nadu); Calcutta (West Ben-
gal); Surat (Gujarat) to name a few and the problem
of urban malaria is widespread in towns under the
influence of An. stephensi®.

It is common knowledge that in urban areas most
patients go to the private sector where treatment is
given on clinical diagnosis. Also primaquine the drug
used to prevent relapses and neutralize crescents is
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not available except through the NMEP. In some
areas the problem of drug resistance in P. falciparum
has become acute e.g.. Surat city. In the private
sector which handles the bulk of patients in the urban
areas, some clinicians lack knowledge on the diagno-
sis and correct treatment of malaria. There is no
continuing medical education and often cases are
mis-diagnosed or mis-treated. Differential diagnosis
based on clinical symptoms is also difficult and
unreliable e.g., dengue, malaria, meningitis efc.

The urban pull is another phenomenon which is
creating malaria. In cach town about 25-40.per cent
of the population lives in peri-urban areas without
proper water supply and drainage. Housing is also
poor. Such areas in the 1930s and 1940s were few
and isolated. In these areas another vector An.
culicifacies also transmits malaria. Malaria control
in these areas is difficult as neither can these shelters
be properly sprayed nor can the water receptacles be
properly treated with temephos. Rural water supply
scheme has covered 74.2 per cent villages with a
target of 100 per cent coverage by the year 2000. An.
stephensi prevalence increases in villages along with
the water supply. A survey of 100 villages in Kheda
district (Gujarat) showed the presence of An.
stephensi and Aedes aegypti in all villages*'.

Malaria parasite : P. vivax is the predominant spe-
cies in India followed by P. falciparum. In the main-
tenance phase percentage of P. vivax cases was about
60 and increascd to > 85 due to residual spraying
which reduced vector longevity and prevented P.

fulciparum transmission. P. falciparum cases

dwindled during the eradication days, the percentage
of total malaria cases fluctuating between 10-15 per
cent. Since the implementation of the MPO, the major
reduction was in P. vivax incidence i.e., from
5.713,502 in 1976 to 1,417,641 in 1983 and main-
tained at 1.4 million level till 1994. P. falciparum
transmission did not respond to spraying in a similar
manner, instead cases have been rising steadily, as
revealed by epidemiological data i.e., in 1977-82 P.
falciparum cases were between 0.5 and 0.6 million;
in 1983-90 between 0.6 and 0.7 million; and 1991
onwards 0.8 and 0.9 million cases. Insecticidal spray-
ing had a poor impact on vector longevity maintain-
ing persistent transmission in many pockets in the
country. As a result in the 1980s and 1990s, the
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percentage of P. falciparum cases has risen to about
40. Since P. falciparum occurrence is widespread,
falciparum malaria may rise further under pressure of
environmental changes.

In the early days of the NMEP, P. vivax and P.
falciparum were scnsitive to chloroquine, and an
adult dose of 600 mg chloroquine was adequate to
clear the parasite from the peripheral blood. However
15 mg primaquine for 5 days was used to prevent P.
vivax relapses and 45 mg primaquinc was given as
gametocytocidal to neutralize crescents of P.
falciparum. Studies have shown that while P. vivax
is still sensitive to chloroquine, a 5 day radical treat-
ment with primaquine is inadequate®’. Also it was
found that P. vivax in Delhi is a mixture of many
strains in regard to short and long incubation period,
relapsing pattern and response to pri maquine (Adak
et al; 1995 unpublished data), and therefore vivax
malaria may also strike if the pressure on vector
control is withdrawn.

It may be noted that the main concentration of P.
fulciparum was in the northeastern statcs and inall
tribal belts in the forested regions of the country. As
indicated there is a steady rise in the incidence of P.
falciparum infection. While P. fulciparum infection
was rising, a focus of P. falcfpams'w resistance to
chloroquine was detected in 1973 in Karbi Anglong
and Nowgong districts of Assam®. Drug resistant
cases were detected in 20 PHCs in 6 states by 1977,
and resistant P. fulciparum strains further spread in
subsequent years™.

The rising trend of Pf resistance along with the
rise in P. falcivarum incidence is shown in Fig. 3.
The problem of chloroquine resistance in P.
falciparum is now widespread, engulfing more and
more areas and heading towards multiple drug resis-
tance. It has been observed from the field that resis-
tant strains become prominent in hyper-endemic ar-
eas with intense P. fulciparum transmission and in
developmental projects, industrial areas and around

I

S
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Fig. 3. Distribution of P. falciparum in the country. P. falciparum per cent is based on 1993 incidence data of e:.u:h
state. P. falciparum is distributed all over the country, although its proportion varies from state to state depending
on the ccology of the region (Source : NM EP).

