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Abstract

Background Compared to 2017, India achieved a significant reduction in malaria cases in 2020. Madhya Pradesh
(MP) is a tribal dominated state of India with history of high malaria burden in some districts. District Mandla of

MP state showed a considerable decline in malaria cases between 2000 and 2013, except in 2007. Subsequently, a
resurgence of malaria cases was observed during 2014 and 2015. The Malaria Elimination Demonstration Project
(MEDP) was launched in 2017 in Mandla with the goal to achieve zero indigenous malaria cases. This project used: (1)
active surveillance and case management using T4 (Track fever, Test fever, Treat patient, and Track patient); (2) vec-
tor control using indoor residual sprays and long-lasting insecticidal nets; (3) information education communication
and behaviour change communication; and (4) regular monitoring and evaluation with an emphasis on operational
and management accountability. This study has investigated malaria prevalence trends from 2008 to 2020, and has
predicted trends for the next 5 years for Mandla and its bordering districts.

Methods The malaria prevalence data of the district Mandla for the period of January 2008 to August 2017 was
obtained from District Malaria Office (DMO) Mandla and data for the period of September 2017 to December 2020
was taken from MEDP data repository. Further, the malaria prevalence data for the period of January 2008 to Decem-
ber 2020 was collected from DMOs of the neighbouring districts of Mandla. A univariate time series and forecast
analysis was performed using seasonal autoregressive integrated moving average model.

Findings Malaria prevalence in Mandla showed a sharp decline [— 87% (95% CI — 90%, — 849%)] from 2017 to 2020.
The malaria forecast for Mandla predicts zero cases in the next 5 years (2021-2025), provided current interventions
are sustained. By contrast, the model has forecasted a risk of resurgence of malaria in other districts in MP (Balaghat,
Dindori, Jabalpur, Seoni, and Kawardha) that were not the part of MEDP.

Conclusion The interventions deployed as part of MEDP have resulted in a sustainable zero indigenous malaria cases
in Mandla. Use of similar strategies in neighbouring and other malaria-endemic districts in India could achieve similar
results. However, without adding extra cost to the existing intervention, sincere efforts are needed to sustain these

*Correspondence:

Altaf A. Lal

altaf.lal@gmail.com; altaflal@sunpharma.com

Full list of author information is available at the end of the article

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12936-023-04477-7&domain=pdf

Singh et al. Malaria Journal (2023) 22:45

Page 2 of 13

interventions and their impact using accountability framework, data transparency, and programme ownership from

state to district level.

Keywords Malaria elimination, Trend of malaria, Malaria Elimination Demonstration Project, Time series, Forecast,

Causal effect

Background

India has reported a 46% reduction in malaria cases dur-
ing 2019-2020 relative to pre-COVID-19 pandemic
years. This reduction was mainly attributed to the pre-
paredness, response, and integration of malaria services
into COVID-19 services [1, 2]. However, among the 11
High Burden to High Impact (HBHI) countries, India has
reported a reduction in malaria cases during—2020. This
achievement was attributed to uninterrupted commu-
nity-based fever surveillance [3]. India is a federal union
of a total of 36 states and union territories. The central
state of Madhya Pradesh (MP) consists of 14.65% of the
country’s total tribal population [4, 5]. Malaria control
in this state is challenging due to complex epidemiology
such as presence of Plasmodium falciparum and Plas-
modium vivax species with seasonal variations, peren-
nial and seasonal transmission, Anopheles culicifacies and
Anopheles fluviatilis are main vectors, historical resist-
ance to anti-malarial drugs and insecticides, topography,
poor socio-economic indicators, and inadequate under-
standing of socio-behavioural factors [6—8]. Mandla is a
tribal dominated hilly and forested district in the state of
MP, which was selected for the elimination demonstra-
tion project because of high malaria endemicity [9].

