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THE DEFINITION

PUBLIC HEALTH SURVEILLANCE

“The ongoing systematic collection, analysis, interpretation and dissemination
of health data for the planning, implementation and evaluation of public health
action”
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THE DEFINITION

DISEASE EARLY WARNING SYSTEMS (WHO)

Early warning systems are Timely surveillance systems that Collect and
analyse information/data on Epidemic-prone diseases in order to
Trigger prompt public health interventions
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EMERGING & RE-EMERGING DISEASES
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WHY EARLY WARNING - SURVEILLANCE TIMELINESS
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Notification of

SURVEILLANCE SYSTEMS IN MALAYSIA
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EARLY WARNING FOR DENGUE

LABORATORY CONFIRMATIONS - POSITIVITY RATE DENGUE CASES AND SEROTYPES IN MALAYSIA MECHANISTIC ENTOMOLOGY AND DISEASE MODEL
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Fig. 5. Simulated dengue infective mosquitoes and human scroprevalence for dengue in Petaling district for 2010-2012
and with a 1 °C daily temperature increase (from simulation 3) to demonstrate the potential for the impact of climate
change
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Positivity rate NS tests (Pantai) with number of registered cases (MOH) by week, Wk 1/2013 ~ Wk 342016, Malaysia —_—

FORECASTS OF DENGUE USING ARIMA MODELS SPATIAL AND TEMPORAL DISEASE TRENDS ALERT INDICATORS
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Notified and Registered dengue cases in States and selected Districts, Malaysia, Wk. 01/2015 — Wk. 11/2019
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Figure 1: Notified and registered dengue cases by week, Wk. 01/2015 — Wk. 11/2019, Malaysia.
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Figure 14: Notified and registered dengue cases by week, Wk. 01/2015 — Wk. 11/2019, Sabah.
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Figure 15: Notified and registered dengue cases by week, Wk. 01/2015 — Wk. 11/2019, Sarawak.



EARLY WARNING IN DISEASE SURVEILLANCE

DISEASE
NOTIFICATIONS

ALERT
INDICATORS

MODELLING

CLIMATE

SPATIAL
TEMPORAL
TRENDS

LAB
CONFIRMATIONS

SEROTYPE
CIRCULATION



EARLY WARNING IN DISEASE SURVEILLANCE

DISEASE
NOTIFICATIONS

ALERT
INDICATORS

MODELLING

CLIMATE

SPATIAL
TEMPORAL
TRENDS

LAB
CONFIRMATIONS

SEROTYPE
CIRCULATION



TEMPORAL TRENDS OF DISEASE NOTIFICATIONS
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EARLY WARNING AT STATE
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SPATIAL AND TEMPORAL DISEASE TRENDS
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SPATIAL AND TEMPORAL DISEASE TRENDS

Conmsan

Number of dengue notification and registration by week. 2011-2013. Selangor and WPKL. Malaysia
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NOTIFICATIONS AND LAB CONFIRMATIONS FOR DENGUE
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LAB CONFIRMATIONS FOR DENGUE
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DENGUE NOTIFICATIONS - IgM POSITIVE FROM DATE OF ONSET
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Proportion of IgM positive cases by day of onset gradually increased from day 1 of onset of illness of
approximately 28.3% to a peak in day 9 with 47.2%, with an average for the total duration of 36.3%.



DENGUE NOTIFICATIONS - IgM POSITIVE FROM DATE OF ONSET
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Highest tested on Day 4 from the onset of clinical symptoms, 20.3%. 71.2% of the cases were found to have
been tested for IgM serology within the first five days from the onset of symptoms.
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LAB CONFIRMATION TESTS FOR DENGUE
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DENGUE NOTIFICATIONS - IgM POSITIVE FROM DATE OF ONSET
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Model showed a 21% increase of the total confirmed cases seen in this analysis.
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DISTRIBUTION OF DENGUE SEROTYPES IN MALAYSIA, 2005 - 2010
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Distribution of DENV serotypes in Malaysia by regions, 2005 to 2010
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CIRCULATING DENGUE SEROTYPES IN MALAYSIA, 1990 - 2010
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DENGUE CASES AND SEROTYPES IN MALAYSIA, 2013 - 2015
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EARLY WARNING USING GIS
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DenMap: A Dengue Surveillance System for
Malaysia

Muhammad Rizwan', Sarat C Dass!, Vijanth S Asirvadam?,
Balvinder S Gill’ and Lokman H Sulaiman’

'Department of Fundamental and Applied Sciences, Universiti Teknologi PETRONAS, Seri
Iskandar, 32610 Tronch, Perak, Malaysia.

