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Abstract

Background

The Comprehensive Case Management Project (CCMP), was a collaborative implementa-
tion research initiative to strengthen malaria early detection and complete treatment in Odi-
sha State, India.

Methods

A two-arm quasi-experimental design was deployed across four districts in Odisha, repre-
senting a range of malaria endemicity: Bolangir (low), Dhenkanal (moderate), Angul (high),
and Kandhamal (hyper). In each district, a control block received routine malaria control
measures, whereas a CCMP block received a range of interventions to intensify surveil-
lance, diagnosis, and case management. Impact was evaluated by difference-in-difference
(DID) analysis and interrupted time-series (ITS) analysis of monthly blood examination rate
(MBER) and monthly parasite index (MPI) over three phases: phase 1 pre-CCMP (2009—
2012) phase 2 CCMP intervention (2013—2015), and phase 3 post-CCMP (2016-2017).

Results

During CCMP implementation, adjusting for control blocks, DID and ITS analysis indicated a
25% increase in MBER and a 96% increase in MPI, followed by a —47% decline in MPI post-
CCMP, though MBER was maintained. Level changes in MPI between phases 1 and 2 were
most marked in Dhenkanal and Angul with increases of 976% and 287%, respectively, but
declines in Bolangir (-57%) and Kandhamal (-22%). Between phase 2 and phase 3, despite
the MBER remaining relatively constant, substantial decreases in MPI were observed in
Dhenkanal (-78%), and Angul (-59%), with a more modest decline in Bolangir (-13%), and
an increase in Kandhamal (14%).
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Conclusions

Overall, CCMP improved malaria early detection and treatment through the enhancement
of the existing network of malaria services which positively impacted case incidence in three
districts. In Kandhamal, which is hyperendemic, the impact was not evident. However, in
Dhenkanal and Angul, areas of moderate-to-high malaria endemicity, CCMP interventions
precipitated a dramatic increase in case detection and a subsequent decline in malaria inci-
dence, particularly in previously difficult-to-reach communities.

Introduction

Malaria remains a serious public health problem globally, with an estimated 241 million cases
in 2020 [1]. India is one of eleven high malaria burden countries, carrying 1.7% of the global
malaria burden, but 83% of the burden in the South East Asia region of World Health Organi-
zation [1]. Early detection and complete treatment (EDCT) remains a mainstay of malaria
control and elimination programmes, along with vector control measures and surveillance
[2,3]. Initially, EDCT is targeted at reducing morbidity and mortality, but ultimately aims to
eliminate malaria by interrupting transmission through early identification of all cases and
ensuring complete treatment of infected individuals. Programs and operational studies aimed
at improving EDCT for malaria case reduction and elimination have been conducted in varies
locations in India and other malaria endemic countries [2,4-11]. However, although there are
commonalities in community-based organisation and the available tools, the political, cultural,
geographical and economic challenges are often unique to the region and require the design
and testing of specific interventions.

The eastern Indian state of Odisha has been one of the largest contributors to malaria case
burden in India for past few decades. The state occupies only 4% of the Indian land mass and
contains just 3% of its population but contributes around 40% of India’s annual malaria cases
[12]. The humid climate, perennial streams, and forested hilly topography promotes malaria
transmission and maintains malaria receptivity, leaving the region vulnerable to outbreaks and
re-introduction where local elimination has been achieved. The topography also complicates
access to malaria services, especially during the rainy season when many areas are inaccessible,
which coincides with peak malaria transmission. For the first decade of the 21% century, Odi-
sha was grappling with a devastatingly high malaria burden. Intensified anti-malaria efforts in
multiple fronts from 2008 to 2009 resulted in a significant decline in malaria cases by 2011-
2013 [13]. However, from 2014 these successes diminished, with malaria incidence exceeding
2009 levels [14]. Thus, it became clear that EDCT had to be strengthened in Odisha.

The Comprehensive Case Management Project (CCMP), was a collaborative implementa-
tion research initiative of the Government of Odisha and the National Institute of Malaria
Research (NIMR), financially and scientifically supported by Medicines for Malaria Venture
(MMYV). Launched in Odisha in early 2013, CCMP aimed to implement and then assess the
impact of a repurposed and strengthened form of EDCT [15,16]. CCMP was piloted within
programmatic settings, leveraging the existing state, district, and sub-district-level infrastruc-
ture of the National Vector-borne Disease Control Programme (NVBDCP), the umbrella pro-
gramme that delivers malaria services in India. Overall, CCMP set out to strengthen universal
and timely access to malaria diagnosis and treatment in different transmission settings against
the backdrop of prevailing vector control measures [16]. To enable evaluation of the impact of
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CCMP, for every sub-district in which CCMP was implemented, one matched sub-district
acted as a control and continued to receive routine NVBDCP services. In summary, CCMP
was an active and responsive investigation into the operational feasibility of different
approaches to implementing EDCT for malaria within the specific programmatic, environ-
mental, and social context of Odisha.