The historical trend of malaria prevalence in Mandla
revealed a considerable decline (91.88%) from 12,739
malaria cases in 2000 to 1035 malaria cases in 2013,
except in 2007 (5547 malaria cases). However, a resur-
gence of malaria cases during 2014 (3020 malaria cases)
and 2015 (4018 malaria cases) was observed. In 2016,
the Indian Council of Medical Research, Government
of Madhya Pradesh, and the Foundation of Disease
Elimination and Control of India, a Community Social
Responsibility (CSR) subsidiary of Sun Pharmaceutical
Industries Ltd. conceptualized the MEDP in Mandla dis-
trict through a public private partnership model [9]. The
goal of MEDP was to demonstrate achievement of zero
indigenous malaria cases and develop a replicable model
for other parts of the country and high-burden geogra-
phies around the world.

The MEDP used: (1) robust active surveillance and
case management using T4 (Track fever, Test fever,
Treat patient, and Track patient) [10]; (2) vector control
using indoor residual spraying (IRS) and long-lasting
insecticidal nets (LLINs) [11, 12]; (3) intensive Informa-
tion education communication and behaviour change

communication [13, 14]; (4) regular monitoring and
evaluation [15]; (5) real time data management and data
driven quick response [16]; and (6) uninterrupted sup-
ply chain management [9, 10]. The field operations of
the project began in June 2017 and ended in March
2021. As of May 2020, the project achieved a reduction
of 91% of indigenous malaria cases in Mandla district [8]
and zero indigenous cases were documented in nine out
of 46 months of total project operations [9]. During the
COVID-19 pandemic, MEDP was granted ‘emergency
services’ status during the first lockdown in March 2020,
which continued through all lockdowns and restrictions
imposed due to the COVID-19 pandemic. This status
ensured that the fever surveillance activities and malaria
treatment services remained uninterrupted in the entire
district. Zero indigenous malaria cases were also docu-
mented up-to four consecutive months from Decem-
ber 2020 to March 2021, which was the post-monsoon
malaria transmission season in the district [10, 17].

This study aims to present the trend of malaria preva-
lence from 2008 to 2020 and predict trends for the next
5 years of district Mandla and its bordering districts using
univariate time series models. Additionally, the impact of
MEDP interventions was analysed and compared with
malaria endemic bordering districts. This forecasting is
expected to assist with modification of existing malaria
elimination strategies in the study area.

Methods

This is a quantitative analytical study using monthly
malaria prevalence (slide positivity rate) data for the
period of 2008 to 2020. The reported monthly malaria
data consisting total number of fever cases screened,
malaria positive cases, Plasmodium falciparum, Plas-
modium vivax, mixed infection of P. falciparum and P
vivax, slide positivity rate (number of malaria positive
per hundred fever cases screened), and proportion of P
falciparum and P. vivax was collected from the District
Malaria Office of the State Vector Borne Control Pro-
gramme in Mandla for the period from January 2008 to
August 2017 (pre MEDP period). The MEDP reported
malaria prevalence data for the period from September
2017 to December 2020 was added in the state reported
malaria data of Mandla district, completing the Mandla
dataset from January 2008 to December 2020. There was
no duplication in malaria cases data collected from DMO
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and MEDP in Mandla district. State reported malaria
prevalence data for the same period (January 2008 to
December 2020) was collected from bordering districts
of Balaghat, Dindori, Jabalpur, Seoni and Kawardha
(Fig. 1).

Study area and population

Mandla district is geographically situated between 22.63
N latitude and 80.54 E longitude. About 45% of the total
geographical area is forest covered, average annual rain-
fall is 1200 mm, and rice is the main crop in the district.
As per census 2011, the total population of the district
Mandla was 1.055 million, of which 12% population
were residing in the urban areas and total literacy was
57%. About 58% population belonged to the ethnic tribal
groups mainly “Gond” and “Baiga’.

