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ABSTRACT

Despite the decrease in malaria mortality and morbidity,

it remains a significant public health problem in India.
India is targeting malaria elimination from the country by
2030. Different areas in India are in different phases of
malaria elimination. The emerging resistance in vectors
as well parasite have added necessity to accelerate the
malaria elimination programme. Forested areas remain
the foci for malaria transmission due to favourable

human and environmental factors. Here, we analysed the
longitudinal data from 2000 to 2019 to see the trends in
forest malaria in India. Population living in forested areas
are major malaria contributors. From 2000 to 2019, ~32%
of malaria cases and 42% of malaria related deaths were
reported from forested districts which represent only
~6.6% of the total Indian population. Increasing insecticide
resistance, a high percentage of submicroscopic infections
and challenging to test and treat communities are the
crucial components of the prevailing obstacles of forested
malaria. To achieve the elimination goal, efforts should be
intensified with more resources diverted to the forested
areas. Malaria control in forested areas will bring fruitful
results for malaria control in India.

INTRODUCTION

India with an estimated 5.6million (2.4%)
cases and 7705 (1.9%) deaths of the world’s
total was among the top 32 malaria endemic
countries. A continuous decrease in malaria
has been reported from India with the largest
absolute reductions in the WHO South-East
Asia Region, from about 20million cases
in 2000 to about 5.6million in 2019." India
launched the National framework for malaria
elimination with a target to eliminate malaria
from the country by 2030. India is the only
country in the high malaria burden countries
which has a high domestic investment for
malaria programme compared with the inter-
national investment showing its commitment
towards the cause. However, despite signif-
icant progress in malaria control by India,
it is still a public health problem in several
parts of the country with 95% of the Indian
population living in malaria-endemic areas.”

» National malaria elimination programme in India has
targeted malaria elimination by 2030.

» 6.6% of the total Indian population which lives in
forested areas of India contributed ~21% cases and
~53% of deaths in 2019.

» The primary malaria vector in central India with
forested regions are increasingly resistant to
insecticides.

» A high percentage of asymptomatic and submicro-
scopic malaria indicates hidden parasite reservoirs
in these regions.

» Malaria control with increased community participa-
tion and new vector control tools are needed in the
forested areas.

There are several challenges to this ambitious
goal that are needed to be addressed. Forest
malaria is one such big roadblock. The recent
declines in malaria are due to new malaria
policies that is, Artemisinin Combination
Therapy (ACT), use of rapid diagnostics and
long lasting insecticide nets (LLIN). However,
the reduction that has been observed in
malaria cases and deaths in India is hetero-
geneous. Indeed, elimination can be facili-
tated by targeting all malaria foci with malaria
transmission.

Malaria is a focal disease whose epidemi-
ology is affected by human, vector, parasite
and environment. The latter in India is diverse
and includes plains, hills, coasts and desert
areas. The different environmental condi-
tions with multiplicity of vectors for trans-
mission present a complex malaria control
challenge. In addition, insecticide and drug
resistance, poor adherence to drugs, inade-
quate surveillance and inaccessible swathes
of land makes India’s fight against malaria
tough to sustain.*® To eliminate malaria, it is
needed to be seen in smaller units to imple-
ment effective measures. It requires under-
standing and targeting interventions among
high-risk groups. Malaria can be divided into
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different ecotypes including, forest and forest fringe,
savanna, plains and valleys, foothill, mountain fringe and
northern and southern fringes; desert fringe; coastal and
urban.”® Clusters of malaria cases are closely associated
with dense forest cover in Southeast Asia. Forest ecosys-
tems provide favourable conditions for the vectors and
are known for the presence of highly efficient malaria
vectors.” Communities living in forests are also the most
challenging to test, treat and follow-up."” Due to the
ambient conditions for transmission and difficulties in
control efforts in the forest ecosystems, it is of immense
importance to focus on these areas for the ongoing
control efforts. Despite being malaria hotspots, no anal-
ysis has been attempted so far on delineating the different
malaria scenario in forested areas, and the strategic rele-
vance of focusing on these malarious hotspots in India.
Here, we provide longitudinal analysis of malaria epide-
miological data from India in context of forested regions
within the country. For this study, epidemiological data
from National Vector Borne Disases Control Programme

Figure 1
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(NVBDCP) for the year 2000-2019 (except 2006 where
data were not available) have been analysed to assess
forest malaria longitudinally. We have selected districts
with forest cover of 40% and above (figure land online
supplemental table 1). The rest of the districts will be
addressed as others/non-forested from hereon.