A description of CCMP activities has been published [15,16]. An interim analysis indicated
that CCMP resulted in an increase in malaria case reporting and improved detection which
was likely to further lead to a subsequent decline in malaria case incidence [15,16]. This report
presents an expanded and strengthened analysis comparing pre-CCMP, CCMP intervention,
and post-CCMP monthly malaria detection and case incidence. Additionally, we report a
detailed analysis of the impact of CCMP across four districts in Odisha with differing malaria
endemicity: Bolangir has historically low malaria endemicity, with an annual parasite index
(API) of 0-2 in 2010-2011, i.e. before the CCMP was implemented; Dhenkanal has moderate
endemicity (API 2-10); Angul is a highly endemic region (API 10-20), and Kandhamal is
hyperendemic (API >20). Notably, there were no reliable data on the Plasmodium species in
these districts before CCMP was implemented, and presumptive treatment of fever with anti-
malarial drugs was still common, delivered mainly via the Accredited Social Health Activist
(ASHA) network. Key challenges to implementing case management in these areas were poor
geographical access, inadequate ASHA functioning, poor surveillance capabilities, limited
supervision, insufficient stocks of commodities at the ASHA level, programmatic issues from
competing healthcare programs, limited vector control, poor follow-up to confirm treatment
completion, and disjointed data management systems.

Understanding the influence of the CCMP interventions across areas of differing malaria
endemicity has allowed greater refinement of the malaria control and elimination program in
Odisha, directed at reducing transmission and ultimately malaria elimination.

Materials and methods
Study design

CCMP was a two-arm quasi-experimental implementation research study deployed across
four districts in Odisha, representing a range of malaria endemicity: Bolangir (low), Dhenka-
nal (moderate), Angul (high), and Kandhamal (hyper) (Fig 1). From each district one inter-
vention block one control block were selected, with control blocks matched based on malaria
incidence in 2010-2011. A block is the second tier of general administration and primary
health care in India, lying above the village-level and catering to roughly 100,000 people. For
villages in both the control and intervention blocks, key malaria transmission risk factors were
collected. This comprised the location of the village, the distance from an ASHA or any other
public health facility or provider, access to the village by road, proximity to irrigation canals
and natural streams, cultivation, and forest coverage. The control blocks received routine
NVBDCP-prescribed malaria control measures, but none of the additional inputs received by
the CCMP intervention blocks.

CCMP interventions

Following the identification of barriers to case management, CCMP implementation focused
on improving the quality of malaria services, promoting universal coverage of malaria diagno-
sis and treatment, and enhanced disease surveillance. The programme has been described pre-
viously in detail [16]. Briefly, the key components of the package included 1) training and
supportive supervision of ASHAs; 2) identification and mapping of hamlets not covered by
resident ASHAs and recruitment and training of alternative providers residing in these areas;

PLOS ONE | https://doi.org/10.1371/journal.pone.0265352 March 24, 2022 3/20


https://doi.org/10.1371/journal.pone.0265352

PLOS ONE Malaria comprehensive case management in Odisha, India

| Districts selected for each malaria endemicity
I
I I
Blocks selected for Blocks selected for control
CCMP intervention

Characteristic Bolangir Dhenkanal Angul Kandhamal
Intervention block Puintala Hindol Athamallick Nuagaon
Control block Saintala Bhuban Chendipada Khajuripada
Malaria endemicity Low Medium High Hyper
APl in 2010-2011 0-2 2-10 10-20 >20
I
Change in malaria indices: MBER, MPI Change in malaria indices: MBER, MPI
Phase 1 pre-CCMP (2009-2012) vs. Phase 1 control time-matched data vs.
Phase 2 CCMP intervention (2013-2015) Phase 2 control time-matched data

Hypothesis 1
MBER and MPI will increase from
phase 1 to phase 2

Change in malaria indices: MBER, MPI Change in malaria indices: MBER, MPI
Phase 2 CCMP intervention (2013—-2015) vs. Phase 2 control time-matched data vs.
Phase 3 post-CCMP (2016-2017) Phase 3 control time-matched data

Hypothesis 2
MBER and MPI will decrease from
phase 2 to phase 3

Outcome evaluation: difference-in-difference analysis (unadjusted values and adjusted for control)
interrupted time-series analysis

