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Statistical modeling for analysis of malaria epidemic behavior at Ishigaki
Island

Masao UEKT , Yuuki NAKAGAWA®, Kaoru FUEDA"
and Hirofumi ISHIKAWA”

It is necessary to consider a stochastic variability in modeling malaria epidemic behavior since the
malaria infection cycle essentially depends on stochastic elements. For this requirement, we need to
construct an appropriate statistical model from available data in advance. In this report, we provide
some statistical models for the analysis of malaria epidemic behavior at Ishigaki Island. These
models can be used for recurrence of past malaria epidemic and prediction of future malaria
epidemic at Ishigaki Island.
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Fig. 1 Rainfall and temperature at Ishigaki Island
(Temperature: line with points; Rainfall: bar plot). Data are
derived from Japan Meteorological Agency.
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Fig. 2 Scatterplot of An. minimus immatures density at
Nishihama stream, rainfall and temperature at Ishigaki
Island

Fox 3T~ MR KD — AL E T L (GLM;
McCullagh and Nelder, 1989) #4 T3 b L &&E 2 7=
GLM &1, #RENRET VARSI ARICIBRE L, Bk
(F7213F DI AEEIRAANE LI b D THDH. Zh
FBTEASFIA SN QD B2 FETH D, AEIAVE
FATIE~ T U T E O TR M TE L, FO
DHDEAET D

m(rain,temp) = exp(a+ bx rain+ c x temp)
T bR 7 BRI\ D o~y GLM Th .
ZZca,b, ClENFRRE B L, BIChR AR L > CiEE T

5. 8T A—Z OHEEIFHGEEY 7 F R OB glm (2L 017729
BONZETUILLTOLEY

An. minimus ¥ R

HeefE  AEUERAE tfiE pfHE
a  -2.593596 2.325966 -1.115 0.27634
b 0010203 0003745 -2.748 0.01145*
c 0.345780 0.093566 3.696 0.00119 **
An. minimus R

HEEfE RS i pfE
a  -0.6552805 2.3105212 -0.284 0.7792
b -00006102 00037202 -0.164 0.8712
c 0.1995631 0.0929448 2.147 0.0426 *
An. sinensis FRHBFE

HEEfE YRS i pfE
a -1.561854 1.364899 -1.144 0.264269
b -0.001251 0.002198 -0.569 0.574703
c 0.232638 0.054906 4.237  0.000312 ***

(o EDBEDRBAIFAEMEERT ™ 1 0.1%, "** 1 1%,
3 5% A )

An. minimus S BOFEROB P EKEEZFE LTRE
D, BRHEEEORE TIIRIRDL MR L LTEE L o7

TRTOET L CHARORED 138, KEOEKa e
otz OF D, B/KENZWEOBIID L, KB E T
NI OBITIEINT 5 Z L 2 BT 5. ZAUTSEEORNE &
<HALTWS EE25. Fig 3—5 136N 7=ET LN T
DFERZRLTND.



AR R &/ AHEBIZBTOTITHRATHNT OO OREEHET Y2

1200
1000
800
600
400
200

Density

0 00 OO OO O O O O O O O o O
TTT?2TTTT?TTTTTTTT
> 0 c o & & > c 35 wa ¥ >
o 0 &8 ©o 8 2 & 5 3 3 o ° 0o
Z Ao uw =<s 5 < n O =z

Fig. 3 An. minimusimmatures density at Nishihama stream
with fitted line (Observations: bar plot)
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Fig. 4 An. minimus adults density at Nishihama stream with
fitted line (Observations: bar plot)
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Fig. 5 An. sinensis adults density at Nishihama stream with
fitted line (Observations: bar plot)
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Fig. 6 Decomposition of rainfall at Ishigaki Island.
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Fig. 7 Normal Q-Q plot of reminders in decomposition of

rainfall
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Fig. 9 Decomposition of Box-Cox transformed rainfall + 0.1 with lambda=0.3
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Fig. 11 Decomposition of temperature at Ishigaki Island
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Fig. 12 Estimated and Predicted temperature at Ishigaki island (above: 1948-1985; below: 1986-2017). Green bold

line indicates the estimated quadratic curve of trend. Orange line indicates the estimated temperature. Yellow line

indicates the 95% upper quantile estimates of temperature. The prediction is done after September 2007.
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Fig. 13 Estimated and Predicted An. minimus immatures
density at Nishihama stream. Blue line indicates the
estimated mean value of the density. Pink line indicates the
95% upper quantile estimates of the density. The observed
rainfall and temperature are used for the estimation before
September 2007. The prediction is done after September
2007.
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Fig. 14 Number of men bitten by An. minimus per night.
Observations (line with points) and fitted values (bold line)
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Fig. 15 Estimated human blood index per man in 1951 —1960
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Fig. 16 Estimated ratio of P, falciparum patients in 1945-1960
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