Indian Council of Medical Research



Citation Classics of ICMR Research Paper (1950-2010)

38

construction projects in urban areas. These projects
attract labour from endemic areas with differential
immune status leading to the accelerated transmis-
sion of resistant strains®*. To treat RI level of resis-
tance, amodiaquine instead of chloroquine was used
in the NMEP but studies have shown no difference
in the susceptibility status to either drug®. Resis-
tance in P. falciparum to sulphalene pyrimethamine
was first detected in Delhi in 1987%. Resistance has
already emerged against sulpha-pyrimethamine, and
quinine in northeastern states and Kolar district in
Karnataka. Mefloquine resistance is found in Surat
(Gujarat)®. This intrinsic characteristic of resistance
in the parasite also provides a compromise with the
host immunity leading to asymptomatic carriers.
Population movement of carriers has become an
important vehicle of parasite dissemination, seeding
parasite in the non-immune populations and expos-
ing them to the risk of acquiring malignant infec-
tion®*.

Human factor : Malaria is basically a disease of the
poor and thrives in poverty. About 33 per cent of
India’s population lives below the poverty line, and
this population is at a greater risk of contracting
infection. Malaria treatment costs are also increas-
ing, and WHO estimated that if the cost of treatment
with chloroquine is one, it is 35-40 with quinine and
antibiotics in the developing world. Therefore the
poor suffer most as they contract malaria frequently
and cannot afford proper and timely treatment and
often become victims of the disease. An estimated 90
per cent of the malaria cases occur in Africa, south
of Sahara, whereas out of the total expenditure on
malaria control in the world, only 10 per cent is
available to Africa. There are various factors of hu-
man ecology and behaviour that favour malaria trans-
mission. Malaria is a focal disease, but P. falciparum
predominates in the foot hills and in forests and
forest fringes which are predominantly the tribal

settlement 'areas.en the country 7.8 per cent tribal

population contributes > 30 per cent of malaria, > 60

per cent P. falciparum and > 50 per cent deaths”

Orissa alone contributes > 30 per cent P. falciparum
cases®. Enhanced man mosquito contact is main-
tained by the poor housing, settlements near the
mosquito breeding sites (e.g.. near rivers, streams
elc.), poor clothing, exposure during work in the
jungles particularly during nights, presence of highly
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efficient vectors e.g., An. dirus, An. minimus, An.
fluviatilis and high An. culicifacies densities in the
plains. Vector behaviour and site of acquiring infec-
tion is not fully understood. Vectors are exophilic
and exophagic maintaining extra-domiciliary trans-
mission. These are the arcas poorly served by the
basic health services. Rural areas are served by 20,739
primary health centres. Tribal areas of the country
with high P. falciparum incidence required 3,625
PHCs but so far 2,910 PHCs have been established
and there is 31 per cent shortage of all categories of
health personnel®*. Cultural habits also impede field
operations e.g., habit of frequent mud plastering of
walls, outdoor sleeping and use of local remedies to
treat malaria efc.

Population migration has resulted in accelerated
malaria transmission and in the introduction of new
malaria parasite strains. Large scale population mi-
gration is a routine feature in the country for agricul-
ture, projects, grazing, fishing and for exploitation
of forest resources. In addition people also migrate
during droughts, floods, political unrest, and no-
madic tribes keep on moving from place to place. An
estimated one sixth of the country’s population moves
annually during the transmission season from non-
malarious to malarious areas and vice-versa. A large
‘number of epidemics have been traced to migration
in Orissa, Madhya Pradesh and south Bihar and
Barmer in Rajasthan*'°. A study in northeastern states
indicated that 46 projects employed 2,53,000 labour
including 70,900 seasonal labour from outside these
states. Malaria prevalence in this population was
11.1 per cent (7.1% Pf cases)*.

Malaria in the 1990s

In India, malaria was mainly a rural problem. Two
major patterns of malaria transmission existed in the
country. These were the areas with (i) stable malaria
with characteristic features of high mortality in for-
ested and foot hill regions with pre-dominance of P.
Jalciparum; and (ii) unstable malaria with fooal trans-
mission producing epidemics. In urban areas malaria
cases were very few and did not require any intensi-
fied efforts.

Malaria control brought prosperity. There was
overall development of the country. Vast areas that
could not be colonized due to ravages of malaria
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became the centres of the green revolution. Industrial
growth was spectacular and made the country to
emerge as an important competitor in the world
market. Malaria was at such a low ebb that there was
uninterrupted development of the hinterland, explo-
ration of new areas, urbanization, and launching of
new projects. Later these very development sites
became the new paradigms of malaria as described
below, in addition to the already well-known prob-
lem of rural malaria.

Urban malaria : In 1951 at the time of first census
soon after independence the population of India liv-
ing in 2590 towns was 62.44 million. The census in
1991 reported 217.18 million urban population, and
towns had increased to 3768. The urban population
is doubling in about two decades. In addition to the
increase in urban population, there was an unprec-
edented increase in the expansion of urban agglom-
erations. Civic bodies are starved of funds and their
infrastructure is so weak that they are unable to cope
with the minimum needs of water, sanitation, and
hygiene. Urban pull results in mushrooming of
hutments and colonization of peri-urban lands unfit
for settlements. This process threatens urban life due
to pollution and outbreak of communicable diseases.
Migration towards urban areas is a continuing pro-
cess. and 25-40 per cent population lives in peri-
urban areas. A marginal and insignificant problem of
malaria in the urban areas has emerged as a distinct
epidemiological type splitting into two ecotypes viz.,
urban malaria transmitted by An. stephensi and peri-
urban malaria transmitted by An. stephensi and An.
culicifacies'*. The total population involved is 150
million, an estimated 75 million in each ecotype.
This problem is becoming more pronounced as could
be seen by the rise of malaria in most urban areas
under the influence of An. stephensi.