ODISHA DISTRICT MAP

Districts
CCMP Intervention Blocks
[ Control Blocks

Fig 1. Study design and location of CCMP and intervention blocks. API, annual parasite index = total number of positive
slides for parasite in a year x1000 / total population; CCMP, Comprehensive Case Management Project; MBER, monthly
blood examination rate = total number of slides examined in a month x1000 / total population; MPI, monthly parasite
index = total number of positive slides for parasite in a month x1000 / total population.

https://doi.org/10.1371/journal.pone.0265352.9001
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3) introduction of patient cards for tracking and follow up of all malaria positive patients until
treatment completion, and monitoring for adverse reactions; 4) creation of additional micros-
copy centres at the sub-block levels, which also served as monitoring and supportive supervi-
sors for village level providers; 5) mass screening and treatment (MSAT) in the high endemic
hard-to-reach ‘pockets’ prior to malaria transmission seasons; 6) ensuring an uninterrupted
supply of rapid diagnostic tests (RDTs) and antimalarial drugs at the village level through
strengthening the supply chain; 7) enhancing malaria surveillance by the appointment of per-
sonnel at the sub-district level with responsibility for surveillance and maintenance of patient
line lists at village level derived from the standard NVBDCP forms; and 8) introduction of an
electronic health information management system (DHIS2: www.dhis2.org) to direct evi-
dence-based programmatic actions [16].

Analysis population

All of the resident population in the control and intervention blocks was included in the study.
Malaria patients included in the analysis were of any age or sex presenting at any level of insti-
tution with fever and with malaria confirmed by RDT or microscopy. Microscopists under-
went 28 days of training at the Regional Office of Health and Family Welfare as well as on-the-
job training and support. Newly qualified microscopists were required to validate their find-
ings with an RDT. All malaria positive slides and 10% of negative slides were sent to the district
headquarters for quality control. Individuals with a positive malaria test were treated according
to the National Malaria Guidelines current at the time of their treatment [17], and followed up
to encourage treatment completion.

Study period

To assess the final impact of CCMP in the intervention blocks across the four districts, two
hypothesized inflection points were chosen: 2013 marking the beginning of the surge in
malaria case reporting with the roll out of CCMP, with 2016 marking the beginning of the
decline in malaria incidence. Consequently, three phases were identified: phase 1 pre-CCMP
(2009-2012), phase 2 CCMP intervention (2013-2015) and phase 3 post-CCMP (2016-2017).

Data collection

Data on the number of blood slides examined, RDTs performed, malaria patient details, treat-
ment and follow-up were captured on malaria case forms. Malaria case forms of the routine
programme were checked for completeness and accuracy by the block level manager (BLM).
Data were captured using spreadsheets and imported into a malaria module based on the
open-source health information system DHIS2 (www.dhis2.org). The data were stored in the
database administered by the state NVBDCP for the entire period of CCMP (2013-2017),
which was secured by using digital passwords known to authorised staff and used for tracking
patients, when needed. Capacity building to train CCMP staff on data entry and validation was
conducted, as well as training on data analysis and generating the required indicators and
what action should be taken based on such indicators. In the intervention blocks, patient cards
were issued to all confirmed malaria cases, with unique identification numbers. The patient
cards were devised to track treatment compliance, identify any adverse events early, and iden-
tify relapses or recurrences.

Block population data was initially collected from the census (2011) system of India and
then updated using the population denominator as reported by the NVBDCP over the year.
Routine NVBDCP data comprised block-wise monthly blood examination rate (MBER) and
monthly parasite index (MPI) extracted from the NVBDCP information system for both the
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intervention and control blocks from 2009 through 2017. MBER was defined as the number of
blood samples examined for malaria by RDT or microscopy every month amongst the popula-
tion under surveillance and was considered a surrogate for programmatic coverage. MPI was
defined as the monthly diagnosis of parasitologically confirmed malaria cases in the popula-
tion under surveillance and was considered as a marker for malaria incidence.

Statistical analysis

Two sets of analyses were carried out-the first comparing phases 1 and 2 (pre-CCMP and
CCMP intervention). This replicates the interim analysis [16], except conducted at the block-
level, as well as overall. The second analysis compared phases 2 and 3 (CCMP intervention and
post-CCMP). It is key that MBER and MPI are considered together, as the detection of malaria
cases (MPI) is dependent upon the programmatic coverage (MBER). Two hypothesis were
considered: 1) that phase 2 experienced a surge in MBER and MPI compared to phase 1; and
2), that phase 3 experienced a decline in MBER and MPI compared to phase 2 (Fig 1). Data
were analysed using difference-in-difference analysis and interrupted time-series analysis.