Balaghat district is geographically situated between
21.86 N latitude and 80.37 E longitude with 53% area for-
est cover, and average annual rainfall is 1300 mm. Paddy
field (rice) is the main agriculture crop in the district.
As per census 2011, the total population was 1.702 mil-
lion, of which 14% population were residing in the urban
areas and total literacy was 67%. About 23% population
belonged to the ethnic tribal groups mainly “Baiga”

Dindori district is geographically situated between
22.85 N latitude and 81.07 E longitude with 40% area

Seoni
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forest cover, and average annual rainfall is 1450 mm.
Paddy field (rice) is the main agriculture crop in the dis-
trict. As per census 2011, the total population was 0.705
million, of which 5% population were residing in the
urban areas and total literacy was 54%. About 65% popu-
lation belonged to the ethnic tribal groups mainly “Baiga’.

Jabalpur district is geographically situated between
23.35 N latitude and 80.01 E longitude with 21% area for-
est coverage, and average annual rainfall of 1400 mm.
Wheat, maize and pulses are the main agriculture crops
in the district. As per census 2011, the total population
was 2.463 million, of which 58% population were residing
in the urban areas and total literacy was 71%. About 15%
population belonged to the ethnic tribal groups mainly
“Gond"

Seoni district is geographically situated between 22.47
N latitude and 79.56 E longitude with 35% area forest
coverage, and average annual rainfall of 1350 mm. Wheat
and maize are the main agriculture crops in the district.
As per census 2011, the total population was 1.379 mil-
lion, of which 12% population were residing in the urban
areas and total literacy was 63%. About 38% population
belonged to the ethnic tribal groups, mainly “Gond”

Kawardha district is geographically situated between
22.10 N latitude and 81.25 E longitude with 37% area for-
est coverage, and average annual rainfall of 1200 mm.
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Fig. 1 Map of India (in inset) showing Mandla, Balaghat, Dindori, Jabalpur, Seoni districts of Madhya Pradesh state and Kawardha district of

Chhattisgarh state (map not to scale)
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Rice is the main agriculture crop in the district. As per
the 2011 census, the total population was 0.823 million,
of which 11% population resided in urban areas, and total
literacy was 50%. About 20% of the population belonged
to the ethnic tribal groups, mainly “Gond” and “Baiga’.

Plasmodium falciparum and P. vivax are the two domi-
nant species with seasonal variation and Anopheles culic-
ifacies is the primary malaria vector in the study districts.
Unlicensed medical practitioners were the most pre-
ferred health providers in the community [18].

Major interventions in the study area

During the period of 2008 to 2020 the major interven-
tions introduced in the national malaria programme were
(1) Deployment of Accredited Social Health Activists
(ASHA) in year 2009 for providing diagnosis and treat-
ment of clinically suspected malaria cases at door step;
(2) Distribution of long lasting insecticide nets (LLIN)
in high endemic areas from 2009; (3) Monovalent rapid
diagnostic test kits (RDT) introduced to diagnose P. fal-
ciparum and all confirmed P. falciparum positive cases
treated with artemisinin-based combination therapy
(ACT) from year 2010; (4) Introduction of bivalent (Pf/
Pv) antigen based RDT for on-spot diagnosis and treat-
ment of clinically suspected malaria cases from the year
2013; (5) Scaling up distribution of LLIN during 2015-
2017; (6) National Framework for Malaria Elimination
2016-2030 introduced in 2016.