FORESTS AND MALARIA TRANSMISSION

Forest coveris calculated based on tree canopy density. Itis
divided into very dense forest (270%), moderately dense
(40%—69%), open forest (10%-39%), scrubs (<10%)
and non-forest (areas not included in other class)."!
Up to ~21% of India’s geographical area is covered by
forests. The first two categories that is, very dense and
moderately dense are included in the analysis for forest
malaria. The forested areas of these densities would be
ecologically more receptive to malaria as compared with
areas with lesser canopy densities. Also, these categories
present a more challenging situation to the healthcare
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system in their mitigation efforts in terms of accessibility
and provision of services thus limiting their outreach.
Hence, these two would be considered ‘forested’ areas
in true sense.

Clusters of malaria cases are closely associated with
dense forest cover regions within India (figure 1). Forest
and forest fringe regions are reported to be associated
with high malaria burden and deaths.'* The presence of
favourable factors like temperature buffering, humidity,
high organic content in breeding sites and the presence
of streams make forest ecosystems suitable for malaria
vector breeding leading to high transmission.”” In
India, usually tribal people inhabit the forested areas.
Their cultural belief systems, poverty, lack of infrastruc-
ture and communication make these areas vulnerable
to malaria morbidity and mortality. The Indian districts
with moderate and high forest covers are inhabited by
~6.6% of the total Indian population. Nevertheless, the
malaria cases reported from these districts are ~21% of
the total reported cases,in 2019 in India (figure 2A).
Indeed of the total malaria cases (25 689 287) reported
in the country from 2000 to 2019, ~31.9% were from the
forested districts. A total of 13682 people died due to
malaria from 2000 to 2019 of which~42% were reported
from the forested districts. Hence, these data reveal that
both morbidity and mortality due to malaria are high per
population proportion in the forested districts.

MALARIA BURDEN IN FORESTED DISTRICTS VIS-A-VIS REST
OF INDIA

Historically, the forested areas had been malaria hot
spots due to conducive environments. The Annual Para-
site Index (API) in the forested districts has continuously
been high compared with the non-forested districts—it

was four times the API of non-forested districts in the
2000. For the year 2019, the API is still in the ratio of
3:1 (forested: non-forested). Highly favourable climatic
conditions including high humidity and ambient
temperature in the forested areas may be the reason
for high malaria cases in the areas. In addition, the lack
of treatment seeking behaviour of the community may
contribute towards high death rate as residents tend to
prefer unlicenced medical practitioners (UMPs), self-
medication and superstitious remedies over govt doctors
or healthcare staff.'® ' Poor economic conditions of the
inhabitants also contributes to increased malaria vulnera-
bility."® ' Forest areas are hard to reach and inaccessibility
is exaggerated by rains, difficult terrains and sparsely
populated locales. The communities inhabiting these
are often resistant to medical advice.'’, Thus despite the
considerable decline in India’s malaria prevalence, the
forested areas are still the major contributors to the total
malaria cases despite their low population (figure 2B,C).
The significant decrease in malaria in India in the past ~5
years is contrasted by lower declines in forested districts
(figure 2B).