Department of Electrical and Flectronic Engineering, Universiti Teknologi PETRONAS, Seri
Iskandar, 32610 Tronch, Perak, M sia.
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Abstract. Dengue is the world’s most rapidly spreading and geographically widespread
arthropod-borne disease which needs proper surveillance and control strategies. Effective
detection and containment of dengue has proven to be challenging due to the complex nature of
interactions among the governing epidemiological factors as well as a number of environmental
climactic and societal attributes. An interactive approach of visualization and mapping of
dengue cases on Google Maps is proposed here for the purpose of disease monitoring and
surveillance, Our dengue visualization system is a web based application. It is develaped
using the Shiny package of R software along with HTML and JavaScript interfaces.

Malaysia has the two types of databases for dengue: the e-Dengue data
cases and the e-Notifikasi database for notified cases. The e-Dengue database has latitude and

2

iz

ase for registered

longitude information, obtained manually, for each registered dengue case. The visualization
d longitudes to plot the registered cases on Google Maps. Notified

cases do not have any latitude and longitude information but have a case location address for

system uses those latitude:

nse. Automatic batch geocoding of addresses is developed for notified cases. Subsequently.
s separately or together with registered cases to gain
ies of disease spread. Filtering options are developed according

each
notified cases are rendered on Google Ma
an understanding of the stati
to either the notification or registration dates,

The dengue geocoding and visualization system, DenMap, is an interactive and easy-to-
use application for producing maps of notified and registered cases rapidly. The maps display
accurate locations of dengue cases and can be made to render other information of each case using
map markers. This visualization and analysis system will not require any technical expertise
for its usage




EARLY WARNING USING GIS

Ability to visualise and determined the spatial and temporal patterns of the cases
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EARLY WARNING USING GIS -1 DENGUE
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EARLY WARNING USING GIS - SPWD

Pemantauan dan Penguatkuasaan

Sestem Pengurusan Wabak Dengg (SPWD) merupakan projek kerasama antara
Agensi Remote Sensing Malaysia (ARSM) dan Kementerian Kesihatan Malaysia
(KKM). Pengoperasian sistem ini berteraskan kepada penggunaan teknologi
remole sensing, GIS dan teknologi berkaitan
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EARLY WARNING USING GIS - BIODIASPORA

= Risk assessment for Mers-CoV - final destination of travellers

Final Destinations & Volume of Travelers from Saudi Arabia & the United Arab Emirates
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CLIMATE FACTORS

O Monthly climate readings (rainfall (mm), mean temperature (°C), and average relative humidity (%))
converted from points into surfaces that matched notification rates within the boundaries.

O The inverse distance weighted (IDW) method used to interpolate metrological data to obtain estimate values
of these climate variables.

O The raster surface was layered on the geospatial shape files with the state boundaries and the average value for
all raster cells within the state boundary was calculated for each climate variable.

WEST / PENINSULAR MALAYSIA

A6 Chuping
A2 Pulau Langkawi
&S Alor Setar A7 Kota Bharu

Relative humidity

A% Butterworth A8 Kuala Kra

ol Pera &

9 Kuala Terengganu
3 Bayan Lepas 10.

wala Terengganu Airport
Kajiklim Kuala Terengganu
A12 Lubok Merbau

413 Ipoh
) - Highlands
Al Siawan
415 Patu Embun

A2] Kuantan
420 Temerloh
A Stbag uadzam Shah
17 Petaling Jaya Al$ Musdzam Shat
419 KLIA Sepang
A2S Mersing
A22 Melaka
424 Kluang
A23 Batu Pahat
A26 Senm
Dengue notification rates in Malaysia from 2005 to 2010 Names and I ions of logical stations in Peninsular Malaysia

Raster surface for climate variables for January 2005, Peninsular Malaysia



CLIMATE FACTORS - RAINFALL
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O In states of the west coast, peaks of dengue notification rates were generally seen in the months of January and
during July to August, which in turn coincides with the SWM from May to September.
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CLIMATE FACTORS - RAINFALL

Results of cross-correlations shows a negative relation between rainfall and dengue rates during the
current month and a positive cross-correlation was observed after a months lag for most states.
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CLIMATE FACTORS - TEMPERATURE

O A positive association between temperature peaks and dengue notification rates were seen at several

periods in the west coast states of Selangor and Negeri Sembilan.
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DENGUE - CLIMATE FACTORS - TEMPERATURE

These associations were strengthened by results of cross-correlations that demonstrated a positive
correlation between dengue notification rates and temperature at the current month for states in the west

coast.

States in the west coast
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DENGUE - CLIMATE FACTORS - TEMPERATURE

Q Warmer temperatures contribute to increased adult mosquito survival
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Focks DA, Haile DG, Daniels E, Mount GA. Dynamic life table model for Aedes aegypti (Diptera: Culicidae): simulation results and validation. Journal of Medical Entomology. 1993;30(6):1018-28.
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FORECASTS OF DENGUE USING ARIMA MODELS

O While both states in the east and west coast had non-seasonal ARIMA models, climate variables were
found to improve the model fit for all states analysed with some climate parameters being apparent.