Statistical methods
A seasonal autoregressive integrated moving average
(seasonal ARIMA) model for time series and forecast-
ing of monthly malaria prevalence data for the period
of 2008 to 2020 of Mandla district and its bordering dis-
tricts Balaghat and Dindori was analysed. Further, yearly
malaria prevalence data for the period of 2008 to 2020 of
other bordering districts namely Jabalpur, Seoni of Mad-
hya Pradesh and Kawardha of Chhattisgarh state was also
analysed using non-seasonal ARIMA model. Monthly
seasonal and secular trends in malaria prevalence data
were explored using smoothing regression lines for Man-
dla, Balaghat and Dindori districts. The raw time series
data was decomposed to determine the seasonality, trend
and remainder (random) distribution over the period.
The notation (p,d,q) x (BD,Q)S in seasonal ARIMA
models for prediction of malaria prevalence described
the composition of temporal patterns considered for
forecasting; where p=non-seasonal autoregressive (AR)
order, d=non-seasonal differencing, q=non-seasonal
moving average (MA) order, P=seasonal AR order,
D =seasonal differencing, Q =seasonal MA order, and
S=time span of repeating seasonal pattern which is ‘12’
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in this study. Box-Jenkins approach in selection of best
fitted ARIMA model was adapted.

The monthly malaria prevalence data was plotted to
examine the stationarity, correlogram and partial cor-
relogram. The auto correlation function (ACF) and par-
tial auto correlation function (PACF) of the residuals
were graphically plotted at each time point as the lag.
Outliers in the time series response variable were iden-
tified and cleaned. Log transformation and one differenc-
ing method were applied to stationary time series data.
Akaike Information Criterion (AIC) values were com-
pared in varying orders of the model and autocorrelation
residuals were tested using the Ljung-Box test [19].

Further, segmented regression in interrupted time
series data and causal impact analysis was also performed
to test the impact of interventions tools, such as RDTs,
ACT, LLINs, and the MEDP at different points in time.

Results

Mandla, Balaghat, Dindori and Kawardha were among
the highly malarious districts in the state. During 2008—
2020, the malaria cases ranged between 56—4018, 574—
7601, 371-4845, and 461-21522 respectively in Mandla,
Balaghat, Dindori and Kawardha districts. While, Jabal-
pur and Seoni were low malaria endemic districts with
the malaria cases ranged between 94—1858 and 102-1575
respectively during 2008—2020 (Table 1).

Seasonal and yearly variability

A seasonal trend with highest malaria prevalence in the
month of November and lowest in the month of March
was observed in monthly time series malaria prevalence
data from Mandla and Balaghat districts during the years
2008-2020. In Dindori, most of the malaria cases were
reported during July, August and November and least
in the month of April. There were two peaks; one in the
months of July—August and another in November in
Balaghat and Dindori districts, while Mandla district had
only one malaria peak in the month of November.

Plasmodium falciparum was the dominant species,
which ranged between 73 to 87% of the total malaria
cases in Balaghat district. While in Dindori district the P
falciparum cases reported during most of the months in
a calendar year. However, the proportion of P. falciparum
cases in Mandla district was highest during October—
April and was replaced with P. vivax in May to September
(Fig. 2).

Figure 3 shows time series data with linear, expo-
nential, piecewise and cubic spline smoothing curve of
malaria prevalence data of district Mandla, Dindori and
Balaghat. Yearly trend of the time series malaria prev-
alence in Mandla district showed highest cases in the
year 2008 which gradually declined till the year 2013
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Fig. 2 Seasonal trend of malaria during 2008 to 2020 in Mandla, Balaghat and Dindori districts

[— 72.4% (95% CI — 64.5, — 79.3%)]. Subsequently, a
significant increase in malaria prevalence was recorded
during the years 2014 and 2015 [193.5% (95% CI 190.1,
196.8%)] followed by a steady decline till 2016 and a
sharp decline after 2017 (Table 1, Fig. 3A). However, in
Balaghat and Dindori districts, the trend was different
than Mandla district. In Balaghat, the malaria preva-
lence declined during 2009 and 2010 and remained
mostly stable until 2013. Further, there was more than
a threefold increase in prevalence in 2014 followed by
a sharp decline until 2019. In 2020, the malaria prev-
alence increased exponentially in Balaghat district
(Table 1, Fig. 3B). In Dindori district, there was more
than a two-fold increase in malaria prevalence during
2009 and 2010, followed by a steady decline from 2011
to 2013 and an approximately two-fold increase from
2014 to 2016. The prevalence declined steadily till 2020

(Table 1, Fig. 3C). Linear, exponential, piecewise and
cubic spline smoothing curve showed a declining trend
in districts Mandla and Dindori, but a cyclic trend in
district Balaghat.