As shown in figure 2, malaria control in ~6.6% of
the forested Indian population show visible impacts on
malaria data of the whole country. Therefore, malaria
control efforts directed at these areas will push India
faster towards malaria elimination. Some of forested
districts retain very high malaria endemicity (table 1).
Although, from 2000 to 2019 annual malaria mortality
in India decreased significantly (figure 2D), the decline
in forested districts is ~2.5-fold less compared with other
areas of the country (figure 2). The proportion of deaths
from forested districts has actually increased from 32% in
year 2000 to 53.2% in 2019 (figure 2D). Hence, although
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Table 1 Indian forested districts with APl >2 in 2019
Sr. no State District API GA covered by forest (%)
1 Chhattisgarh Bastar (Kondagaon,Bijapur) 7.14 53.50
2 Chhattisgarh Dantewada (Sukma, Narayanpur) 27.90 64.24
3 Chhattisgarh Kanker &2 47.56
4 Madhya Pradesh Sheopur 4.32 53.30
5 Maharashtra Gadchiroli 2.10 70.04
6 Meghalaya South Garo Hills 7.95 88.64
7 Mizoram Lunglei 15.00 92.72
8 Mizoram Saiha 4.23 92.21
9 Mizoram Mamit 21.14 91.70
10 Mizoram Lawngtlai 25.89 92.61
11 Odisha Phulbani (Kandhamal) &5 68.18
12 Odisha Rayagada 5.25 44.05
13 Tripura Gomati 5.82 66.49
14 Tripura North Tripura 2.82 74.25
15 Tripura Dhalai Tripura 7.56 79.60
16 Tripura South Tripura 8.25 80.90
17 Andaman and Nicobar Nicobar 4.89 75.01

API, Annual Parasite Index; GA, geographical area.

there is significant malaria control in India but the pace of
reduction in malaria mortality in quite low in the forested
districts compared with other areas (figure 2B-D).

PLASMODIUM DISTRIBUTION AND DRUG RESISTANCE

The two major Plasmodium species responsible for
malaria in India are Plasmodium falciparum (Pf) and
Plasmodium vivax (Pv). Both species are unevenly
distributed in India.® Out of total malaria cases in India
2000-2019, 52.4% and 47.6% were due to Pfand Pu.
But the percentage of infection due to Pffor the period
2000-2019 were about 69.7% in the forested districts
(figure 2F). Percentage of malaria cases in forested
districts by Pfwas about 50% of total malaria infections
from 2000 to 2005. From 2007 onwards there has been
a steady increase and it was 77.6% for the year 2019
(figure 2E). The increased Pf percentage is one of the
reasons for high proportion malaria deaths in India from
these the areas. Drug resistance is one of the biggest chal-
lenges that malaria elimination programme may face. Pf
dominated forest malaria had already become resistant
to chloroquine in most of India leading to a change in
drug policy towards ACTs. Of ~80 districts enlisted by
NVBDCP in the chloroquine-resistant area, 33 (41.2%)
were forested. Due to reports of treatment failure to
AS+SP in north-eastern parts of the country, it has been
changed to AL. Pv is responsible for ~30% of malaria
cases in the these areas but it offers separate challenges
as compared with P/ Administration of radical cure by
primaquine for 14 days suffers from adherence issue.
Currenly in some states like Chhattisgarh, patients have

are referred to auxiliary nurse midwife by village health
worker (Accredited Social Health Activist/Mitanin) for
primaquine treatment. More community awareness and
delivery of primaquine by village healthcare workers with
regular follow-ups will be required for successful control
of Pvin these areas. Poor and sparse healthcare facilities
and lack of proper infrastructure makes the delivery of
health services to these regions an onerous task.

Regular drugresistance monitoring studies with
rational use of medicines by increased dependence on
licenced practitioners may help in mitigating this situa-
tion. Genomic studies for tracking and early prediction
of drug resistance development are needed for timely
response in case of drug failures due to resistance. It has
been suggested that training UMPs along national guide-
lines for malaria diagnosis and treatment may strengthen
their ability and may enable them to contribute for
achieving of India’s malaria elimination goals. The
National programme has established Drug Distribution
Centres and Fever Treatment Depots in rural areas for
providing easy access to anti-malarial drugs and this may
help in decreasing the dependence on UMPs. NVBDCP
is also involving NGOs for sensitising communities for
malaria control.” Active community participation can
lead to improvement in healthcare-seeking behaviour.