Rural malaria : The green revolution and exploita-
tion of agricultural land by modern technologies has
diversified rural malaria into rainfed areas affecting
about 100 million population. Malaria is transmitted
in these areas by An. culicifucies and dependent on
rainfall. During the successive 5 year plans begin-
ning from 1951, India’s food production has in-
creased from 52.5 to 182 metric tonnes in 1995 and
during the same period to boost agricultural produc-
tion irrigation has increased from 22.6 to 90 metric

hectare (mha). This increase in irrigation has pro-
vided tremendous opportunities for malaria mosqui-
toes to breed uninterruptedly. Mosquito breeding
occurs in seepages, poorly maintained irrigation sys-
tem with weed growth, illegal irrigation, rise in water
table creating marshy conditions and poor and inad-
equate drainage. Most of these conditions are com-
monly encountered in the irrigation projects and the
command areas, and encourage An. culicifucies and
in the slow running streams, An. fluviatilis breed-
ing’®”". Irrigation malaria therefore has emerged asa
new paradigm maintaining endemic malaria in about
200 million population living in the irrigation tracts.

Forest malaria : Epidemiological analysis of dats
from the endemic belts of the country has revealed
high P. falciparum transmission in the forests of
India, and these areas are dominated by the tribal
population’>”. This population is also the most ne-
glected segment of our society because of their life
style, settlements in inaccessible areas, sociological
structures and beliefs. Malaria control in these settle-
ments has always been unattainable due to technical
and operational problems’™. Thesc areas are hard-
core areas with pronounced problem of vector refrac-
toriness, in An. culicifacies and An. fluviatilis in
peninsular India and An. dirus, An. minimus and An.
fluviatilis in the castern states. The other problems
are high proportion of P. falciparuth, high level of
herd immunity resulting in asymptomatic carriers,
and now a pronounced problem of drug resistance,
and an unending source of malaria to the rest of the
country. Because of the peculiarities in the transmis-
sion dynamics in the forests and difficulties in con-
trol operations compounded by technical obstacles.
this-type of malaria is known as forest malaria or
tribal malaria, requiring specialized malaria control
efforts”™. Tribal maldria in the deep forests and forest
fringe influences 5Q million population and in the
proximity of forest fringe areas with distributed ecol-
ogy. In 1950 forest cover was 40.48 mha and this has
been reduced to 22.3 mha in 1991. This massive
deforestation has resulted in the introduction of new
vectors in the forest fringes and distributed ecologi-
cal belts (e.g., invasion of An. culicifacies; and eco-
logical succession of An. dirus to An. minimus to An.
fluviatilis) affecting 20 million people, some of whom
have started migrating for jobs to non-transmission
areas with high malaria receptivity.
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Industrial malaria : Industrialization has resulted in
disturbance of the ecosystem encouraging active
malaria transmission™. Unfortunately in the estab-
lishment of industrial belts, health impact assess-
ment studies were not carried out and therefore in-
dustrial settlements invariably had come up in areas
conducive to An. culicifacies proliferation and inva-
sion by An. stephensi; and in the mining and forest
based industries An. fluviatilis. In these areas malaria
transmission is accelerated by a foci created by the
tropical aggregation of labour. About 10 million
population may be involved in industrial malaria,
and because of the industrialization of almost all
major cities of India, industrial malaria has emerged
as an important ccotype with pronounced problems
of resistance in P. falciparum.

Border malaria : Malaria at the international and
state borders has always been a problem due to ex-
change of population, illegal activities in some areas,
poor administrative control. inadequate and many
times impractical malaria control operations. and
difficulties in supervision. As a result populations
living and working in these areas suffer from high
levels of transinission. The problem areas comprise
about a 16 km belt along the international borders.
The most pronounced problem is along the Indo-
Myanmar border followed by Indo-Bangladesh bor-
der, Indo-Bhutan border, Indo-Nepal border and Indo-
Pakistan border. Major malaria vectors are An. dirus,
An. minimus on the eastern side; An. minimus, An.
Mluviatilis and An. annularis in the northern borders
and An. stephensi and An. culicifacies in the western
border. There are vast areas under inter-state borders
in the country where An. culicifacies is the vector.
Border malaria tkerefore requires inter-country and
inter-state understanding and collaboration in its
control™.

Migration malaria : Migration of population from
endemic to non-endemic areas and vice-versa cuts
across all types of malaria transmission patterns and
involves multiple vectors. Migrants bring new para-
site strains and continue to spread malaria wherever
they settle. Migration malaria is becoming an impor-
tant problem due to the pronounced problem of drug
resistance in P. fulciparum'®™",

There are some relatively minor and local malaria
ecotypes such as the coastal malaria maintained by
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An. sundaicus in the Andaman and Nicobar Islands.
It may be noted that the above classification is a
broad division of various ecotypes encountered in
the country and in a given area one or more such
ecotypes may be prevalent, as malaria is a local and
focal problem.