Difference-in-difference analysis. A difference-in-difference (DID) framework was used to
analyse the data. The outcome was considered as a count variable (either MBER or MPI) and
the basic equation of the Poisson regression to model the count data was used:

Log(Y) = By + Bix; + Box, + Bsx, * x, + offset(log(population)) + &

Where: Y = count of outcome indicator; x; = time period / intervention phase expressed as
0, 1; with 0 indicating phase 1 in a phase 1 versus phase 2 comparison, and 1 indicating phase
2 in a phase 2 versus phase 3 comparison; x, = intervention status expressed as 0, 1; with 0
indicating the control block, and 1 indicating the intervention block. x; * x, = the interaction
between phase and the intervention status; Log(population) of the block was used as the offset
variable in the equation. B, B, 8, 55 were all unknown parameters to be estimated and € was a
random, unobserved ‘error’ term. The coefficients of interest were: 3, = intercept; 3, = differ-
ence between pre- and post-intervention in the control block; 5, = difference between inter-
vention and control in the pre-intervention phase and; 85 = impact of intervention
(difference-in-difference). All the coefficients were anti-logged to derive the risk ratio.

Interrupted time-series analysis. Block-wise panel data (time-series data), of epidemiologi-
cal indicators (MBER and MPI), were analysed using a segmented regression framework, i.e.
‘interrupted time-series analysis (ITS)’. The ITS analysis validates the underlying assumption
of parallel trends of DID analysis and complements its findings. Through the ITS framework,
count outcome data were regressed over time to estimate the ‘trends’ in MBER and MPI (long
term effects); and trends interrupted by inflection points to estimate the changes in ‘levels’
(immediate effect). Using ITS analysis, the changes in both trends and levels comparing phase
1 to phase 2 and phase 2 to phase 3 were examined. For the comparison of phase 1 and 2, a
change in level was defined as the difference between the observed level at the first intervention
time point and that predicted by the pre-intervention time trend, and a change in trend was
defined as the difference between post- and pre-intervention slopes [18]. Differences in trends
and levels between phases 2 and 3 were defined similarly. These estimates were adjusted for
corresponding changes in the control block. The ITS regression equation was:

Log(Y) = By + Bix; + Byxy + Baxy + By # Xy + By # x5 + Box, % x5 + Brx, * x, % x,
+ offset(log(population)) + &

Where: Y = count of outcome indicator; x; = time as a continuous variable since the start of
the data collection; x, = phase expressed as 0, 1; with 0 indicating phase 1 in a phase 1 versus
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phase 2 comparison and 1 indicating phase 2 in a phase 2 versus phase 3 comparison; x3 =
intervention status expressed as 0, 1, with 0 indicating the control block, and 1 indicating the
intervention block;x; * xp; x, * x3; X1 * x3 = two-way interactions between the control block and
intervention block; x; * x, * x5 = three-way interaction between time, phase and intervention
status; Log(population) of the block was used as the offset variable in the equation. The coeffi-
cients of interest in I'TS were: ¢ = difference in levels between phases in intervention (control-
adjusted) and; 3, = difference in trends between phases in intervention (control-adjusted). All
the coefficients were anti-logged to derive the risk ratio.

Ethics statement

The study was approved by the Institutional Ethics Committee of ICMR-National Institute of
Malaria Research. As anonymised aggregated data was analysed, informed consent was not
required.

Results
Malaria risk factors

The CCMP intervention blocks had worse scores than the control blocks on most malaria risk
factors, including road access (61% vs. 72%), denser forest cover (37% vs. 16%), situated in
foothills (34% vs. 21%) and further away from the designated diagnostic facility (1.7 km vs. 1
km). Overall, three of the four control areas had lower malaria risk factors than the interven-
tion areas. However, the control and intervention areas were still comparable in regard to their
relative differences and the transmission risk factors varied substantially between the districts
(S1 Table).

Study population and patients

Based on the Indian 2011 census, 99.4% (888,528/894,159) of the study population was classi-
fied as living in rural areas, with 49.3% (441,029/894,159) females and 50.7% (452,930/
894,159) males, and 12.5% (111,489/894,159) aged 0-6 years (S2 Table). In 2013, the first year
of the CCMP intervention, the study population included 483,849 individuals in the interven-
tion blocks and 448,594 across the control blocks (S3 Table). Between January 2013 and
December 2013, there were 73,873 malaria tests conducted in the intervention blocks of which
4,793 (6.5%) were positive, and in 2016, 113,727 tests were done of which 4,046 (3.6%) were
positive (S3 Table). For the intervention blocks, the proportion of patients that had complete
patient cards increased from 44.5% (2135/4793) in 2013 to 100% (4046/4046) in 2016 and the
proportion of patients with complete follow up increased from 43.1% (2065/4793) in 2013 to
98.9% (4002/4046) in 2016, with this trend observed across all the intervention blocks (S4
Table).

