SUPPLEMENTARY MATERIALS 1

Methodology employed for calculating
outbreaks and time series representation
of malaria cases in districts with more
than 2 outbreaks



Malaria Outbreak: Definition and Calculations

Malaria outbreak refers to a sudden and localized increase in the number of malaria cases
within a specific geographic area or population over a relatively short period. Literature
suggests several methods are available for calculating a malaria outbreak, for example Hook et
al suggested, 95% CI method of a collective distribution !; the World Health Organization has
suggested three methods for estimating the outbreak threshold: the Cullen method (which uses
the monthly mean and two standard deviations of past 5 years of reported cases), the quartile
method (which uses the 75" percentile of past 5 years observed cases), and the C-Sum method
(which uses the mean of the cumulative cases of previous, current and following months
malaria incidence data of the past 5 years) >. Besides these methods, a number of other methods
have also been proposed for defining the outbreak threshold with varying degrees of success,
and there so no clear consensus on the most suitable method *¢. Of the three methods to define
outbreak threshold suggested by the WHO, the quartile method is the most simplistic and the
C-Sum method is the most sensitive to outbreaks. However, past experiences have shown that
these methods are more prone to false alarms ’. In contrast, the mean+2sd method has been
shown to be less sensitive to minor peaks, thereby preventing overreaction in areas of stable
transmission with minor seasonal fluctuations. As most parts of India experience highly
seasonal malaria transmission, in this study we have used different variations of the mean+2sd
method for identifying historical outbreaks from time-series malaria data of the past decade.
However, it is important to note that one disadvantage of this method is that it may miss malaria
epidemics in regions of very low malaria transmission. Furthermore, these methods have been
tested with weekly or monthly cases of malaria, and their applicability on annual case incidence
data is not known. The rapid declining trend in malaria cases in India over the past decade
suggests that a short-term moving average may be more appropriate for estimating the outbreak
threshold as compared to the past 5 years data that the WHO recommends. Therefore, we have
used a 3-year moving average in this study for estimating the outbreak threshold. The number
of standard deviations that are added to this moving average determine the sensitivity of the
outbreak detection method. We qualitatively tested the addition of standard deviations ranging
from 2 to 5 at 0.5 step intervals on the overall sensitivity of the outbreak detection method and
found that the use of 2.5 standard deviations resulted in the least number of false positives and
false negatives. Therefore, in this study a 3-year moving average with 2.5 standard deviations
was used as the threshold for detecting outbreaks from historical time-series malaria data. The



detailed calculation of malaria outbreak for Balaghat district of Chhattisgarh state in India has
been shown as an example in Supplementary Table 1.

Supplementary Table 1: Calculation of malaria outbreak for a district

District Year Cases 3 vear 3 vears D+2.5*E Outbreak
Moving Avg. Moving SD If C>F
A B ¢ D E F G
Balaghat 2008 2966 - - - -
Balaghat 2009 2707 - - - -
Balaghat 2010 1620 - - - -
Balaghat 2011 1979 2431.0- 714,24 4216.5 0
Balaghat 2012 2300 2102.0¢ 553.84 3486.6 0
Balaghat 2013 2594 1966.35 340.2¢s 2816.8 0
Balaghat 2014 - 2291.0 307.6 3060.0 ;
Balaghat 2015 5004 4165.0 2979.3 11613.2 0
Balaghat 2016 3111 5066.3 2504.1 11326.5 0
Balaghat 2017 1407 5238.7 2254.2 10874.1 0
Balaghat 2018 324 3174.0 1799.3 7672.3 0
Balaghat 2019 156 1614.0 1405.0 5126.5 0
Balaghat 2020 -l 629.0 679.0 2326.5 _

* Average of first three observations (2966, 2707, 1620)

# Average of next three observations excluding first one (2707, 1620, 1979)

$ Average of next three observations excluding first one and two (1620,1979,2300)

** Standard deviation of first three observations (2966, 2707, 1620)

## Standard deviation of next three observations excluding first one (2707, 1620, 1979)

$$ Standard deviation of next three observations excluding first one and two (1620,1979,2300)
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Time series representation of
malaria cases over the span of ten years in districts
that experienced two or more Outbreaks

Districts (State)

Kanniyakumari(Nagerkoil) ( Tamil Nadu )

\52
o5
T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



CASES

2008

2009

East Godavari ( Andhra Pradesh )

2010

(=]
\545
o283
T T T T T T T T T 1
20Mm 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Gaya ( Bihar)

2010

9
119 o
-—--"0———._80 \607 2
5
T T T T T T T 1
2011 2012 2013 2014 2015 20186 2017 2018 2019 2020

Year



CASES

Kawardha ( Chhattisgarh )