In the early 1960s malaria was nearly eradicated
and in 1965 there were about 100,000 cases in the
entire country. Deaths due to malaria were com-
pletely eliminated. Thereafter technical, financial and
operational factors®® which were responsible for de-
terioration in malaria situation have only been aggra-
vated with the passage of time. Thus the picture of
malaria that has now emerged in the 1990s is sum-
marized in Fig. 4. In the early 1960s NMEP was
heading towards malaria eradication but during the
same period reverses started in the consolidation and
maintenance phases, and 71.385 operational units
were reverted to the attack phase. NMEP faced tech-
nical problems which emerged, spread countrywide
and consolidated making malaria control difficult
and costly. The first problem was DDT resistance in
An, culicifucies in the 1960 followed by resistance in
P. falciparum to chloroquine in the 1970s. These
problems increased in intensity along with the risc in
P. falciparum. In 1980s malaria outbreaks were re-
corded from many endemic areas, although these
arcas were protected under the MPO. Deaths due to
malaria became a regular feature. In the 1990s ma-
laria epidemics have been witnessed in western
Rajasthan, Manipur, Indo-Bhutan border and few
more areas. At the turn of the century resistance in
P. vivax to chloroquine and in P. falciparum to
artemisinin derivatives may also emerge making
malaria treatment still more costly and difficult.
Epidemiological profile of malaria as seen in the
1990s reveals a progressive deterioration of the
malaria situation in the country. Malaria transmis-
sion takes place by an interaction of man, vector and
parasite under suitable environmental conditions
(Fig. 5). In the last 4 decades or so the transmission
dynamics of malaria have become more strong and
intractable. Figure S (b) showed that re-emergence of
malaria is characterized by the refractory nature of
vector(s) either due to multiple insecticide resistance
or exophilism or both; resistance in P. falciparum
heading towards multiple drug resistance; resistance
in man to allow spraying with many social and
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Flg. 4. Malaria trends over 4 decades. In early 1960s during successful eradication, vector rcs:s.lanoc
appearcd and reversions of units to attack phase coincide with DDT shortages. In 1970s malaria rcsurscnoe
was widcspread; spraying did not control malaria in 9 per cent of the country s population identificd as hard-
core areas; resistance appeared in P. falciparum, and exophilic vector behaviour was pronounced. In 1980s
focal outbreaks were recorded with regular malarial deaths and malaria started diversification into new
ccotypes. In 1990s malaria cpidemics arc accompanied with death and panic, and there is clegr demarcation
of new malaria paradigms.

1950s 1990s

Environment Environment

Man

v

Parasite

Enhanced receptivity &
Inerability to malaria
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Fig. 5. Malaria triangle showing (a) vcctor, parasite and man interacting in a natural environment producing malaria, as was
the case before launching of the NMCP/NMEP; and (b) in the 1990s malaria control is faced with the multiple problems
(although variable in space and time) of vector resistancc, parasite resistance and resistance in man to chemical interventions,
behavioural and social problems. Aided and abetted by the environment which has become more receptive due to man made
ecological changes. Malaria control therefore has become a formidable problem.
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operational problems; and ecological changes favour-
ing enhanced transmission due to creation of new
and enormous vector breeding potential, and human
behaviour enhancing man mosquito contact.

It is common knowledge that malaria vector tends
to become refractory to chemical spraying and ma-
laria transmission control requires a sound knowl-
edge of vector biology to prevent vector breeding
and reduce malaria receptivity and vulnerability. In
recent years successful malaria control has been dem-
onstrated by bioenvironmental methods™*®** insec-
ticide treated bed nets™**, minor engineering inter-
ventions* EPS beads"’™, biolarvicides**, repel-
lents®'*", use of diagnostics®**, chemotherapy®, ma-
laria vaccine”, etc., and old methods like fishes,
have been revived. Furthermore, intersectoral coor-
dination and community participation have been suc-
cessfully elicited”. Approaches to malaria control
should take into consideration local malaria trans-
mission determinants and work with communities,
integrating appropriate and local technologies, re-
sources and talents.

Acknowledgment

I wish to express my gratitude to Dr S. Pattanayak and Dr G. K.
Sharma retired Directors of NMEP, Dr R.S. Sharma, Director,
NMEP, Shri N.L. Kalra, consultant, MRC, Dr V.S. Chauhan,
Scientist, ICGEB, Dr S.K. Subbarao and Dr Lalitha Kabilan,
Deputy Directors, MRC and Dr B.N. Nagpal, Senior Rescarch
Officer, MRC for revicwing the manuscript and for many
constructive suggestions. This manuscript is largely based on the
data generated by the NMEP Dircctorate and various reviews and
cvaluations set,up by the Government of India from time to time.
I acknowledge the use of this important data without which it was
not possible to trace the cvents that led to the re-emergence of
malaria.

References

1. Chadha Committee. Report of the special committee on the
preparation for cntry of the National Malaria Eradication
Programme into thc maintcnance phase, 1963.