Impact analysis

Difference-in-Difference (DID) analysis. Results of the DID analysis are shown in Fig 2
and S5 Table. Following adjustment for changes in the control blocks, in the CCMP interven-
tion blocks the pooled MBER was 25% higher (95%CI 24, 26) in phase 2 compared to phase 1.
There was also a 93% increase (95%CI 91, 95) in adjusted pooled MPI. Thus, the investigation
of cases and malaria detection rate increased overall from phase 1 to phase 2, supporting
hypothesis 1 (Fig 1). In phase 3 compared to phase 2, the adjusted pooled MBER was almost
unchanged with a small decline (-4%; 95%CI -4, —3). However, the adjusted pooled MPI
declined by —47% (95%CI —49, —45). These results support hypothesis 2 weakly for MBER,
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CCMP intervention Control
O Unadjusted phase 1 vs phase 2 X Control phase 1 vs phase 2
® Adjusted phase 1 vs phase 2 *  Control phase 2 vs phase 3

0O Unadjusted phase 2 vs phase 3

®  Adjusted phase 2 vs phase 3

2.5+
2.0 ]

1.5+ e
1.0d-veeee- e & v s v 5 s Boea....... | 5 5 sind s Mo s sms s ema o n =

0.5+

MBER DID estimate (95%CI)

0.0 T T | | |
Bolangir Dhenkanal Angul Kandhamal Pooled

District
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11.0
10.0

9.0+

3.0 3

2.0

MPI DID estimate (95%ClI)
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Bolangir Dhenkanal Angul Kandhamal Pooled

District

Fig 2. Difference-in-difference (DID) estimates for MBER and MPI in CCMP intervention blocks. Data are shown
as CCMP intervention block unadjusted values and adjusted for contemporaneous changes in the control blocks; a
value of 1 indicates no change, less than 1 is a decrease and more than 1 represents an increase. CCMP,
Comprehensive Case Management Project; MBER, monthly blood examination rate = total number of slides examined
in a month x1000 / total population; MPI, monthly parasite index = total number of positive slides for parasite in a
month x1000 / total population.

https://doi.org/10.1371/journal.pone.0265352.g002

which remained steady, and strongly for MPI (Fig 1). Thus, although the investigation of
malaria cases remained similar post-intervention versus during CCMP, the malaria case iden-
tification rate declined, suggesting a reduction in malaria prevalence.
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There was considerable variation between the individual districts (Fig 2, S5 Table), with
adjusted MBER increasing by a maximum of 128% (95%CI 125, 132) in Dhenkanal (moderate
endemic), with smaller increases in other districts, except for Bolangir (low endemic), where a
—-27% (95%CI —28, —26) decline in MBER was observed. Adjusted MPI increased more than
ten-fold in Dhenkanal, and by nearly 3-fold in Angul (high endemic), but declined in both
Kandhamal (hyperendemic) and Bolangir. Between phase 2 and phase 3, the maximum
adjusted increase in MBER was in Kandhamal (19%; 95%CI 17, 21) and the maximum
adjusted decrease was in Angul (-20%; 95%CI —22, —19). In contrast, the MPI declined from
phase 2 to 3 in all districts, with a maximum adjusted decline in Kandhamal (-41%; 95%CI
—-42, -38) (Fig 2, S5 Table).

Interrupted time-series (ITS) analysis. For the pooled ITS analysis, the adjusted trends
in MBER and in MPI remained essentially unchanged between phases 1 and 2 and between
phases 2 and 3 (Fig 3, S6 and S7 Tables). However, there was a significant control-adjusted
increase in MBER level (25%; 95%CI 24, 26) and in MPI level (96%; 95%CI 91, 102) between
phases 1 and 2. Between phases 2 and 3, there was a slight decrease in adjusted pooled MBER
level (—4%; 95%CI —4, —3) but a substantial decrease of —47% (95%CI —50, —45,) in adjusted
pooled MPI level (Fig 3, S6 and S7 Tables).