2008

2009

2010

4979
o
49
° 461 136
o

—3

T T T T T T T T 1
2011 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



CASES

Mahasamund ( Chhattisgarh )

6

401
\,;6-____ g 8

190
8 142 °
o o—

T T
2008 2009 2010 2011 2012

T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

2010

14
<]
\gss
o—_ 35 150
-]
T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

8750
o

2010

T
2011

2012

2013

T
2014

Year

T
2015

2016

2017

2018

2019

2020



CASES

2008

2009

East Garo Hills ( Meghalaya)

2010

90
[+ ]
\597 637
209
(-] o o
T T T T T T T T T 1
2011 2012 2018 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

South Garo Hills ( Meghalaya )

2010

37
o
64
1051
° o
T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

1 71

2009

2430
o

2010

T
2011

T
2012

T
2013

T
2014

Year

2015

2016

2017

2018

2019

1
2020



CASES

2008

1 71

2009

Gajapati ( Odisha)

7626

1206
o

8979
o

-]
\iss
-]

4125
o

N

o
-__“§g4

2010

T
2011

T
2012

T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Puri ( Odisha)

2010

9
o
71
o8
T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Auraiya ( Uttar Pradesh)

o8

\rg‘r

o=

I
2008

T
2009

T
2010

T
2011

T T T T T
2012 2013 2014 2015 2016

Year

2017

T
2018

T
2019

2020



CASES

Allahabad (Prayagraj) ( Uttar Pradesh)

(-]
—_1578
\\\\\qoa
-]
T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

—0

Shahjahanpur ( Uttar Pradesh)

10 14
o o

8

2010

T T T T T T T
2011 2012 2013 2014 2015 2016 2017

Year

T
2018

T
2019

1
2020



CASES

Sultanpur ( Uttar Pradesh)

-]
60 /

6
o
1

T T T T T T T T T
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Katihar ( Bihar)

4 26~

o—20

0
o

T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 20186 2017 2018 2019 2020

Year



CASES

Madhubani ( Bihar )

2008

2009

2010

58
5 o
o—
T T T T T T T T T 1
20Mm 2012 2013 2014 2015 2016 2017 2018 2019

Year

2020



CASES

Dhamtari ( Chh

garh)

1713
L]

94
6
627
5 \535 568 573 °
o— "5 oe-_-—_____o____.—-'
\42
(-]
T T T T T T T T T 1
2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

1 71

2009

Durg ( Chhattisgarh )

2010

87
o 2186
159
-]
32
o
o7
(-]
\347
O ~_150
-]
T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2012

2013

Mungeli ( Chhattisgarh )

2014

2
o—__ 96 57

— 7

T T T 1
2015 2016 2017 2018 2019 2020

Year



CASES

Delhi ( Delhi )

713
=]
47,
(4]
% 382
o358
185
8 (]
O 54 .
0-.______-0
T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Ahmedabad ( Gujarat )

\ 34
o
\58

o
20
‘-\o

2010

T
2011

T T T T T
2012 2013 2014 2015 2016

Year

T
2017

T
2018

T
2019

1
2020



CASES

Banaskantha ( Gujarat )

0
o
157
\o
T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Kutchh (Bhuj) ( Gujarat)

533
L]

450
-]

T T T T T T T T T
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

1
2020



CASES

(=]
—J23_g

Surendranagar ( Gujarat)

2523

1234 1228

35

-]
390
\o

T T T T
2008 2009 2010 2011 2012 2013 2014

Year

T T T T T 1
2015 2016 2017 2018 2019 2020



CASES

2008

2009

Ambala ( Haryana)

7

2010

o
T T T 1
20Mm 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Faridabad ( Haryana)

933
o

2010

185 152 161 150
o 109 o—0——o
'-'--._.__o/ \67
]
\9
o
T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

195
]
T

\40

o._______g 9 2

O~y

I T T T T T T T T T T T 1
2008 2009 2010 201 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



CASES

Hamirpur ( Himachal Pradesh )

73
o
32
o]
28
° 6
3~ T~ 23 °
° °‘*~\,\j9d,,—"°
-]
T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Rajouri ( Jammu & Kashmir)

145

3/0
\3
0\ 34/ ‘1:.2

o

o
o ~\~\H\%i“~\,‘5
-]
1 T T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



CASES

2008

1 71

2009

Khunti ( Jharkhand )

2010

78
1470
\\\‘\@70
T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

2020



CASES

2008

2009

5

SN
~a :

Anuppur (New) ( Madhya Pradesh )

2007
-]