2. Ramachandra Rav T. The Anophelines of India. Delhi : Malaria
Rescarch Centre (ICMR), 1984; 1-518.

3. NMEP. Malaria and its control in India Vol. |. Delhi:
Dircctorate of National Malaria Eradication Programme,
(DGHS) Government of India. 1986; 1-348.

4. Pattanayak S. Roy RG. Malaria in India and the modified plan
of operations for its control. J/ Comm Dis 1980; 12 : 1-14.

5. Sharma VP. Presidential Address : Malaria : Trends and
approaches for its control. Diamond Jubilee Session.

Indian Council of Medical Research

14.

. Kalra NL. Forest malaria vectors in India :

Proceedings of the National Academy of Sciences, Allshabad,
UP, India; 1991; pp.

Ramachandra Rao T. Problems in Malaria Research. /ndian J
Malariol, 1981; 18 : 4-11.

NMEP Dte. Delhi. Report of the in-dopth evaluation of the
National Malaria Eradication Programme of India, 1970.

NMEP Dte. Delhi. Madhok Committee. Report of the special
committee to review the working of the National Malaria
Eradication Programme and to recomménd measures for
improvement, 1970.

Arora DD. Malaria in India through the years. Unpublished
cyclostyled document. Malaria Research Centre, 1980,

. Sharma GK. A critical review of the impact of insecticidal

spray under NMEP on malaria situation in India. J Comm Dis
1987; 19 : 187-290.

Ecological
characteristics and epidemiological implications. In : Sharma
VP, Kondrashin AV, cditors, Forest malaria in Southeast
Asia : Proceedings of an informal consultative Meeting WHO/
MRC; Feb 1991; 18-22, New Delhi. Malaria Rescarch Centre
(ICMR), Delhi. 1991; 93-114.

- Ramachandra Rao T, Bhatia SC. A note on the degree of

susceptibility of An. culicifacies to DDT in some parts of
Bombay state. Indian J Malariol 1957; 11 : 261-70.

. Bhatia SC, Deobhankar RB, Vittal M. Susceptibilitics of

mosquitoes to DDT and dieldrin in sprayed and unsprayed
areas of Bombay state, India. Indian J Malariol 1958; 12:371-
6.

Pal R. Present status of susceptibility of some species of
mosquitocs to DDT, BHC and dicldrin. Indian J Malariol
1958; /12 : 383-99.

- Rahman J, Roy ML, Singh K. Development of increased

tolerance o DDT in An. culicifacies Giles, in the Panch
Mahals district of Bombay state (India). /ndian J Malariol
1959; /3 : 125-30.

- Luen SC, Shalaby AM. Preliminary note on the development

of DDT-resistance in Anopheles culicifacies Giles, in Panch
Mahals district, Gujarat State, India. Bull WHO 1962; 26 :
128-34. A

- Sharma MID, Samnotra KG. A note on gamma BHC and

dicldrin resistance in An. culicifacies Giles in adjoining arcas
of Gujarat and Maharashtra states. Bull Natl Soc Indian Mal
Mosq Borne Dis 1962; 10 : 151.

. Bhatnagar VN, Wattal BL. Insecticide resistance in malaria

vectors. Indian experience. symposium organized by
organization of the Pharmaceutical producers of India, New
Delhi 1978. Table reproduced by T. Ramachandra Rao; 1979;
157. Ref 2.

- NMEP Dte. Delhi. Report of the Commiittee set up to study in-

depth all relevant aspects of the National Malaria Eradication
Programme, 1974.



20.

21.

2.

23.

24,

25.

217.

28.

29,

3.

32.

33

3s.

36.

Citation Classics of ICMR Research Paper (1950-2010)

SHARMA : MALARIA RESURGENCE 43

NMEP Dte. Delhi. Report of the consultative committee of
experts to determine alternative strategies under National
Malaria Eradication Programme, 1974.

Subbarao SK, Vasantha K, Adak T, Raghuvendra K, Sharma
VP, Sharma GK et al. Anopheles culicifacies : sibling species
composition and its relationship to malaria incidence. J Am
Mosq Control Assoc 1988, 4 : 29-33.

Vasantha K, Subbarao SK, Sharma VP. Anopheles culicifacies
complex population : Cytogenetic evidence for species. D.
(Diptera : culicidac). Ann Enio Soc Am 1991; 84 : 531-6.
Subbarao SK, Vasantha K, Adak T, Sharma VP. Anopheles
culicifacies complex : Evidence of new sibling species C. Ann
Ento Soc Am 1983; 76 : 985-8.

Raghuvendra K, Subbarao SK, Vasantha K, Pillai MKK,
Sharma VP. Differential sclection of malathion resistance in
Anopheles culicifacies A & B (Diptera : culicidae) in Haryana
state. India J Med Entomol 1992; 29 : 183-7.

Sharma VP, Uprcty HC, Nanda N, Raina VK, Parida SK,
Gupta VK. Impact of DDT spraying on malaria transmission

in villages with resistant Anopheles culicifacies. Indian J
Malariol 1982; 19 : 5-12.

. SubbaraoSK. Vasantha K, Sharma VP. Response of Anopheles

culicifacies sibling species A and B to DDT and HCH in India
: Implications in malaria control. Med Vet Entomol 1988; 2 :
219-33.