The district-level ITS analysis revealed substantial differences in CCMP impact (Figs 4-7,
S6 and S7 Tables). There were only small variations in the MBER and MPI trends for control-
adjusted values comparing phase 1 to phase 2 and phase 2 to phase 3. However, adjusted
MBER levels between phases 1 and 2 indicated a 129% (95%CI 125, 132) increase in Dhenka-
nal, and a 63% (95%CI 61, 66) increase in Kandhamal, but only a small change in Angul and a
decline in Bolangir. For adjusted MPI levels, between phase 1 and phase 2 there was a substan-
tial (>10-fold) increase in Dhenkanal, and nearly 3-fold increase in Angul, though MPI levels
decreased in both Bolangir (-47%; 95%CI —61, —52) and in Kandhamal (-22%; 95%CI -26,
—18). Between phases 2 and 3 there was a small adjusted decline in MBER levels in Bolangir
(—=11%; 95%CI —13, —10), a larger decline in Angul (-21%; 95%CI —22, —20), no change in
Dhenkanal and an increase in Kandhamal (19%; 95%CI 17, 21). Adjusted MPI levels, declined
in three districts between phase 2 and phase 3, particularly Dhenkanal (-78%; 95%CI -81,
—73), but increased in Kandhamal by 14% (95%CI 6, 22).

In summary, case detection (MPI) increased overall in phase 2, primarily through level
changes and declined remarkably in phase 3, again mainly through level changes, whereas the
changes in the trends were hardly tangible. Again, the dramatic changes, first rise and then fall,
were most evident in Dhenkanal and Angul.

Discussion

Despite a trend for an overall reduction in malaria incidence in Odisha between 2003 and
2013, the malaria burden remained substantial, particularly in remote areas [13]. Previous
studies on malaria intensification strategies in the state and a gap analysis of potential interven-
tions led to the development and implementation of CCMP [13,16]. This was deployed against
a background of significant investment in the ASHA network to improve malaria service pro-
vision and the availability of RDTs. These social and technical advances provided the frame-
work to deploy EDCT more fully to remote populations in difficult-to-reach areas. CCMP
interventions such as case-based tracking of malaria management was done for patients
detected in intervention blocks only and was not practiced in control blocks, allowing objec-
tive assessment of the programmatic outcomes. Although conducting an operational study
was challenging, evaluation of CCMP impacts across regions with differing malaria endemicity
was a critical component of the programme.

PLOS ONE | https://doi.org/10.1371/journal.pone.0265352 March 24, 2022 9/20


https://doi.org/10.1371/journal.pone.0265352

PLOS ONE Malaria comprehensive case management in Odisha, India

— Time-series
- - Moving average
===Linear trend phase 1 (2009-2012)

Monthly blood examination rate (MBER) ---Linear trend phase 2 (2013-2015)
===Linear trend phase 3 (2016-2017)
Intervention Control Trends (95%Cl)

L 0,
. © 1.01(1.00,1.01) : 0.99 (0.99, 0.99) . ; WENCEREED |
! 1.25(1.24,1.26) | 0.96 (0.96, 0.97) : :

v o

Monthly test rate (per 100)
R

Monthly test rate (per 100)
N

0 , 0 ,
2010 2012 2014 2016 2018 2010 2012 2014 2016 2018
Years Years
Monthly parasite index (MPI)
Intervention Control
© 0.98 (0.98, 0.98) @ 0.99 (0.99, 1.00) 4 ; ;

4 1.96 (1.91,2.02)  0.53 (0.50, 0.55) ; g

Monthly positive rate (per 1000)
Monthly positive rate (per 1000)
N

2010 2012 2014 2016 2018 2010 2012 2014 2016 2018
Years Years

Fig 3. Interrupted time-series analysis of changes in malaria indices for pooled data. MBER, monthly blood examination rate = total number of slides
examined in a month x1000 / total population; MPI, monthly parasite index = total number of positive slides for parasite in a month x1000 / total population.

https://doi.org/10.1371/journal.pone.0265352.9003

Overall, both the DID and ITS analyses indicated a substantial increase in MPI during
CCMP implementation, followed by a conspicuous decline in MPI post-CCMP. These changes
were seen compared against an MBER that was essentially maintained with a modest increase
between phases 1 and 2, and a modest decline between phases 2 and 3. This more extensive
analysis confirmed the previous findings that the CCMP impact was an overall —47% decrease
in malaria case incidence [16].
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Fig 4. Interrupted time-series analysis of changes in malaria indices for Bolangir. MBER, monthly blood examination rate = total number of slides
examined in a month x1000 / total population; MPI, monthly parasite index = total number of positive slides for parasite in a month x1000 / total population.