Interrupted time series analysis

Segmented regression of interrupted time series analysis
for the impact of RDTs for the on-spot malaria diagno-
sis and ACT for the treatment of P. falciparum malaria,
which was introduced by the state programme in 2010 in
Mandla district, showed a significant decrease in malaria
prevalence [— 41% (95% CI — 72%, — 11%)]. However, in
Balaghat and Dindori districts, the decrease in malaria
prevalence was not significant [— 11% (95% CI — 39%,
14%)] and [— 15% (95% CI — 44%, 13%)], respectively.
Further, a significant decrease in malaria prevalence
was found after 2015 when LLINs were introduced by
the state programme in Mandla, Balaghat and Dindori
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districts [— 61% (95% CI — 97%, — 25%)]; [— 38% (95%
CI — 64%, — 10%)] and [— 45% (95% CI — 77%, — 18%)],
respectively.

Causal effect of MEDP interventions initiated in June
2017 in Mandla district revealed a decrease in malaria
prevalence between 2017 and 2020 of -87% (95% CI
— 90%, — 84%); P=0.001. During the same period in
Balaghat and Dindori districts, which were outside the
MEDP study area, there was also a decrease in malaria
prevalence of — 63% (95% CI — 65%, — 60%) and — 72%
(95% CI — 74%, — 69%), respectively. The MEDP was
associated with a significantly higher rate of decrease in
malaria prevalence when compared with non-MEDP dis-
tricts (P <0.0001) (Fig. 4).

Time series and forecast analysis

Predicted malaria prevalence for the next 5 years (2021—
2025) in Mandla district and its bordering districts
namely Balaghat, Dindori, Jabalpur, Seoni and Kawardha
is shown in Fig. 5. The trend analysis revealed that Man-
dla district had nearly achieved the malaria elimination
goal in 2020 with the 17 indigenous reported malaria
cases. The forecast analysis for the next 5 years pre-
dicted that Mandla will maintain zero indigenous malaria
cases assuming controlled effects of other factors such
as robust surveillance with T4 strategy, uninterrupted
supplies of diagnostics and antimalarial drugs, optimal
coverage of LLIN and IRS, periodic capacity building of
healthcare providers, regular IEC and BCC for the com-
munity and accountability frameworks, and other exter-
nal ecological factors. Predictions for Dindori, Jabalpur,
and Seoni districts also suggested static zero indigenous
malaria cases during 2021-2025; however, the 95% CI
was much wider which may not validate the prediction.
Balaghat and Kawardha districts are predicted to have
unstable malaria transmission, which is likely to increase
in subsequent years.

Discussion
Amidst the COVID-19 pandemic, the worst case scenario
for malaria elimination efforts was averted, but urgent
action is needed to recover the stalled progress and
achieve global malaria targets [20]. Moderate disruptions
in the delivery of global malaria services resulted in an
increase of 13.4 million cases and 63,000 deaths between
2019 and 2021 worldwide [21]. Nevertheless, there were
some malaria elimination success stories during this
time. During the pandemic, China and El Salvador were
certified as malaria-free in 2021. The Islamic Republic of
Iran and Belize reported zero indigenous cases for three
and two consecutive years in 2020, respectively [20].
India has registered a sharp decline of malaria preva-
lence since 2005 with some fluctuations [20]. However,
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the epidemiological data reported by the national pro-
gramme always has discrepancy with the estimated
cases by the World Health Organization (WHO) [22].
The National Center for Vector Borne Diseases Con-
trol (NCVBDC), formerly known as the National Vector
Borne Disease Control Programme (NVBDCP) intro-
duced monovalent RDT for diagnosis of P falciparum
in 2010 followed by bivalent (2. falciparum and P. vivax)
RDT in 2013 [23]. At the same time, NCVBDC also intro-
duced ACT for treatment of P. falciparum cases in 2009—
2010 [23]. As a result, diagnosis and treatment of malaria
cases, particularly in hard to reach tribal dominant and
forested areas where P falciparum was responsible for
most malaria cases, have improved. The principal vec-
tor control tool, LLINs were introduced in the national
programme during 2009-10 [24]; however, significant
coverage in hard-to-reach areas was achieved after 2015.
Efforts are being made to cover the entire population
residing in areas with annual parasite incidence (API)
more than one. This will phase out IRS as a key vector
control tool and limit its scope to focal spraying.