States in the west coast ARIMA (1,1,1)
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Incidence rate/100.000

Incidence rate/100,000

O Models for all states were able to forecast the trends of dengue notification rates within its 95% CI.

FORECASTS OF DENGUE USING ARIMA MODELS

States in the west coast ARIMA (1,1,1)
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FORECASTS OF DENGUE USING ARIMA MODELS

U Models of 6 and 12 month forecasts using registered and notified cases consistently showed the peak of
the epidemic in early part of the year followed by a decline of cases.

Registered cases - 6 month forecast
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FORECASTS OF DENGUE USING ARIMA MODELS

QO 12 month forecasts using registered cases (best case scenario)
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FORECASTS OF DENGUE USING ARIMA MODELS
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CORRELATION BETWEEN HUMAN MOVEMENT WITH DENGUE
INCIDENCE IN MALAYSIA

Study Area Dengue Incidence and
Human Movement from
Petaling
Kota Bharu Lag 2
r (sig) (0.2975, 0.0379)
Sig Lag period Nil
Penang Island Lag 1
r (sig) (0.2923, 0.0394)
Sig Lag period Nil
Johor Bharu Lag 3
r (sig) (0.2963, 0.0409)
Sig Lag period Nil

51



HUMAN MOVEMENT AND DENGUE INCIDENCE IN KOTA BHARU,
MALAYSIA, 2015
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Fig. 5. Simulated dengue infective mosquitoes and human seroprevalence for dengue in Petaling district for 2010-2012
and with a 1°C daily temperature increase (from simulation 3) to demonstrate the potential for the impact of climate

MECHANISTIC ENTOMOLOGY AND DISEASE MODEL
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Testing the impact of virus importation rates and future climate
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SUMMARY
We aimed to reparameterize and validate an existing dengue model, comprising an entomological
component (CIMSiM) and a disease component (DENSIM) for application in Malaysia. With
the model we aimed to measure the effect of importation rate on dengue incidence, and to
d ine the ial impact of d climate change (a 1 °C temperature increase) on
dengue activity. Dengue models (comprising CIMSIiM and DENSIM) were reparameterized for a
simulated Malaysian village of 10000 people, and validated against monthly dengue case data
from the district of Petaling Jaya in the state of Selangor. Simulations were also performed for
’008 -2012 for variable virus importation rates (ranging from |1 to 25 per week) and dengue

id d ined. Dengue incid in the period 2010-2012 was modelled, twice, with
observed daily weather and with a 1 °C increase, the latter to simulate moderate climate change.
Strong concordance between simulated and observed monlhl\ dengue cases was observed (up to
r=0-72). There was a linear relationship between imp and incidence. However, a
doubling of dengue importation did not equate to a doubling of dengue activity. The largest
individual dengue outbreak was observed with the lowest dengue importation rate. Moderate
climate change resulted in an overall decrease in dengue activity over a 3-year period, linked to
high human seroprevalence early on in the simulation. Our results suggest that moderate
reductions in importation with control programmes may not reduce the frequency of large

breaks. Mod: i in do not ily lead to greater dengue incidence.

Key words: Arboviruses, dengue fever, epidemiol i ing, modelling, p: k of disease.
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ALERT INDICATORS

Objective
= Using retrospective country datasets, the aim was to define and detect dengue outbreaks using probable cases as

the outbreak variable, and successfully predict these outbreaks using earlier changes in various entomological,
meteorological and epidemiological alarm variables.

Method
= This study considered the Shewhart method and Endemic Channel to build a simple model based on logistic

regression that can predict forthcoming outbreaks, with high sensitivity (Tnumber of true positive outbreak detections)
and a low number of false alarms (1PPV).

Sample
= Study conducted at five participating countries (Brazil, Dominican Republic, Malaysia, Mexico and Vietnam)

Indicators

= Meteorological (outdoor mean air temperature, rainfall, outdoor relative humidity);

= Epidemiological (mean age, circulating serotype, probable dengue cases, hospitalized dengue cases);
= Entomological (Breteau Index, House Index, Ovitrap Index (Mexico only)).



ALERT INDICATORS

CASE

The Shewhart method

= This method involves the use of
control charts to define ‘in-
control’ and ‘out-of-control’ '.
states, using the historic mean ALARM smuALfl
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THE ENDEMIC CHANNEL

The Endemic Channel

The Endemic Channel was calculated
for each district using a smoothed
moving mean and standard deviation,
with a multiplier of the standard
deviation known as ‘z, to vary the
Endemic Channel within the evaluation
period.