\334 856
°

o —

653
0\311

o
73
\o

2010

T T T T T T T
2011 2012 2013 2014 2015 2016 2017

Year

T
2018

T
2019

1
2020



CASES

Balaghat ( Mad

2300 o
°
/
1979 -]
o

111
L]

T T T T T
2008 2009 2010 2011 2012 2013 2014 2015

Year

T T T T 1
2016 2017 2018 2019 2020



CASES

Betul ( Madhya Pradesh)

v

91
o
86 19
0—-____,0
T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

1 1

2009

Datia ( Madhya Pradesh )

2010

T
2011

T T T T T
2012 2013 2014 2015 2016

Year

2017

2018

2019

2020



CASES

2008

2009

Dindori ( Madhya Pradesh)

1%; °

29—

45 80

o—5

30

—_—

2010

01
(<]
\153
1 o\\\\\\g
4]
T T

2011

T
2012

T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Harda ( Madhya Pradesh )

e

o-...____g
| | | | | | | | T | T T 1
2009 2010 201 2012 2013 2014 2015 2018 2017 2018 2019 2020

2008

Year



CASES

2008

2009

Mandla ( Madhya Pradesh )

2010

"--\___?30 196
164
D«-_._____.o o
T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Neemuch ( Madhya Pradesh )

2010

T T
2011 2012 2013 2014 2015 2016 2017

Year

T
2018

2019

2020



CASES

Sheopur ( Madhya Pradesh)

289
(=]

5
(-]

T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Singrauli ( Madhya Pradesh )

(-]
2688
o 2428
\\\‘\2975 o

T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Sidhi ( Madhya Pradesh )

1100

o 610
\
o152

T T T
2008 2009 2010 2011 2012 2013 2014 2015

Year

T T T T 1
2016 2017 2018 2019 2020



CASES

2008

2009

Ujjain ( Madhya Pradesh )

3

403

°
35/
°
03

(-]
273
\o

2010

2
(-]
T~ 20
o
\g
T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

East Jaintia Hills ( Meghalaya )

2010

T T T T T T T
2011 2012 2013 2014 2015 2016 2017

Year

2018

2019

2020



CASES

2008

2009

Mizoram )

8486
L+ ]

3780
O~ 3333
]

2010

2974
2506 o
°/ N2
]
T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

7

\“*33\7;/

Mamit ( Mizoram )

164
o

2010

T
201

T
2012

T
2013

T
2014

Year

2015

2018

2017

2018

2019

2020



CASES

2008

2009

Saiha ( Mizoram )

1087

2010

3
\3
o
\8
o
T

2011

T
2012

T T T
2013 2014 2015

Year

2016

2017

2018

2019

2020



CASES

2008

2009

Bargarh ( Odisha)

3441
-]

2010

1843
o
3 735
& s o
T T T T T T T T 1
2011 2012 2013 2014 2015 20186 2017 2018 2019 2020

Year



CASES

Cuttack ( Odisha)

2008

2009

2010

15
o 31 22
90 °
T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Kalahandi ( Odisha

31730
21
\“9932 20126

(+]
—19053__ =5

10577

8696 °
o
NM/
o

T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Phulbani(Kandhama

2010

954
(-]
116 18395
o—0
4698
Y 2078 3800
\0 o
T T T T T T T T T 1
201 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



CASES

Keonjhar ( Odisha)

29

2850

“-‘-\\553 264
o °
1 1 T T T T T T T T T 1

2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Malkangiri ( Odisha

40439

33
o 8890 7549
-]

T T T T T T T T T 1
2008 2009 2010 201 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



CASES

Hoshiarpur ( Punjab )

61
o‘*s\\ﬁe . #
o
---..._______° 202 202/
T T T T T T T T T 1
2008 2000 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

2020



CASES

2008

2009

nsa ( Punjab)

2010

04
152
/D\Jg

2

o—u0u0 8!
22
°

T T T T T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

S.a.s. Nagar (Mohali) ( Punjab )

9
-]
1

2010

T T T T T T T
201 2012 2013 2014 2015 2018 2017

Year

T
2018

T
2019

2020



CASES

2008

2009

kurichi ( Tamil Nadu )

o

1

2010

0\12 9
O——o 4
“‘*ﬁ.%__—-—-o——___.g g
T T T T T T T T T 1
2011 2012 2013 2014 2015 20186 2017 2018 2019 2020

Year



CASES

2008

2009

Tirunelveli ( Tamil Nadu )

2010

1
°\9 8 0 10 3 4
(-] 0-—._,___0-.__.-—-'0-—-—._0 o
T T T T T T 1

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Adilabad ( Telangana )

62 ag
““‘-.?gt/"

7 1 9
o -] -]

T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Hyderabad ( Telangana)

1
-]

2010

T
2011

2012 2013 2014 2015 2016

Year

T
2017

T
2018

T
2019

1
2020



CASES

=]