https://doi.org/10.1371/journal.pone.0265352.g004

The current analysis revealed important differences between the four districts selected. The
level changes in MPI between phase 1 and 2 were most marked in Dhenkanal (medium
endemic) and Angul (high endemic) with a greater than 10-fold and nearly 3-fold increase,
respectively. Similarly, between phase 2 and phase 3, despite the MBER remaining reasonably
constant, the most profound decrease in MPI was in Dhenkanal (-77%), followed by Angul
(—58%). As there were many inaccessible pockets without a health provider in these areas, as
well as a lack of sufficient RDT's and antimalarial treatment, there was considerable scope to
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Fig 5. Interrupted time-series analysis of changes in malaria indices for Dhenkanal. MBER, monthly blood examination rate = total number of slides
examined in a month x1000/total population; MPI, monthly parasite index = total number of positive slides for parasite in a month x1000 / total population.

https://doi.org/10.1371/journal.pone.0265352.g005

increase case detection through CCMP. In particular, the deployment of MSAT enabled
asymptomatic cases to be identified and treated. In these difficult-to-reach hotspots for malaria
transmission, asymptomatic carriage is common and represents a significant barrier to malaria
elimination [12,19-22]. The final MSAT results from the CCMP are to be reported separately.
We conclude that the increased case detection during CCMP along with the complete treat-
ment of these cases led to a decline in malaria transmission and subsequent case reduction.

In contrast, Kandhamal (hyperendemic) and Bolangir (low endemic) reported control-
adjusted declines in MPI from phase 1 to 2. In Bolangir, the decrease in MPI was observed
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alongside a decrease in MBER. In this case, it is likely that the historically low malaria trans-
mission in Bolangir explains the lack of any detectable additional impact of CCMP. Also, in
contrast to the other districts, the Bolangir control block had higher malaria risk factors than
the intervention block, with a higher number of fever cases and malaria tests.

In Kandhamal, the decline in MPI from phase 1 to phase 2 occurred against a substantial
increase in MBER. This can be partially explained by the saturation of the district with long-

lasting insecticide impregnated bed nets (LLIN), just prior the CCMP roll out, which likely
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precipitated a rapid decline in malaria transmission. Also, the malaria risk factors in the Kand-
hamal control block were lower than in the intervention block, flattening the expected impact
of CCMP. Between phase 2 and phase 3, although MBER remained stable in Kandhamal, there
was a 14% increase in adjusted MPI. However, the unadjusted decrease of 33% suggests that
this effect is being driven by the control block, which had a lower malaria risk factor profile
versus the intervention block. The confounding effect of mass LLIN distribution before the
CCMP intervention might also have contributed; the effect of LLINs was potentially
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diminished over the 3-4 years between their distribution in 2013 and the post-intervention
phase (2016-2017), and this would be expected to increase the number of confirmed malaria
cases. A study of the effectiveness and longevity of LLINs in Odisha reported that after 2 years
only 57% of LLNIs were without holes, and after 4 years only 24% were without holes [23].
Bioefficacy had also weakened after four years of use, with vector mortality below 80% for 97%
of the nets tested [23].

In hyperendemic areas such as Kandhamal, CCMP initiatives which focussed on increasing
access to EDCT are unlikely to be sufficient to bend the case-emergence curve. Integrated
malaria control, with increased attention on vector control and environmental management,
as well as EDCT and extensive surveillance, is likely necessary to cause a significant impact on
transmission in hyperendemic areas [22,24,25]. Note that distribution of LLINs was repeated
in 2017, achieving 100% coverage of the Kandhamal population across the district, with 58%
of the population covered by indoor residual spraying. In concert with these efforts, commu-
nity education initiatives focused on understanding and mitigating the risks of outdoor sleep-
ing and emphasised the need for individuals to bring their LLINs when moving between
different extended family residences.

In India, the API is the key driver for targeting vector control measures. CCMP highlighted
that poor surveillance leads to an underestimation of the need for malaria services, which then
compounds under detection, supporting continued malaria transmission. Comprehensive
case management can improve the overall understanding of the malaria burden and particu-
larly the heterogeneity in transmission, promoting good access to EDCT. The CCMP pro-
gramme in Odisha successfully demonstrated the capacity to improve data quality and
reporting, as well as completeness of surveillance-thereby improving data driven decision
making. The programme revealed the impact of access to diagnosis, and extended the coverage
of the follow-up services required for improved treatment compliance and parasite clearance
from the population at risk [15]. Ultimately, it resulted in a near halving of the malaria burden
in Odisha and informed the further evolution of malaria surveillance, diagnosis, control and
treatment in the region. A summary of the programmatic learning framework derived from
CCMP is shown in Fig 8.