VECTORS AND INSECTICIDE SUSCEPTIBILITY STATUS

Social practices and beliefs of communities living in
the forested areas may lead to their increased vulnera-
bility towards malaria morbidity and mortality. Staying
overnight in the farms and plastering home walls with
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fresh cow dung/mud may lead to increased exposure to
mosquitoes and render the sprayed Indore residual spray
(IRS) ineffective. Open houses of the tribal populations
allow easy entry of malaria vectors into the house.'® Up to
now 58 Anopheles species have been described in India
of which six are the primary vector for malaria transmis-
sion. The vector species for malaria transmission in the
forested areas of central and eastern India are Anopheles
culicifacies, Anopheles fluviatilis and Anopheles minimus. Of
these Anopheles baimaii and An. minimus are the primary
vectors in the forested areas of northeast Indian states.”’
An. culicifacies is night biter with largely endophilic
nature while An. fluviatilis displays exophilic nature as
studied in a whole night light trap collection in Madhya
Pradesh.**™* Anopheles culicifacie and An. fluviatilis both
are indoor night biters.”* ** An. minimus displays endo-
philic nature in northeast India while it shows exophilic
resting in east-central India. It is a highly endophagic,
anthropophliic and a night biter.”> An. baimaii also has
a very high anthropophilic index and although it is
predominantly an endophagic night biter, outdoor biting
has also been observed.”® *’ Except for An. culicifacie all
the other malaria vectors in the forested areas of India
are anthropophilic. And all are reported to be predom-
inantly endophagic and night biters and thus the use of
LLIN is one of the best tools for malaria control in these
areas.

Primary malaria vectors in the forested areas of central
India, especially An. culicifacies is developing resistance
to almost all insecticide categories (organochlorines,
organophosphates and pyrethroids) being used for IRS
and in LLIN.*® An. culicifacies is resistant to DDT, mala-
thion and deltamethrin in 100%, 75% and 46.67% of the
forested districts where insecticide status was analysed

Insecticide Resistance
(An. culicifacies)

@ An. culicifacies

Figure 3

(figure 3A). An. culicifacies is the primary malaria vector
in forested areas of Chhattisgarh. In 2002, there was
confirmed resistance to DDT and malation and the status
for deltamethrin was verification required. In 2012,
confirmed resistance to deltamethrin was reported.”
An. fluviatilis, An. Dirus and An. minimus were susceptible
to the insecticides in use except for resistance against
DDT (An. fluviatilis - 40% of the forest areas studies,
figure 3B). Despite the resistance develpment it is advised
to continue using LLIN to control malaria as it provides
partial protection against malaria transmission.*

Entomological surveillance studies and regular insec-
ticide resistance monitoring are needed in the forested
areas. Timely analysis and utilisation of these data in
planning vector control operations is also pertinent.
Novel vector control measures like attractive toxic sugar
baits, insecticide impregnated hammocks, and personal
protective measures need to be explored in such commu-
nities . Increased community awareness and engage-
ment is required for ensuring high LLIN usage and IRS
coverage.

PARASITE RESERVOIRS IN FOREST POPULATIONS

Asymptomatic and low-density infections may act as reser-
voirs for malaria transmission. Studies have suggested
that ~44% of infections were subpatent and ~80% of
sub-patent infections were asymptomatic in the forested
tribal villages of Chhattisgarh in 2016.*" The prevalence
of asymptomatic carriers was ~6% in Chhattisgarh and
~66% of the carriers were found to be school age chil-
dren (6-14 years) in 2017.”" In Odisha, submicroscopic
and asymptomatic infection were reported to be 30%
and 79% of the total infections, respectively, in 2019.%

Insecticide Resistance
(An. fluviatilis, An. dirus, An. minimus)

“ 1 0OT

An. fluviatilis @ An. minimus @ An. dirus ;;’2::::::""

B Resistance

Bl susceptible

B Verification Required
NA

B

Insecticide resistance status of malaria vectors in forested areas of India. (A) Susceptibility status of Anopheles

culicifacies. (B) Susceptibility status of Anopheles fluviatilis, Anopheles dirus and Anopheles minimus.
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Up to 8.4% of the tribal population in Bundwan block
in the Purulia district, West Bengal was found to harbour
Pf and all the infections were without any clinical mani-
festation.” Genotyping cognate Plasmodium falciparum
in human and mosquitoes revealed that asymptomatic
infections have more than double the odds of transmis-
sion to a mosquito compared with asymptomatic infec-
tions. This study also suggested that in high transmission
areas asymptomatic infections are the major contribu-
tors to mosquito infections.** Although there are limited
number of studies on asymptomatic and low-density
infections from India, the available data show the pres-
ence of reservoir in the forested districts of central and
eastern India.