68 /
O~ 783 98
R

76
-]

2008

T
2009

T
2010

T
2011

2012

2013

2014

Year

T
2015

T
2016

T
2017

T
2018

T
2019

1
2020



CASES

2008

2009

South Tripura ( Tripura)

2010

1749
0969 1093
0o——0 541
°
T T T T T 1
2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Unokoti ( Tripura)

913
=]

B

130 136 %
o (+]
‘\__805/ 63
o

T T T T T T T T T 1
2008 2009 2010 201 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



CASES

2008

2009

Bhadohi (Sant Ravidas Nagar) ( Uttar Pradesh)

1591

0

1487
o
-~
1293 455 %
18__—9——%

o

T T T T T T T T T

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

2020



CASES

Farrukhabad ( Uttar Pradesh )

574
0490
2§/
o

T T T T T T T T T 1
2008 2009 2010 201 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



CASES

Ghazipur ( Uttar Pradesh )

o
\2
-]
T 7T T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Gonda ( Uttar Pradesh )

31
z”’/"o
\2
(-]

o3

(-]

2010

T
201

T T T T T
2012 2013 2014 2015 2018

Year

2017

T
2018

T
2019

1
2020



CASES

2008

2009

Hardoi ( Uttar Pradesh )

6 94 35

———o—3

T T
2010 2011 2012

T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Kanpur Nagar ( Uttar Pradesh )

7
-]
1

I
2008

T
2009

T
2010

T T T T T T T
201 2012 2013 2014 2015 2018 2017

Year

2018

T
2019

2020



CASES

Kashiram Nagar (Kas Ganj) ( Uttar Pradesh)

407

-]
1/ 2st 256
o

o 1910

T T T T T T T T T 1
2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Lucknow ( Uttar Pradesh )

125
-]

5
o
1

2010

201

T T T T
2012 2013 2014 2015 2018

Year

T
2017

T
2018

T
2019

2020



CASES

2008

2009

4

Moradabad ( Uttar Pradesh )

192
B 16
\\

o

6
-}

298

477
o

1
-]

2010

T
201

T
2012

T
2013

T
2014

Year

T
2015

2018

T
2017

T
2018

T
2019

1
2020



CASES

Rampur ( Uttar Pradesh )

- 327
8 222/___.-0

T T T T T T T T T 1
2008 2009 2010 201 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



CASES

Saharanpur ( Uttar Pradesh )

3085
O
716
-]

41
(+]

N

(-]
194
\0\13
-]
T T T T T T T T T 1
2008 2009 2010 201 2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Sambhal ( Uttar Pradesh )

290
-]

y

05

2010

T
2011

T T T T T
2012 2013 2014 2015 2016

Year

T
2017

T
2018

T
2019

2020



CASES

1

2008

2009

7

8
o——0— o o o

Sitapur ( Uttar Pradesh)

21 6 5 0

o—©0

2010

T
201

T T T T T
2012 2013 2014 2015 2018

Year

T
2017

T
2018

T
2019

1
2020



CASES

2008

2009

Varanasi ( Uttar Pradesh )

-]

oo

2010

T
2011

T T T T T
2012 2013 2014 2015 2016

Year

T
2017

T
2018

T
2019

2020



CASES

2008

2009

373
3 o—_"

Haridwar ( Uttarakhand )

663
o £

\83

[+ ]

\110
°\63
0\6

-]

2010

T
2011

T
2012

T T T T T T T 1
2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

2008

2009

Pauri ( Uttarakhand )

2010

2011

2012

2013

2014

Year

2015

T
2016

T
2017

2018

2019

2020



CASES

2008

2009

Dakshin Dinajpur ( West Bengal )

284

2010

T T T T T T T
201 2012 2013 2014 2015 2018 2017

Year

T
2018

2019

2020



CASES

2008

2009

2
-]
1

2010

201

2012

2013

T
2014

Year

T
2015

T
2018

T
2017

T
2018

T
2019

2020



CASES

2008

2009

0

24-Parganas (South) ( West Bengal )

9
(-]

2010

T T T T T T T
2011 2012 2013 2014 2015 2016 2017

Year

T
2018

T
2019

1
2020



CASES

CASES

Uttar Dinajpur ( West Beng

190

°\\\J?
/ s

T T T T T T T T T 1
2008 2009 2010 201 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year

Balrampur ( Chhattisgarh)

2012 2013 2014 2015 2016 2017 2018 2019 2020

Year



CASES

Bijapur ( Chhattisgarh )

18794
° 18136
\""‘O

38
[-]
\1M
(]
8389
o
\E 88
753
o o
567
o
I T T T T T T T T T 1
2010 2011 2012 2013 2014 2015 2018 2017 2018 2019 2020

Year