Incident cases with a value above the
Endemic Channel triggered outbreak
signals.
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ALERT INDICATORS
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ALERT INDICATORS

Country Alarm Variable Outbreak variable Lag Period (weeks) Sensitivity (%) Positive Predictive Value (%)
Mexico Mean Temperature Hospitalised Cases 1-12 79 73
Mexico Rainfall Hospitalised Cases 3-12 59 63
Mexico Mean Age Hospitalised Cases 4-16 72 74
Mexico Probable Cases Hospitalised Cases 1-12 93 83

Brazil Mean Temperature Hospitalised Cases 1-12 81 46
Brazil Probable Cases Hospitalised Cases 1-12 97 43
Brazil Rainfall Hospitalised Cases 3-12 70 33
Brazil Mean Humidity Hospitalised Cases 2-12 79 46
Brazil Mean Temperature Probable Cases 1-12 49 50
Brazil Mean Age Hospitalised Cases 4-16 86 41

Malaysia Mean Age Probable Cases 4-16 96 45

Malaysia Mean Temperature Probable Cases 1-12 14 35

Malaysia Mean Humidity Probable Cases 2-12 9 32

Dominican Republic Rainfall Hospitalised Cases 3-12 17 76
Dominican Republic Mean Temperature Hospitalised Cases 1-12 24 82
Dominican Republic Mean Humidity Hospitalised Cases 2-12 6 80
Dominican Republic Probable Cases Hospitalised Cases 1-12 97 86
Dominican Republic Mean Humidity Probable Cases 2-12 5 71
Dominican Republic Mean Temperature Probable Cases 1-12 23 81
Dominican Republic Rainfall Probable Cases 3-12 16 70

Vietnam Mean Age Probable Cases 4-16 57 45

Vietnam Probable Cases Hospitalised Cases 1-12 93 43




I INTERVENTION DISTRICTS

District State
Johor Bahru Johor
Muar Johor
Kulai Jaya Johor
Seramban Negeri Sembilan
Kuantan Pahang
Pekan Pahang
Bentong Pahang
Rompin Pahang
Gombak Selangor
Hulu Langat Selangor

[ CONTROL DISTRICTS

District State
Batu Pahat Johor
Kluang Johor
Kota Tinggi Johor
Segamat Johor
Kota Bahru Kelantan
Maran Pahang
Raub Pahang
Temerloh Pahang
Klang Selangor

Kuala Langat Selangor
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incoosistent across the years. This would not be surprising given that the length of historic
periods was relatively low when compared to similar forecasting models [15,19,46).
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Nonetheless, while suspected or probable cases are notifiable within many existing disease
surveillance systems [10,30], these data suggest that probable case data can, in some cases, be
predictive of dengue outbreaks and should be considered for use (n early warning systems.

Alarm variable: mean age.  Theoretically, since population-level serotype shifts are known
to fluctuate inter-annually [53-56] thereby influencing the herd immunity of a population
[55), it should be possible to detect such changes through a proxy increase or decrease in the
mean age of Infection [57]. Throughout these analyses the model performance metrics for
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Abstract

Background

Dengue are infreq y over space andtime, affecting people’s
heafth and g i . The ability to detect early

iskeyto ing an effective The eary warning and
raspu\sa system (EWARS) is a toolkit that provides countries with early-warning systems
for efficient and cost-effective local responses. EWARS uses outbreak and alarm indicators
to derive prediction models that can be used prospedtively to predict a forthcoming dengue
outbreak atdistrict level.

Methods

We report on the development of the EWARS tool, based on users’ recommendations into &
convenient, user-friendly and reliable software aided by a user's workbook and its field test-
ingin 30 health districts in Brazil, Malaysia and Mexico

Findings
34 Health officers from tmaﬁshﬂydish'l:txwmhad used the original EWARS for 7 to 10
maonths to oper Qualitative con-

tentanalysis showed that participants were generally satisfied with the tool but preferred

Fig L The jsem of i indi The e of ench alarsn indicatos was
consecutvely messured Gom the point of estumate (W = epidemiological week) and fora preceding sumber of weeks.
Tha roclu oo s oo obctoly e 0 dui th sppergrsteLeog e the peaccio pcld whes

dicator fe.g, window size of 4, this siep will measire the mean
ahmmclumclmgt}m]nfow i i ing fromm ). The caleudated
sl mean then enters the logistic regression model 353 predictor of an outbresk.

https:/idai org0.137 1joumal pone 0 19681 1. 001

« Implementation of an external interface to reduce human error and increase users’ accept-
ability. The shift from STATA into EWARS-R facilitated the migration from the typical pro-
gramming-based STATA do-file interface [15] to a more user-friendly interface designed to
focus user's data inputs to specific *boxes’ of interest during the process of the program set-
ting and data calibration, see Fig 3,
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INITIAL
ALARM

Technical handbook for dengue Early Warning and
surveillance, dengue outbreak Response System (EWARS)
prediction/detection and for Dengue Outbreaks

outbreak response (“model
contingency plan”)
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