In India, the highest number of malaria cases are
reported during the months of July to October [25]. In
Mandla district, the study observed peak of malaria cases
in the month of November and the peaks of malaria cases
were observed in July, August, and November in the
adjoining districts of Balaghat and Dindori. Singh and
Sharma have previously reported the prevalence of P. fal-
ciparum peaked from August to December and P, vivax
peaked from March to September in Madhya Pradesh
[26].

In the present study, the trend of P. falciparum and P
vivax in Mandla was not similar to the trend observed in
rest of the state of Madhya Pradesh. The dominance of P
falciparum infection in the months of October to April
could be due to the fact the rainfall in October creates
favourable conditions for good vegetation and retention
of optimal humidity that is required for breeding of mos-
quitoes in the subsequent months. The switch in trend to
P vivax in the months of May to September could be due
to resurgence of dormant parasites in the human hosts
because in these months, the heavy rainfall washes out
the parasite reservoirs from the environment [25].

Mandla district experienced a sharp decline in malaria
prevalence from 2017, which was the same year MEDP
interventions were implemented in the district. The
MEDP interventions achieved a 91% reduction in indig-
enous malaria cases between June 2017 to May 2020 [10].
However, the overall reduction in all reported malaria
cases including migratory population was 87% dur-
ing June 2017 to December 2020. A declining trend was
noted in Balaghat district, which was interrupted with
an exponential increase in the year 2020. This increase
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in malaria cases was an expected outcome amidst the this success was the uninterrupted delivery of malaria
disruption of services due to the COVID-19 pandemic services and integration of COVID-19 services within
[27]. It should be noted that Mandla was able to pre- the existing delivery model to cater to the entire popula-
serve its gains during the pandemic. The reason behind tion of the district [2]. The project has also developed a
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sustainable and replicable model for malaria elimination
from its learnings and experiences in Mandla district.
The model has been designed to seamlessly integrate into
the existing health systems with no additional costs [28].
A steady reduction in malaria prevalence was noted in
Dindori district from 2016 to 2020. This district is inhab-
ited primarily by a particularly vulnerable tribal group
(PVTG) known as “Baiga” and has achieved 89% reduc-
tion in malaria cases during 2009 — 2014 with IRS, LLIN,
robust surveillance, and intensive IEC [29]. However, it
was interesting to note that despite having a fever case
burden similar to Mandla and Balaghat districts, Dindori

reported zero malaria cases in the past several months
(unpublished data). This finding raises the question of the
aetiology of these fever cases in the absence of malaria in
the entire district. In Kawardha district, the prevalence
gradually increased between 2008-2017, furthermore it
was steady decreasing, and the trend was cyclic rather
than linear. The non-seasonal ARIMA forecast model
predicted an increasing trend in malaria prevalence dur-
ing next 5 years.

The analysis of the introduction of interventions,
such as ACT, bivalent RDTs, LLINs at varying points
in time had the expected effect of being associated
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with decreasing malaria prevalence, similar to find-
ings from other studies conducted in similar areas [10,
29-32]. In 2021, a needs assessment study for Accred-
ited Social Health Activists (ASHAs) of Mandla, Bal-
aghat, and Dindori was conducted (Singh et al. pers.
commun.).