Raghavendra K, Vasantha K, Subbarao SK. Pillai MKK,
Sharma VP. Resistance in Anopheles culicifacies sibling
species B and C to malathion in Andhra Pradesh and Gujarat
states, India. J Am Mosq Control Assoc 1991; 7 : 255-9.

Kalra NL. Susccptibility of common mosquito species of
Andaman and Nicobar Islands to insecticides. J Commun Dis
1981; 13 : 45-52.

Singh N, Chakrabarti SC. Susceptibility of Anopheles
philippinensis to DDT from some arcas of India bordering
Bangladesh. J Commun Dis 1979; /1 : 85-8.

Dutta-Choudhury J, Malhotra PR. Susceptibility of Anopheles
philippinensis to DDT and dieldrinin Assam. Indian.J Malariol
1982; 19. 145-6.

Bentley CA. Report on maluria in Bombay, Govemment
Press, Bombay 1911.

Covell G. Notes on the control of mosquitoes and malaria in
Delhi. Rec Mal Surv India 1934; 4 : 273-89.

Sweet WC, Rao BA. Notes on malaria in Mysore state Part V.
The control of Anopheline breeding in Bangalore city and its
cost in Mysore state. Rec Mal Surv India 1934; 4 : 95-110.

Barber MA, Rice JB. Malaria in Poona and its vicinity. J Mal
Inst India 1938; [ : 37-55.

Banerjea AC. Somc obscrvations on an unusual epidemic of
malaria in the city of Lucknow. Indian Med Gaz 1930; 65:
149-53.

Sharma VP, Mchrotra KN. Malaria resurgence in India : A

37.

38.

39.

40.

41.

42.

43,

44.

45.

46.

47.

48.

49.

50.

51,

52.

53.

critical study. Soc Sci Med 1986; 22 : 83545,

Covell G. Malaria in Bombay (Govt. Central Press, Bombay).
1928,

Roy RG, Panchapakesan A, Sitaraman NL, Ganesan AV,
Ghosh RB. The urban malaria problem in Tamil Nadu state.
Indian J Med Sci 1976; 30 : 313-6.

Anonymous. Health Survey and Development Commitice
(Bhore Committee). Govt. of India, Ministry of Health, New
Declhi 1946.

Ray AP. Some aspects of P. falciparum cumai-nmcnt
programme. Indian J Med Res 1979; 70 Suppl : 1-13.

Ray AP, Narasimham MVVL, Kondrashin AV, Annakari B.
P. falciparum containment programme ten years of operations
in India (1978-88). NMEP/WHO/SIDA. Published by the
Directoratc of National Malaria Eradication Programme, Delhi.
1988.

NMEP. In-depth Evaluation Report of the modified plan of
operation under National Malaria Eradication Programme of
India, Govt. of India, Delhi 1985; 1-56. '

Sharma VP, Choudhury DS, Ansari MA, Malhotra MS, Menon
PKB, Razdan RK er al. Studies on the true incidence of malatia
in Kharkhoda (district Soncpat, Haryana) and Kichha (district
Nainital, UP) Primary Health Centres. Indian J Malariol
1983; 20 : 21-34.

Singh N, Sharma VP. Persistent Malaria Transmission in
Kundam Block. District Jabalpur (MP). Indian J Malariol
1989; 26 : 1-7.

Uprety HC. Gupta VK, Sharma VP. Modified plan of operation
and its impact on malaria. /ndian J Malariol 1982; 19 : 137-
8.

Pattanayak S, Sharma VP, Kalra NL, Orlov VS, Sharma RS.
Malaria paradigms in India and control strategies. Indian J
Malariol 1994; 31 : 141-99.

Mathur KK, Harpalani G, Kalra NL, Murthy GGK, Narasimham
MVVL. Epidemic of malaria in Barmer district (Thar desert)
of Rajasthan during 1990. Indian J Malariol 1892; 29 : 1-10.

Bourna MJ, Van der Kaay HJ. Epidemic malaria in India and
the E! Nino Southern Oscillation. Lancer 1994; 344 : 1638-9.

Rajagopal R. Malathion resistance in Amopheles culicifacies
in Gujarat. Indian J Med Res 1977, 66 : 27-8.

Sharma GK. Review of malaria and its control in India. In :
Sharma VP, editor. Proceedings of the Indo UK workshop on
malaria 1983 Nov 14-19. Malaria Research Centre (ICMR)
Dclhi 1984, 13-40.

Nagpal BN, Sharma VP. Tree hole breeding and resting of
mosquiloes in Orissa. [ndian J Malariol 1985; 22 : 115-7.

Das PK. Gunasekaran K. Sahu SS, Sadanandane C, Jambulingam
P. Seasonal prevalence and resting behaviour of malaria vectors
in Koraput, Orissa. Indian J Malariol 1990; 27 : 173-81.

Dev V. Breeding habitats of anopheline mosquitoes in Assam.
Indian J Malariol 1994; 31 : 31-4.

Indian Council of Medical Research



54.

55.

56.

57.

58.

59.

62.

63.

65,

67.

68.

69.