The CCMP learning framework was used to drive changes not only in the approach to
malaria control and elimination in Odisha, but also to re-orientate the health system to better
serve remote communities. Most significantly, in combination with the results of MSAT in
hard-to reach areas, the CCMP findings contributed to the development of a state-wide project
rolled out in 2017 called “Durgama Anchalare Malaria Nirakarana (DAMaN)” (English trans-
lation: “Malaria Elimination in Remote Areas”). DAMaN targeted 23 high malaria burden dis-
tricts of the state, comprising ~7000 villages in hard-to-reach areas, home to around 1 million
people, and included MSAT, vector control (including the promotion and distribution of
LLIN), and community mobilisation to promote behavioural changes to prevent malaria and
address asymptomatic carriage [12]. A key component of the CCMP and DAMaN has been
capacity building of community and frontline workers like Goan Kalyan Samiti, ASHA, Auxil-
iary Nurse Midwifery (ANM) and Self-Help Groups (SHGs). This community-based infra-
structure also targets other vector borne and water borne diseases and in 2020 was directed to
include information, education and communication on the novel coronavirus. Lessons from
CCMP have also been incorporated in the National Strategic Plan for Malaria Elimination
[26], for example, MSAT is now recommended as an immediate response for epidemic con-
trol. Also, supply chain management has been re-oriented so that RDT and ACT supply is
based on service delivery points (i.e. the number of ASHAs and community workers in an
area), rather than on the number of patients tested and malaria positive cases in the previous
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year. Buffer stocks are also maintained at the sub-centre level to ensure RDT and ACT supply
and prevent stock-outs.

There are some limitations of this study. The control blocks were matched on epidemiologi-
cal indicators, but not on malaria transmission risk factors. Differences in malaria risk factors
between control and intervention blocks could attenuate or accentuate the measurable effect
of CCMP. However, the substantial effects that we observed are unlikely to be caused by mis-
matched factors only. Both the DID and ITS analyses assume that any underlying factors driv-
ing changes in the measured outcomes remain essentially the same over the analysis periods,
so any deviations from the expected trend is caused by the intervention. However, it was
apparent that the universal deployment of LLINs in Kandhamal just before CCMP roll-out
substantially changed the malaria transmission characteristics of the district between phase 1
and phase 2, preventing the meaningful evaluation of CCMP outcomes in this district. Thus,
the impact of CCMP in hyperendemic areas of Odisha cannot be determined from this analy-
sis. However, the data do indirectly support the positive impact of LLIN distribution on reduc-
ing malaria case incidence. We did not evaluate the data separately for Plasmodium falciparum
versus P. vivax in this study, as reliable data on the infecting species was not available for the
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pre-intervention period. In Odisha, P. falciparum is the predominant parasite, identified in
around 87% of cases in 2014 [27]. However, P. vivax is increasing in importance in areas of
low malaria transmission, and in the future it may be necessary to differentiate between the
two parasites when evaluating programmatic outcomes [27]. Introduction of the bi-valent
rapid diagnostic test in 2014 will allow these data to be captured going forward.

CCMP contributes to the global body of knowledge accumulating from various operational
programs targeting malaria control and elimination through improved case management
[28,29]. Although the situation in Odisha is unique even to India, there are parallels with other
programs. For example, the CCMP strategy and structure was established by the NVBDCP,
but this was essentially a decentralized program, dependent upon engagement with local com-
munities. The need to improve the quality of community-based healthcare through enhanced
training of providers and education of at-risk populations is a common theme observed else-
where in India, as well as in Asia, Central and South America, and Africa [4-6,9-11]. A key
finding of the CCMP was that improving malaria surveillance, including data capture and pro-
cessing, was critical in discovering gaps in the provision of malaria services and deploying
appropriate interventions. This is consistent with the WHO Technical Strategy to transform
malaria surveillance into a key intervention [30]. Consequently, the introduction of timely and
accurate data collection and analysis will be essential in achieving India’s malaria elimination
goals [7,31]. The CCMP also employed MSAT successfully in difficult-to-reach areas. This
strategy is being investigated in different settings globally as a cost-effective tool to reduce
malaria disease burden and interrupt transmission, but requires careful evaluation as it is not
appropriate in all circumstances [32-39].

In summary, CCMP improved EDCT coverage through the enhancement of the existing
network of malaria services. This led to a dramatic increase in case detection and a subsequent
decline in malaria incidence, particularly in previously difficult-to-reach communities. Malaria
elimination in Odisha, and more widely India, can only be contemplated if continued trans-
mission in underserved populations can be adequately addressed.
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