In the present study, it was noted that significant
malaria reduction was not noted following introduc-
tion of ACT and RDTs in Balaghat district, which could
be due to poor knowledge about interpretation of cor-
rect RDT results and correct identification of ACT
age-group-wise combi-packs by the ASHAs of Bala-
ghat. It is interesting to note that the ASHAs of Din-
dori performed poorer than the ASHAs of Balaghat in
this assessment, which once again raises the question of
data integrity on near-zero transmission of malaria in
Dindori district (Singh et al. pers. commun.).

The promising forecast of zero indigenous trans-
mission of Mandla assuming sustained interventions
and unstable malaria transmission in Balaghat and
Kawardha has been supported by better and worst
cases scenarios, respectively, of the country-level fore-
casting done by the Bill and Melinda Gates Foundation
(BMGF) in their 2021 Goalkeepers Report [33]. The
BMGF forecasting used possible disruptions in malaria
services due to the COVID-19 pandemic and yielded
historical average, better, worse, and 2030 target sce-
narios [33]. As of 2021, Balaghat is the only district
in Madhya Pradesh under category 3 of the National
Strategic Plan [34, 35] and Kawardha is a low endemic
district with API between zero to one, sharing borders
with Dindori [36]. In the pre-COVID times, interven-
tions were tested in these malaria endemic districts
with similar topography, epidemiology, and demogra-
phy. The lack of continuity of these interventions in the
study areas of Betul [37], Dindori [29], and Mandla [38]
led to a resurgence of malaria, which educates us on the
importance of continued and sustained efforts to elimi-
nate malaria.

The WHO conducted a similar forecasting analysis in
sub-Saharan Africa which revealed that if the insecti-
cide-treated net campaigns were cancelled and access
to treatments was severely disrupted, malaria cases
would go up by 23% and deaths by 102% [39]. Another
study published by Hogan et al. [40] showed that if
there is unmanaged suppression of malaria preventive
activities, treatment of clinical cases may be reduced
by 50% compared to pre-pandemic levels. In cases of
moderate or controlled suppression, this reduction may
be halted to 25%. Low-and-middle-income countries
could see an increase in deaths due to HIV, tuberculosis
and malaria by up to 10%, 20% and 36% as a result of
COVID-19.
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Limitations

Data reported in Mandla district during the MEDP
period included cases reported in the surveillance sys-
tems (both MEDP and government) along with other
formal and informal health care providers in the district,
whereas malaria cases reported in the bordering districts
consisted of only data reported by government health
systems [22]. The data reported from Mandla district was
subjected to regular spot-inspection and independent
audits as part of the overall package of MEDP interven-
tions from 2017. This study used the best-fitting ARIMA
model for prediction of malaria prevalence; however,
the predicted trends cannot claim the absolute accurate
predictions. Changes in geo-climatic condition, socio-
cultural and behavioural factors of the community, vector
bionomics are the most potential factors in disease trans-
mission and these factors was assumed to be constant in
the model. The seasonal model could not be applied due
to non-availability of monthly malaria prevalence data for
Jabalpur, Seoni, and Kawardha districts.

Conclusion

The forecasting model of malaria prevalence in Man-
dla predicts zero cases in the next 5 years, assuming the
constant implementation of current intervention strate-
gies and other confounding factors to be controlled. The
model suggests that other bordering districts, namely
Balaghat, Dindori, Jabalpur, Seoni and Kawardha predict
no resurgence of malaria in the next 5 years. However,
this prediction comes with poor confidence due to the
wide confidence intervals revealed in the model. There-
fore, there is an urgent need to integrate the existing
intervention strategies with the lessons learnt from the
MEDP (e.g., the T4 strategy) and apply them in malaria
endemic and tribal dominant forested districts to achieve
India’s malaria elimination goal.
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