Citation Classics of ICMR Research Paper (1950-2010)

INDIAN J} MED RES, JANUARY 1996

Wajiullah, Jana B, Sharma VP. Anopheles minimus in Assam.
Curr Sci 1992; 63 : 7-9,

Kumari R, Joshi H, Giri A, Sharma VP. Fecding preferences
of Anopheles sundaicus in Car Nicobar Island. Indian J
Malariol 1993; 30 : 201-6.

Singh N, Singh OP, Soan V. Mosquito breeding in rice fields
and its role in malaria transmission in Mandla district, MP.
Indian J Malariol 1989; 26 : 191-8. .

Sharma SN, Prasad RN. Observations on the breeding of
anophelines in rice fields of Shahjahanpur district, Uttar
Pradesh. Indian J Malariol 1991; 2% : 83-90.

Pattanayak S, Roy RG, Samnotra KG, Bendley MS. Urban
malaria schemeofthe National Malaria Eradication Programme
of India. /ndian J Malariol 1981; 18 : 21-7.

Deobhankkar PB. Malaria control in Bombay by legislative
measures and other non-incidental methods of vector control.
In : Sharma VP, Bang YK, Rosenficld P, Pant CP. cditors.
Community Participation for disease vector control Procceding
of the ICMR/WHO workshop to Review Research Results.
1986 Feb 3-9. Delhi : Malaria Rescarch Centre (ICMR), 1986;
101-7.

. NMEP, Annual Rcports (1990-94).
61.

Gupta DK, Bhatt RM, Sharma RC, Gautam AS, Rajnikant.
Intradomestic mosquito breeding source and their management.
Indian J Malariol 1992; 29 : 41-6.

Sinha$, Dua VK, Shanna VP. Malaria relapsesand chloroquine
resistance at the BHEL industrial complex, Hardwar, India.
Trans Rov Soc Trop Med Hyg 1989, 83 : 606.

Sechgal PN, Sharma MID, Sharma SD, Gogai S. Resistance to

chloroquine in falciparum malaria in Assam state, India. J
Comm Dix 1973; 5 : 175-80.

. Sharma VP, Drug resistant Plasmodium falciparum malaria in

India. Sharma VP, editor. In : Proceedings of the Indo-UK
Workshop on Malaria. Delhi. Malaria Rescarch Centre
(ICMR), 1983 Nov 14-19; 1984; 169-84.

Mishra SP, Rama Rao BS, Dhingra N. Drug resistance status
of P. falciparum in India. Situational analysis Dte of NMEP,
Govt. of India, Delhi 1994,

. Mishra SP, Nandi J, Shiv Lal. Chloroquine versus amodiaquine

in the treatment of Plasmodium falciparum malaria in northeast
India. Indian J Med Res 1995; 102 : 119-23.

Choudhury DS, Sinha S, Ghosh SK, Usha Devi C, Sharma VP.
Reportofacaseof P. falciparum malaria resistant to chloroquine
and combination of sulfalenc and pyrimethamine in Delhi.
Indian J Malariol 1987; 24 : 95-6.

Sharma RC, Sharma VP. Epidemiological implications of
population migration : Part 11, Evidence of chloroquinc resistant
Plasmodium falciparum malaria in Kheda district, Gujarat.
Indian J Malariol 1988; 25 : 117-8.

Kalra NL, Sharma GK. Malaria control in Delhi past, present
and future. J Comm Dis 1987; 19 91-116.

Indian Council of Medical Research

70.

71.

72.

73.

74.

75.

76.

77.

8.

79.

80.

81.

82.

83.

84,

BS,

Sharma VP, Uprety HC. Preliminary studies on irrigation
malaria. Indian J Malariol 1982; 19 : 139-42.

Sharma VP. Intensive agriculture and its impact on vector
borne disease. Proc Indian Natl Sci Acad B 1986; 51 : 205-8.

Sharma VP, Prasitisuk C, Kondrashin AV. Magnitude of
forest related malaria in the WHO Southeast Asia Region. In
: Sharma VP. Kondrashin AV. editors. Forest Malaria in
Southeast Asia Proccedings of aninformal consultative meeting
WHO/MRC 1991 Feb 18-22; New Delhi. Delhi : Malaria
Rescarch Centre (ICMR), 1991; 29-53.

Kondrashin AV. Malaria in the WHO Southeast Asia region.
Indian J Malariol 1992; 29 : 129-60.

Clyde DF, Beljaev AE. Obstacles to malaria eradication in
South-East Asia, In : Sharma VP, editor. Proceedings of the
Indo-UK Workshop on Malaria; 1983 Nov 16-19 Delhi.
Delhi : Malaria Resecarch Centre (ICMR), 1984; 5-12.

Sharma VP, Kondrashin AV, Editors. Forest Malaria in
Southeast Asia. Proceedings of an Informal Consultative
mecting WHO/MRC. 1991 Feb 18-22. Delhi, Malaria Research
Centre (ICMR), Delhi 1991; 1-234,

Dua VK, Sharma SK, Sharma VP. Bioenvironmental control
of malaria at the Indian Drugs and Pharmaceuticals Ltd.,
Rishikesh (UP). Indian J Malariol 1991; 28 : 227-35.