Submicroscopic malaria cases pose as a threat to
malaria and elimination control efforts. Studies have
shown that subpatent infections contribute 20%-50%
of human to mosquito transmission,” indicating its
potential in continued transmission of malaria in the
communities. Inability of routine diagnostics like RDTs
and microscopy to detect these due to low density parasi-
taemia further exaggerates the problem. Molecular tools
like PCR are resource intensive and are not point-of-care
tests, rendering diagnosis of subpatent malaria at grass-
root level, more so in these underserved forested areas,
an inexecutable task. There is an urgent need to develop
and test simple-to-use field-friendly PCR tools which can
be used at least at the level of primary healthcare, if not
lower. These would augment the diagnostic capacities of
the health systems for the sub-patent infections.

Moreover, in the absence of diagnostic facilities,
chemo-preventive strategies such as intermittent preven-
tive treatment for forest goers can be thought of, as being
done in Cambodia.” Scale-up of detection of asymptom-
atic and low-parasitemic patients through active case
detection in the high transmission areas using molecular
techniques has been included in the U.S. President’s
Malaria Initiative Thailand, Lao PDR and Regional
Malaria Operational Plan FY 2020.%” These need to be
explored in Indian settings as well.

MALARIA SURVEILLANCE FOR CONTROL AND ELIMINATION

India’s malaria surveillance reporting system in general
suffers from a number of limitations, inadequate linkage
with private health sector, failure to detect outbreaks
and hotspots in time, lack of surveillance of mobile and
tribals populations, insufficient interstate monitoring and
surveillance within the country and lack of true estimates
of atrisk population and more so in forested areas.”
Monthly aggregated data reported via paper based
systems miss out on crucial and timely information.”
Communities living in interior forested areas, migrants
and tribal populations are often missed out.”® Pregnant
womens and children represent high risk groups and
need to be captured in the surveillance network and
prioritised for timely malaria management. India needs
to switch to digital, near real time surveillance via mobile

apps and engage with options for timely data transfer
and analysis using digital dashboards and data-backed
action especially for these forested areas.” Innovative
methods and tools are the urgent needs to bolster the
healthcare systems of these underserved areas. India can
replicate some of the tools used in the global fight against
COVID-19 for malaria elimination including enhanced
disease surveillance, compliance to disease mitigation
strategies, community engagement, inclusion of dynamic
dashboard and digital technologies for monitoring and
mitigation.” The hard-to-reach forested areas of India
will especially benefit from technological tools that
obviate the need for human reliance on surveillance.

CONCLUSIONS

The main challenges facing malaria control in the
forested areas include human, ecological, socioeconomic
and biological factors of insecticide and drug resistance.
Social practices and beliefs of communities living in the
forested areas may contribute to their increased vulnera-
bility. Due to the presence of conductive environmental
and human factors, forested areas have been hotspots
for malaria transmission. The number of deaths from
the forested districts is quite high as per their popula-
tion proportions. Programme interventions for increased
community participation for enhancing its understanding
of malaria and malaria-related treatments will be impor-
tant. A decrease in the dependence on UMPs and irra-
tional medicine will inevitably help in malaria control.
Increased community participation in vector control
and source reduction may lead to longer-term lowering
in transmission. The vector behaviour suggests that the
current vector control tools are practical but newer tools
may be required due to increasing insecticide resistance
and changing vector behaviour. At a molecular level,
routine detection of low density infections and tracking
of drug and resistance are needed immediatly. The
success in control of forest malaria will undoubtedly have
a significant impact on the overall malaria trajectorires
across India. Forest malaria remains a prevailing obstacle
for malaria control and it is timely to implement tailor-
made intervention strategies for its control.
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