WHO. National malaria control programme managers report
of an Intercountry consultative meeting, New Delhi. 20-24
March 1995. WHO Project : ICP 001 SEA/MAL/18S5. South
East Asia Region, 1-42.

Sharma RC, Sharma VP. Epidemiological implications of
population migration : Part |, Imported malaria cases in Kheda
district, Gujarat. Indian J Malariol 1988; 25 : 113-6.

Jambulingam P, Sabesan S, Krishnamoorthy K, Rajendran G,
Pradcep Kumar N, Rajagopalan PK. Malaria control in
Ramcswaram Island in South India. ICMR Bull 1986, 89-94.

Sharma VP. Environmental management in malaria control in
India. In : Targett.editor GAT. Malaria : Waiting for the
vaccine. New York : John Wiley and Sons, 1991; 49-66.

Sharma VP. Community based malaria control in India.
Parasitology Today 1987, 3 : 222-6.

Singh N, Sharma VP, Mishra AK, Singh OP. Bioenvironmental
control of malaria in a tribal area of Mand|a district, Madhya
Pradesh, India. Indian J Malariol 1989; 26 : 103-20.

Sharma VP, Sharma RC. Community based bioenvironmental
control of malaria in Kheda district, Gujarat, India. J Am Mosq
Conirol Assoc 1989; 5 : 514-21.

Dev V, Nayak HK, Barush K, Jana B. Promoting insecticide
impregnated bednets for malaria control in Assam. In :
Sharma VP, editor. Community participation in malaria
;-;mm!. Delhi : Malaria Research Centre (ICMR), 1993; 247-

Jana-Kara BR, Wajiullah, Shahi B, Vas Dev, Curtis CF,
Sharma VP. Deltamethrin impregnated bednets against



87.

88,

89.

91.

92.

Reprint requesis :

Citation Classics of ICMR Research Paper (1950-2010)

SHARMA : MALARIA RESURGENCE 45

Anopheles minimus transmitted malaria in Assam, India. J
Trop Med Hyg 1995: 94 : 73-83.

Singh, Jaswant. Malariaincidental to engineering construction.
Health Bullctin, No. 32, Malaria Burcau No. 12. 1948; 1-50.

Tiwari SN, Tyagi PK. Control of mosquito breeding in wells
by the application of cxpanded polystyrens (EPS) beads.
Indian J Malariol 1989; 26 : 211-4.

Chandrahas RK, Sharma VP. Small-scale ficld tnals with
Polystyrenc Beads for the control of mosquito breeding.
Indian J Malariol 1987; 24 : 175-80.

Kumar A, Sharma VP, Sumodan PK, Thavasclvam D, Kamat
RH. Malaria control by utilizing Bacillus sphaericus against
Anopheles stephensi in Panaji, Goa. J Am Mosq Cont Assoc
1994; 10 : 534-9.

Kumar A, Sharma VP, Thavaselvam D, Sumodan PK. Control
of Anapheles stephensi breeding in construction sites and
abandoned overhcad tanks with Bacillus thuringiensis var.
israclensis. J Am Mosq Control Assoc 1995; 11 : 86-9.

Sharma VP, Nagpal BN, Srivastava A. Effectiveness of neem
oil mats in repelling mosquitocs. Trans R Soc Trop Med Hyg
1993; 87 : 626.

Sharma VP, Ansari MA. Personal pratection from mosquitoes
(Diptera : culicidac) by burning neem oil in kerosene. J Med

93,

94.

95.

96.

97.

98.

99.

Entomol 1994; 3] : 505-7.

Sharma VP, Ansari MA, Razdan RK. Mosquito repellent
action of ncem (Azadirachta indica) oil. J Am Mosy Conirol
Assoc 1993; 9 : 359-60.

WHO. A rapid dipstick antigen capture assay for the diagnosis
of falciparum malaria WHO/MAL/9S. 1072, 1995; 1-16.

Garcia Mary, Cowdrey DT, Kirimacma S, Malborough D.
Lacfasia J, Reickmann K. Ficld cvaluation of a rapid
immunochromatographic test (ICT) for the diagnosis of
Plasmodium falciparum malaria. Trans R Soc Trop Med Hyg
1995 (in press). :

Artcmisinin. Proceedings of a meeting convened by the

Wellcome Trust. on 25-27 April 1993. Trans R Soc Trop Med
Hyg 1994; 88 (Suppl) : 1-65.

Valero MV, Amador LR, Galindo C, Figueroa J, Bello MS,
Murillo LA er al. Vaccination with SPf66, a chemically

synthesised vaccine, against Plasmodium falciparum malaria
in Colombia. Lancer 1993; 341 : 705-10.

Sharma VP, Ghosh A. Larvivorous fishes of inland ecosystems.
Delhi : Malaria Research Centre (ICMR), 1989; 1-224.

Sharma VP. cditor. Community participation in malariu
contral. Delhi : Malaria Research Centre (ICMR). 1993:
1-295.

Dr V.P. Sharma, Director, Malaria Rescarch Centre, 22 Sham Nath Marg. Delhi 110054

Indian Council of Medical Research





